3-10-1 Geological Sections of 7 Towns

I NDEX
cL T Clay
SCL - Sandy Clay
VFS Very Fine Sand
FS Fine Sand _ _
FMS Fine to Medium Sand
MS Medium Sand
M&Cs Medium and Coarse Sand
Ccs Coarse Sand
G&S Gravel and Sand
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3-10-=-2 Hydraulic Calculation Results

for Pipe Line Networks
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HEFAN=-SINQDH ~]

Line No.

WENEG RN -

19

Point No.
1 - 2
2 - 4
4 -~ 5
5 — 7

B - 7
3 6
2~ 3
+-~ B
8 -~ 10
B ~= 12

12 == 17

12 — 18

18 — 24

ig -~ 25

25 - X§

19 =-— 25

13 == 19
7 - 13
5 -9

19 ~= 26

24 -- 82

26 —— 27

27 — 33

20 -~ 27

AF == 20

290 . —— 21

21 -- 28

14 —— 21
R L]

14 — 15

t1 —= 16
7 o— it

i6 ~= 23

22 —= 23

15 -— 22

11 == 13

23 -~= 30

I0 — A&

30 - 35

29 -~ 53

*edeN-GINGDI -1

PointNo. EnergyHeight Turnout Discharge

CENBD SN

10

(4, 3]

10,747
10. 808
10. 627
10.930
10,927
10, %57
10,551
12,334
11.076
1z, 341

10,512
14,230
11,193
10,460
10, 444
10, 437
© 14, 084
14,423
12, 081

10. 834 -

9. 940

10,404 .

10,402
1%, 600
13,127

A1.:140-

10,8256

9,506

9. 239
10.328

12.427
11,025
10, 794
. 478
o, 380
10,001

Discharge
M3/9)

~0. 0006
~{. 0059
¢, 0041
0.00%0
- 0.0028
G, G004
0.0042
-0, 060t
4. 0003
-0.0117

0. 0009
-0, 0157
-0, 026

0.0245

0, 0023
~0. 0360
-0, 0252
~0, 0153
-0, G067

0, 0077

0. 0034
0, 0023
0. 0027
-0, 0003
0., 0080
9..0035
0. 0007
0. 0022
0. 0067
. 0007

0, 0033
0. 0123
a, 0054

L 0.0012
0. 0062
0. 0049

© 0. 00B&
0.0073
0.0018
0. 0021

(M3/5)

0.0006
0. 0011

0. 0008

0,001
0, 0005
6. 0004
0.0011
0. 0019
0.0003

0,004
0.0020
0. 0038
0. 0013

0.0009

0. 0030
0. 0036

0. 0053
0.0012

0. 0010

0. 9023
9, 0034
0. 0027
0., 0021

0, 0039

0, 0073

Loss
M

-0, 041
~0, 121
0. 003
0,375
0. 07%
0,069
0. 181
—1. 424
0,015
~1.873

0. 144

0. 1493

-0, 576
1,293
0,700

1. 048

-0, 887

-0.117

=0, 149
0.941

0. 513
0.303
0.041
-0.001
0.339
0, 893 .
0. 034
0.51%
0.616
0.002

0. 054
0E039
9, 055
6. 001
0, 03%
0, 067
0. 074
0,327
0. 747
0.358

(L /SECY

[ 1Y -]
1.1

e
o

Y v i O O
RIS Y.

NW B0 O WDom

velocity Fipe Dia. PipeLength

M/8) ()
~0.077 0.100
-0. 334 O, 150

0.1351 0, 200

0.312 _6.200

0. 199 0150

0,077 9. 100

0. 238 0. 130
=0.57¢ - 0,150

0. 064 100
~0. 661 ¢, 1350

0,315 0. 100
—0.774 0. 150
-1,4673 0,209

1.227 L0, 200

0.293 0,100
-1. 146 0,200
~0.B03 0.200
-0, 4Ba 0,200
-0.214 9,200

. 438 G. 1350

0. 305 0. 130

0. 291 Q. 100

0,153 0. 150
=0, 018 0, 130

0. 4554 ¢, 130
s _0.500.

0,093 0. 108

0,280 0.100

0,379 -0, 130

0,042  0.150

0,168 6.200

0,393 0,200
. 0.205 0,200

0,038 0,200

0,196 6. 200

0,221 0.200

0,273 0. 200

0.232 0. 200
9,224 0. §00

6,273 0. 100

Water Pressure
) +

10,747
10,808
10. 627
10. 930
10,927
10,537
10,851
12, 3346
11,076
i2, 341

10,812
14. 230
11,193
10, 460
16, 444
10,457
14,086
14,423
12, 081
10, 834
9,940
10,404
19402
18,000
- 13,127
Sl
16,834
9. 906
9. 739
-10. 328

SR, 427
11,023
10,794
9,478
9,580
10. 001

225 -

(£)2]

430. 000
90, 000
20. 000

440,000

270, 000

490, 000

250, 000

290,000

150, 000

390. 000

480, 000
30. 000
30. 000
120,000

410,000
110,009
180, 000
&0, 000

350,000

420, 000

100,000
£30. 000
130,000
280, 000
$50. 000
240,000
170,000
320,000
340,000
20,000

200,000
30,000
149, 000
100,000
110, 000
150, 000
110.000
660, 000
720,000
240,000

G.L.
ad)

0.000
0. 090
6,000
Q. 000
0.000
¢, 000
0. 000
9,000
¢. 000
0. 000

©. 900
Q. 000
0, 000

C

110
o
10
110
t1o
110
1i0
110
i10
110

110
110
110

T 110

1o
110
110
110
110
110

110

i
4]

FHEHES UYBNRENERY $3EIFaTaRD SUONCUnUN-

i=h/5L(%)}
¥3)

~0.0143
-0,1353
0.0172
0.0B54
0. 0344
0. 043
0.0726
-0.36%7 -
0.010%
~0.4804

0.0300
~Q, 6438
~1.9250

10799

0. 1707
~0.9314
~0. 4930
~0. 1957
-0.0426

0.2241

0.115¢
0.1689
0.0318
~0.0006
0, 2396
0,.3723
0. 0202
0. 1374
0.1712
0. 0029

0.0271
0,1310
0. 0354
0.0017
0. 0363
0. 0432
0.0673
0.04%4
0, 1039
0. 1498



s tN-SINGLT-2

Line No,

DO N RN

Point No. Discharge

SN IR N = i O N =

Z20

]
i

H
1
QODANE D &N

o #MN-STMNGDI-2

(M373)

=0.0002
~0, Q037
0.0017
L e0t0
-0, 0008
@, 0002
n.0011
©. 0010
0. 0032
0.0015

-0, 0034
-0, 0017
0. 0072
—0. 0069
0. 0017
0.'0026
-0, 0009
0, 0033
~0. 0284
~0.0734

0, 05590
0, 0376
-0.0026
0, 0041
0.0041
0. 0064
0.0030
S0, 0051
©. 0004
0, 0026

0. 0643
~0, 00190
0. 062t
0, 0264
0. 0030
-0, 0008
0.0074
0, 0028
-0, 0036
0, 0092

PointNo. EnergyHeight Turnout

SOD AP KN -

L))

12, 840
12. 845
12. 834
12. 0324
12,690
12, 886
13,242
12.628
12,998
12.834

113,833
13,327
13, 189
13.933
13,271
12,567
5,000
12, 147
10,919

9,566

8. 869
9.592
8. 495
7. 967
_B.10%
B.212
7.956
7. 650
7,807
7, 567

L7709
7.604

(M3/5)
0, 0023
0. 00L0

0. 0033

0.0010
0.0010
0. 0081
0.0038

0, 0024
0, 0026

06,0108

0.@0]5
0, 0053
0.0047

0, 0045
0. 00A4
0. 0038

0. 0056
0.0075

Loss
(ry

-0, 004
-0.1%1
0D.1472
0, 052
-1, 052
0. 00&
0, 154
Q. 0hH2
-0.30R
0.243

-0.206
-0.328
£ 0.506
-0.591

0,137

0, 621
-0.082

0.561
-0.09%
-1. 086

1,785
2,580
-0, 026
1,826
1.228
2,277
0. 696
0.901
0. 010
S0, 146

0, 765
-0, 108
0,282
1.071
0. 388

. ~0. 036

- 0.085
0.413
-p,018
0.098-

Velocity Pipe Dia. PipeLength C

{M/8)

~0, 031
-0, 207
0.21%9
00128
-0. 097
0, 0%
0,143
. 127
~0,403
©.189

~0.30%
-0.212

0,406
-0, 288
_-0.218

0. 331
-0.113

©.418
~0., 809
-2.335

1.529
1.198
~0. 143
¢, 518
0. 818
0. 813
. 382
0,652
0. 053
0, 327

9.549
-0, 127
¢ 671t
¢, B40
0. 381
~0.103
0,224
0. 334
—0. 115
0. 293

(rt)

0, 100
Q0. 50
0,100
¢, 100
0,160
0, 100
0. 100
0. 100
0,100
0.100

- 0. 150
0,100
0. 150
0. 150
0. 100
0. 100
0. 100
0,100
0,200
0,200

0,200
0.200
0. 1350
0.100
0,100
. 100
0.100

pDischarge  Water Pressure

(L./SEC)

- M =N
o @ [ RN

=

we
[~

N
o

M)

12. B40
12,843
12,834
1,036
12. 690
12, 886
13.242
12.628
12,998
12, 834

13.833
13,327
12,189
13,933
§3.271
3, 567
15, 000 = 17000

12,147

10,219
F. B&b

" B8.8B6%
9,592
B8.495
7. 967
8,103
8. 212

" 7.9%6

© 7,690
7.807
7,367

L7709
- 7. 604

Therefore, the height of overhead tank is 17.0m.

- 226 -

(M)

180, 000
2419, 000
150, 000
150, 000
Z40, 000
230, 000
240, 000
176, 000

104, 800

320,000

180, 000
50, 000
260,000
330, 000
140. 000
290, 000

. 280, 000

170, 000
20. 000
20, 000

110,060
250, 00¢
20, 000
270,000
25¢, 000
290, 000

0,000
[ 120. 000

150. 000
S 70,000

144, 080
- 300, 000

ad. 000
200,000
140, 000
150, 0600
1/0.00¢
170, 000
144, GO0
120, 000

G.L.
{m:

0. 000
¢. 000
0,000
0, 000
0. 060
0,000
0. 000
¢. 000
0. 000
¢, 000

Q. 000
%, Q00
0, 000
0,000
0. Q00
0. 060
¢, 00
0.000
o, 000
2,000

Q. 000
0. 000
0,000
0,000
0,000
0. 000
0. 000
0. 000
0, 090"
Q. 000

¢, 00¢
0.000

110

1o
1190
e
g1a

AR REL

ey
1to
1i¢
116

ito
110
110
110

110

110
110

10

110
1{0

ilo
119

11¢

110
1t¢
110
110

110

110

110

1o

110

e
1o -
1e
S 1fe

1i0
o
110
110

2
o -

TN W N

i=h/L(%)
0

l), 0026
-0, 0562
0,099
0, 025
-0, 0219
0.0026
0. 0455
0. 0265
-0, 3081
0. 0761

-0, 1145
-0, 0939
0. 1948
~0, [793
0, G9B3
0.2143
-0, 0295
0,3204
-0.4988
-3, 5951
1.6238
1,0323
-0, 0291
0.4913
0. 4913
1.1302
0. 2787
0.v813
0.0073
0. 2099

0.5471
-0. 0342
0. 3536

10,5358

0.2778
-0, 0246
¢. 6503
0. 2432
-0.0134
0. 0761



FrAEN-SINGD1-3

Line No.

CUNENT DR GN -

e ™
NI AP BN -

~
<&

21
22
23
24
25
26
27

Point No.
1 -—- 2
7~ 5
4~ 5
5 -~ 9
4~ 7
7 - 10
z - 7
T -- &
2 - 3
4 —— 8
8 — 11
11 = 12
12— 14
14 —— 16

BEIE )
12 ~— 13
16 -~ 19
15 - 9
15 —— 18
135 —- 3
14— |7
17 ~—— 26
17 — 21

21— 23

2y —— 22

22 - 24
19.—— 22

A N-SINGDE -3

PointNo. EnergyHeight Turnout Discharge

SN UGN

iz
13
14
15
i
17
ia
17
20

21

22
23
24

()

14,700
14, 704
12,400
12,479
i4.7t8
10. 902
1z, 298
12,073
is. 000
k. 260

11,402

11,102
16,472
10,3221
10,327
“10, 322
10, 068
10,3209
10,204
10.01é

© 9,989
10. 139
9, 65
%. 826

Discharge
s/ S)

=0, 0010,
~0.NiZ8
~0, 0915
=0. 0645
0. 0033
0, 0038
0. 0005
0., 0032
0. 0045
0. 0409

0.0379
0. 0315
G, 0173
=0. 0003
¢, Q037
0, 0088
0. 0034
0.0028
¢, 0024
9. 0047

0. 0101
0.0019
0, 0031
0. 0066
—0. 0027
0.0038
0. 0065

(MZ/5)

0.0010

0.0073
0. 0064
Q. 003%

0. 0020

6. 0038

0, 0064
Q. 0056

Q. 0075

0. 0057
0. 0024

0.0019

0. 0066
0.0038

Loss
(hi)

~Q. Q0%
—-0.014
e 2EF
-0.281
0. 181
f.038
¢. 102
t. 498
2. 303
¢, 405

0.&70
0,300

- 0,781
F 0. 001

LR 149
0.630
0. 117
0,122
G. 018
0. 144

Q. 252
0.05t
0. 078
Q. 309
—-0. 149
Q. 302
0. 065

(L/SEC)

] -

a

=

NG N Ul
VR N T

-

B

1]
e om0 A WO

Velocity Pipe Dia. PipeLength C

/)

=0, 032
~0.407
=1.048
-1.309
4. 187
0,484
0. 049
0, 497
0,572
0. B33

Q. 772.

0. 642
0. 550
-0. 018
0. 210
0.488
0. 152

0. 16t -

0. 306
0,278

0,321
0.108
0.176
0,372
-0, 154
10,484
0. 370

Water Pressure

- 227

(M

0, 200
0. 200
0, 250
0. 250
Q. 1350

0. 100

0. 100
0,100
0, 100
0.250

0,250
0, 250
0. 200
0. 150
0,150
0. 150
0. 150
0. 150
0. 100
0. 150

0, 200
Q. 150
0.150
0. 150
0. 150
0,100
0, 150

)

14,700
14.704
12,400
12. 479
14.718
10.902
12,298
12.073
15, 000
11,260

11,402
11.102
10.472
10,321
10, 327
10,322
10, 068
10,309
10.204
10,016

9. 989
10.139
9, 689
: 9,836

Chyy

20,000
10,000
300000
F0. 000
290,000
240, 000
870, 000
SI0, GO0
230, 000
100. 000

190, 000
120. 000
20, 000
200, 000

T 260,000

230, 400
240,000
250, 000

10,000
150, 000

280,000 -

310,000
1240, 000
180,000
460. 000
70. 600
40, 000

G.L.
(hiy

0.000
¢, 000
0. 000
Q, 000
Q. 000
0. 000
0, 000
0. 00
. 000
0. Q00

¢, 000
o, 000
0,000
0.000
0, 000
0, 000
Q. 000
0, 900
G, 000
Q. 000
0,000
0. 00¢C
0,000
0.000

— N B N

<

1i0
110
110
110
110
10
110
110
1to
110

lio
110
1E0
110
110
110
1o
110
1o
110

119
119

i1g

110
i1
110
1io

2
]

-
A} -

A3

14
15
16
17
18
19
20

Z1

22
23
24

i=h/L(%)

o0

-0, 0012
—0,. 1401
-0, 6220
-0 9303
0. 0464
0, 4327
[P IR E:
0, 45440
0, 5907
0, 4059

L IBE?
0. 2505
0. 2441

~3. 0004
0, Q577
0, 2740

-0, 0489
Q. 0351
0,1847
0. 0754

0., 0902
0. 0866
0. 0415
Q. 1667
-0.0325
0. 4327
0. 1636



dokskekhi-S INGO T —4

Line No.

SO AP -

—
) -

13

— e e
DNt g A

]
3

N~
N

2E

Point No.
t - 2
2 -
X - 7
7 —- 10
4 —— 7
4 = 4
Z - 4
X -— 5
5-——- 8
B o @
P wm (2
11 - 12
11 — 14
7 -1
G - 43
13 =~ 7
17 = 20

20 —— 21
12 - 16
16 ~~ 19
i5 - 19
15 —- 18
12 ~— 15

kN5 TG T —4

PointNo. EnergyHeight Turnout-bBischarge

CPUENO U PN

(M)

11.351
i1.438

11,433

11,828
10.743
15.723
17,219
<, 8538
14,722
11,704

14. 016
i1.147
9. 945
£5. 000
10,453
9. 940
9. 663
10,476
9. 938
2,424

8,929

Discharge
(P2/2)

~0. 0008
0. 0006
-0, 0160
0, 0021
~0. 0084
-0, Q009
-0, 0045
0,024
0, 0033
0. 0024

-0, 0247
0. 0361

=0, 070
—0, 051t
0, 0206

0.0132

Q. a0B7

0, G029

Q. Q027

L0012

. 0009

o
0. 0023
o

0. 0074

M3/

0. 000%

0.0030
0.003%
0, 0030
0. 0069
0, 0009
0, 0060
0, 0035
0, 0072
9., 0021

0. 0041
0. 0056

0, 0042

0.0016
0. 6053
G, 0007

0. 0036,

0. 0058

0.0029

Loss
[{Z)]

0. 087
0,004 -
~-0. 785
0,514
~0, 320
0,104
0, ZF0
0,689
0,885
0,021

=0, 425
2.868

. ~0, 98I

~1.796
0. 776
0.282
0,238
i, 494
0. 004
0,002

0.514

0.027
0, 694

_/SECY

NNGROD WD
~RNGO00e0O0

N UNOU~s o
0 (-l SRS Rl N ] oo

Velécity. Pipe Dia..PipeLength C

/3

-0.107
0.034
-0.510

C 0,266

-0, 267
0. 114
-0, 236
0,395
0. 444
0.078

-0.786
1,149
-2.236
~1. 0548
0. 655
0,421
0,276
0. 368
0,087
Q. 038

0. 299
0,109
0. 416

Water Pressure
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M)

0. 100
0. 150
0,200
0. 100
0. 2400
0, 100
0, 150
0, 200
0. 100
0, 200

Q. 200
0,200
0. 200
0. 200

0. 200.

0,200
0,200
0. 100
¢, 200
Q. 200

0. 100
0. 1060
0. 150

[45))

11,351
11,438
11,433
11,828
10,743
11.723
12.219
9, 858
10.722
11,704

14,016
11,147
2,945 - -
15,000
10, 453
G, 940

P, 663 .
10. 426
2,938
9,424

n.929

()

2X0. Q00
240, 000

370, 000

260, 000
610, 000
250, 000
470. 000
SF20. 000
240,000
TE0, 000

90, 000
300,900
X0, 000
220, 000
230, 000
190, 000
250, 000
190, 000
60, 000
120, 000

290, 000
100. 600
Z40, 400

G.L.
]

0,:000
0,000
0. 000
0,000
0. 000
0. 000
0. 000
0. 000
0, 000
0. 000

0.Q00
0. 000
0, 000
0.000°
0. 000

0.000 ..

4. 000
0. 000
0. 000
0, Q00

0. 000

- O BN -

110
110
110

110

10
1
110
110
110
110

10
110
110
110
110
110
110
o
110
110

110
ito
110

=
]

11
12
13

A
R -

16
17
18
i7"
20

Z1

iﬁh/L(%)
L¢3

-0, 0264
G, Q020
=0, 2124
0, 143
~Q, 0641
0, 0300
-0, 0830
0.1327
0, 3488
0, 0064

-0, 4728
0, 9541
~3.2797
-0. 8166

.0.3278

0. {488
0. 06827
0.2603
0. 0080
00017

0.1774
a,0272
Q. 20472



orkN-STNGD -5

Line No.

D0 NN U BN —

(=]

RS e e .
DO U NN -

21
22
23

24

29
26

z8

29
30

21
37

Foint WNo.
1 2
Z - 3
3 -- 5
4 ~w -5
2 - 4
2 s
& —— 10
o -—— 16
10 ~~ 14
8 - 14
3 8
8 ~— {32
12 — I3
7 o-— 12
A
12 —— 20
720 ——= 26
e —— 20
19 == 25
12 —= 19
&~ 9
@ ~-= 135
15 —- 22
17 -1 22
7. =23
14 —= 17
& - 11
11 —i8
I8 —— 24
ig — 21
21 —— 27
14 — 21

sk -G ThGD ] -5

PointNo. EnergyHeight Turnout Discharge

S0VE NGy -

(M)

A
8, 032’
10,127

8. 102
8,277
12,944
a. 076
S B.476&

15,476,

13,482

11, 442
4. 078
8,271
7. S5A7
10,500
15, 000

10,910,

9. 287
a. 681
8. 131

. 373

10. 501 -

10, 666
B, 734
8.015
8, 069
8,568

Discharge

(MA/ED

=0, 0029
~0. 0042
., 0053
=0, D135
~0. 0045
~0,. 01 i4
=0, 0507
-Q. 0887
0. 1480
-0, 0239

~0,010Z
82,0111
~0. 0015
~0.90012
0, 0037
0. 00BA
0.0012
=0, Q046
0. 0009
=0, 0011

0. 0064
0, 0023
G.N000
0. 0015
0i 001t
0, 0056
0. 0250
0. 0121
0. 0031
Q. 000%

0. 0027
0, 0085

(MZ/5)

0. 002%

0. 0058 |

0.001%
0. DOSE
0. 0021
0. 0079
0, 0056
0,.0025
0, D044

0. 0073
0. 0016
0.0012
Q. 0057
0. 0023

0. 0030
0. 0081
9, 0036
0. 0029

0. 0064 -
0. 0017

0. 0011
0, 00F1
0.0009
00012
0, 0027

Loss
()

-0.4%98
-2, 095
1,855
—0. 169
-0, 070
~2.816
-0, SAR
-1.517
3.895
~1.110

0. 204

0.204
~0. 193
-0, 002

0,026

0. 140

0. 041
-0, 049

0. 066

- -0, 003

1.4567
-0, 975
~0.000

0. 409
0. 243

0. 531

1.501

2,085

0,652
_0.014

0.804
0.214

(L/SEC)

. -

Ll RN AR I

FNANNU =N

NemDEe =t NRDW NO~eN
NR DO e D

RNENY

Velogity Pipe Dia.

/)

-0, 369
-0, BEb
0,677
w0, 429
~0, 143
0,647
-1, 614
-2, 875

1.210
~0. 760

=0, 326
0,254
-0.187
-0. 061
0,117
&, 273
0,153
-0.148
0. 115
—0, 036

0.812
0,290
-0, 004
0,191
0. 140
0.713
0,754
0,685
0,355
0,052

0. 344
0.482

Water

()

0. 100
© 0. 100
0. 100
0. 200
0. 200
0. 150
0. 200
0. 200
a, 200
0. 200

0. 200
0.200
0,100
0. 200
0.200
0. 200
9,100
Q. 200
0,160
0. 200

0. 100
O, 100
0. 100
0, 160
0.100
0. 100
0. 200
6. 150
0. 100
0. 150

0. 100
0. 150

Pressure
(M}

7.533
-8, 032
10,127
8,102
8,277
12,944
8.076
8. 476
11.478
13, 482

11,442
8.078

8.271

?. 587
10.500

15, 000 217000
10,910

9. 387

8. 081

a.131

9,373
10,501
10, 646
8. 734
8.015
8, 069
. S6B

Thefefore, the height of overhead tank is 17.0 m.

- 229 -

PipeLenyth
by

20, 00O
400, 000
230. 000
E19, 000
L0, 000
610, 0no
Zh, 000
T, 000
J70, Q00
2350, Q00

220, 000
190, 000
2H0. 00D
G0, 000
120, 000
210,000
120, 000
2Z0. 000
220,000
200, 000

C1EG, 000

T80, 000
170, 000
SI0. 000
S50, 000
&0, 000
210,000
400, 000
220,000
IZ0, Q00

320, 000
8¢, 000

G.L.
My

0. 000
0,000
0.000
0. 000
0,000
0,000
0,000
0, 000
0. 000
0, 000

0. 500
o, 000
0. 000
0, a0
0,000
0,600
0. 000
0, 000
0,000
0, 000

0. 000
0,000
0, 600
0. 000
0,000
6,000
0, 060

C

110
110
110
114
o
110
1o
1o
10
o

110
110
110
ito
110
1fo
-t
1o
10
110

t-i1¢
110
110
t1o
110
110
110
11¢
110
110

119
110

No.

—O@NE LR NN —-

iz
i3
i4
3=}
16
g
i8
1%
zZ0

Z21

22
23
24
25
26
27

i=h/L{%)
e8]

-0, 7523
--0. 5238

0. 80467
-0. 1541
=0, 0201

" 0. 4617

1, 7549
—5, 0579

1. 0578
-0, 4447

=0, 0923
0. 1079
-G, 0743
-0, 0042
0. 0140
Q. 0667
0, 0512
-0, 0214
0. 0300
~0.00l6

1. 129z
0. 1681
-0. 0001
0. 0772
0. 0436
0. 8865
0. 4844
0.5138
0. 2768
¢, 0043

0, 2298
4. 28679



Fig. 3-10-2-6 Pipe Line Network of Overhead Tank No.l of Jenidah Town
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raok JENT IAH~ 1

Line No.

SN AN —=

FPoint No,

WO RN ONN -

!
i
NNENG DS SN

#dokd JENTOIAH—~1

PointNo. EnergyHeight Turnout Discharge
(L /SEC)

.

ER AR R N

o
9,190
J0. 614
19, 349
10,2627

10, 628
11,163

13,373

11.1632
10, 648
15,032

15, 600

9, BEY
11,040
it.173
L4, 734

14.982

10,832
12,066
14, 720

13,082

12,662

Discharge
MZ/8)

=0, 0027
~0, 0011
-0,0011
-, 0128

0.0126
-—=(, 0107

0.00186
~05000%
-, Q043
=0, 0280

0, Qo000
a4, 007)
=0, 0019
—~{}, QORE
-0, ODDA0
0,0010
-0, 0097
~0.011%2
-0.0129
0.01X1

Q.017¢
C0.0016
~0, 0261

0.0019

MRSy

0.0027 .

0,0075
0. 0019
0. DO4A0

o, 007
0. 0038

0,007
0. 0028

‘0.0019
0. 0071

0, 0024
0. 000%
0.0019
0.0019
0.0010
0. 0018
0.0016
0.001%

Loss
) -

~1.424
-0, 013
~{t. Q20
=0, 404
G110
-0, S5
0, 265
~0. 02
~A 01
-2, 209

0. 000
1. 089

Bl M) ]

-0, 132

T, 1P

o, z08
. 892

~1.016

~0. S8
1,07%

0,263
9, 005
-1.626
0,017

ot b 2 N W)

VDOV OP =0

Velocity Pipe Dia. PipeLength C

(H1/8)

-0, 44
-0, Qb4
-0, 0éd
-0, 440
0,434
-0, 349
0.202
0,040
~0, 549
-0, 891

0,00
¢, 402
-0, 241
-Q, 299

-0, 170"

0.127
~0,520
-0, 632
-0, 742

0. 743%

0,049
0. 051
-1, 149
0, 060

- 233 -

D

G. 100
Q. 150
[ 31
0,200
¥, 200
0,200
0,100
0, 100
G, 100
Q, 200

0. 200
0, 150
0.100
0. 150
0, 150
0. 100
0. 150
0, 150
0, 150
0. 150

0. z200
0, 200
0. 200
0.200

Water Pressure

i

2. 190
10,614
10, 249
10,3262
10. 628
11. 163
134, 374
F1.163
0. 648
11,033

15,000
9,959
11,040
11,173
14,736
14,982
to, 832
12, 066
14,7320
13. DA2Z

13,662

{1ty

&R0, 000
Z20. 000
G, 000
ZE0. DOD
CE0, Gno
S50, 000
10, 000
ZQ0, GO0
550, 000
376, 000

30, 000

570,000
HH0, BO0
120,000
310,000
570, 000
790, 000
230, 000
100, 600
180, 000

11¢. 000
180, 000
170. 000
440, 000

G.L.
(b

M, O
a0, Q0o
0. 000
0,000
0, 000
0,000
0, 000
. 000
0, 000
0,000

@, 000
0,000
0, 600
0, 000
0, 000
0,000
0, 600
0,000
a, 000
6. 000

0, 000

1in
110
1140
110
110
110
t10
19
1o
t10

150
1o
110
150

Ry

110
110
11¢
110
116

110
110
110
110

=z
o

S G N U] B

i=h/L{%)}

(A

—~3, 2278
=0, 007
=0, BOG3
~-0. 1619

0. 15764
—0.9999

0, 08586
-, 0047
—~0. 5475
-0, 5897t

. 0oGH
0. 1911
~0,1187
~0. 1 {08

T DERY

0. 0F45
-, 30 /8
=~00dd 1B
-0, 3802

0, 3964

0. 2400
0. 00E0
)
0. 004§



FhckR JEM [ NAH-2

Line No.

Rl BN v R

FPoint No.
i — Z
2 - X
A -~ 5
5 - 7
4 - 7
ZAREE Y
4 — &

‘4 - B
A -—- 9
¥ s 10
104 -— 13
1% — 6
1t — 13
7 o= 1
? -2
12 — 17
17 -— 14
14 — 8
15 -~ 18
15— {9
1 — 18

wiek® THER | DAH-Z

PointNo. EnergyHeight Turnout Discharge

DO N T B R e

Ch¥

11, 204
1. 253
1E.411
11.60%
11,475
11,573
11,543
1%, 437
13,707
14. 127

12,607
11,851
14. 434
11, 8430
13, 625
15, 000
11,809
12,242
13X, 5458

Discharge
(MZ/8)

-0, 0040
-0, 0051
-0.0080
-0,0115
-0, 0040
-0, 0017
0, 0024
-0. 0037
~0. 0RO
~0. 0118

-0, 0259
-0, 0520
=0, 0Z61
~0, 0223
0. 003X
0. 0084
0, 0001
~0, 0037
0, 0094
0, 0010

0. 0104

M3/3)

0. 06040

0. 0058

0.0019
0, OOER
0, 0035
0. 0021
0. 0038
0, 0043
0, 0038
0, 0038

0.0028

0. 028

0, 0038

0. 0021
. 0037
0,0010

Loss
S

~0, 048
~0.'158

—~0. 064

-0, 468
-0 234
=0, 255

0. 034
~-1.848
-0, 249
-0,419

-0, 509
-0, 3571

. —t.829

-0, 663
0. 112
0,021
0, 000

-0, 411
1,282
., GRO

0, 301

(L /SED

NP AR B8
oy LoD bw OGN0 oD

® o

ir
[#2]

S IEY)
(=Rt X

velocity Pipe Dia. PipelLength C

(H/S)

-0, 127
-0, 9%
-0, 25%
-0, I8
-0, 226
-0, 221

0,119
~0, 465
-0, 253
-0, 374

-0, 824
—1.4654
~0,82%
-0,708
0.188
0,080
a,.012
=D, 209
0, 532
0,127

0. 587

- 234

42}

G, 200
0,200
Q, 200
- 0200
Q, i50
0,100
0, 150
T 0.100
0, 200
0. 200

200

= R

. 200
6. 200
0. 150
0, 150
6. 100
¢, 150
0. 150
0. 100

0. 150

Water Pressure

(b

11,204
11,253
1,411

11,609

11,475
11,373
11,943

- 13,457

12,707
i4. 127

12,607

11.831
14,436
11.830

1%, 625

15, 600

11,809

12,242
13, 545

200 ..

LN

200, 000
450, 000
110, 000
410, 000
510, 000
350,000
160, 000
460. 000
470, NOO

250, 000

%0, 000

20, 000

350, 000

170, 000
240,000
ZED, DO
200, D00
720,000
430, 000
220, 000

130, 000

G.L.
{M}

0, 000
¢, 000
8.000
0, 000°
o, 000
0. 000
0, 000
0, 000
0. 000
0, 000

T0 000
0, 000
0,000
0, 000

0,000 .

0.000
0,000
0. 00
0,000

0 0NN B N -

=

116
Lk0
1f0
1to
110
t1o
1o
110
i1o
110

110
110
110
t1o
i10
E10

1o

110
F10
110

1o

=
o]

1z
1%
14

16
17

18-

19

15.' .

i=h)L(%)
%)

~0, 0164
b, DS |
-0, 058z
-0, 1143
-0, 0656
0. 1017

0. 0200
=, 40
—0. 04g1
~0.1199

-0.5) 6%
-1.8771
-0, 52727
-0, ZF03F
0. 0457

CLNL 00935

0, 0005

.. 0872

0,3216
3. 0265

0, 3840



dokckok TREMT [IAR-3

Line No. Point No., Discharge Loss Vélocity Pipe Dia. Pipelength C i=h/L (%)
(PSS . sy (ph i) €5
1 1 — = 0. 00T 0, 04 0, 123 0, 200 290, 000 1o 0, 0152
2 t — = ~0. 0127 ~0, &5 -0, 405 o, 200 . ano, 100 110 —0, 1FHS
ks - 5 0. 0034 0, 03X 0. 108 . 0.200 280, 000 10 0. 0170
a 4 - 5 -0, G010 —0. 072 —0.1°28 a, 100 a0, 600 110 —0. 0349
S 5 - & 0. 0077 0,022 0, 085 0. 200 200, 000 110 0. 0077
& oo 0,001 0 O (s Q. 03] 0. 200 46d, 000 1o 0,002
7 & = 10 -0. 0027 -, B g ~0., 278 o, 100 ZE0, 000 1o ~0, 1548
" 7 o~ in a, Nita=2 .02 0. 389 0. 150 570, 000 110 n, 180¢%
@ - 7 —-0, 0247 1,511 S ~0. 785 0. Z00 *20, 000 o ~0. 4774
1o 7 - 8 -0, 0757 ~1, ZR4 -1.152 0. Z00 40, D00 1in —0, F60%
£ 8 -~ 11 ~0, 0593 ~,71g ~1.887 0, 200 110 ~7. RS
1z R P 0, 0725 1,024 ¢ 716 0. 200 114 0, FIR0
2 1z -— 19 0. 0083 0,414 0. 264 0, 200 a0, 100 1ta 0. DSTR
14 12 —— 13 TR 0,471 0,371 0.°200 200, 600 LD 0. 1172
15 12—~ té& 0.0010 Q. 078 . 0S8 0, 150 5S40, ana 1o 0. ONSZ
16 12—~ 14 : 0,007% - Co.074 - 0,233 0. zon F50, 000 110 G, 04D
17 1o —— ja 0. 0010 0,170 0121 0. 100 10, 000 1o
8 14 -~ 17 0. 0010 B PR T PN 0. 126 o, 100 SZ0, HOn P10
19 14 —— IR 0. 0034 : 0. 084 0,107 0. 200 PR 000 110
stonsb JEN T A2
PointNo. EnergyHeight Turnout Discharge Water Pressure G.L. No.
hE) xSy T (L/SED ' [ by
! 11,553 0. QB9 BR.9 1t, 552 0. GO0 1
z 11,509 0. 00328 . 1%, 509 0. 000 z
% 12. %85 0, 6081 ", 1 12,385 0, 000 k]
4 12,277 0.0010 1.9 12,277 Q. D00 4
5 12. 351 12. 351 0. 000 5
& 12,328 0. 0038, .8 12.328 0, 000 &
» 13876 ) 0. 0043 4.3 13.8%¢ 0. 000 z
8 14,28} o 14. 2B1 0,009 L}
% 12,323 . C gL 0010 1.0 12,323 0, O0G R
10 12.870 0. 0048 .8 12.870 . 000 1o
11 15. 000 : 15. 000 0. 000 11
1z 12, 246 0. 0019 1.9 13, 248 . 0,000 1%
12 12.774 0. 0037 2.7 12,774 a.0a0 13
14 12. 700 0. 0043 4.2 12, 700 0,000 e
s 12. 832 0. 0084 R’ 4 12, 852 6,000 15
16 12, 746 0., 0010 St 0 12,746 0. 000 16
17 12,514 C0.0010 1.0 12,514 0, 000 17
i8 1z, 615 ¢, 00328 .8 11. 815 1. 000 i

= 235 ~
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s+« CHUADANTA- |

Line No. Peint No. Discharge Lossg Velocity DPipe Dia. PipeLength C i=h/E(%}
(a5 o) M/8) [2H [ [$3]

1 1w~ 2 -0, 0019 -0, 339 ~0,243 0,100 280. 000 110 -6, 1212
2 2-~ 3 -0, 0017 -0, 039 -0. 055 0. 150 300, 000 1o ~0: 0133
1 3 - 4 0.0047 Q, 285 0,266 0, 150 320, 000 io 0, 0AF3
4 35 -0, 0115 -0, 505 -0, 366 0,200 340,000 814 ~0. 1149
5 g — & -0, G140 -0, 332 -0, 447 0. 200 200, 000 110 (. 166%
6 6 -8 -0, 0477 C -0, 152 -0, %63 0,200 60, 000 150 -0, 2848
7 Vo= B 0. 0454 0.439 1,446 0.200 30, 000 110 1.4635
8 8 -- 11 0. 0269 1,512 0. 857 . 0,200 200, 000 110 0. 5561
L] 11 - 12 0, 6054 1,169 0,690 0.100 140.000 110 0. 8356
10 B T —0. 0014 -0, 238 ~0. 184 0,100 . 330,000 P10 -0, 0724
1 10 ~~ 12 -0. 0008 0. 094 ~0.102 0,160 . 390,000 110 -0, 0242
12 11 - 13 0. 0209 10,450 0.66¢ O 0.200 130, 000 110 0. 3462
i3 12 -~ 15 0. 0109 . 0.6B) 0. 348 0,200 A60, 600 P10 0. 1033
14 1S -~ 18 0, 0078 0. 061 0.249 0,200 11e. 000 110 0. 6562
15 8 —~ 20 0, D057 0,179 0. 324 0. 150 140, 000 110 0. 1282
16 26 - 2} C e 0010 0. 004 0, 054 0,150 90, 000 tio 0. 0036
17 .19 -~ 20 -0, 0017 T YRV -0, 095 0. 150 310,000 110 ~0,0133
18 14 —- 1% 0, 0034 0.027 0.108 0,200 230, 000 110 0,0121
19 13 -= 14 0, 0065 . 0,043 0.207 0.200 110, 000 110 0, 6399
20 16 -- 17 6, DOZ0 0. 009 0: 063 0,200 220. 000 1o 0. 0045
+ww* CHUADANGA= 1
rointNe. EnergyHeight: Turncut Discharge Water Pressure G. 1. No.

(135 (LTSI . {L/SEC) _(MJ iy

1 13, 190 0.0019 1.9 13, 190 0, 409 1

2 13. 529 13,3529 0,000 2

3 i3, 569 0. 004F 4.9 13.569 0. 000 . 3

4 13,283 - 0. 0047 4.7 13,283 0. 000 4

E] 14,075 0. 0028 2.8 14,075 0. 000 5

& 14,408 L 0.0032 3.2 14,408 0. 0ae S

7 15,000 15,006 0. 000 7

8 14,860 : . 14,560 0. 000 8

G 12,040 0. 0019 1.9 12, 040 0.000 El

10 12, 184 6, 0008 S0, B 12, 184 0. 600 10

11 13,448 . 13,448 0. 000 "

12 12,278 0. 0038 ©X.B §2.278 0,000 12

13 12,998 : 0, 0038 . 3.B 12,998 0, 00 12

14 T2, 954 0, 0023 2.5 12, 954 0,000 14

15 12,317 0,0038 ‘B 12.317 0,000 15

16 12, 926 _ . 0.0MY 1.9 12,926 . 000 16

57 12,957 L 0.0019 1.9 12.917 0.000 17

18 i2,255 6, 0028 2.8 12,255 0, 66O 18

19 12, 024 a, 0019 1.9 12.034 . 0,000 ]
20 12,075 : 0, 0028 2,8 12,073 0,000 20

21 12.071 . 0,0010 1.0 12,071 0. 000 21



Wbk s CHADANGA-2

TLine Mo.

Lm NS .-

10

Point No.

e CHUADANGA-2

PointNo. EnergyHeight

LN U RN

(11]

12012
13. 024
12, B2t -
12,835
14, 141
12, 68l
13.774
13,152
12,751
12. 786

15,000
14, 414
12, 5350
11.768
11,509
12,672
123,116
12,016
12.7%59
12,672

12,693
12. 478
12,082
12,006
11.929

Diséharge

(5%/S)

-0, 0026
©. 0041
~0. 0013
—0., 0031
-0, 0055
0. 0238
-0,02t7

. =0, 00B7

0. 0185
0.0188

-0, 0079
-0, 5038
-0. 0038
o, 0074
~0.N032
9. 0004
-0, 0027
0, 0046
-0,0477
4. 0510

0. 0093
0, 0039
-0, 0029
0. 0058
0, 0050
0, 0026
0,001¢

{M3/8)

¢.00728

0. 0019

¢, 0057
0,001%
0, 0038
0.0019
0, 001 F

0. 0028
¢. 0028

0, 0038

0.0019
¢, 0041
0. 0538
¢, 0028

0. 0037
0. 0009
Q. 002t
0. 0026

0.0014"

foss

[{3H

-0,012
0,202
-0,014
—0, 044
-0.270
0. 621
-} 632
-0, 116
0,222
0,171

-0, 742
-0, 107
-0.140
0. 065
~0. 021
. 000
-, 443
1,298
~0, 640
6.38%

* 60334
0,313

T =0,033

0. 194
0.396
0. 075
0.152

Turnout Discharge

{L/SECY

“NNQSA ol A -
A DN mm D

Velocity Vipe bDia.

M3

-0, 082
0. 229

0, 0BS

-0,177
~0, 309

0,739
=0, 690

-, 102

t. 689

0.2%5
0,221
-0, 093
0,383
0, 342
Q. [ 4%
0,180

240 -

(]

0,200
0. 130

0,120,

0. 150

0. 200

0,100

0. 200

.0, 200

1]

13,012
13,024
12,821
12,8358

0.150
0. 200
¢ 190
0, 130
0. )50
0. 100

Watexr Pressure

13, 141

12,881
13,774

13.1%2

12,75t
12,786

'15. 000

14,414
§2.930
11,768
i1, 909
12. 672
i3, 114
12,016
2,739
12,4672
L]
12. 693
12,478

12, 082

12, 004

C 11,929

Pipelenath
[{H

170,000
300, 000
130,000
110,000
219,000
140,000
170. 000
170, 0006
80. 000

640, 000

320,000
184, 000
240,000
130. 000
200, 000
190. 600

" 1wb, 000

210,000
£0. 000
0. 000

460,000
180. 600
290, 000
1140. 000
23890, 000
23e, 000
220. 004

G.L.
(M)

9. 000
6. 000
0. 0G0
0,000
0. 000
0. 000
0. 000
0, 000
0,000
0, 000

0, 000
09,000

-0, 000

0,000
0, 000
0, 000

0,000

0, 040
0,000
¢, 000

0,000
O, 00
0.000
¢, 000
O, 000

=N TR WR =

C

110
1i¢
j10
At
110
110
1o
110
110

110

tia
119
110
tie
10
110
1o
1o
110
150

1o
(R0
10
110
110
110
110

"No.

i=h/L{%)
[$4]

—0. 0072
0. 0676
~0. 0108
-0, 0420
-0, 1178
0.4438
-0,3723
-0, 086
0,2778
0.2855

-0, 2320

-0, 0598
-1, 0367
0.0502
-0, 0107
0.0002
-0,2335
0, 6181
-1,6019
1. 9507

a,0771
¢, 0631
=0, 0070
01786
Q. 1416
0, 0303
0. h6Td



»aon e CHEADARRA T

Line No. Point No:. Discharge Loss Velogity Pipe Bia. PipeLength C 1=h/L(%)
: (M3 /8) () (H/S) [Ch T3] [£3)
1 1 -- 3 -0, 0017 0, 030 -0, 093 0. 150 230,000 1a —0., 01382
2 2 e 3 —0, 0019 ~0.395 ~0,742 6. 100 330, 000 110 ~0, 1199
3 3 -- 4 ~0, 6031 -0, 338 ~0.287 0,150 330, 000 11¢ -0, 1027
4 4 - N 0.0017 o.418 0.219 0. 100 420, 000 110 0, 099%
3 5 - & Q. Q008 0. 074 0108 . 10 299,009 i1¢ Q, 0258
[ 6 -« 8 ~0.0010 ~0.002 ~0., 033 0.700 1B0. 000 110 ~0,0013
H 7-- 8 ~0,0019 -0, 071 -0, 109 . 0, 150 420, 000 110 ~0,0170
B B8 -~ 11 ~0. 0044 0, 028 -0, 139 0,200 150, 60O 110 -0,019]
9 10 =~ 11 0, 0123 0.284 0. 350" 0. 200 220, 000 110 0. 1293
1 F = 10 0,01506 0,691 0.474 0,200 370,000 1o 0, 1869
15 4 - 9 -, 0103 -0.514 -0.,327 0,200 550, 000 110 ~0, 0935
12 9 - iz -0, 0260 0. 416 -0, 828 0,200 80, 000 110 -0.5208
13 1 == 15 0, 0060 o186 0. 159 0,200 © 440,000 ta 6, 0%40
14 TR 0, 0017 [T P 0, 053 ©o0.200 410,000 "o - nons2
15 16— 19 0. 001) o, 001 0,035 0,200 120. 000 10 00018
16 (LR ) 0. 0169 1,998 0. 539 0,200 HSG. 600 1o G, 2¥51
17 13 ~- 18 0.0168 - 0,438 0.533 0. 200 190, 900 1o 0. 7309
1B 14—~ 15 0.01%0 [ 0,504 0. 200, 460,000 [§8] 0. 2908
19 13 ~— 14 0. 0483 0.492 1.539 0,200 20, 000 LEo 1.6425
20 12 == 14 -0, 0287 =1, 060 -0, 21 0. 260 120, 400 Lin ~i. 8241
24 19 -~ 20 0. 015t 099 L0514 0.200 A80, 00O 110 0.2155
22 20—~ 22 0, au21 0. 503 0. 263 0. 100 260, 000 V10 o, 1S
23 21 -~ 22 -0,0018 -0, 017 -0, 058 . €, 200 460, 000 110 -1, OD3A
24 72 - 24 0, D47 (. 059 ~0. 151 0. 200 250, 0400 110 -0 0222
25 24 -- 25 o, 010 © 0,081 . 128 0. 100 220, ¢00 110 0, 0370
26 2% —- 24 0. G083 0.2%90 T 0.2e% 0.200 460, 000 P10 0632
27 20 -~ 23 0. 0123 0. 157 0,353 0. 200 120, 000 16 0,131
v CHIABANGA~3
PointNo. EnergyHeight Turnout Discharge Water Pressure G.L. No.
) ' (575 . (L/SEC) [ .
i 12, 546 0.0016 1.6 12, 146 6, 00% |
2 1,780 . 6. 0019 1.9 t1,780 ¢, 000 2z
3 12,176 0. 0016 i.d 12,176 0,000 3
4 2,555 0, 0034 3.6 12,515 0. 000 4
5 12,097 0, 0069 0.9 12,897 0,000 5
& ER 0. 0019 1.7 £2.022 0,000 3
7 11, 953 0.001% LY 11,953 0,000 7
a 12,024 0. 0019 1,9 12,024 0. 000 B
9 13. 029 0, 0009 0.9 £3,029 0,000 v
10 12,337 0. 0028 2.8 12,337 0. 0600 10
1t 12. 053 0, 0022 2.2 i2, 083 Co. 000 - 11
12 13, 444 06,0028 2.8 13,446 0. 000 12 .
13 15, 000 b i5, 000 0,000 12
14 14. 507 : 14,507 ' T 0,000 14
15 14,332 0, 0059 1.9 14,332 . ¢00 15
16 11,897 0. 0028 5.8 11,897 0,000 14
17 1i.888 0. 0018 1.8 i1.884 0. 400 7
i8 13, 894 - - §3,894 0,000 i8
19 t1, 898 0, 0019 1.9 11, 895 0. 000 15
20 10. 904 0. 0019 1.9 1O, 904 0.000 28
21 10,383 0, 0020 2.0 10, 283 0. GO0 21
2z 10,400 0. 0047 4.7 10,400 [ el 22
1 10, 747 G, 0038, 3.8 14,747 : 3,000 23
78 10,456 0, 0024 2.8 10. 456, 0, D00 24
25 10,374 . 0.0050 1.0 10,374 © 0. 000 25

- 241 -
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sookokKEIR [GRAM- 1

Line No.

O N WA

io

Point No.
T
Z e R
RIS
5 o~ 7
4 —- 7
3 .- 4
7 == 10
& - 10
4 == &

S 10 - 13
% — 13
& — 9
% — &
8 — 12
12~ 16
8 —— 1t
1~ 15
7 — 11
11 -- 14
4 -~ |9
10 —- 14
14 == {7
12 - 17
2 — I8

s KLIR I GRAM- 1

rPointNo. EnergyHeight Turnout Discharge
- {L/SEC}

SOmND LA —

[ it el
B0 N0 R RO -

(i)

20.000
15,871
11.762
11,197
9.770
10, 084
9. 616
8,787
9.404
9,115

8, 763
8,308
8,991
8, 833
L7263
7.974
8,212
&#.870
4. 88&

Discharge
(M37/ 52

0. 0404
0. 0391
0.017%
0, 0015
0. 0061
0.0209
0, 0036
0, 0044
0.0148
0. 0015

0, 0050
0, 0063
0.0092

0. 0052 -

0,0015
0.0012 .
0. 0028
0. 0041
=0, 0022
-0, 6006

0.0024
-0, 0047
0.0042
0. 0008

(ME/5)
0.0013
0. 0009

6, 0066
‘0, 0041

- 0.0028
0.0013
0. 0041

0.0047

0. Q037

0.0019
0. 0631
0.0028

0.0015

0.0010
0. 0003

Loss
(11}

4,128
4,108
1.992
0. 15¢
1,981
0. 565
0.500
0,969
1.112
0,124

0,412

0. 6480

0.9832
0.279
0,543
0. 024
1,499
0, 853

-0, 070

—0, 053

0,282
-0, 079
0. 079
0. 120

-

?0
—-m - R

DR PO )
Wo @MRwONN

O -

Velocity Pipe Dia. ripelength C

M/s)

1,287
1,246
0,980
0,198
0.783
5. 184
0. 454
0. 562
0. 846

0,185

¢.281 -

0. 354
0.5t9
0.2%4
0,191
0. 066
0.357
0. 524
-0, 123
=0, 079

0, 309
-6,237
0,237
0. 097

inmr .

0,200
0,200
0, 150
0. 160

0, 100
0. 150
0.100
0, 100
0. 150
0.100

0. 130
. 150
O, 1350
0.150
0,100
. 150
0,300
0. 100
0,150
0, 100

0. 100
0. 150
0. 150
0. 100

Water Pressure

Ay

© R0, 000 - 32.000

15,874
11,762
11,197
9,770
10.084
9,615
8,787
9, 404
9,115

8.76%
8.508
8,991
6. 823
7. 26%
7. 974
8.912
8,870
g, 8Rs

Therefore, the height of overhead'ﬁank ig 22.0 m.

- 244 ~

()

50, 000
270,000
200, 000
190. 000
150, 000
40, 000
1%0. 600
170,000
150, 000
170,000

420,000
450. 000
32Q. 000
260. 000
690, 000

- 360, 000

610, 000
170, 000
220,000
250, 000

150, 000
110. 000
110, 600
BE0. 000

0. 000

0. 000
a, 300
0, 000 °
0. 000,

¢, 000 .

0. 000
0.000
0. 000
0,000

003 N T R

@

110
1o
110
110
110

AR

110
110
110
10

110
11¢
110
110
11¢
110
110
i1e
11e¢
110

i10
110
110
tio

z-
L.

-~ -
[ AR

e  ran b
RN

i=h/L{%)}
a0

1. 1796
1.1104
0, 99560
G. 0813
1, 0541
1.4120 °
0, 3853
0.5702
0, 7418

0.0731

0, 0783
0. 1513
0. 3072
0.1073
0, 0774
0. 0068
0, 2458
0.5020

-9, 0219

-0, 0152

0.1883
-0, 0719
0.0719
0. 0220



ok KLR FEGRAR -2

Line No.  Point No. Discharge Loss Velocity Pipe Dia. pPipelength C i=h/L{%)
M2/ (h1) {M/SY Iy ) (8]

1 1~ 7 —0, 0O2E ~{), P2A -0, 1E% 3. E80 S0, 000 110 —0, 0745
7 Z - & =0, 0041 ~, 0560 -0, 229 0,150 20,000 110

k3 - ~G, Q027 —n, 108 —~0, 126 0. 150 470, 000 P10

4 4 = & -0, QOED -0, 168 -0, 189 0. 200 500, 000 110 -0, 0ZA7
5 4 -~ 7 o, 0013 0,77 0,165 Q. 100 Zan, 00O 110 0, 0G91 -

6 8 - 1z 0, DO04 o, 045 0, 052 0,100 650,000 Hio 0, 0071
7 4 - A 0, 0014 0,051 0,080 0. 150 540, 004 110 o, 00%3

8 2 - 4 o, 00n02 o, 003 0,025 0, 100 190, Q00 110 0.0018
] 3 - 48 -0, Q0724 -0, Q63 -0, 125 0. 150 250, 000 110 -0, 0257
10 G e 10 -0, G04E —0, 107 -0, 136 0. 200 Sa0, Q0D 16 ~0, 0)84
i & = 10 -0, ONS? -, 0R1 ~0, 167 0, 200 2RO, 000 110 —~0, 02GD
1z 5 -—- 9 ~0, O0E4 -0, F9G -0, 194 0. 150 BOO, 000 110 =, 0dR
13 G o F 0, GOOR 0, 00X 0, 0432 o, 150 . LR, Q0o 116 0, 0031
14 9 - 14 -0, 0058 -0, 203 -0, 184 0. 200 62Q. 000 1o -0, 0327
5 14 ~~ 15 -, 8098 © o -D.203 -0, 211 0,200 240, D00 110 -0, 0A49
16 10 = 15 ), 0139 =0, PO ~0, 447 Y0, 200 430, 000 Ho -0, {620
17 15 —— 18 -0, 0277 -0, 877 ~-0. 881 0,200 150, 000 1o -0, 5R52
18 ig - 23 ), (EHE —0, 510 —~1,569 0,200 _Z0,000 110 -1, 7023
19 18 — 19 0,0207 - 0,476 0. 658 0.7200 - 140,000 110 0, 4407
20 16 = 19 —~0, 0152 —0, 231 -0, 484 0, 200 170, 000 110 -0, 192ZH
21 41— 1& (1, 05T -0.712 B 0. 150 S0, 000 ito -0, 1344
2z & —— -0, 0045 -0, 270 -Q. 277 0. 156 230, 000 110 -0, 0957
27 14 ~—— i7 0.0013 0,014 0.072 0. 150 Z10, 000 110 0, 00v¥e
74 17— 21 0. 0028 © 0,084 0,157 0. 150 ZE0. 000 10 Q.07
prast 21 —— 26 0, 0011 N, 133 ¢ 138 : o, 100 EZ0. 000 Pto 0, 0474
26 17 —— 22 =0, 0078 0,214 -0, 161 : o, 50 610, 000 110 -0, 03Z52
27 19 - 22 Q. 0046 D. 406 0,299 0. 150 480, 000 110 0. 0844
28 16 —— 70 0, 0085 0,316 0.271 0,200 480, 000 11 0, 0659
el e SR 2 Y 0, 0083 0,267 0, 164 0. 100 440, 000 110 0. 0587
n Ceh —— 25 0. 0023 0. 193 139 C 0. 150 720, 0N 1o - 0, 0Pav

FddckKLIR [GRAM—2

PointNo. EnergyHeight ‘“urnout Discharge Water Pressure G.L. No.
) (MZ/5) (L/SEC (1) ey

1 12.460 . 0. 070 2.0 17,460 o L0000 i
7 12,6832 00019 1.9 172, 68% fF, O 7 -
= 12, 744 0.001% 1.3 12, 744 0,000 b3
4 12, 880 01, 003 301 12,680 0, Qa0 4
5 12,807 0, 00Sa 5.6 12.807 . . 000 ]
& 12, B4R 06,0026 Z. 4 12.848 0. GO &
7 12, 467 0, 0013 1,32 12,467 ¢, 000 7
R -] 0,001z 1.2 12.628 0, 000 8
9 1Z. 204 0, 0015 1.5 13, 204 0, 000 o
10 12,910 00047 4.5 12,210 0, 009 1t
1t 1Z. 068 0. 00132 1.3 13, 068 0, 000 1
12 12,587 0. 0064 0,4 17,582 6. 000 1z
1% i, 201 0, 0008 0.8 13, 201 0,000 1Z
i+ 12,407 . 0, 0026 7.6 13,407 o, 000 14
15 13, 611 G, 0043 4.3 13,61t Q. 000 15
16 i3. 781 0. 0009 0.9 13,781 0. 000 16
17 13, 291 0.0015 1.5 13,391 0, 000 17
13 14. 489 ' '- 14,489 0. 000 18
19 14.012 0. 0009 0, % 14,017 0. 000 19
20 13, 464 0, 0047 4.7 13. 464 0. 000 20
21 13, %06 06,0017 1.7 i3, 306 0. 000 71
zz 13, 496 0,0018 1.8 1.3, 606 0, 000 22
27 15, 00o0 15, 000 i 0,000 23
24 12, 198 0, 0013 1.3 A 198 o, ono 24
25 17,271 0. 0024 2.4 t®, 271 0, 000 25
26 132,171 0. 0011 .1 13,171 0, 000 26
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#xokck3ATRANDA- 1

Line No. Point No. Discharge Loss Velocity Pipe Dia. PipeLength C i=h/L(%)
(MZ/SY o} M/SH (p1Y 4L on
1 fo- 2 0. 0375 0, %07 1,193 0,200 E0,000 11D t. 0745
2 z -~ 0. 0104 i 263 0.590 0. 150 250, 000 o 0.3897
= X 4 0, 0074 0,534 0.418 0. 130 260,000 110 0. 20857
s 4 - 8 0. 0021 0,257 0. 266 0. 100 180. 000 Lio 0. 1431
5 4 - @ 0. 0080 0172 . 0,788 0. 150 170, 000 110 0. 1014
6 9 e 1 0. 0010 0,073 0,128 0. 100 200, 000 1o o, 0%67
? 7 - 9 -0, 0005 0. 003 ~0.02% WEN 230, 000 110 —0.0014
8 6 -~ 7 0. 0096 0,342 0,304 0. 200 420, 000 110 0.0817
s 5 - 4 0.0172 0,193 0. 390 0.200 150, 000 110 0, 1291
10 7z - 8 0.bz53 1.537 - 0.806 - 0.200 - 10,000 110 0. 4960
11 5 o- 10 0. 0117 G, 569 . S 0.3V2 0,720 TO4R0, 000 110 0.1186
12 10— 14 0. 0011 0. 001 0. 035 0,200 26, 000 i10 0. 001%
13 10 - 13 0. 008D 0,047 0,255 0. 200 B0, 000 110 0.0588
14 12 - 13 -0, 0047 -0.118 -0. 149 0.200 540, 000 1410 ~0,0Z19
15 712 0. 0109 0.197 0,347 S 0.200 . 190,000 10 0. 1041
16 1z — 15 0.0126 0. %78 L 0.400 0.200 ZBO.000 1la.  0.1353F
17 15 —~ 18 n.0107 0,422 0. 240 0,200 420, 000 110 0, 1005
18 18 - 21 0.0026 0. 896 0. 330 0.100 420,000 110 0.2138
19 17 - 18 ~0. 0036 ©-0,069 -0. 116 0,200 510,000 0. L0,0136
20 17 -~ 20 0. 0018 0,010 0. 058 0. 200 280, 000 100 0,003
21 16 - 17 L0.0017 0:127 0. 217 0.100 130, 000 10 0. 0vaz
22 12 - 16, 0. 6022 0.860 0.291 0100 510,000 110 0. 1687
e 6 —— 1% ’ G, 00086 0, QX3 .

7R S 0.100 230, 600 110 C 000147

For¥GATRANDA~ ]

PointNo. EnergyHeight Turnout Discharge Water Pressure G.L. No.
iy (TS a_/SEC) (€LY (M
1 15, 000 : 15, Q00 0,000 1
z 14,692 - 0, 00§12 1.2 14,692 o, 000 2
X 13, Z28 o, 0034 3.4 13, 328 0. 000 k.
4 12. 794 0. 0004 0,4 12,794 0. 000 4
5 12,195 0, 0015 1.8 13,155 0. 0600 k-
6 12,961 0, 007 Z.8 12,943 Q. 000 2]
? 12.618 . 12,618 G, 000 v
8 12, 59%6 C0.0021 | 12.536 0. ¢00 g
g 12.62) D, 0038 .8 12,621 0.000 9
to 12, 5RS 0. 0029 z.9 12. 585 © 0,000 10
1 12,547 C o g.0010 1.0 12,547 G, a0n 11
12 12,420 : .0, 0028 z.8 12,420 0, GO0 12
12 12: 5328 0, 000P 2.9 12,538 0. 000 13
14 12,584 0, 0010 1.0 12.584 0. 000 14
s 12,041 0. 0019 1.9 12,041 0., 000 s
16 11.677 ' T 11,677 a. o0 L)
17 11, 550 0. O0I4 T4 11,550 0. 00O 17
i8 1,619 0, 0045 4,5 1i.619 . 0. 000 - 18
19 1. 644 0, 0008 0.6 11,644 Q. 060 19
20 11, 53% 0, 0019 1.9 T 11.5%9 0,000 20
21 B0, v 0, 0026 2.6 to, 722 : 0,000 21
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AR A T RAMDA-§

Line No.

T LD o R

00 1 0 0 i
WP R -

D]
R

Point No.
P - 2
T o 4
X~ 4
1 -- 3
4 — &
S — &
2 -- 5
§ - 7
7 -~ 8
8 — 11
F == 11
FAE-
G - 12

42 - 14

i1 -~ 14
B -~ 18

10~ |2
11—~ 1%
1Z —— té
16 ——~ 17
17 —— 21
1R —— 21
B -- 22
14 -— 1B
17 —— 15
19 — 20
17 -~ 20
IS — 19
15 —— 23
17 —— 24
24 —— 27
20—~ 24
28 -— 25
21 —— 24
26 —— 28
26 —- 29
79 —— .20
29 —— At
- 27

2
ook GA ] HAMDA-%

PointlNo. EnergyHeight

DLm N NN -

—

(bl

LO 195
10,227
Lo, 298
10,733
[0 320

10,242

10. 608
10, 647
12.t16
11,529

12. 136
12, 255
17,1720
1%, 743
11,902
17, 240
12,516
14, 206
11811
11,995

12, (56
5, D00

11,796 .

Bi. 549
12,940
12, 754
11,204
12, 744
12,722
17, 649

12,476
52394

Discharge
(ME/:3)

-0, D007
-0, 0002

o, 0020
=0, 0003
~0. 0002

0,0010
=0, 0626
-0, 0058
=0 Q0TS
=0, 0054

~0., 0078
-0, 0038
-0, 0041
-0, 0069
-0, 0159
=0, 0024
-0, NOXZ
00,0024
-0, Q073
-0, 01D

-0, 0221
0, 0361
=0, 0623
-0, 0756
. 0. 0039
-0, 00272
0, 0073
0, 0034
Q. 0010
0, 0015

Ll B i
0, 0022
00009
o.0114
C 0L 000y
LT s
0, o9
0, 0027
0. 0009

(HZ/R)

a.0012

0. 0059
0, 0019
0. 0008
9, G021
0. 0038
0. 0024
0,0009

6. 0047
¢, 0028
0. 0028

0, 0028

O, G0OER
0, 0056
aQ.0019

o, 0063
0, 0034

0. 0021

2, 0011

G, 0012

0. 0009
0, 0022
0. 0019
0. 0009

0. 0073

0. 0009

0, 0028
G, 0002

Loss
(I}

~Q, 031
-0, Qi
0, Déd
-6, 507
~0, 008
0. B8
-0, 02
—0. 2w
-0, 079
~1. 48R

~0, 019
~1.504
-0, 138
-0, 9R7?
-1, 106
—-0.881
-0, 5%1
0,015
~0. 120
~-0,%275

-0, 540
1,149
0. 793"
-0, 963
0,217
-0, 07%
0, 520
0, 0F0
0. 014
0,242

..344
0,445
2. 094
0, 262
0. 049
0. 071
0, 073
O, 276
0.102

Turnout Diséharge

{_/SEC)

i.2

-_:,\r}J:NN,-;-.-
PoIL N e e L Y]

BN AN KN

= R R R R

N
=a

g N

DD 0D DG

[ o A

9

Velocity Pipe Di

M/

-0, 087
-0, 0%

O, ti4
-0, 115
-0, 023
0,128
~0. 1d&
-0, X29
-0.115
0. 708
-0, 0BR
-0, 483

-0, 2332

~0, %92
-0, 505
~0.292
~0,405
0. 075
-0.724
~0. 418

-0, 704
1. 150
-1.990
~D. 816
0.219
~0. 123
0,412
0. 150
0,057
0. 185

0,241
. ZBZ
Q. 115
0, 264
0,121

0.228

116
3.208
0.118

- 249 -

)

0. 100
0,100
0150
0. 100
. 100
i, 00
0, 150
a9, 150
0,200
n. 100

0,200

a.

0. 100

G150
0, 1350
0,200
0, 100
0,100
0. 200
n. 200
0,200

Q. 200
0. 200
0,700
0, 200
0. 150
0, 150
0. 150
0, 156
0, 150
. 100

Q. 100
0. 100
Q.00
0. 200
O, Q0
0,200
0, 100
0. 150
Q. 1N

Water Pressure

M)

10,195
10,227
10.298
10, 232
10, %20
10,242

10, 608

10, 647
1Z. 116
11,3529

12,136

.12, 253
12,120

1%, 242
11.902
12, 240
12,5186
14, 206
11.R11
11,995

1. 054
15,000
11.796
11,549
12,960
12,794
11, 204

12,744

12,722
12, 649

12,496

L 12,394

PipelLength C

11y

170, 000
220, 000
FS0, 000
I, DDO
570, 000
240, OO0
110, 200
218, 000

290, 000

120, Qna

240, 000
A50, 000
200, a00
5340, 000
H5320. 000

G20, 000

190, 000
ZE0, 000
240, 000
10, Q00

140, 000
120, 000
=0, 000
190, 040
50,000
440, 000
260, 000
1770, 006G
790, 000
240, 000

290, 000

FZ9, 000
EhG, D00
150, 000
{50, 000
240, 000
400, 000
240, G00

G.L.,
D

a, 000
0. 000
o, 000
9, 000
Q, 000
0,000
0,000
0, 009
Q. 000
0. 009

0, 000
a, ooa
0, 006
o, 000
0,000
0. 600
0, 008
0, 000
i, OO0
0,000

0,000
0, 000
0, 200
0,000
&, 00
0,000
a, 000 .
6. 000
, N0
0, 000

(G, GO0
0. 000

11a
110
10
11e
1o
1o
110
B RY
E10
130

1a
110
110
110
110
1o
1o
t10
10
110

110
1o
110
110
1o
1o
f10
10
110
110

110
1o
ito
110
119
Lo
110
110
11a

b
o]

SN B R )

i=h/L{%)

(A

-0, iR7
-, 0026
S0, BS
USRI A1)
-0, 0015

0. 0Z&?
-0, 0294
-0, {3521
- 0136
~0.R738

-0, 0087
-0, 4710
-0, 0694
—i, 1829
-0, 2088
—-0. 1676
-0. %15

0. 0081
—0. 0501
—0. 1450

=0, 1867
0. %581
—-2. 6452
-0, 5070
Q. 0623
0, 0212
0, 2001
0, 0478
O, 005y
0. 072y

0.§128
0, 1525
0. 0Z0]
0.1139
0, 0257
€, 04830
O, 0Za7
0. 0557
0, DEO0
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ok FFENT -~

Line No.
§ ]
2 3
I 2
4 3
] 2
& -
7 7
B 2
= 10
10 12
1t 12
12 13
13 114
14 8
[ 2= 11
] z
weahFENT—-1

PointNo. BhergyHeight Turnout Discharge

ERE IR A

Point No.

i
1
MDD N B O

-3
—- 15
-~ 13
- 1
-— 14

(M)

14,017
14, 486
14,863
14,252
£S5, 000
14, 106
iz.848
11,091
12,527
12,627

10,504
12, 554
19,502
10,461
10.451.
12,545

Discharge
(RS

—0, BR2Y
0,021

-0, B0al7

0. 2]

0, 4RG3
0.0174
Q, 0110
=0, 00611
. 00%0
0. Ge2Z0

Q. 0a50
i, G e
0, GOt
0. OnzZo0
0, G004
o, D923

[LIEFES

0. 0018
0. a008

. adoe

O, 0018
o, 0037
L QL0509
0.0GL]
- 0, G007

U, 00135
0. 8019
0, 4031
d. o004
a, 0620
Q, 002t

Loss
L)

~{, BB
0,756
=0, 377
w136
0,223
1.258
@, 220

=0, 007

0. 072
i, 008

2. 052
0.010
4. 202
0. 587
q, 042
1.756

(L /SECTY

TeuWr ® o 2r
v mw

NRNGUWE~ . o= oU-
L=t R R B ol R B

Velocity Pipe Dia.

AMS

-0, 120
0. 697
-0.216
—0, 749
0.144
0. 3559
0. 349
-0, 140
©. 287

0. 084 _

0,631
0, 0&1
.06
0,256
Q. 052
0,37z

[iLt]

0, 150
0,200
Q. 100
0, 200
Q. 100
0. 290
Q, 200
0,100
0, Zad
0, 2660

9,100
2200
0,100
0. 100
0. 100
O.1an

Water Pressure

i)

14,017
t4, 488
14,863
t4, 252
15. 000
14,106
12,848
11,09)
12,527
12,627

ID. S04
12,854
10. 502
10,461
10,49
12.545

- 253 -

PipeLength C

(i

440, GNQ
200,600
220, 60a
24, N0
780,000
Sa0. 000
210,000
2340, 000
10q, 080

120, (00

290, nng
a0 N0
2B0, 000
A4l 000
&G0, D00
Ba0, 000

G.L.
1]

0, 0040
0, ane
0. GO
Q. 000
. 009
0,000
0. 008
0, 000
. 000
0. 0¢0

0. 000
(U d )
6. D40
Q.06
M. a0
1, 000

1i0
i
110
110
110
1a
110
116
S
110

1in
110
10
110
110
Vin

=
-

DN P N -

i=h/L(%)
e

-0, N2
n. 3784
-0, 0948
-~ 454
10299
a, 2517

. 1051

N.oar24
a, nids

0, 7074
0, DY
a, ong
L feac
n, N7}
0, 2641



wttaFENl—Z

Line No. Point No.

] 1
2 I
3 z
4 2
3 4
& 3
? 7
B8 -]
k4 &
1) H
11 B
Hr] 7
13 11
i+ ?
15 33
1& 12
t7 K2
IR 13
19 ié
20 13
z1 14
22 20
23 13
24 17
5 22
26 17
7 zt
28 2t
e s FENT~2

Pointilo. Energyleight Turnout Dischafge

DETND RN

HR=

4
5
DONGOES WU

i}

t1.80%
11, A3
i1.B82%
11,866
1,522
1E.925
15.928
ii.922
11.9%65
11.921

11.230
11,452
12,447

12,111

Discharge
(MILG)

~0, 0015
-0, 0024

0, 0002
-0, 0{:0&
=0, ¢00s
~0.0043
~0, 0016
-0.0002

¢, 0002

0.0011

=, 0023
-0, s
=0, O06B
=0, 9104
¢ GIZS
-G, 0024
0. 0001
~0. 0013
=0. 0029
0. 0006

0, 0097
=0, 0Dt
-0, 0271

. 0084

0,4014
~0, 0412
-, 0a27

Q. 3013

IZSS)

0. 0015
7. Q004
0. 0011

0,001

0.0019
0. 0015
Q. Q040
0,0010

Q, 4040
0. 0023
4. 0044
Q. G034
0. 0003
0, 6009
0. D030
0, 0006
0. 0007
0,001

0.0019
0. 001%

¢. 0013

Loss
(M)

-3, 630
-Q, 0832
0. 003
~0. 022
=G. 058
-0.042
=0, 026
~0. 003

0. 003

0, 000

~0, 008
-0, 001
-0, 180
-0, 482

0, 334
-0, 458

0. 000

-0, 082

~0, 648
0. 024

0. 062
~1,2&8
-1, 793

0,089

¢, 060
—0. 364
=0, 371

0. 083

{L/SED)

- -
[}

[P

- Cl? e N

——
~ U

MNP OSDDA2EHS SoUD &

Velocity
(P75 [
-0, 683 0,150
-0, 134 0, 130
Q. 029 4,100
-0, HEO 0,100
~¢. 080 0,300
-0, 143 0, 200
-0.093 0, 130
-0, 022 0,100
0,022 0, 100
0. 034 0,200
0,074 0. 200
0,025 0,150
~0.213 0. 200
~0.323 0.200
0. 398 &, 200
e, 300 0. 100
o018, o. 100
. -0, 172 0. 100
~0, 378 0.100
0. 074 0. 1007
0, 0B% 0. 100
=, 564 0, 100
-0, B&1 0.200
C 0,267 0,200
0.079 . 0. 150
-1.312 0. 200
-1, 340 0,200
oo 0. 100

Water Pressure

254 -

)

11,809
11. 843
11,839
11,886
t1.922
11,925
1:.928
11,922
11,945
15,921

11,930

- 11,452

12,447
12,111
11,4352
11.3534
14.241
11.428
11,472
12. 183

14,608
415!
14,523
15, 000

¥4, 091

Pipe Dia. PipeLength

(M)

- 280. 000

330, 000
150, 000
150, Q00

270,000

210,000
290, 000
220.000
230, 000
&%, 000

140, 000

170. 000
420,000
550,000
250, 000
370,000
. 90, 000
1350, 000
249, 009
170,000

330,000
240, 000
370,000
140, 000
&40, 000
30,000

30,000
£10,000

G.L.~
[iSH}

0, 000
q, 600
0. 000
0. D00
¢, 000
0. 006G
0. 000
G, 000
0,000
0. 0no

0.000
0. 000
0,000
0. 900
0. 000
0.000
0. 000
0, 400
0000
0. 000

o, 000
0. ¢aD
0. 600
0,000
0, 000

O N LR R -

=Y

c

1o
1
o
1o
LD
1o
[3RY
110
LG
1o

1o
e
1e
Heo
1o
e
110

e’

11a
e

o
116
1to
1o
110
o
iio
f1e

=
Q

_3 BN —

20

i=h/L{%}
%)

-0, 0107
- 0251

o, 0023
-0: 0153
=0, 0153
~0, 0202
-0.0§26&
=0), 0014
0, 0014
60,0014

-0, (060
-0,'0011
-0, 0420
-0, 0910
0, 1345
-0, 1781 .
0, 0004
-0, 0634

- =0, 2703

0.0142

.0, 0189
=0,3790
0. 35608
90,0639
0, 0093
=1.2223
=1.306%
0,0774



dapkFEME~T

Line No. Point No. Discharge Loss Velocity Pipe Dia. Pipelength C i=h/L (%)
133 Hy (145) i 0 e
! 1 -~ 2 ~0,000% -0, 000 ~0,028 ©.200 80, 006 116 -0, 0810
2 z-- 3 0,003 5,188 0,223 9. 150 260, 400 P10 0. 0640
3 3 -~ .7 Q. 060 0. 152 0,122 0,100 450, 000 10 0. 0229
4 7 -~ .11 -0, 0007 i, (43 -0, 092 0. 100 730, 000 t16 -¢. 0200
5 2 -~ 11 0,004 0. 744 0. 181 0. 100 - 520, 000 110 0.0700
& 2 - 4 -0, 006562 -0, 0B3 -0, 197 a.200 - 2¥0, 000 110 ~0. 0764
7 4 - 6 ~0, 01140 —0. 274 -0, 330 0.200 240,000 110 -0, 1055
8 6 - 9 0. 0086 0.167 0. 273 0. 200 250, 400 11 0, NEES
g 5 -~ & S0, 0197 0.093 0,626 0.208 39, 000 1e 0.%105
in 4 - 8 0. 00O 0.210 0.120 6. 100 &40, 000 e - 06,0229
1 8 —— 10 -0. Q0d3 -0. 017 -0, 043 ¢.100 sa0. 000 110 —0. 0330
12 9 -- 10 0, 0013 0. 300 0. 160 0.100 540, 000 11 0, 0557
1z ¥ — 1z 0,00i8 0. 020 0. 038 0.200 S5{, 0006 110 0, 6027

k&I FENT-3

FointNo. EnergyHeight Turnout Discharge Water Pressure G.L. No .
ey . E /S (L FSEC) iy 15
\ 14,347 ) 0. 0008 0.8 i4, 547 0. 00U 1
2 14,548 - 0. 0049 1.9 14,548 A, 000 2
£ 14,3682 0.0p28 . 2.8 4,382 RIS 3
+ 14, a3z 0, HOZZ 3.2 14, 632 @ . 4
s 18, ann 15,000 5, 000 3
é 14,906 14. 906 0, 600 o
7 b2V 0,01, 1.5 14,229 . o 7
8 14,421 0, 0011 1.t 14,421 0. 000 a
4 14,739 0. 0039 3.9 4. 729 o, il =
10 14,435 0, 0010 N 14,429 0. 000 tO
14 14,373 0. 0006 0.6 14,375 . Q. 060G Vi
12 14.71% 0.0019 L 14,719 a.000 3
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w s+ S—EANT -2

iy Veloei i i i i=h/L(Y)
wine No. Point No. Discharge LoSs Velocity Pipe Dia. Plpe‘L)ength o (mJ
(GRS ()] /sy () bt
. 110 =0, 00158
. R -6. 0005 0. 000 20,000 o180 156 990 110 -0 00f8
2 Z2 — 3 0, GOIE ~0.0611 . ) 110 0.00]1
p 00x 0. 0253 0. 150 280, 000 11
3 Iooos g'ggg: 8'231. _o. 191 0. 150 480, 000 110 - 0482
4 e B G e : 704 . ! 116 -0.8402
o ~0. 704 0. 150 100, cOQ
o 5 -— & 00124 0, 540 b R 1o =0, %840
O S S I o1 GO 4 S o e R G
7 & —— 8 . . . . ) ' e 1o -0, 1009
: 5 - -0. 283 o0, 150 L 810,000
8 &~ 3 =0, O0S0 0.413 ’ . OO0 1 00912
4 4= 9 0. 04k 2. 124 o ans o 150 130, 00 e 0. 0048
1) 9 - 14 H, 0010 0. 008 0,053 18 . i
. =a0. (31 d 0. 1264
1 oo s o ohas oo 5. 061 o 100 T30 000 110 0, 0094
12 15 =~ 20 0. 0005 0,012 061 g 100 Sae non 1o -0 027
= M o a00s ot o oes 6,106 320,000 e -0 0199
i ? -- 32 ~0.0 —0.06. o ’ : . e 11672
| 1 0,100 250, 000 110 116
15 & -— ]2 0. Co% 0,278 0._24 : 20, 000 110 01419
1é 5 o= 11 0. 0050 0.170 0,342 0. 150 12 00 ne b4
5 0. 160 0.102 ¢ t00 660, 000
17 116 0. 0008 : . 150 740. 000 110 0,0715
13 11 == 17 o onrs otes o130 0. 100 440,000 110 0, 0277
% 7 -~ 22 o, - L . 40316
_':'n 17 =~ 2t 0. 0009 L TIE 0. 118 0,100 510, 000 110
’ 10, go0 110 0. 0005
2) 21 - 24 0, 0001 RIS g.?:qé g.:gg :?548‘300 110 00408
22 8 ~~ 13 0.0011 0. 300 ox2 0, 100 220, 600 116 0. 0028
2 s o bo0s 0,905 o 045 o. tap 100, 000 14 0, pazis
3% 15 —— R 0. 0004 0.905 o 013 T Y 320,000 110 0.0005
25 8 -— 23 Q. 8001 6.001 . 0. 100 T 440,000 110 0.6018
26 1z -~ 1B 0, 0002 G.007 0,023 . - o
sEEdS-GANI-2
PointNo. EnergyHeight Turnout Discharge Water Pressure G.L, No.
o (M3/5) (L/SEEY w) b
Vo 142 10] 0.0003 0.3 ' 14. 101 0. 000 '
2 14,101 0, 0009 0.9 i4. 10§ 0, 000 2
3 14,0113 0.0015 1.4 14,113 . 000 z
4 14. 110 . Q011 i.1 - .li:lIO. 0, 000 L}
s 14,344 0,003 3L 14,344 2. 000 -
& 14: 884 . 14. B84 a4, 000 s
7 14,164 14,161 0,600 7
8 14,528 0, 00352 1.2 14,523 0, ¢00 8
£ 13,972 0. 0022 2.2 13,973 0,000 | 9
10 15, 000 : 15, 000 0. 000 n
i 18,174 ' 0.0011 I 14,174 0. 006 .
12 14,225 0. 0008 0.8 14,223 a, 000 12
] 14,223 0. 0003 0.3 14,223 - . L0000 13
14 13, 966 0.0010 1.0 13.968 0,000 14
15 - 13,263 0, 0015 i.3 13, 26% 0, 600 [E}
15 14,012 . 0.0008 0.8 14,013, 0. 600 16
i? 13,588 0. 0021 z.1 13, 988 . 0, 000 17
18 14,218 0. 0003 0.3 14,218 . 0. 000 18
19 14,214 0, 0001 0.1 14,214 0. 000 T}
20 §3.252 0. 0005 0.5 13,252 0, 00 20
21 13,827 0. 4009 0.9 12,827 0, 000 ozl
22 13.822 0,004 1.1 13,822 - N1 22
23 14,216 0, 0004 o, 0 14,216 . 0, 600 . 23
24 12,823 0. 000§ o1 13,825 0. 000 24
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ke ZAME~1

Line No. Point No. Discharge Loss Velocity Pipe Dia. PipeLength <C i=h/L{%})
(M3 /5) M3 (M/S} ) S (54
| | o 2 =0, 0015 -0, 185 ~-0, 191 6, 100 240, 000 L1o -0, 0774
2 2 — 3 0.0007 0. 008 0. 042 0,150 280, 000 LRRON 0, 0029
3 3 e= 4 “fr, 0048 =0, 836 -0,382 0. 150 480, 600 o -0, 1743
4 4 -— B 0, 0013 C0.083 0,166 o ton 90, 000 110 0, 047
% 4 -7 ~0,ni28 -0, 738 -0,723 0. 150 130, 000 110 -0, 5677
6 ? - 12 ~0, 0198 ~1.271 -1, 118 0. 180 160, 000 110 -1, 2714
7 12 - 17 -9, 546 -0.614 -1,738 0. 200 30, 000 110 -2, 0566
a 12 —- 13 0,0348 0. 179 1. 109 0,200 20. 000 t1o . Ho59
¥ 9 —— 13 —-0.0218 -2, 149 -0, 4693 0. 200 570, 000 10 0,377t
1o E R -G, 0060 -0, 281 0., 340 0. 150 200, 006 1o -0, 1465
i1 2w 5 =0, D037 -0,227 ~0,212 0. 150 390, 000 110 -0, 0584
12 5 — 10 0, 0008 0, 040 0,108 0,109 150, GO0 110 0, 6267
13 $ —— 14 0, 0054 0, 097 0,204 0. 200 250, 000 11e 0, 0289
14 10 =~ 14 -0, 0015 -0, 224 ~0.19% 0. 100 280, n0bd 110 ~0, DBOO
5 10 -— 15 0. 0014 0,121 0. 124 0. 100 330, 000 Vi 0. 0344
16 4~ 6 0..0004 0,040 0,05¢ 0. 100 =30, 000 110 0. 0076
17 . & == 1t -0, 0024 -0,376 -0,301 .00 210, 000 110 -0, 1795
- 1 -~ 14 0.0008 0.013 o, 104 0, 100 - &0, 000 10 0. 0250
19 7 — 11 0, 6051 0. 401 0,288 0,150 350, 000 110 0. 1029
20 13 — 138 56,0122 1,472 0,652 0,180 320. 000 LE0 0. 3224
21 18 — 20 0, G048 0. 215 0,274 0. 150 230, 00 110 0, 0938
22 20 == 21 6, 0035 0. 162 0. 200 C0. 180 310, 000 110 0. 0525
23 19 = 21 -0.0008 ~a, 198 -0, 105 0. 100 770, 000 110 -0, 258
24 19 == 23 0. 0070 0,140 o, 11 0,150 720,000 110 0.018%
25 14 ~~ 19 0, 0004 0, 602 0,025 0, 180; 230, 000 1o 0,001
26 1R — 22 0. 0048 0,203 0,271 0,180 220, 000 110 0. 0923
27 22 - 26 Q. 0011 0,013 0,062 0150 220, 000 110 0, 0050
z8 22 = 24 0, 0018 0,294 ©0.203 ©o0.100 240,000 110 0. ORSS
29 74 — 25 0. 0005 0. 025 0. 063 0. 100 260, 000 110 0. 0099
0 21 —- 25 0.0010 0, 144 0. 124 0. 100 390, 000 110 D OT7Y

*kdS-GANI-1

PointNo. EnergyHeight Turnout Discharge Water Prgssure G.L. NG .
(€] . [(;x¥e] (L/SEC) [ "
| tt. 359 0.0015 1.3 11.359 O, 000 i
2 11,545 0, 0015 1.5 11:545 0, GO 2
3 t1,537 0.0075 75 11,537 0. 000 e
4 12,373 0, 6043 4.3 ¢ 12,373 0. 6on 4
5 18,773 0, 0015 1.5 11,773 0. 000 5
& 17, 333 0, 0028 2.8 12,333 6. 606 &
7 13,11 . C0.0mYy 1.9 13,114 0000 7
8 12,320 0. 0013 i.3 12,320 6, 600 B
@ 12,054 0. 0097 2.7 12,054 . 000 %
10 11.733 - 0. 0413 1.5 11,733 0. 000 10
11 12.710 0. 0020 z.0 12,710 0. 000 Li
12 14,363 14,383 0,000 12
13 14,204 0, 0008 o - 14.203 0,000 12
14 1%, %57 0. 0054 3.4 11, 957 0, 000 14
18 11.612 : 0.0010 i.0 11,612 0, 000 15
16 12. 693 0, 0009 . 0.9 12,693 0. 000 16
17 ’ 15. 000 iS5, 600 6.000 17
18 12,831 0, 0026 2.6 12,531 G, 000 18
19 11,954 - £, 954 ©,000° 19
20 12.31% : 00013 1.3 12,315 . ¢. 000 20
21 12.15% 0, 6017 1.7 12,153 0,000 21
7z . . 12,328 0, 0021 S 2t 17,328 0, 006 22
23 11,813 ° 0. 0020 L 2.0 14.813 0, 000 23
.24 12:034 0,004 1.1 12,034 0, 000 24
25 12,0080 0. 0015 1.5 12, 008 0, 000 25
26 12,38 . 0, 00! i1 12.319 0,000 26
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3-10-3 sStudy on the proposed volume of water to be supplied

This project adopts the following figures-for
the planned volume of water supply.

Volume of water supply % population

(l).House connection 90 1/day/capita ' 50%(80%)
{(2) Public post . 34 " " _ 50 (20 )

{3) Wastage 30% of the zum of (1)
. ' and (2) above .

From the above table, the mean water consumptlon

per head per day will be as follows:

portion supplied by house connection 90 l/maﬁfday X 50% = 45 1/day

Portion supplied by public post 34 1/man-day x 50% = 17 1/day

Wastage (45 + 17) » 30% = 18.6 l/day
| - 81 1/day

Total : ' 80.6

Accordingly, the volume of water supply was calculated
on the basis of Bl 1/per head per day in this project.

The breakdown of the above volume of water supply
is as follows:

The breakdown of the planned volume of water
supply of the prOJecLs 1mplemented under the assistance of

ADB and the Netherlands were used as referenoes.

C) Domestic consumotion _
House connection | .75 lped
Public post ' .- 28 lpcd
. ‘ 20 1pcd- x_(l + o)
In v1ew of especlally hlgh loss
‘due to breakdown of public post,

o = 40% was assumed,
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C) Non-domestic consumption
Non-domestic consumption means the volume of
water used by restaurants, hospitals, cffices,
shopé, household ihdustiries, etc. Factories
and research institutions and the like have
their own water supply facilities. For non

~domestic consumption, -20% of (1) above was

adopted.
() The volume of water for "wastage", "pipe
leakage“,.funaccounted for water", etc.

( (1) + (2) ) x 30%

_ Baseo on the above 1dea, and assumlng that 505 of
the populatlon w1ll be supplled by house connectlons and
another 50% by publlc posts, the mean water consumptlon per
head per day for the p0pulatlon would be as follows:

(D By -house connection : 75 l/day x 0.5 = 37.5 1/day
(2) By public post : 28 1/day x 0.5 = 14.0 1/day
: "Sub-~total 51.5 l/day
C) Non- domestic consumptibn 51.5 x 0.2 = 10.3 1/day
@ wastage, etc. (51.5 + 10.3) x 0.3 = 18.54 l/day
(5 rotal 80.34 = 81 l/day

This is the same as the:figure calculated on the
basis of ‘the planﬁed-volume of water supply. -Accordingly,
it is presumed that thé plénnéd volume of water supply
includesfthe volume of water used by restanrants, hospitals,

schools, ShOPS'énd household industries.
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3~10~-4 Study on overhead tank capacity
{1) Hcurly change in water delivery

Since no data on hourly change in water delivery
in Bangladesh are available, Data for Japan were used as a

base for estimation.
{a) Hourly change in water supply to house connection

Pata for Japan cannot be used as they are since
the living environment and customs in Béngladesh are
differeﬁt from those in Japan. Major differences in the
1iving envirohmeht'are the use of electrie washing machine,
flush toilet,.hot bath, etc. In order to édjﬁst for thesé
differences, data for the yéar‘around 1955, when the
diffusion rates of these facilities were still low, will be
used. The following figure presents the hourly chahges in
water consumption when the daily mean water consumption is

set at 1.o.

Hourly Rate of Water Supply to House Connection

{Rate, mean = 1.0}

N

Rate
/

0 2 4 & 8 10 12 14 16 18 20 22 24
Hour.
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(b) Hourly change in water supply to public post

As no data are available on the public posts
because although they did exist at one time immediately after
the World Wat II, they no longer exist today. ‘The following

therefore is an estimate.

An example of the breakdown of the use of water

would be as foliows:

Drinking, cooking, dish washing, house cleaning

10.5 1/man~day

Laundering 5.0
Ablutions . - 17.5
Head flush 2.5
Others 4.0
Total ' 39.5

Of these, landefing would be done at the place of
water tap but for other uses, water would probably be carried
into each'hbuse. Alsw, water for meal and dish:Washing
would probably be filled into vessels one or two hours before
meal. Accordingly, the'morning-peak“consumptioh would be
smaller and the morning and evening peak.hdﬁrs earlier by
one or twd hours than in the case of house connectiohs.
During night, the water filled in vessels would be used
while tap water would hardly bhe used. In order to be on
the safe side, the maximum hourly ratios an the morning and
eveningfwerE‘aQSumed to be the same as in the case of house

connections.
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Hourly Rate of Water Supply to Public Post

(Rate, mean = 1.0)

1.5 //\\\ /)h-\\
ol \
1\\

0 2 4 6 8 10 12 14 16 18 .20 22 24

Hour

(2) Ratio of hourly maximum water consumption to daily

maximum water consumption

Since no data are available on the hourly maximum

ratic in Bangladesh, the following is our best estimate based

on the data for Japan.

(a) House connection

" The relationship between the population supplied

and the hourly maximum ratio would be as illustrated below.
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Fig. 3-10-4-1 Relationship Between Population Supplied

and the Hourly Maximum Ratio

o)

A 30 [ .
- \\.
] 2q v
N 15 AN
E 1o ™
g 8 =
- >
= b L] .
\
9 2 S s
3 : S it
=
) 20 50 140 200 500 - 2000 10000
S 1000 5000
Population supplied
The hourly maximum ratio (o) is obtained as follows.
1  The hourly maximum water consumption is calculated for

o obtained from Fig. 30-10~4-1.
QH = 0 X qo X p

2 Simultaneous tap opening water volume is calculated.
_ 0.475
3 (a) If Q= Qs then QH is the hourly maximum water

consumption.

{b) If QH Ql’ then Ql is.the houfly maximum water

. consumption.
In the above, p : Estimated population supplied
' N _ (in persons)
qa,: Maximum water consumption per

héad per day (1/man-day)
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dy: volume of water used per tap (l/min. 17 1/min.
for a ¢ 13 mm tap)

N : Total numbex of taps

The following is the hourly maximum water consump-
tion calculated for Narayanganj which has the largest

population.

1 From Fig. 3-10-4-1, a = 1.72 |
0, = 1.72 x 113.7 1l/man-day x 470,000 men x 0.5
31.915 1/min.

Il

17 1/min. x (470,000)0'475

2 x 11
Since Q, O Q4 would be the hourly maximum
F . B .
water consumption, but the difference between_QH and Q4 is

= 1,938 1/min.

2 Ql

far too large. This is judges to indicate that.the instance
in Japan is not applicable to Bangladesh where the family.
size is large at 11 on average and where there is only one

top for each house connection.

Tn view of the foregoing, it would be better to -

chtain QH from the hourly maximum ratio.
(b) Public post

For public post, Q shall be obtained from the

hourly maximum ratio, too.

(¢) Hourly maximum ratio for the total volume of water

supply

When the hourly maximum ratio for the total volume
of water supply'is obtained from the hourly changeS;in'wéter
delivery, Table 3—10m4~l.results. The hourly maximum ratio
would be 1.71, but under this'project, a value of 2.0 was
assumed to be on the safe side. :
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Table 3-10-4-1. Hourly Maximum Ratio for the Total Volume of Water

Supply

House connection

Public post

Houx - e Total
Ratic Water Volume Ratio Water Volume :

{(x 90 1) {x 34 1)
0 0.33 29,7 0 0 29.70
1 0.24 21.6 0 0 21.60
2 0.19 17.1 0 0 17.10
3 0.14 12.6 0 0 12.60
4 0.12" 10.8 0 0 10.80
5 0.31 27.9 0.70 23.80 51.70
6 0.98 88.2 1.33 45,22 133.42
7 1.33 119.7 1.54 52.36 172.06
8 1.57 141.3 1.72 58.48 199.78
9 1,72 154.8 1.68 57.12 211.92%
10 1.69 152.1 1.60 54.40 . 206.50
11 1.56 140.4 1.49 50.66 191.06
12 1.34. 120.6 1.40 47.60 168.20
13 1.29 116.1 1.28 43.52 159.62
14 1.22 109.8 1.26 42.84 152.64
15 1,10 99.0 1.45 49.30 148.30
16 1.17 105.3 1.56 53.04 158.34
17 1.39 125.1 1.54 52.36 177.46
18 1.56 1140.4 1.50 51.00 191.40
19 1.54 138.6 1.40. 47,60 186,20
20 1.25 112.5 1.25 42,50 155.00
21 0.91. 81.9 0.91 30.94 112.84
22 0,62 '55.8 0.39 13.26 69.06
23 0.43 38.7 0 0 38.70
Average  1.00 90.00 1,00 34.00 124.00

Hourly: maximum ratio-o = %%%%%% = 1,71
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(3) Review of overhead tank cepaciﬁy
The overhead tank capacityeis reViewed on the
basig of figuree obtained in_the foregeing paragraphs.
(i) Study aiming at the target year (1990)
(a) Conditions for caluculation
The conditions for.caleculation ehall be as'follows;

C) The operating hours of pump shall be from 7:00
to 192:00,.

() The overhead tank capacity shall be 20% of
daily water supply. '

() . The overhead tank shall be filled to capacity
at 19:00. '

() Calculation shall be for Narsingj.

In the event that the overhead tank bécdmes empty
by the next morning as a result of the foreg01ng calculatlons,
follow1ng additional Calculatlons shall be made.

() The operating hours of pump shall be: extended
by the unit of ‘an hour to find the operatlng
hours which w1ll not result in an empty over-
head tank in the mornlng

C) 12 hours of operating time Which'wiii'ﬁot
result in the overhead tank: becomlng empty the
follow1ng mornlng, but except during the hours
from 7:00 - 19:00, shall be found.
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C) In the.event that the operating hours of pump
were fixed to be from 7:00 to 19:00, the

required overhead tank capacity shall be

calculated.

(b} <Calculated results

The calculated results are summarized in the

table below.

Table 3-10-4-2

Results of Study on Overhead Tank

- Case

Results

Capadity: 20%

Operating hrs
07:00 ~ 19:00
(12 hrs}

Suspension of

Water Supply

Water Volume

- conveyed

Water Volume
Capacity (12 hrs)

Qccurring, overhead Tank
emptied from 04:00 to
08:00

10,800 m°

12,300

Capacity: 20%

. 06:00 - 21:00
{15 hrs}

Operating hrs-

Suspension of

Water Supply

Water Volume

conveyed

Water Volume .

Capacity. {15 hrs)

Not occuring

13,300 o>

14,400 m°>

Capacity: 35%

07:00 - 19:00
“{12 hrs)

Operating'hIS'

© Suspension of

Water Supply

Water VQlume__

conveyed

Water Volume

Capaéity (12 hrs)

Not occuring

13,200—m3

12,300 m°
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From the calculated results, if the overhead tank
capacity is 20% of the daily water consumptioﬁ and operating
hours of pump are 12 hours, suspension of water supply
occurs in the morning. If the pump is operated for 14 hours
(from 6:00 to 21:00), no suspension of water suppiy ogCurs.,
Also, the capacity of overhead tank which does not cause
suspension of water supply with 12 hour operation of pump’

is 35% of the daily water conSumption.
(ii) Study aiming at completion of Phase L= 1936)
(a) Coﬁditions.for calculation
The capacity of the overhéad téhk.to.be installed
in the Phase I of our project for Jenidah:Town shall. be

studied under the following calculation requirements:

C) The operating hours.of the pump shall be from
07:00 to 19:00 {12 hours operation)

(® The overhead tank capacity shall be 20% of the
daily water supply.

(3 The overhead tank shall be filled to capacity
at 19:00.

() The calculation shall be for water supply
population in 1986 in Jenidah Town.

(b)Y Calculation results .

From the calculation results, if Ehe-overhead
tank capacity is 20% of the daily water consumption and
the pump is operated from 07:00 to 19 00 for 12 hours,
the overhead tank would hardly be emptled
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(iii) Determination of the overhead tank capacity

Thé ovefhead tank aims a£ cqntrolling water pres-
sure.and water volume. In our projecﬁ no service reservoir
storing potable water from wells is to be made, and the
overhead tank is to act as a service reservoir as well,
thus ensuring round-the-clock water supply. However, accord-
'ing to the present circumstances in Bangladesh administrating
the_watér supply facilities, the pump is to be operated for
12 hours a déy; and the requirement of the 24 hours water
Supply'mentiohed earier would demand extra capacity of the

overhead tank, which.is not ccherent with other facilities.

. Thus, our project aiming at the completion of
‘Phase I shall set the capacity of the overhead tank at 20%
of the daily water consumption, thus securing 24 hours

water supply eﬁen with the 12 hours operation of the pump.

In the future after the completion of the facilit-
ies, increasing water demand following.expected population
ihCrease shall be coped with by extending the opefation
hours of the faéilities, which will be manned by such staff

as to be trained and expériehced by then.
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NAME OF CITY

POPURATION SUPPLIED -
RESERVOIR QUANTITY
OPERATION HOUR FROM

HR

MO NPF AU —-O

RATIO

0.33
0.24
0.1%9
0.14
0.12
0.31
0.8
1.33
1.57
1,72
1,49
1.56
1.34
1.29
1.22
1.10
1.17
1.3%
1.58
1.54
1.25
0.71
0.62

0.43

TOTAL 24.00

NAME OF CITY

HOUSE

P4
69
54
40

34

POPURATION SUPPLIED
RESERVOIR QUANTITY
QPERATION HOUR FROM

HR RATIO
0 0.33
1 0.2a4
2 0.19
3 0.14
4 0.12
5 0.31
& 0.98
? 1.33
8 1.57
7 1.72-

10 1.469

11 1.56

12 1.34

13 1.29

14 1.22

15 1.10

146 1.17

17 1,39

18 1.56

19 1.%4

20 1.2%

21 0.91

22 0.62

23 0,43

TOTAL 24.00

HOUSE
L]

P4
69
S4
40
34
89
281
0
0
492
484
&47
38
349
349
315
339
398
447
461
358
261
178
123

&041

NARGINGOI
152700

20%
7 Y0 19

RATiO

0.00
0.00
0.00"
0.00
0.00
0.70
1.33
1.54
1.72
1.468
1.40
1.4%
1.40
1.28
1.26
1.45
1.96
1.54
1.50
1.40
1.25
0.91
0.39
0.00

24.00

NARGINGDI
152700
20%

7 TO 20

‘RATIO

0.00
0.00
0.00
0.00
0.00
0.70
1.33
1,564 ..
1.72
1.58
1.60 .
1,49
1.40
1.28
1.26

1,45 - .

1,54
1,54
1.50
1.40
1.25

0.91
0.39
0.00

24.00

PUBLIC

CO0CO0OooOoO o0

173

161
151
138
136
157
169
167
162
151
135

L)

42

2024

PUBLIC

2263

-.272

UNKNOUN ~ TOTAL

118
118
118
118
118

UNKNOWN

118
118
118
1i8
‘118
118
118
]

0
iia
118

118
118
118

118
118
118
116
118
118
118
118
118
i18

2604

213
187
173
i%8
153

TOTAL

213

187
173
158
153
283
543

o

0

793

775
724
683
b26
&04

590

622
683
27

7M1

611

477

338
241

10888

SURPLY

OO oCoOOoa

1026

10246,

1024
1024
ig2s
i02&
604
550
1024
683
27
1024

coQoco

1080%

SuPPLY

-
oD
NN
o~ o

1026

1026 -

1026
1028

604

590
10246
683
© 727
1028

&11-

11421

~roO0OC OO0 0ao

TANK

580
393
221

1026
1259
1509

1809

2181
2462
2662

{4

24462
24462
2462
2462
1850
1373
1035

793

TANK

1192
1005
832
576
521
238

1024
1259
1509
1809
2181
2462
24472

C 2482

2442

2442

24462
2442

24462

1984 °
16456
1405



NAME OF CITY : NARSINGD!
POPURATION SUPPLIED 152700
RESERVOIR QUANTITY 20%
OPERATION HOUR FROM & TO 20

HR  RATIO HOUSE RATIO PUBLIC
0 0.33 94 0.00 0
1 0.24 b9 o.00 0
2 0.19 54 0.00 0
3 014 40 0.00 0
4 0.12 34 0.00 a
5 0.31 a9 0.70 75
4 0.98 281 1.33 144
7 1.33 0 1.54 0
i 1.57 450 1:.72 ids
9 1.72 492 1,468 182
10 1.69 4B4 1.40 173
11 1.54 47 1.49 161
12 1,34 384 1.40 151
13 1.29 369 1.28 138
14 1.22 349 1.26 134
15 1.10 315 1.45 157
14 1.17 335 1,56 159
17 1.39 398 1.54 1467
18 1.56 447 1,50 1462
19 1,54 Ho i 1,40 151
20 1.25 358 1.25 135
21 0.91 261 0.91 98
22 0.62 178 0.39 42
23 0.43 123 0.00 )
TOTAL 24.00 b4F1 24.00 Z2L29
NAME OF CITY . NARS INGD1
POPURAT IGN .SUPPLIED 152700
RESERVOIR GUANTITY 20%
OPERATICN HOUR FROM & TO. 21
HR  RATIO .~ HOUSE RATIO pPUBLIC
o 0.33 LT 8.00 - ]
1 0.24 &9 0.00 0
2 0.19 B4 0.00 0
3 0.14 40 0.00 0
4 0.12 34 0.00 o
g 0.3¢ 89 0.70 74
b 0.98 281 1.33 144
7 1.33 381 1,54 167
8 1.57 450 1.72 184
-9 1.72 492 1.68 182
10 1.69 484 1,60 173
‘11 1.54 L& v 1L49 161
12 1.34 384 140 151
13 1,29 359 1,28 138
14 1.22 349 T 1,26 136
15 1,10 315 1.45 157
16 1.17 ‘335 1.6 - 149
17 . 1.39 398 1.5& 167
18 1.56 447 1.%0 162
19 1.54 441 t.40 151
20 1.2% 38 ~  1.25 135
21, 0.91 ¢ 261 0.%1 78
22  -0.82 178 - 0.39 a?
23 0.43 123 0.00 0
TOTAL 24.00  6B72 264.00 2594 -
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118
‘118

118.

116
118
iie
iig

0
118

118

118
118
118
118
118
118
118
118
i@
118
118
118
118
ii8

2722

UNKNOWN

118
i18
118
118
118
118
118
1186
118
118
118
116
118
118
118
118
118

118

118
118
118
118
118
118

2840

TOTAL

213
187
173
158
153

283

543

]
754
793
775
726
653
&£2&6
404
590
£22
683
727
711
b11
477
338
241

11642

TOTAL

213
187
173
158
183
283
543
6865
754
793
275
726

£53

b2b
604
590
622
&£83
727
711
611
477
338
. 241

12308

SUPPLY

1924
1024
1026

10286

1026
1024
1026
1026
550
1026
683
727
1626
511
477

13345

COoOCcCCcCoOoOO0o

TANK

16569
1462
130%
1154
998
7i5
i ]
833
804
1037

12886

1587
1960

-235%

2462

R { Yy

2642
2462
2662
2462
2462
24462
2123
1862



NAME OF CITY NARS INGD I

POPURATION SUPPLIED 152700
RESERVOIR QUANTITY 35%
OPERATION HOUR FROM 7 TO 19
HR  RATIO HOUSE RATIO . PUBLIC UNKNOWN  TOTAL. - SUFPLY - TANK
0 0,33 94 0.00 ) 118 213 0 2627
1 0.24 &9 0.00 0 118 187 0 2240
2 5.19 54  0.00 0 118 173 0 2067
3 0.14 40 6.00 -0 i18 158 0 1908
4 0,12 34 0.00 0 118 153 0 1754 .
5 0.3% 89 0.70 76 118 283 0 1473
& 0.98 281 1,33 144 118 543 0 930
7 1.33 381 1.54 147 ‘118 bbb 0 2564
8 1.57 450 1.72 184 118 754 1026 - 534
9 1.72 492 1.68 182 118 793 1026 - 9
10 1,69 488 1,40 173 118 775 1024 1020
i1 1.96 847 1.49 161 . 118 726 1026 131%
12 1.34 384 1.40 151 118 553 1026 {691
13 1.29 349 1.28 138 118 526 1026 2051
4 1,22 249 1,24 134 118 &£04 i026 - 2512
1% 1.10 31y 1.45 157 118 590 1084 2948
16 1.17 335 i.56 169 118 . &£22 1026 3352
17 1.39 398 1.54 A&7 118 . 583 1024 3494
18 1.56 447 1.50 162 118 727 1026 3993
19 1,54 461 1.40 151 . 118 . 71t 1026 4308
20 1.28 358 1.25 135 118 611 0 BL9s
71 0.91 261 0.91 98 118 477 i} 3219
22 0.&2 178 0.3% 42 - 118 338 o 2881
Z3 0.43 123 0.00 0 118 241 o 2439
TOTAL 24.00 6872 24,00 2594 2840 {2308 12308
NAME OF CITY: JAN1DAH
POPURATION SUPPLIED 50740
RESERVOIR QUANTITY 1200 4
OPERATION HOUR FROM 7 70 19
HR  RATIO HousE RATIO PUBLIC UNKNOWN  TOTAL = SUPPLY ©  TANK
0 0.33 31 0.00 0 39 71 0 575
t 0.24 23 0.00 0 39 &2 "0 513
2 0.19 18 0.00 1} 39 57 4] 455
3 D.14 13 0.00 0 39 53 a 403
& 0.12 1t 0.00 0 39 51 4] "352
5 0.31 .29 0.70° 25 . 39 94 0 258
& 0.98 %3 1.33 48 39 180 0 78
7 1.33 127. 1.54 55 3g 221 “ 0 0
8 1.57 -0 1.72° 0 o n 341 341
9 1.72 164 1.68 &0 35 263 341 418
i0 1.469 161 1.40 58 39 258 341 S0
i1 1.54 148 1.49 S4 39 741 351 804
12 1.36 127 1.40 50 ) 217 Il - 725
13 1.29 123 1.28 Y 39 208 C3ay 857 -
14 1.22 116 1.26 45 39 201 34t 998
15 1,10 105 1.45 52 39 196 - 3i1 1142
186 1.17 111 1,56 54 39 207 341 4200
17 1,39 132 © 1.5& 55 39 227 © 227 1200
18 1.5 - 148 1.50 56 39 242 242 1200
i9 1.54 147 1.40 50 © a9 236 236 - 1200
20 1.28 119 1.25 45 e 203 S0 997
21 0.91 87 0.91 33 - . 159 .0 838
22 0.62 59 0.39  t4 39 112 . T n 72&
23 0.43 41 Q.00 0 _ -39 an 0 446
TOTAL 24.00 2134 24,00 801 904 - 3839 3?72



3-10-5 Study for the Foundation of Structures
(1) Condition of foundation ground in each town

The foundation ground on which structures such as
the overhead tank are planned to be erected has not been
snrveyed in any of the towns yet. The condition of the
foundation ground in each town, however, may be inferred
from the results of test boring conducted for the constuction

of production wells.

 Geological columnar sections obtained'by test
boring in each town are.shown in -Par. 3-10-1. Judging from
these columnhar sections, the ground formation to the depth
of around 50m in every town consists of alternate layers

of CL-(clay), SCL (sandy clay) and FS (fine sand).
(2) Selection of foundation work method

As foundation work methods, direct foundation,
plle foundatlon, calsson foundation, ground 1mprovement etc.
may be con51dered but in v1ew of the structures planned
under thls progect the direct Foundation or pile founda-
tion seem to be the most approprlate in view of workability

and economy.

For pile fonndation, factorj pre- fabricated
concrete plle, steel pipe plle or cast in-place concrete
plle may be used ‘but factory prewfabrlcated concrete pile
‘15 not produced in Bangladesh, and steel pipe plle must be
imported'and is therefore not sultable in terms of cost.
Accordlngly, cast ~in-place conolete pile is the most
popularly - used foundation pile for structures in Bangladesh.
This work can be executed by the same machine used for

drilling prodncfion weils, witﬁ which the local construction
| contractors are qUite capable of doing the work. ~In the

case of'factory_pre~fabricated'concrete'pile or steel pipe
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pile, a pile driver for placing them would have to be imported.

In view of the foregoing, cast-in-place concrete
pile shall be adopted as the foundation pile for this project.
Where piles are unnecessary, the direct foundation work
method shall be adopted. '

(3) Estimation of so0il bearing capacity and bearing capacity

of pile

The results of s0il bearing éapacity test which
were conducted for Japan's grants-in-aid projects in

Bangladesh are as follows:

Allowable bearing capacity at Khulna : q, = 6.4.t/m2

" " "o - Bogra . : qa_='6.l —'6.9.t/m2
7.9 ~ 8.0 t/m°
6.8 - 8.5 t/m°

Chittagong : q,

Mymensingh : q,

A loading test of the piles has been conducted for
the hospital project which is ndw‘under construction in
Narayanganj Town. The foundatlon plles ‘adopted here are.
$400 mm-in caliber and 16. 0 m in length. Figqg. 30-10-
shows the load- 31nk1ng curve prepaled on the basis of" thls
lcocading test results.

Fig. 3u10—5—1 _Load~sinking Curve

_ Load (t)
o o '20 40 60 80 100

B NUBEE

o 0.5 \ X

© . .

A

[ &1 R

ﬁ_ AN
‘18 1.0 ‘\

:

R ]

5 1.5
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As can be.seén from the abové fijure, the curve has
not reached the point of abrupt bend (load at yield point).
This is because the test was stOpped'while_within the allowa-
ble load of the pile itself which is g400 mm in caliber.

The formula for estimating the allowable bearing

capacity of the pile by loading test is as follows:

R = 1/3R = 1/2 Ry

a u ' S -

in which R Allowable bearing capacity of pile (t)
R, ¢ Ultimate bearing capacity of pile (t)
Ry : Load at yield point of pile (t)

' The test in Fig. 3-10-5-1 shows that the load is
still short of the pile's yield point, but to be on the safe
side, the load at yield point was assumed to be 80 t, from
which the allowable bearing capacity of pile was calculated
to be: . | S
R = 1/2 x 80 = 40 t/pile
- The grdund_formatiqn at Narayangaj and Khulna,
Bogra,-Chittagong and Mymehsingh consists of alternate
layété of clay, sandy élay and fine sand as in the towns

covered under this Project.

Accordingly, the soil bearing capacity of the
direct foundation was assumed to be 6.0 t/m2 and the
allowable bearing capacity of the cast-in-place concrete
pile:400.mm-in'caliber and 16.0 m long to be 40 t/pile.

(4} Foundatipn of the éverhead tank

The Sﬁability of the overhead tank was studied for

- the following two cases:
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(1) Wwhen the water storage tank is empty and subject
~ to wind load.
(2) When the water storage tank is filled to capacity

and subject to wind load.

The foundation for the overhead tank was also
Since there are no
the

studied for the foregoing two cases.
data on wind load for the seven towns in gquestion,
maximum wind velocity was assumed to be 60 knots (30.9m/sec)

based on the observation records for Dhaka.

On the aforementioned conditions, the numbexr of
piles and maximum load were obtained for the overhead tank

by capacity as summarized in the table below.

Fen apacity 200 m 300 m° 400 m° 500 m>
Dead weight {t) 474, 0 , 629.0 758.0 8l16.4
Wegiht of water (t) 200.0° T 300.0 400.0 500,.0
Sum of vertical load (t) 674.0 929.0 | 1,158.0 | 1,416.4
wind load (horizontal : '
load, t) 8.64 ) 9.87 11.62 12.20
No. of piles (pecs.) . © 21 o 27 32 : 38
Tumbling moment (t.m) 130 153 . 178 194 .
. . . _ b
B Resistance moment (t.m) | 1,422 1,887 2,463 3,207
£ . .
¢ Ssafety factor 10.9 12.3 13.8 16.5
§ pile reaction (maximum 30.0 29.5 30.1 30.1
g s B - r
" " {Minimum 15.2 17.1 - 17.3 18.1
) . t/p) :
o & Tumbling moment (t.m) 130 153 178 194
[ C. -
j g- Resistance moment (t.m} 2,022 2,787 3,763 4,957
b %‘ Safety factor 15.5 18.2 21.1 25.5
§ o pile reaction {maximum 39.5 40.6 39.4° 19.9
£8 o t/p) )
w " minimum 24,7 28.2 33.0 34.6
/p) 7 : _ ¢

{(notes) (1) The wind velocity of 60 knots corresponds to
30.9'm/sec. which can be converted into horizon-
tal load as follows: ' )

g =1/2.p.v2 = 1/2 x 0.125 x 30.9° = 60 kg/m°.

in which g : Wind load .

P Air'density, 0,125 kg/seczlmd

v : Wind veloc¢ity, 30.9% m/sec.
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As a result of fhe.above calculation, the pile
reaction is certified to be not more than the allowable
bearing capacity of 40 t/pile, and the structure is
estimated to be tolerable for the piles with Number and

the diameter assumed.

(5) Foundation of the structures at Sumamganj purification

Plant

The required number of piles for the various
structures at the purifioation plant was obtained on the
basis of their deadweight, weight of water, loas exerted

by the pump, valve, pipe, ectc. as tabulated below.

Structure Intake Recei'ving gigz;:i:;;‘::; Rapid Sand Clear.wat.er iiu;ﬂg}e a:dt
‘Work . HWell ; . Filter Raservoir su':lg ater
. Basin: . Basin
pead Weight (t) 372.5 135.6 1,838.4 31,5 1,276.0 : 196.8
Weight of Water (L) 0 : 35.6 1,107.3 504.6 499.1 53.8
Pumps, valves, "2 0.8 54.3 11.9 54.9 4.4
Pipes, etc. (t}
fotal 'h!eight (t} ~ 380.0 172.0 i 3,000.0 | 1,470 1,730 255.0
area of fw“‘iz(';”,’“ © 36,0 8.8 407.8 170.8 281.5 46.2
Weight per m? (t/m2) 10,5 5.9 7.3 8.6 6.1 5.5
Neet:l for foundatien 'Yes : No - Yesg Na Yas No
pile .
No. of piles | R Q _ 6 37 44 0

(6) Other structures .

Sfrﬁcturesdothor than ﬁhose'of the'purification-
plant and the overhead tank covered by the project are pump
house, publlc post, valve room, etc, - The publlc post and
valve room will be bullt_by,the direct foundation method

as the load is small.
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The pump house is also being planned to be erected

by the direct foundation method. Its reaction was reviewed

as follows.

{1) Deadweight of pump house

Reinforced concrete

Brick

Total

3

17.59 m

x 2.4

22.73 m> x 2.0

{2) Pump, motor, valve and operating panel,

loaded directly on the ground.

(3) As the extended area of foundation is 17.0 m

per unit area would be: 87.67

{4) Since the above load is below 6.0 5/m

g

i

42,21

45.46

87.67

etc. can be

+ 17.0

foundation method shall be employed.

Table 5-10-5-2

2

Maximum Wind Velocity

2,_the load

= 5,2 f/m2

{(Unkr : rnots) o

; the direct
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3-10-6 Review of the Sanitary Facility Improvement Plan

(1) ‘Prevalent State of the Sanitary Facility Improvemént
Plan

It is said that 80% of the diseases in Bangladesh
are related to "water". Thirty to thirty-two peréent of
child deaths (between the ages of one and nine) are report-
edly caused by diarrhea, and this situation is being exac-

erbated by cases of malnutrition.

In view of the situation, the Govefnmeht of
Bangladesh is promoting the sénitary facilitiés improvement
program in order to improve its'public.health environment,
The water seal latrine was introduced into Bangladesh since
arouﬁd 1962 and, so far, it has been installed at about
200,000 locations. Only about 60% of these, however, are

being properly used.

in district towns and sub-divisional towns {which
are also district towns now), DPHE intends to implement a
sanitary facilities improvement'program by_includingsit as a
part of its water.supply scheme for each town. In the rural
areas, it has established_Village'sanitation schemes which
it is now.implemehting. Under the Village Sanitation Scheme
(Phase_I),'sahitary facilities at 137,000 places have been
impfoved between 1976 and 1982 with the Projeét cost of
809.0 Lakh Taka. The Village Sanitation Scheme (Phase IT)
has been in effect since 1983, and it plans to improve the

sanitary facilities at 225,000 places.

{2) 'Strucﬁﬁral Deéign of_Water'Seai_Latrine

DPHE 15 plannlng two types of waLer seal iatrlne.
the two plt system which it is recommendlng for urban areas
such as district towns, and the one plt system which 1t is

recommending for the rural areas.
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Since the towns covered by this Project are the
sub-divisional towns (which are also district towns), the
scheme is to construct the two pit water seal latrine. The
structural design of this two pit water well latriﬁe is as
shown in Fig. 3-10-6-1. There are two dropping pits, and
when one pit becomes full, the other pit is used while the
full one is removed manually. As seen from Fig. 3-10-6-1,
holes are provided in the dropping pit so that the‘liquid

portion of faces and urine will seep into the ground.

. The construction cost of the two pit water seal
latrine -‘is estimated to be about 2,800 TK, 70% of which 1is
the material cost and 30%, labor cost. Construction mate=-
rials used are: '

'(lj P-Trap (made of.plastic)

(2).'Cement .

(3) Gravel and sand

{4) Steel bar reinforcement (él/d“ dla ) for RCC pit-
cover

(5) Brick

(6) Drain plpe, etc.

As a reference, the structural design of the one
pit water ‘seal latrine planned for the rural areas is shown

in Fig. 3-10-6-2.

(3) DPHE's Plan

_ DPHE has not established any sanltatlon scheme for-
the district towns and sub-d3v151ona1 towns (whlch are
district towns now), as an 1ndependent pro;ect but has
included it as. a part of its water supply scheme. DPHE
therefore de31res that the constructlon work of ‘the sanltary
facilities or the prov1slon of materlals for 1t be included

as a part of this’ water supply prOJect.
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Fig. 3~10-6-1 Two Pit Water Seal Latrine System
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Fig. 3-10~6-2 One Pit Water Seal Latrine System
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{(4)  Observations

The actual situaﬁion of the sanitary facilities

was investigated by reviewing the data on sanitary facil-

ities submitted by DPHE and conducting field surveys in the

seven towns in question.

The conditions of the sanitary facilities in the

seven towns are as tabulated below,

Town Sanitary Water Seal Service Pit/Open
' Latrine Latrine Latrine Latrine
Jenidah 25% - . 53 a5% 25%
(50 Nos.)
Chuadanga 'Approximately the same as in Jenidah
Narsingdi 20% _ : 50% _ 30%
{32 Nos.)

Kufigram Almoét'éll ére ﬁerviée lat¥ines. Water seal latrines are
being produced ‘mainly for rural areas, but 5% of the
production volume is being provided to the townspeople
who wish to have one.

Gaibandha _Almoét all are service létfihes. About. 10% of the water

: seal latrines. produced are being provided to the towns-
people who wish to have cne. So far, about 150 sets have
been offered.

Feni _Almost all are sérvice latrines. 45 sweepers are being
employed and a treatment plant with a high embankment to

- prevent flood from entering it has been built in the
_ outgkirts of the town.
Sunamgani 20% 20% 2-3% 50%-60%
' (about 200 sets)
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As a result of field survey, it is considered

advisable hot to include the construction of the water seal

latrines, which was additionally requested, within the scope

of the grants~in-aid program for the following reasons.

(1)

(2)

(3)

The master plan for excreta treatment has not been
established yet in any of the towns. The means
for disposing of excreta is épproximately thé same
in every town, being mostly service latrines ({(of
the dipping up system). In some towns, the
service latfine'clearing is belng systematlcaliy

carried out.

hvery town at least dlstlngu1qhes 1ts ponds for
bathlnq and washlng from the shallow places and
pocls for sanltary fa0111t1es. However, the
spac1ng between them seems to be inadequate where
the population denslty is high. Also, their"
separation'isIdisﬁinctive only durihg the dry
season whereas during the rainy season and flood
perlod "they become commlngled by the river water

and become 1ndlst1ngulshable.

Since the design of the water seal latrine is to

let excreta seep into the ground, it is not_in'any

way different from ﬁoﬁ*in that it is likeiy'to

pollute. the ground water in the shallow layers
where the ground water level is high. When
installing a water seal latrine, therefore, if.
would have to be adequately spaced from the_ponds
for bathing and washing_or from shallow wells.
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(4)

(5)

{(6)

The field inspection has. led to the judgement that
improvement of sanitary facilities is of greater
urgéncy in the afeas where the population density
is high. Such places, hbwever, usually have no
other place in which to build the hew sanitary

facilities than at the existing spots. Also, at

places where the population density is high, it is

considered more desirable to plan for a cen-
tralized excretd disposal system by dipping up
rather than the system of allowing excreta to seep

into the ground.

" The water seal latrine has some desirable aspects

in improving the sanitary condition as it seals
off the excreta pot from the outside environment
with a small amount of water.. Further studies on

ik, including the structural design of the excreta

pot and the treatment facilities, are therefore

necessary.

The excreta disposal system is somewhat different
in each town, which must be thoroughly
investigated and reviewed. At the same time, the
topogfaphy, gradient, distribution of water poﬁds,
distribution and degree of concentration of
pollution}'flood stage during the rainy season and
fiood period, flooded areas and other

‘circumstances in each town must be surveyed and

reviewed, upon which the master plan for sanitary
facilities improvement including the excreta
_disposalzsystem and the treatment method must be
worked out. It is judged more desirable to
consider whether the granté~in—aid program should
cover the construction work or provision of

materials for it only after then.
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(7)

The consgtruction or improvement of sanitary
facilities is totally contingent on the awareness
of the inhabiténts,_so that even if such an effort
were to be included as a part of .the assistance |
program, its publicity, acceptance of applications
and determination of the construction sites are
likely to take much longer than in the case of
building'hodse connections in the water supplying
facilities, It is therefore conéidered inap-
propriate as the object of the grants~infaid
program which requires that the construction wofk
be cbmpléted within a limited time period. As for
the provision of materials, such a program would
seem difficult to implement_as all of the required
construction materials can be procured within
Bangladesh.
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- CHAPTER 4 IMPLEMENTATION SYSTEM FOR THE PROJECT

4-1 Organizations Involved in Implementation of Works

{1) Overall Relationships

This Progect will be lmplemented by the non-
compensational fund cooperatlon by the Japanese Government
The overall relatlonshlps among organizations concerned may

be illustrated as follows:

Japanese Government

E/N

Detailed design,

Bangladesh Government

bidding & approval Consultant Constyuction
of documents contract contzact
Certification of each
contract document
Report of works
Japanese Construction Japanese
consultant supervision construction
firm companies

Detailed design

Construction supervision

Constructicn staff

. 1. Japanese engineexrs/
Preparation of tender technicians
documents )
2, Bangladesh engineers/
Bidding guidance technicilans
3. Bangladesh construction

companies
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{2) Bangladesh Organizations‘Involved.in Implementation of

Project

The Project will be implemented by the Bangladesh
Government, .the¢ Ministry of Local Governments, Rural Devel-
opment & Cooperatives, Local Government Division and the

Department of Public Health Engineering (DPHE).

The Planning Circle of DPHE will become direct
channels, through which various deliberations and negotia-
tions at the Central Office (Dhaka) will be done.

While construction sites are scattered around the
country, each town has -a local foice'of the DPHE that will
become the liaison office at each construction site at the
time of construction. The organizational structure of the

DPHE central and local offices is as shown in Fig. 4-1.

After the_cbmpletion of cohétruction works, the
DPHE will directly controi and manage the facilities.
To be in association with the Japanese Consultaht and
Construction firms, the DPﬂE.shQuld provide one sénior
engineer assisted by appropriate personnel at each town
for bettwe implementation and mahagement and subsequently
for operation and maintenance.
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4-2 Implementation schedule

The implementation schedule of this Project ig as
shown in Fig. 4-2, provided all the towns are to execute

the construction work simultaneously.

However, it would not be realistic to start
construction of all seven towns at onde as to do so woul&
involve technical and economic difficulties, Accordingly,
the schedule as a suggestion for the construction work
for water supplying facilities in the seven towns was
devided into phases upon a reﬁiew of the scale and contents
of water supply project in each town and the degree of
difficulty in'exeCuting'the work in each town. The phased
construction schedule is shown ‘in Fig. 4-3. .Regarding this
phasing, however, it is to be clearly stéted here that the
Japanese Government has neither approved such phasinanor

promised to impiement the work according to such phasing;
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4-3 Scheme of Execution

(1) Execution Method

Facilities to be constructed under the Project

will be as follows.

- Production wells

- Overhead tanks

~ Distributing pipes
'~ Public Post

- purification plants (Sunamganj Town)-

¥ollowing methods are considered in order to build facil-

ities mentioned above.

(1) Semi-turn key method

(2)  Direct operation method

Both methods have their own merits and demerits, but the
direct operation method in particular requires some increase
in DPHE staff, resulting in the increase of efforts on the
part of cénsultants as well., Recently, the direct operation
method often involves works with their volumes of works hart
to detérmine, but this is not likely to happen for above
mentioned facilities." Non-compensational fund cooperation
-projects generally empioy the semi-turn method. Taking
accdﬁﬂt of the foregoing, the semi-turn key method will be

ehplcyed.r

{2) Scheme of Execution
(i} Production well works

Since it is impossible to employ the water jet

method in Kurigram and Gaibandle, well works will be done by
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means of rotary or percussion boring machines. For
strainers, those made of stainless steel will be used,
around which gravel fed and selected will be filled. The
ground surface portion of each well will be filled by

mortar.
{11} Overhead tank works

Piling-in-site method is émployed,fof'the founda-
tion of each overhead tank. Boring machines will be used
'fqr the well boring as well, At the concrete placing site,
scaffolds and bearing piles will be installed. Concrete

will be conveyed to height using elevators.
(iii) Distributing pipes works

Excavation for the installation of pipelines will
be all done manually. In the back filing and sand placing .

works, transoms will be used for the tamping..

'Pipes with apertures 2ob mm (8"} or smaller will

be mainly used, all of which will be installed manually.
(iv) Purification plants and iron removal plants

'All'excavaﬁibn and1back fi1lihg works will be.done
manually. DireCt'foundation (footing) will be used as a
rule, but fbbting—invéite method will be used instead where
foundation beds are required, such as moist'pléces, etc.
Concrete punching will be done by installing_scaffolds;'

bearing piles, etc,
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{3) Period of Works

7 Taking account to meteorological.conditions in
Bangladesh, it is desirable to execute works in the dry
season between November and June. The elevation of
Bangladesh is low, with the majority of the land being
planes. 'Therefore, the rainy/flood season from July to
October brings_aboﬁt high water levels at rivers, creeks,
etc., and the underground water level will also rise at the
same level with that of the ground surface. Under such
conditions, fouhdation'works for structures, boring works

for the piping and plumbing will become extremely difficult.

_ The impiementation*of the non-conpensational fund
cooperation on the part of Japan, on the other hand, is
subject to various'réstrictions. Therefore, care should be
taken to execute the works in such a manner that merits of

the dry season (from November to June) can be maximized.

(4) 'Time Period for Carrying out the Detailed Working
Design Study -

_ 'As stated in thé_foregoing'paragraph,‘it is
desirable that the civil éhgineéring works be executed
during the_dry season from November to June in vieﬁ of the
élimatié conditions’ in Bangladesh. As with civil engi-
neering work, plane SurVeying {on the ‘planned pipeline route
and proposed éites'of'varioﬁs structures},_tést boring,
foundation survey and so forth for the detailed working
design are difficult to carry out during'the rainy season,
Therefore, the timiﬁg.for varidﬁs survéys'neéessary‘for
aetaiied working. design miust be adequately studied in
conjunction with the timing for executing construction
'wérks. ‘As thesé.Surveys_will require 28 months after

exchanging official notes, as shown in Fig. 4-2, it is
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judged difficult to complete them in the normal form of the
grants“in«aid”assistance program, and therefore it is
considered necessary to take some measures to permit execu~
tion of surveys and studies for detailed working design
prior to exchanging of official notes and conclusion of the

consultancy agreement.

4-4 Scope of Works

The scope of the construction works in our projéct

is as follows:

(1} The range the Bangladesh Government bears respon-

sibility:

() Acquisition and development of land.necéséary

for constructing the water supply facilities.

C) Taxes and handling charges for imported
materials and equipment required for the

construction works

(3 Cost of facilities and equipment to maintain
and operate the water supply facilities.
Such- costs as to build a'cohtrol office -
buildihg_and spafe—part storehouse as_well
as to purchaSe small jeeps and motorcycles

in each town.
(@) Prurchasing cost of the followings which are

part of the expansion/installation expenses

of Mechanical & Electrical Division of DPHE;: .
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unit

Boring machine @: 550 mm, L: 350 M 1

s

b " d: 750 mm, L; 150 m 1
c Microbus 2
d Jeep ' 2

House connection works.

Public.post works exéluding those at 10
locations which are to be build by the
JapaneseIGoverﬁment. (provided, however,
the above 5 . and 6 are not to be included

in the project cost in our report)

{2) The raﬁge the Japanése Government bears the respon-

sibility:

@

The construétion works of the water supply
facilities (production well, filter plant,
?ﬁmping facilities, pumping house overhead
tank transmission pipe, distributing pipe,
related structure of pipeline and 10 public

posts in each town)

Freight and insurance charges on imported

materials and equipment from Japan.

Cost puchésing water examinaticn egquipment
which will constitute part of the maintenance/
operation facillities and be stationed in

each town.

Such necessary equipment as is following

which will be included in the items in the
Plan expanding the functions of Mechanical
& Electrical Division of DPHE, and which

will be necessary to check, maintain and
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repair wells:

_ unit
a Pumping test equipment loaded
on a truck 1
b  Compressor 600 cfm, 300 psi
C CdmpresSOr 300'cfm, 250 ?si
d Tools {such as jetting tool) 1
e Truck (5 ton-car) for

N

transporting matorialS}equipment-

C) Cost designing and supervisiﬁg the project

works.
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4-5 Detailed Design and Construction Supervisgion

(1) Contents of Detailed Design
(a) Topographic Survey and Geological Survey
1 Topographic Survey
2 Test Boring
3 Study of Foundation by Boring, and
4 Water Quality Test
(b) Detailed.Désign

(2) Contents of construction supervision
{a) Guidance and assistance in tender and contracting'works

The consultant shall invite and execute tender on
onstructlon works on behalf of the Government of Bangladeéh
as entrusted by it, and shall qulde and assist so as to

conclude the construction COntract as between the Goverhment

of Bangladesh and the Contractor as promptly ag possible.
{b) Construction supervision activities

_ Major works of the consultant are the control of
(l)'work schedule, (2} quallty and (3) cost. In the grants-
in-aid of Japan, the contract will be on a semi-turn key
basis, and the control functions other than the above three
- for example, material.management,_machinery and equipment
management, - labor managemént, safety and health management -
will be within the scope of responsibility of the construc-

tion contractor.

Since the construétion sites of the project are
dlspersed over seven towns in Bangladeqh and the con-
sultant's duties must be performed only with llmlted man—'
power, the consultant'’ s personnel although they may be
stationed in Bangladesh, would be able to give only a part
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of their time for supervision at each construction site.
The construction contractor(s) will be some Japaneée enter-
prise, and the consultant would be performing its supér»
visory duties on the basis of the reports submittéd'by that

construction contractor.

The construction supervision activities of the
consultaht will be performed by'civil engiﬁeet, pipeline
engineer and geohydrogist, etc. who will be dispatCEed to
Bangladesh. The civil engineer will be stationed in

Bangladesh throughout the construction period.

(c) Interim and final inspection

Final'inspectiOﬁ and, if necessary, interim
inspection of construction works will be performed by

censultant.

-
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CHAPTER 5 MAINTENANCE AND MANAGEMENT SCIHEME

5-1 Organization

(1) Current Maintenance/Management Organizational Structure

As mentioned in the section déscribing the back-
ground in the Chapter 2, water services throughout
Bangladesh excluding Dhéka and Chittagong are provided by
the DPHE. 'Thé_mainténance/management of water services are
to be:done primarily by the municipality (Poroushoaﬁa} of
each city. At,preSent, however, water services of only 19
cities arelbeing'runfby respective municipalities, whereas
the servicés of 24 cities are run by the DPHE and seven
cities by the joint efforts of the municipalities and the

DPHE under the guidance given by Netheriand and the ADB.

0f seven cities included in the Project, Jenidah
and Feni alone provide water services, while water supply
facilities in Gaibandha afé far from the completion. Water
supply facilitiésfiﬁ the remaining four citiés are com-
pleted,'but the'house cdnnéctions have been delayed and the
water sup?ly'is not provided due to other reasons. At
prééént, however, all of the seven cities are provided with
construction wbrké and water supply by the DPHE, but each
municipality {POroushbava) does hot have a system to take

over such services.

_ The current dfganizatidnal structure of each
'Municipality {Poroushcava) is as shown in the Fig; 5-1 & 5-2,
and the structure'bf.other toWnins nearly the same as that
Qf_thé muﬁicipélities..‘The division in charge of drinking
water in:eachlmuniéiéality is the Water Supply Supervisor

Office that maintains and controls tube wells.
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{2) Recommendation on New Organization

In order to ensure an appropriate maintenance and
management. of water supply services, it is necessary to have
a proper managing body capable of efficient operatlons."lt
is also necessary to establlsh a new d1v1510n with respongi-
bilities appropriately assigned to individual staff to
clarify respective areas of responsibilities, and to ensure
smoocth commuﬁications and liaison among colleagues and
different divisions. The water supply organization to be
established anew should have at least following lelSlonS to

carry out operations qlven below.

(L) Publlc relations lelSlon for the P, R..and diffu-
 sion of house connection type water supply

{2) Division to operate water supply facilities and to
ensure stable water supply

(3) Water (utility) charge collection division

(4) Estimation of operating/administrative.cOsts of
water supply facilities'

(5) Maintenance/controi of materials

(6) Investigation, planning and désign

(7} Construction and repair wérkS"

{8) Water quality control '

We recommend a new organlaatlonal structure such
‘as that shown in Fig. 5-3, basea-on_dlscu551ons held with the
DPHE staff, organlzatlénél structures found in existing
similar_facilities'(WASA and Narayanganj), etc. as water
supply organization'at_the toWn'level.

It is V1tal to form a proper admlnlstratlve
organization according. to this recommendatlon, whlle taklng
account of the administration system of_Bangladesh.
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The outline of the new organlzatlon recommended
above in as follows.

(1) Administration Division: In addition to the
gensral administration over the entire organiza—
tion, planning of future water supply projects,
diffusion and PR:of house connection water supply,
calculation:andnpayment of salaries and other
expenses, preparation and analysis of fiscal
budget and maintenance/management cost, collectlon

of utility charges, etc. are their respon31b111t1es.

(2) Operation and'Management Division: operation and
management of water supply facilities'are their
direct responsibilities. Namely, the operatlon of
pumps and valves that are water supply equlpment
in order to ensure stable water supply for the
residents; maintenance/Contiol of structures such
ds well, water towers, pipe lines, etc. and '
equipment including pumps and valves, and water
guality control on the part-time basis. Should
any'abnOfmalitieé:oocur at water supply facili-
tles/equlpment the division contacts the Con»
struction Section of the Englneerlng and: Construc-

tion Division so as to take approprlate steps.

(3) Engineering and Construction Division: planning-
and design of water supply facilities expansion
works, 1nvest1gat10n of new water sources, etc
that may be- planned in future. Management of
construction works of such new projects and repalr
works of ex1st1ng fa0111t1es/equ1pment and

storage/malntenance_control of materials, etc.
It is also desirable that the duties of the

Engineering'andtConStrnction'Department be carried
out by DPHE. This is because the duties to be
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handled by the Engineering and Construction
Department require advanced technical knowledge
and experience, and it is extremely difficult and
costly to secure engineers possessed of such

technical knowledge and experience in each town.

No problem is foreseen in this respect since DPHE

has offices in every town.
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5-2 Operation and Maintenance

It goes without sayiﬁg that the operation and
malntenance organization recommended in the foregoing must
be put into a proper order in order to operate the con—
structed water supply facilities effectlvely ~ The appro-
prlate assignment of operdtlon and maintenance staff con-
sisting the organlzatlon is also vital. Such staff should
be engineers; technlclans and others with adequate educatlonu
al backgrounds or experience in their respective areas. In
Bangladesh, however, 50 cities of ¢4 cities ofgeo are
providing water supply services at present, which have just
reoently started the services, following the WASA covering
Dhaka and Chittagong.

It.is obvious ffom_the above that there are oniy
limited number of engineerq/techniciane with'experience over
the entire serv1ces of water supply. When the Project and
other water supply prOJectq are completed the shortage of
englneers/technlclans and other staftf will become inevit-
able, posing a threat to the proper operation of malntenance
and management of water supply facilities. In this regard,
it is vital to train engineers/technicians and other staff
to be engaged in this line of services,

Although the DPHE will manage directly ‘the facil-
ities follow1ng the completlon of the construction, the
training of the staff mentioned above is a must. It will
be apprOpriate'tO give the on-site training to such staff
using already completed facilities. However, other staff
who supervise over the entire water supply services ghould
also.be trained, which requirés technical cooperations from

Japan and other countries concerned. The operation of each
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facility/equipment will be explained adequatély by the
construction companies on delivery of such facilities/equip-

ment.

As for the number of staff to be engaged in the
operation and maintenance, one staff or so per 1,000
residents is dominant in Japan for water facilities of a

similar size with the facilities under this Project.

‘The current number of staff of Dhaka WASA and that
of Chittagong WASA are at respective ratios of 1/1,250 and
1/1,200 residents, while it is about 1/3,000 residents in

Narayangani Town..

Assuming that the Engineering and Construction
Dépaftment respohsiﬁle for ‘design and construction will be
taken care of by DPHE, the number of personnel required in
each town, built up;on the basis of Fig. 5-3, is between
30.3 persons and 54,3 persons. In terms of the ratio to
population, the number of personnel ranges between 1/1,500
ahd 1/1.900 or therehout. '

5-3 Details of Operation and Maintenance

Maintenance and management of water supply facil-
ities are roughly divided into following three types of -
operations,.

(1) - Maintenance/management of Facilities/equipment
(2) ‘Water quality control

' {3) Hygienic control
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{1) Maintenance/Managenent of Facilities

Water supply facilities mﬁst maintain adequaté
functions against the demand, and proper steps/measures are
expected to be taken as called for. Therefore, it is vital
to prepare and maintain drawings, books/files, recofds, etc.
of constructed facilities. Such data are necessary not only
for the daily operation but also for emergency cases such as
accidents and disasters, in order to ensure prompt steps to

be taken for the proper restoration of the facilities.

Since major water sources are wells, it is vital
to record the daily quahtity'of'water pumped up and water
levels at the time of water pumping and at the time when the

pumping is stopped to ensure appropriate well control.

Most of pipe lines are installed under roads. -
Thus pipes may be broken and joints may be derailed due to
the road traffic. Water may also leak due to the broken
pipe, eﬁc., all of which must: be discovered:ahd repaired

immediately.

{2} Water Quality Control

The primal objective of'watér'supplyrfadilitiés is
to supply safe and clean water to residents always. The
gquality of water is, therefore, one of crucial factors in
terms of maintenaﬁce and control. Since the.Projects makes
use of wells as the maln water source, the varlatlon in
water quality should be 1n51gn1flcant but periodical - wafer
quality tests should be carried out. EPCB criteria should
be used for the judgement of water quality.
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{3) BHygienic Control

As mentioned {(2) above, the primal objective of
water supply facilities is to supply safe and clean drinking
water extensiveiy to residehts, in order to contribute to
the improvement of public heélth/hygiene and the betterment
of living environments., In light of this objective, hy-
gienié control of the facilities is of the primal import-

ance,

Should no'proper mainténance.and management are
ensured, not only the pfimal objective will be lost but also
the water supply facilities, which suppose to improve the
pdblic health/hygiene and living environments, may even
become media for infectious diseases of the digestive
system: It_must_notube forgotten that the deterioration of
maintenance/control level in water supply facilities always
poses a threat of causing infectious diseases in addition to
the reduction of éervice life of the facilities/eguipment
and the deterioration of functions, different from many

other public facilitiés/equipment.

In this regard, it is recommended that the health
cdntrbl be implemented -for engineers/technicians and other
staff engaged in the operation of water supply'facilities,
and to maintain environments surrounding wells, etc. in

clean conditions so that no hygienic problems would occur.

- 313 -



5-4 Facilities and Equipment for Maintenance and Control

Offices, storehouses, etc. are necessary for the
operation and maintenance ‘organization to execute its
functions. It is desirable to utilize existing bulldlngs
for offices and storehouses, which shall be arranged by the'
Government of Béngladesh, but in. the event that these must
be constructed anew, these in each town would be as follows,

as per the projects aided by the ADB and the Netherlands.

(1) Main administrative office bﬁilding:
1,000 sft {(92.9 m2); 1 building

{2) Storage building for spare parts, etc.:
2,000 sft (185.8 m2); 1 building

A room for pump operators; office and 1odging

will be provided in every pump house to be build anew.

Following vehicles will be required to visit

various water supply facilities for each towns.

{1) A small jeep: 1
{2) Motorcycles : 2

A set of'simple water quality test equipment
should be installed in each town.

5-5%5 Maintenance & Control Cost and Water Rate Revenue

(1) Maintenance/Control Costs

For the organization recommended in 5-1, the new

organization would require following costs/cxpenses

{a) Personnel cost: 373,500 TK/month

(b} COffice consumables, etc.: 1,000 K x 7
' = 7,000 TK/month
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{c} Vehicle fuel cost: 100 liters x 17.5 TK/1liter x 7
= 12,250 TK/month

(3) Building maintenance cost: 1,000 x 7
= 7,000 TK/month

(e} Operation cost for pumps, eto.: 618,527 TK/month

(f} Consumable including pumps: 5%, 30,926 TK/month .
(9} Chemicals cost: 40,783 TK/month
Total 1,089,986 TK/month

The construction cost of the administrative office
building, etc. and the purchase cost of vehicles, etc. will

he as follows.

(a) Construction cost for the administrative office
building, etc.: 4,220,447 TK

(b) Purchase cost for vehicles, etc.: 2,714,138 TK

{2) Water rate revenue

The planned.water rate in the potable water supply
project pfesently under ¢ons£ructi6n supervigsed by DPHE is
20 TK per'mOnth for a general household. Assuming that our
project can rate the same, and that in the target year the.
projected water supply for the house holds will be completed,
the revenue amounts'épproXimately to 324,700 TK per month.
The breakdown of the revenue.according to the town is shown
in Table 5~4..

(3) Comparisoh'between maintenance/operation cost and rate

 Fevenue

As is calculated in the former section, the main-

tehande/operation costs about 1,090,000 TK per month;.while'
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the rate revenue is about 324,000 TK per month. Thus,
water rate revenue amount to about 30% of maintenance/
opération cost. The balance of 70% is to be filled by the

Bangladesh Government finding some other source of fund.

Table 5-4 Town Water Rate Revenues

Households to

Town Rate Revenue

be rated TK/Month TK/Month

Narsingdi : 3,570 20 71,400
Jenidah - } 2,115 : 20 ' 42,300
Chuadanga 2,270 20 - 45,400
Gaibandha ' 2,470 20 49,400
Kurigram 1,980 20 39,600
Peni : 2,205 20 - 44,100
Sunamganj 1,630 20 32,600

Total 16,240 ' 324,800




5-6 Expansion of DPHE Mechanical and Electrical Division

The major source of water under thls PrOJect is
wells, which amount to 29 wells including existing ohes. It
is anticipated, however, that the number of such wells and
wells to be built in future will amount a considerable

number.

In the current framework of the DPHE, 1nvestlga~
thDS and the constructlon of wells are belng done by the
Ground Water and. Exploration DlVlSlon, while the pumping
equipment and motors are the respon51b111ty of the Mechani-

cal and Electrical Division.

Since the preSenE'organizatienel stfucture_bf the
Mechanical and Electrical Division does not have“sufficient
capacity to cover the maintehance, control and'repair.ef
wells to be built, a plan to expand the orgaﬁizatien is
being considered within the DPHE,.

Pipelines, water towers, etc. under this Project
are structures on the ground, and their maintenance and
control should be easy. Wells are, however, located undef—
ground, and the maintenance and control of such wells will
require technical skills and experience as well as machin~
ery, since direct visual 1nspect10n is impossible. It is;'
nevertheless, considered unnecessary to install such machln-.
ery in every one of the seven towns, in terms of technical
consideration. | B

Tt would be more economlcal to have an appropriate
organ with englneers/technlclans within the framework of the
"DPHE 1in order to assist the staff of such towns., It w1ll
therefore, be necessary to procure follow1ng equlpment for -
the maintenance and repair of wells, together with the
expansion and betterment of the DPHE Mechanical and Electfical

Division.
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{1}

(2)

(3)

Equipment for inspection and repair of wells

1) Pumping test equipment mounted on a truck fox
pumping test before and after repair of the
well: 1 set

2) Compressor; 600 cfm, 300 psi for pressure

feed of water to clean the screen: 1 unit

3) Compressor; 300 cfm, 250 psi for pressure

feed of water to clean the screen: 1 unit.

4) Tools (jetting tools, etc.) parts for
cleaning the screen: 1 set

Well boring equipment (for use in drilling a new

well as an urgent countermeasure when the well is

choked up)
1) Boring Machine; ¢550 mm, L = 350 m: 1
= 150 m: 1

2) Boring Machine; 750 mm, L

Transportation equipment (for carring materials
and workers)

1) Trucks (5 ton loading capacity): 2

2) Microbuses :

3} Jeeps s 2
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CHAPTER 6 ASSESSMENT OF PROJECT OPERATTIONS

6-1 Studies on Water Cost

The cost of water may be obtained by the follow-

ing formula.

Construction cost + interest
Service 1life .

+ annual expenses

Cost = :
Total annual water supply

 Assuming that the construction cost is the total cost for
the seven towns with the low interest rate of 3.0% of
Japanese OECF with the annual expenses calculated in'Chapter
5, the total quantity'of water to be supplied per year will
be as given below, andrthe_cosfi of water calculated for

house connection water supply alone is as follows.

Construction cost : 384;006,000 TK
Interest : 3.0%
Annual expenses : 1,090,000 TK/month x 12 = 13,080,000 TX

e

Service life 20 years

Total annual water Total population of seven towns

supply subject to water supply: 468,700

' ‘The house connection type water

supply accounts for 50% of the.
_totalfpopulatipn. Sincée the
quantity of water to be supplied
per person is 90 liters/day,
the total annual water supply
will be as follows.

ir

468,700 pax x 0.50 x 90 liters/day x 365 days

Quantity
' 3

: = 7,698,397.5 m
Therefore, 20
384,006,000 %z (1 + 0.03)

Cost = . 20

) + 13,080,000 -
7,698,397.5 S = 6.20 TK/M
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6-2 Estimated Benefits and Benefits/Cost Ratio

‘Effects of water supply operations due to the
betterment of drinking water supply facilities will be seen
in various aspécts. The direct benefiﬁ thét can bhe
calculated is the water utility charge revenue resulted from
the hoﬁse'connection water supply. The water utility charge
planned by the DPHE for other similar projects is 20 TK per
month per house connection for the household use. The total
number of house connections to be completed by 1990 will be
16,2490 households, which will amount to 16,525 households
including existing ones andathose to'be completed under this
Project. The sum of water utility charges per year to be
obtained through the house connection water supply will be

as follows.

B

16,240 households x 20 TK x 12 months
= 3,697,600 TK

The sum of the construction cost under this Project and

thaﬁ of the house connection'mentioned above is as follows.
C = 384,066,000 + 131,642,000 = 515,708,000 TK

Therefore, the benefit/cost ratio per year may be calculat-

ed as follows.

B/C = 0,008

- 323 -



Table 6-1 Unit water cost for each town

50 t
0% of water Day watex Unit

Town Construction . tonthly Annual expenses supply;ﬁg volume water
cost expenses population :
. supplied cost
{persons) ;
1,000TK  TK/Month 1,000TK/Year C L m/vay K /0
Baxsingdi 95,221 296,237 3,555 76,350 6,871.5 4.85
Jenidah 41,708 139,945 1,679 14,500 3;105.0  4.80
Chuadanga 40,323 . 139,945 1,679 34,000 3,060.0  4.76
Gaibandha 57,445 139,945 1,679 27,000 2,430.0 7.74
Kurigram 47,224 109,580 1,315 24,000 2,160.0 7.08
Feni 32,980 116,802 1,402 20,000 1,800.0 = 6.65
Sunamgani 69,168 147,532 1,770 18,500 1,665.0 13,19
Total 384,066 * 1,089,986 13,079 234,350 21,091.5 ° 6.20
% 1000TX

(*) 445,024 ~ 60,958 = 384,066

Table 6-2 Comparison between Maintenance/Control Cost and Water Rate

revenue for Each Town

. ) - } . ‘Ratic of water
Maintenance/control - Households UWater rate rate revenue

Town cost {TE/month) rated {TX/month) to maintenance/
: control cest

Narsingdi 296,237 3,570 71,400 245
Jenidah 139,545 2,115 42,300 30
Chuadanga 139,945 2,270 45,400 32
caibandha 139,945 2,470 49,400 15
Kurigram 109,580 1,080 39,600 | 36
Feni = - 116,802 2,205 44,100 g
Sunamganj 147,532 1,630 32,600 o»

Total 1,089,986 16,240 324,800 - 30%
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6-3 Effects of Water Supply Services

(1) Socio-econimic assessment

The Bangladesh Government has proclaimed in the
Second 5-year Plan (1980.- 1985) that to provide all the
people of the nation with safe and clean potable water is
one of the most important policies of the plan which gives
the improvement of livelihood standard of the piople the

first priority.

Accofding to the basic policy, the Bangladesh
GoVernment has been constructing potable water supply
systems by means of piping in the ufban areas and of hand
pumping in the rural areas under the supervision of DPHE

and WASA.

“With £orelgn ald DPHE has been implementing
constructlon and betterment of potable water supply facilit-
ies in district towns totalling 30 towns out of entire 62
district towns,'fhe'ballancing 32 towns including major 2
_citieS'of which have also been implementing the same works

with lecal funds.

~ However, pupﬁlatien.increase in'Bangladesh,
especially rapid concentration to local urban areas has
been.making proper Water supply there increasing difficult.
Furthermore, the siﬁuation is'worseniﬁg the livelihood and
hygienic circumstances of local urban dwellers because the
government-has been failing to cope with the increasing
demand for potable water due to the lack of funds to const-

ruct'enough water supply facilities, thus'the gap widening,

Under the 51tuat10n, the on~going. Japanese free
a1d in the forms of constructlon and betterment of potable
water supply facilities must generally be accelerating
and giving a.big momentum to the progress of the Bangladesh
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water supply project, although'the towns receiving the

Japanese aid are limited.

We haope that the Jépanese aid will also be help-
ing establish stabilized and ever improving livelihood of
the Bangladesh people sincé the newly built facilities can
‘switch the labor and time so far expended in daily water _
drawing to more productive activities together with helping
establish expected improvement on hygienic circumstances
in the country (as to be told soon after) .

(2) Hygienic Assesgsment

It is said that 80% of diseases in'BangladeSh
are relétéd with water, and 30% of deaths of chiidren are
caused by diarrhea. The betterment of.pofable water
supply facilities is expected to supp1y safe and clean water
and to drastically'decrease gastroentric diseases caused

so far by drinking water.

To show the effect, the following figure taken
in City of Yokohama, in Japan before and after the const-

ruction of its water supply facilities will be useful.

Fig. 1 Incidences of Infections Diseases Before and After
Construction of Yokchama Water Supply Facilities

{Water Supply of Develeping Nation: OECF, Ryotaro Yamane)
40 i i —
ERS
4t
oo !
B | 3
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Coistruction of Watex
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CHAPTER. 7 CONCLUSIONS AND RECOMMENDATIONS

7?1 Conclusicns

The basic design Sthdy_carried out this time
covers surveyb and analyse on the.drinking water supply
facilities 1mprovement prOJect for the follow1ng eight
'towns, 1nclud1ng those made on Narayanganij Town shown in a

separate report.

(1) Narayanganj Town (5) - Gaibandha Town
(2). Narsingdi Town (6) Kurigram Town
(3) Jenidah Town (7) Feni Town

(4) Chuadanga Town (8) Sunamganj Town-

As a result of the investigation and the studies,
it was found that safe and clean drinking water which the
Bangladesh Government aims to provide can be supplied to
residents of towns concerned if the drlnklng water supplylng
faCllltles in the aforementioned towns were 1mproved
Substantlal reductlons 1n ‘infectious diseases that have
occurred ‘due to the use of 1nhyg1enlc water and other
diseases can be expected Wthh will contribute greatly to
the stabilization and improvement of the living level of the
residénts in the towns, as well as to the improvement of
publlc health and sanltatlon env1ronments. Tt is considered
that the effects w1ll be drastic. Therefore, it is hoped
that the drlnklng water supplying facilities improvemeﬁt
schemes in the aforementloned towns will be implemented as

so0n as p0531b1e.
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As regards.the additional requests placed by the
Bangladesh Government at the time of preliminary survey,
however, the sanitary facility/improvement project was found

to have following shortcomings.

(1} The basic plan of hygienic treatment of human waste
does not exist in the district towns except Dhaka.

(2) The water seal latrine is done by penétrating_
human wastes in the soil. Thereforé:adéquate
investigétion'and studies will be reﬁuired in
relation to shallow wells, relative locations of
water seal latrinés and washing/bathing pOnds, |
etc. as well as their elevatlons, p0581ble occur-

‘rence of floods, etc.

(3) Comparative studies with other human waste treat-
ment methods are also required, '

Due to the reasons mentioned above, it would be proper to
eliminate the additional prdjects from the current coopera-

tion project in the form of grants in aid.

7-2 . Recommendations

(1) General

As described so far,'it is ekpeétéd'that thé'“
Project will have drastic effects on the stablllzatlon and
the lmprovement of 11V1ng quallty of the resldentq and the
improvement 1n health/hyglenlc environments. The target
year of the Progect is assumed to be 1990, and 1t is urgent—
ly desired that various pendlng matters be solved as soon asf
possible and the constructlon under the PrOJect be executed
as soon as possible, In order to do so, it is requlred that
the Bangladesh Government takes following'stepé ?rior to the
implementation of the Project.. - | |
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(a) Procurement of construction sites ‘including . those
for production wells, pump houses, overhead tank,
public post, etc. and payment of their compen-

sations, etc.

{b) Approval of road supervisors for the installation
of water distribution pipe lines and transmission
pipe lines, etc., and coordination with land

owners (compensations, etg,)

(c) Cutting and removal of trees within construction
sites and pipeline installation sites for detailed
surveying to prepare the scheme of execution for

the facilities mentioned in the foregoing.

{d) Secﬁring/providihg sites required for materials.
‘storage, construction site offices, etc. necessary

for construction works.

(). Regulatory lawful procedures required on execution

of construction works for water supply facilities.

(f) Provision of expenses including tariff, etc. for
materials and equipment that should be imported

from Japan.

{2} Construction Period

N I1f civil engineering works such as laying foun-
dations”for'overhead_tanks, ihstalling piée'lines, etc. are
to be included in the Préject, such works will become
extremely:difficult'during the rainy season in“Bahglédesh,
since the“lével-of the undergrqund water would approach the
'groundisurféce; In this regard, appropriate steps should be
taken by the governments of Japan and Bangladesh so that

construction works can be executed during the dry season.
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(3) Study Period for Detailed Design

It is necessary to prepare road maps along the
pipe lines, and to carry out test borings at the proposed
well sites, foundation borings and grouhd_bearing power
tests at proposed sites of structures in the detailed
working design work. Thus, it will be necessary to prepare
a work schedule with due consideration to the time period
necessary to carry out these works before exchanging the

official notes.
{4} Operation and maintenance of facilities

. The 1mportance of operatien and malntenance in
water supply works has already been discussed in Chapter 5,
Maintenance and Control Plan. In carrying out proper main-
tenance and control- of water Sup?ly WOrks,'the important
matters are improvement in administrative systems, develop-
ment of personnel, control and operatioh of facilities,'as
a matter of course; and also secufing of maintenance and

control expenses by collecting water charges.

As estimated on a trial basis in Par. 6-2, Chapter
6, the estimated revenues from water charges (in 1990) at
the ongoing water charge rate schedule would amout to only .
30% or so of the maintenance and control expenses. The
Government of Bangladesh explained_that_there would be no
problem in maintenance and control of facilities as any
shortfall in the fund tc Cover the expenses would be defrayed
from the budget of the Bangladesh Government. We consider
that proper control and admlnlstratlon of water supply works
would be performed under o sound flnan01ng arrangement and
that safe ‘and’ clean potable water would be supplled to the
people. The Government of_Bangladesh wlllecon51der improving
the maintenance and control plan and the systems for it ..
including a proper water charge rate schedule, and that the
various water supplying facilities completed under this
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Project will be controlled and operated as originelly

planned to accomplish their purposes.

The capacity of overhead tank was designed to be
around 20% of daily water consumption, but as explained in
Chapter 3 on referehce data, the results of water balanbe
calculation with respect to the relationship between the
capacity of overhead tank and the operatlng hours of pump
indicated that for water requirement in ]990 a 24-hour
water eupply 15‘1mp0851ble with 12~hour per dayIOperation
of the pump . Because of thls; it 1s necessary to establish
proper operatlng hours of the pump on ‘the basis of a survey
on hourly water consumptlon in Bangladesh The operating
hours of pump would vary depending on the state of diffusion
of house connectlons, or quantity of water demanded s0 that

these factors should also be taken into account.
(5) Future plan

The long- range target of the Government of
Bangladesh is to realize 100% water supply by year 2,000.
The estimated population suppl%ed 'in year 2,000 is antici-
pated to be about 1.5 times of 1990. The estimated volume
 of_water supply would expand at a higher growth rate than
“that. accompanying. the rise_in the ratio Qf water supply
.by house connections. If the.operatinq ﬁoers of the pump
which is assumed to be 12 hours under this prOJect were to
be extended to 16 hours or. 24 hours, the water requirement
projeeted'fot yeer'Z;OOO would be sufficiently met with the
water source facilities which are currently planned.

(Refer to Table 7~l)
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Annex - 1
Minutes of Discussion

on
The Establishment Project for Water Supply Facilities
in
The Peoples' Republic of Bangladesh

In response to the request made by.the Government of The.Peoples'

Republic of bangladesh for a Pxojaét for water supply facilities(hereinafter
referred to as "the Projeci"), the Government of Japan has sent,through the
'Japan'lnternatidnal Cooperation Agency(hereinafter referrved to as "JICA")
which is an official agency implementing the technical cooperation of the
Govermment of Japéﬁ, a team headed by Mr. Yutaka HOSOHO, the deputy director
of Grant Ald Department, JICA, to conduct the suxvey for T3 days from Apfil
Ist to June 12th 1984. |

The team carried out a field survey, held a series of disousaionn and
exchanged views with the authorities conoerned of the Government of the
Peoples' Hepublic of Bangladash. '

Both parties have agreed to reéommend'tp their respective Governments and
the authorities concerned to examine tha result of the survey attached
herewith toward the realisation of the Project. '

- June 11th, 1984.
Z@/ % @& AR SV [%w(/

YUTAKA HOSOROD N M. AZIZUL HAQUE

Head, Japenege Bagic Design Survey Joint Secretary, 1G Diviaion, ,

feam, Ministry of LGRD & Cooperstives,
Govi, of the Peoples’ Republic of
Bangladesh,
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2.4

B

4,

Sa

Attachment

The objective of the project is to eatablish the most appropriate
wabor supply facilitiea for the eight towns demcribed below on

priority basis

1+ . Harayangonj | 5. Shunamgan]
2. Galbandah _ 6. Foni
3, Kurigram : o Te Joenidah

4. Harasipgdl 8, Chuadanga

Both parties conflrmed the basic concept of water supply facilities
and locdtion plan for each town,

1he basic concept isg ahown in Annex I.

The Japanese uurvey team will convex/tha Government of Japan the
desive of bthe Government of the Peoplee' Republic of BRangladesh that
the former takes necessary measares to cooperate in implementing the
PrOJECu and hears the cost of the water supply syctems reguested by
the latter shovn in Annex I within the scope of Japanese economl.o

cooperation program in grant form.

'Phe Government of the Peoples! Republic of Uangladesh will take
necésséry measures listed in Annex TI under the condition that the
grant sid assistance by the Government of Japan is extended to the
Project,

In spiﬁe_of'ciause 2 and 3 in Annex'II, the Government of the Peoples!

Republic of Bangladesh reguested the Government of Japan to bear the
cousts of access roads and the costs for extension of electric lines

to the sltes including transformers efc and fences around the facilities

to be constructed under the Project. The request has been made due to

the constraints of local resources of the@ovérnment of Rangladesh.

e
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8e

s

The Govermment of Peoﬁles' Republic of Bangiadesh requested the
association of local consultant(s)/Engineers with the Japanese
consultant in course of tha field aufvey for detailed design and

congtruction supervision period.

‘the Japanese team explained the.difficulty to include the sanitation
component in the project, But Government of Bangladesh made strong

request for the inclumion of sanitation component for the reason of

Improvement of health,

Both parties confirmed that the Survey team explained Japan's grant
aid program and the Bangladesh gide has understood it.

The Japanese team requested the Bangladesh side to ensure prompt
aquasilion of construction sites and payment of taxes etc for imported -
gooda as mentioned in clause 1 and 5 of annex - lI in order that

delay or interference is not caused in project implementation,
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(Annex I)

1, The basic concept of water supply facilities and location plan for
each town requested by the Proples' Hepublic of Langladesh, are shown
on the attached maps.’

2, legarding Shunamgonj, study will be made on, surface'water in comparison
to ground water as watet gpource and the result will be included in drafd

finsl report.

3¢  Priority of.iﬁpleméntation for Narayangon} Town requested by the Bangladesh
gide is as follow/,: '
(1) Expansa.on of the t:reatment Plenta.
(é) Rehabilitation of the main pipe line systam.
(3) nstruction of overhead tanks,
(4) Rehabilitation of diatribution system other than the main pipa line system.

{5) Extension of distribution system.

o
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(Annex ;1)

The following arrangements are requested to be taken by'the Government

ol

1o

Za

Je
4-

5e

Te

9.

the Peoples'! Republic of Bangladesh.

To secure necessary landa for thelfrojecﬁ, ahd toﬂcleér, f£ill and

level the sitem as needed befqre the start of the works.

To pfovide facilities for diatribution of electricity,and other
incldental ;acilitieﬂ outside of the site. if neceﬂsary,

To construct access rouda to the siteﬂ when nacessaryn

Provision of respective data and information to & Japanese consultant
and a contractor neceasary for the detalled enginecering services and

construction.

To ensure prompt unloading,; tax payment, customs clearance, and prompt
internal transportation therein of the products purchased under the

grant.,

To exempt Japanese nationals frpm éuétoms dutieS,intérnal.taxeB an¢
other fiscal levies which may be imposed in Bangladesh with respect
to the aupbly of the products and services under the verified
contracts of the Project. |

To provide and accord necessary permissions, licences and other
authorization reguired for execution of the Project.

To maintain and use properly and effectively the facilities dongtructed

under the grant,'and'to_arrange the budget fox maintenance and operation.

To' bear all the expenses, other than those to be borne by the grant,

necassary for the Projact.

o WA/
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Annex - II

Member list of the Basic Design Study Team

[A] JICA Official Member

1. Yutaka Hosono : Team Leader : Deputy Director
" Grant Aid Department
Japan International
Cooperation Agency (JICA)

2. Junji YOKOKURA : Project Coordinator: Basic Design Div.
' Grant Aid Department

JICA
[B] Study Team
1. Fumio TAMURA : Water Suppij o :.Chief.Engineer
Planning Engineer Japan Engineering Consultants

Co., Ltd.(JEC)

2. Hisao OGURI : Geo=hydrologist : Chief Engineer
' JEC
3. Tétsuro UsSUI : Water Supply Facilities : Chief Engineer
' Planning Engineer JEC

4. Masami MORISHITA : Pipe Line Engineer  : Engineer, JEC
5. Hisashi MUTO : Socio~-Survey. : Chief Engineer, JEC
6. Junjii OHAMA :.Sufvéy Coordinator : Administration Officer

' : ' JEC
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