4, Khormaksar Distriet

At present there are 19 pumping station and one comminutor station in this
distriet. All sewage is collected to comminutor station and thereby is
dischérged to Gulf of Aden. Existing sewerage system is shown in Drawing Nos. 8
to 8. Total planning area and flow rate are 806 ha and 24,373 m3/day,

respectively. Data for hydraulic calculation are as follows.

Area(ha) Flow Rate (m3/day)

Tareq Camp 41 2,447
Bader Camp 88 4,028
Seaside Area 39 -

Labor ISlandl- | 12 293

Residential'and

Public Zones _ 488 17,234
Ithmas- Camp ' 118 234
Ministry of Interior and

Airport Junction Area 20 137

Total 806 24,373

Hydraulic calcﬁlation have been carried out only for existing sewered areas.
Residential and pnblic zones have ten sewered area. Each area has one pﬁmping
station to transmit sewage to the comminutor station or another area. The
sewerage system in the district is illustrated schematically in Figure F.5.

Hydraulic calculation sheets of each area are shown in Tables F.6 io F.15.

As the result of the calculation, almost all sewers can be used for planning.
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0.026m3/s

Bader Camp Badr Area Happy Area
88.0ha (14, 3ha) (10.4ha)
0.006m3/s 0.004m3/s
B/S 'L’ Area P/S 'MW Area
0.047m3/s i (19.5ha)" (19.8ha) :
i - : T 0.014m3/s
P/5 'B' Area Gamal Are 0.012m3/s
(19.0ha) 6.003 (8.4ha)
m3/s
' P/S 'P’ Area
0.058m3/s (9.7ha)
P/S 'C’ Area 0.068m3/s 0.030m3/s
(23.3ha) b : :
Comminuter Sfation
0.04bm3/s
0.003m3/s
P/8 'E' Area P/S '@’ Area P/8 K’ Area
(21.7ha) 7 {11.6ha) (7.0ha)
0.012m3/s
0.003m3/s |
0.028m3/s
Police Station P/S
(3.%ha)
Tareq Camp P/S 'J’ Area
(41.0ha) (34.2ha)
0.006m3/s
0.008m3/s
Milk Factory Area P/S 'H' Area |
(13.8ha) (14.5ha)

Figure F.5 Sewerage System in Khormaksar District
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Tahle F.6  Hydraulic Calculation Sheet for L Area in Khormaksar
Sewerage Aréa Sewer Length Existing Sewer
No.oflFlow Area Total [LengthTotal |Design [Sewer [Slope VelocitySewer
Sewer|to Area Length [Flow |Dia. Capacity
ha ha n ‘n m3/s mm m/s m3/s
L1 0.6 0.5 1 4l 4110.000| 225 5.8 0.84 0.033
L2 13 0.7 1.2 87| 128770.000| 225| 5.8 0.86 0.034
' Flow from Badr Area (0.008m3/s) . B
L3 JL6] 0.7] 1.9] 37] 1656]0.007] 225] 5.6 0.84] 0.034
T4 0.9 0.8 110 110 ] 0.000] 225 5.6 0.84 0.033
L5 0.4 1.3 46 155 | 0.001 | 225 | 5.8 0.86 0.034
L6. | L9 0.4 3.6 79 244 1 0.007 | 225 | 5.6 0.84 0.034
L7 [Lg] 1.5] 1.6] 101] 101]0.001] 225] 5.6] 0.86 0.034
05 ] ] 0.7 T 55 551 0.000] 225] 5.6 0.84] 0.033
L8 jL13| 0.4 6.2 82| 326 0.009| 225 5.6 0.84 0.033
10 ~o 7] 071 88| 88 0.000] 225 6.5] 0.84] 0.033
L11 613 | 0.7] 1.4 88 177 [ 0.001 | 2251 5.5 0.84 0.033
L12 0.5 0.5 61 61 0.000 ] 225] 5.5 0.84 0.033
L13 0.2 8.3 37 363 | 0.009 | 225 | 5.6 0.84 0.034
L14 [P/S 8.3 8 370 0.009 | 225| 5.6 0.85 0.034
.15 1.0 1.0] 110 110 0.000] 225] 5.6 0.84 0.033
L16 1.0 2.0 101 2101 0.001 | 225] 5.5| 0.84 0.033
L17 1.1 3.1 82 293 1 0.001 | 225| 5.6 0.85 0.034
L18 [L27 0.2 3.3 6| 36910.00i] 225| 5.8 0.86| 0.034
119 0.7] 0.7] 78 79[ 0.000] 225] 5.6] 0.84] 0.034
L20| | 0.8 1.5 82 162 | 0.001 ] 225 5.5 0.64 0.033
L21 |[L24 0.2 1.7 64 226 | 0.001 | 225| 8.9 1.06 0.042
1,22 0.7 0.7] 110 1101 0.000 ] 2256] 5.8 0.84 0.033
123 0.8 1.3 941 20410.001| 225] 6.8 0.93 0.037
L24 (127 0.2 3.2 55 280 | 0.001 | 225 13.3 1.30 0.052
L.25 1.0 .0 104 16470.000] 225] 5.8 0.84 0.034
L26 0.6 1.6 107 21010.001 ] 225| 5.7 0.85 0.034
.27 {P/S 8.1 21 390 { 0.003 | 225 4.3] 0.74 0.029
L2830] 0.8] 0.8] 34} 34]0.000] 225] 5.5] 0.83] 0.033
;gzs 1.0 1.0 27 2710.000] 226] 6.6 0.84 0.033
1.30 0.6 2.4 101 134 | 0.001 | 225 5.5 0.84 0.033
.31 0.6 3.0/ 101 23510.001 | 225} 5.7 0.85| 0.034
L32 B/s|. 1 3.0 18 2531 0.001 | 285| 5.0 0.80 0.032
Flow to Pl Sewer (0.014m3/s) '



Table F.7 _ Hydraulic Calculation Sheet for M Area in Khormaksar

Sewerage Area |Sewer Length | _ Existing Sewer
No.oflFlow Area Total [LengtiTotal [Design [Sewer [Slope. [VelocitySewer
Sewerto : Area Length |Flow Dia. : Capacity

ha ha m m | m3/8 L nm ' m/s m3/s
M1 - 5.8 5.8 (. 43 . 4370.002 2201 5H.6 0.84 0.034 |
M2 0.4 6.2 34 76 {10.003} 22h| 5.6 0.85 0.034
M3 N 6.3 6.5 82 158 §{ 0.003 2251 5.9 -0.87 0.035
M4 MI10 0.8 7.1 107 2661 0.003 225 5.7 0.85 0.034
M5 [ M7] 1,7] 1,7] 8] 91]0.001] 225] 5.3] 0.82] 0.083
M8 - 1.0 1.0 91 91 1.0.000 225 5.3 0.82 0.033
M7 M9 | 0.8 3.5 73 1656 | 0.001 226 5.8 0.86] 0.034
' Flow from Happy Area (0.004m3/s) ' ' C '
M8 3.0] 3.0 162 1652 [ 0.005 ] 2265] 5.6 0.85| 0.034
M9 1.3 7.8 88 253 [ 0.007 | 225 5.5 . 0.84 0.033
M10 M15 0.5 15.41 b2 317 | 0,010 | 225 5.9 0.87 0.034
M1t | 1.7 1.7 110 .. 110 ] 0.001 226 5.8 (.84 0.033
M12. 1.7 3.4 40 149 1 0.001 225 4.0 0.71 0.028
M13 0.4 3.8 34 183 | 0.002 225 7.1 "0.95 0.038
M14 _ 0.7 4.5 37 2191 0.002 225 5.8 0.86 0.034
M15 |P/S. |- 19.9 3 320 | 0.008 225 6.0 0.87 0.035
Flow B

to P1 Sewer (0.012m3/s)

Table F.8 Hydraulic Calculation Sheet for P Area in_Khormaksar

Sewerage Area

Sewer

Existing'SéweP

Length 1
No.oflFlowl Area Total LengthTotal: Decign {Sewer [Slope [VelocitylSewer
Sewerito 1 Area “[Length {Flow Dia. Capacity
" ha ha m m | m3/s mnm m/s mn3/s
Flow from P/S 'L & ¥’ (0.026m3/s) - ' . S
Pl - 0.5 0.5 b9 591 0.028 375 4.6 .1.07 D.118
P2 0.6 1.1 - 44 104 | ¢.026 36| 4.2 1.03 0.114
P3 0.9 a.0 1 62| 168 | 0.027 37h | 3.2 0.90 0.099
P4 1.8] 3.6 107 273 0.027 375 3.3 0.91 0.100
PH 1.4 5.0 93- 366 | 0.028 375 3.1 0.88 0,097
PB 1.9 6.9 120 4861 0.028 3781 3.2. 0.90 -0.099
p7 1.6 8.5 30 517 1 0.029 375 | 3.0 0.87 0.096
P8 - 1.2 9.7 107 6231 0.030 | 375 2.7 0.82 0.091
P9 p/S 9.7 51 "628[0.030} 376 ] 8.7 1.30 0.143 |
Flow to Comminuter Station (0.030m3/s) '




Table F.9 Hydraulic Calculation Sheet for B Area in Khormaksar
Sewerage Area |Sewer Length : Existing Sewer
No.oflF low Area | Total [LengthTotal [Design {Sewer [Slope VelocitySewer
Sewer|to Area ihength |[Flow -~ Dia. Capacity
' ha ha m o m m3/s mm m/s m3/s
B1 1.6 1.6 101 1011 0.001 226 | b.b 0.84 0.033
B2 1.3 2.9 98] 1881 0.001 225 5.5 .84 0.033
B3 |B7| 1.4 4.3] 104| 302]0.002] 2256] 5.6 0.84]| 0.034
Flow from Badr Camp (0.047m3/s)
B4 2.6 2.6 107 | 107§ 0.048 300 4,2 0.89 0.063
BS 0.7 3.3 .61 168 1 0.048 1 300 6.4 1.09 0.077
B6 1.0 4.3 78| - 245 {0.049 300 6.4 1.10 0.078
B iz | 1.0| 9.6] 116| 418]0.061] 375| 2.7 0.82{ 0.091
B8 0.9 - 0.9 70 701 0.000{ 226 1-5.6 0.84 0.033
B9 0.9 1.8 BT 137 |-0.001 225 b.b 0.84 0.033
B10. 1.1 2.9 1160 247 | ¢.001 225 h.6 0.84 0.033
B11 1.1 4.0 104 3511 0.002 225 5.6 0.84 0.034
B12 iP/S 0.2 13.8 40 | 457 | 0.083{ 37h 2.7 0.82 0.081
B13 2.0 2.0 .107 107 ] 0.001 225 b1 -0.8b . 0.034
Bi4 1.1 3.1 104 210 | 0.001 225 b.4 0.83 0.033
Blb |- 1.1 4.7 88 299 | 0.002 | 22b| 5.6 0.85 0.034
Bi6 [P/S 0.5 4.7 52 | 3b1] 6.0062| 225] 5.8 0.84 0.034
Flow from Gamal Area (0.003m3/s) ' .
B17 [p/S| 0.5] 0.6] 12] 12]0.008] 225 5.5] 0.84] 0.033
Flow to Ci Sewer (0.058m3/s) .
Table F.10 Hydraulic Calculation Sheet for C Area in Khormaksar
. |Sewerage Area [Sewer Length | - Existing Sewer
No.of[Flow| Area | Total [LengthiTotal [Design [Sewer [Slope [VelocitySewer
Severjto | _Area - iLength [Flow |Dia. ' |Capacity
ha ha m o m m3/s. | mm mn/s | m3/s
' Flow from B/S "B’ (0.058m3/s) . . -
Cl 1.2 1.2 89 89 0.05h8 375 4.8 1.10 0.121
£2 | Ch 1.7 2.9 108 197 0.069 ] 3761 4.8 1.10 0.121
C3 3.6 3.5 82 82 |:0.001 225 5.6 0.84 0.033
c4 1.6 5.1 82 165 | 0,002 | 225 5.6 0.84 0.033
Ch 0.3 8.3 72 269 | 0,081 | 375 2.7 0.82 0.091
¢6 Jcl0| o0.4] 8.7| 59| 328|0.062| 375| 2.9] 0.86| 0.095
7T 3.0] 3.0 1067 105[0.001] 225] 5.5] 0.84] 0.033
ca |C10 1.3 4.3 102 207 (0,002 | 225 5.7 0.85 0.034
C9 2.5 1. 2.5 118 116 0.001 225 5.8 0.86 | 0.034°
¢10 [P/S 0.4 15.9 43 371 1°0.064 375 2.7 0.83| 0.091
c11 3.1 3.1 851 85| 0.001| 225} 5.6 0.85 0.034
ciz| 1.0 4.1 85| 171 0.002 ] 225| 5.6 0.85 0.034
C13 |C16 1.1 .2 861 266 | 0.002| 22h |- B.B 0.84 0.034
14 ' 1.8 1.8 85 86 0.001 1 225 5.4 0.83 0.033
Ci5 p/s ] 0.4 7.4 731 3291 0.003| 225 5.4 0.83 0.033
~Flow to Comminuter Station (0.068m3/s) -
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Table F.11

Hydraulic Calculation Sheet for B Area in Khormaksar

Sevwerage Area [Sewer lLength Existing Sever
No.of|Flow Area | Total |[LengthTotal [Design [Sewer [Slope [VelocitySewer
Sewer/to Area Length [Flow -Dia. - Capacity

ha h m m m3/s | . mm S l.om/s m3/s

El 2.4 -2.4] . 88 88 1.0,001 225 .51 0.84 0.033
E2 0.8 3.2 | 88 177 [ 0.001 2261 5.5 -0.84 0.033
E3 [E6|. 0.9 4.1 B8 265 0.002 1 2254 5.5 0.84 0.033
E4 z2.1 2.1 76 76 | 0.001 226 H.6 0.85 | 0.034
E5 0.8 3.0 76 152 | 0.001 225 5.8 0.85b 0.034
E6 [Ri1D 0.7 7.8 72 3371 0.003 ] 225 5.1 0.81 0.032
E7 3.0 3.0 .88 88 [ 0.001 225 5.5 0.84 0.033
‘E8 1.1 4.1 88 1 177 10.002 2261 b.1 0.85 0.034
E9 | 0.9 5.0 881 265 |0,0021{ 2251 -6.0 0.88 0.035
E10 P/S 0.9 13.7 B2 - 389 | 0.006.] 22h 6.1 0.88. 0.035
} Floy from Police Station B/S (0.002m3/s) _

Ell 1.9 5.8 79 79 | 6.0021 2251 5.9 0.87 0.034
E12 1.2 7.0 19 167 10.003 | 226 5.9 0.87 0.034
Ei3 |E16 0.9 T.9 167 264 { 0.003 225 5.9 0.87 §.034
Ei4 2.6. 2.6 76 76 10.001 225 .bh.6 0.85 - 0.034
E1b 1l 1.0 3.6 -64; 140]0.001 | 226| b.6 0.85 | 0.034
El6 [P/S| 0.4 11.8 68 3321 0.0805 2251 5.8 0.87 0.034

Flow to G14 Sewer (0.012m3/d) : '

Table F.12 Hydraulic Calculation Sheet for G Area in Khormaksar

Existing Sewer

Sewerage Area Sewer Length
No.offFlow Area Total LengthlTotal |Design [Sewer [Slope VelocitylSewer
Sewer|to ‘ Area \Length IFlow Nia. {Capacity.
ha ha m m m3/s mm m/s . | m3/s
Gl 1.3 1.3 61 610,001 225 5.8 0.88 0.034
G2 . - 0.6 1.9 58 1191 0,001 2258 b.3 0.82 0.033.
63 1.0 2.9| 67| 186 0.001 | 225{ 6.1 0.88 1 0.035 |
G4 G7 0.6 3.4 67 253 1 0.001-] 22b 5.3 0.82: ‘0.033:
GbH 1.2 1.2 62 621 0.001 1 225 5.8 | 0.84: 0.033
Gs | | 0.5 .7 62| 125 0,001 295 | BT 0.85] 0.034 |
G7 i 0.3 5.4 49 302 ] 0.002] 2261 5.5 0.84] 0.033
G8 1T 1.1 g2 82 | 0.001 225 5.6 0.84 0.033 |
G3 0.7 2.4 431 1251 0.001 | 22b) 5.7 0.85 “0.034°
G110 0.6 3.0 82 . 207 | 0,001 225 b.B 0.84 "0.033
G611 [P/S 8.4 12 314 ] 0.004 2261 B.b 0.841 0.033]
G12- 1.1 1.1 110 110 [ 0.000}1 2261 5.6 0.841 0,033
G13 G17 0.7 1.8 88 198 1 0.001 | 225 5.5 0.84] 0,033
~ Flow from P/S "E' and: Tareq Camp (0.040m3/s) - -
G1a| | 0.3] 0.37 5] ©65]0.040] 300] 5.6 1.02]  0.072
G156 0.4 .07 40 - 894 1.0.0401 300 b.b° 1.02 0,072
Gl6 | - 0,7 1.4 72 166 { 0,041 | .300] 5.6 1.02 0.072
G17 |P/S 3.2 21 2191 0.041 300 [ 7.4 - 1.17 0.083
Floy to Comminuter Station (0.04b6m3/s) '




Table .F.13 __Hydraulic Calculation Sheet for K'Areg in Khormaksar
Sewerage Area [Sewer Length Existing Sewer
No.ofiFlow Area Total [LengthTotal [Design [Sewer [Slops |[Velocity|Sewer,
Sewerjto Area Length |Flow |Dia. Capacity
i ha ‘ha m I m3/s mo m/s m3/s
K1 ' 1.3 1.3 h2 52 1 0.001 | 226 | :b.6 0.84 0.034
K2 6.5 1.8 43 841 0.001 226 | 5.5 0.84 0.033
K3 0.9 2.7 34 128 | 0.001 226 | 5.5 0.84 0.033
K4 _P/S 0.9 3.6 34 182 1 0.001 225 6.1 0.88 '0.03h
G T.4] 1.4 40| 40[0.001| 225] 5.5 0.84] 0.033
K6 | 0.9 2.3 61 1011 0.001 220 ) 5.6 0,84 0.033
K7 [P/S 1.1} 3.4 61 162 1 0.001 225 h.9 0.86 0.034
ik Flow to Comminuter Station (0.003m3/s)
Table F.14 Hydraulic Calculation Sheet for H Area in Khormaksar
B E Seweragé Area [Sewer Length Existing Sewer
Ho.oflFlow Area Total [LengthTotal |[Design {Sewer [Slope |VelocitySewer
Sewerfto | Area Length Flow iDia. ' Capacity
ha . ha | m m m3/s | mm ‘m/s m3/s
Hi 0.5 0.5 91 911 0.000 225 5.6 0.84 0.033
H2. 0.7 1.2 91 1831 0.000 226 | 'b.5 ~0.84 0.033
H3 H6 | 0.1 1.3 34 216 1 0.001 2251 b.b 0.83 0.033
H4 0737 0.3] 85] 85]0.000] 225] 5.4] 0.83] 0.033
Hb 0.3 0.6 85 1711 0.0600 225 3.8 1.12 0.044
H6 [H14 0.3 2.2 79 296 | 0.001 225 .6 0.84 0.034
BT | 1.8 18] 76] 76[0.001] 225] 5.6] 0.85] 0.034
8 |§10] 0.8 2.6] 76| 152]0.00i| 225] 5.6] 0.85] 0.034
H9 0:5 0.5 67 67| 0.000 225 5.5 0.83 0.033
"HI10 |H13 0.1 3.2 34 186 ] 0.001 2251 5.5 0.83 0.033
H11 1.1 1.1 85 85| 0000 925 5.7 0.85 0.034
H12 1.4 2.5 59 145 |1-0.001 225 8.7 0.92 0.037
H13 | : 0.2 5.8 16 262 | 0.002 22h 7.6 0.98 0.039
H14 P78 8.1 9| 305(0.003| 225 6.7 0.92] 0.037
Flow to J7 Sewer (0.006m3/s) '




Hydraulic Calculation Sheet for J Area in Khormaksar

Table F.1b
ISewerage Area [Sewer lLength - _ Existing Sewer
No.oflFlow Area | Total [Lengthfotal Pesign [Sewer [Slope [VelocitySewer
Sewerlto | Area L.ength |Flow - [Dia. ' Capacity
“ha ha m m m3/s i m/s m3/s
J1 1 29,11 27.1 116 110 0.011 . 225 (.56.6 0.84 0.033
J2 Jbi 2.2 29.31° 70 180 | 0.012 225 .7 0.85 0.034
J3a 0.8 0.8 16 ©- 154 0.000 225 5.6 0.85 0.034
J4 0.1 0.9 27 431 0.000 225 [ 5.2 0.82 0.032
J5 0.6| 30.8| 30] 210]0.013| 225| 6.0]  0.87| 0.035
Jg [g11{ 0.5 31.3 -87 - 29710.013 225 5.h 0.84 0.033
Flow from P/S "H' and Milk Factory Area (0.012m3/s) '
J7 0.9 0.9 .98 98 | 0.012 3004 3.7 0.83 0.058
I8 T0.2| 1.1] e1] 68| o0.012| 300| 3.6| 0.82| 0.058
J9 0.8 1.9 113 272 | 6.013 | - 300 3.8 0.82 0.0568
J10 1.0 2.9 37 308 | 0.013 300 8.9 1. 29 0.091
Jl1l B/s : 34.2 10 319 | 0.026 | 3758 2.9 0.86 0.08%
Flow to Comminuter Station (0.030m3/s)




5. Crater District

The whole district has already been covered by sewerage system as shown in
Drawing No. 6. There are two pumping station in this district. Data for

hydraulic calculation of existing sewers are as follows.

‘Planning Area 1 235.0 ha
Flow Rate 29,268 m°/day

Crater district was divided into three categories depending on population

density and story of buildings. Flow rate of each category is shown in the

following.
Category Area(ha) Flow(m3/day) Flow(ms/s/ha)
45.0 7,265 0.00187
111.6 14,'399 0.00149
c 78.5 _ . 7,604 : 0.00112

Total - 235.0 29,268

Results of hydrauliec calculation are shown in Table ¥.16. As shown in the table,

capacities of all sewers are sufficient to gravitate design flows.
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Figure F.7 Checked Sewer Lines in Crater District
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Table F.16 Hydraulic Calculation Sheet for Existing
' Sewer System in Crater
. . |Sewer Length Existing Sewer
No offFlow Area Flow [LengthfTotal [Design [Sewer [Slope |[VelocitySewer
Sewerito L fe Length [Flow |[Dia. | Capacity
' ha | m3/s mo mo | m3/s mm m/s m3/s
1] g.4[0.011 | 112 112 |10.011 ] 225} 1b.8 1.41 0.0b6
2. 0.810.0014 118 231 10,0121 22b1}18.6 1.58 0.083
3 3.2 0.004 109 340 0.016 225 | 17.9 1.51 0.060
4 3.8 0.0086 80 -420 1 6.022 | 225 | 14.0 1.34 0.053
5[ 91 5111 06.022 ] 285 [ 17.7 1.50 0.0860
6 4.210.0606 | 18 530 | 0.028 | 2251 8.3 1503 0.041
7 ' _ - BT 537 | 0.028 | 225 | 8.1 1.08 0.043
8 4.8:0.0065] 110 707 [ 0.034| .225| 8.3 1.03 0.041
g - _110. 816 1 0.034 | 225 | 8.9 1.07 0.042
10 1.3 0.001 48 864 0.035 | 226 10.9 1.18 0.047
11 e ' 91 955 | 0.035 | 225 10.0 1.13 0.045
12 . . 54 | 1,009 | 0.036 | 225 10.4 1.15 0.048
13 17.410.026 24 11,034 ]0.061 [ 300/ 10.56 1.41 0.100
14 ©3.8{10,004] 105]1,138|0.06b6| 300 8.3 1.25 0.088
1527 1.11]0.001 7111,210]0.087 | 300 8.1 1.23 0.087
16 2.0 1 0.004 67 671 0.004 | 225 15.9 1.42 0.0b7
i1 b2 1. 119 ) 0.004 2251 11.8 1.23 0.049
18 37 - 156 | 0.004 225 | 16.7 1.48 0.058
19 2.0 0.004 37 192 [ 0.007 225 8.3 1.03 0.041
20 | 25 34 226 | 0.007 295 9.1 1.08 0.043
21 3.3]0.006] 45 45 [ 0.005 | 225 ] 27.0 1.86 ] 0.074
22 1.1 10.002 43 83 | 0.007:] 22b4 14.9 1.38 0.055
23 ~0.9]0.002 371 124 10.008 [ 225 14.9 1.38 | - 0.065
24 : 104 228 10,008 | 225]12.2 1.25 0.050
25 100 | 328 |0.016| 225] 0.1 | 0.88 0.035
26 | - 1041 432 ]0.016| 225| 8.8 1.06 | 0.042
27 | 30 1.7 0.003] 7911,289 [ 0.085| 400 11.6 1.78 0.224 |
.28 0.6 10.001 86 86 | 0.00]1 225 9.6 1.11 0.044
29 5.2 1 0,008 97 183 | 0.008 225 8.3 1.63 | .0.041ﬁ
30§ 33 79 {11,368 | 0.094 | 400 ] 11.86 1.78 0.224
31 0.71}1.0.,001]: 8b 85 | 0.001 | 225110.8 1,17 0.047
32 1.3§10.0027| 103 ] 188 0.004 1 225 10.8 1.17 0.047
33 - 1 79 | 1,447 1 0:097 ] 400 [ 11.3 1.81 0.227
34 7.9]0.009| 581,506} 0.108; 400} 3.9 1,031 ~0.130
. 35} b7 ' 65| 1,571 1 0.1061 400! 5.8 1.24 0.158
36 6.410.010| 76 761 0.010 | 300 11.3 1.456 0.103
37 ' 73 149 {1 0.010 | 300].10.8 1.42 0.100
38 ~ 110 259 1 0.010 | 300} 10.0 1.374 - 0.097
39 1 41 109 3671 0.010 3001 16.0 1.73 0.122
40 8.3/10.009] 71 711 0.009 2251 37.7 2.19° 0.087
41 . §.2]0.012 76| 443 [0.031 | 600 | 7.2 1,84 0.521
42 | b0 _ 110 554-10.031 | 600 -6.9 1.80 0.510
43 2.0]0.004 82, 621 0.004 | 225 ]15.7 1.41 0.056
44 73 135 | 0.004| 225 21.% 1.66 0.068
45 53 188 | 0,004 | 2251 12.7 1.27| 0.051
46 | 29 217 | 0.004 | 225 12.7 1.27 6.061
47 | B0 38 263 1 0,004 | 225 12.7 1.27 0.051



48 5.6[0.010]. 85 85]0.010] 225] 6.0 0.80 0,032
49 100 185 |0.010] 2265] 4.9 0.79 0.031
50 | . _ 20 574 | 0,045 600 5.3 1,58 0.447
51 5.7 0,011 37 611 ] 0.056 | 600 5.3 1.58 0.447
52 | 56 98 709 | 0.056 | 600 | 4.2 1.41 0.398
53 4.7710.009 90 90 { 0.009 | 22b] 2.7 0.59 0.023
54 | 56 - 101 192 1 0.009 | 226] 2.7 0.59 0.023
55 3.7710.007 35 35]0.007] 225 |14.8] "1.37 0.055
56 66 | 775 0.072| 600 | 2.3 1.04 0.294
57 76 | 1,647 | 6.178 | 750 | 0.8 0.71 0.315
58 . 26 { 1,673 [0.178 | 760 | 0.8 0.71| 0.315
53 5.010.009 50 11,723 [ 0.187 | 750 | 0.8 0.71 0.315
60 - 11411,837 | 0.1871 750] 0.8 0.71 0.315°
61163 91[1,928 [ 0.1871 7501 1.0] 0.80 0.352
62° 26.910.040 [ 302 302 [ 0.040 | 100 [ Force Main from P/S
62 ) 102 404 | 0.040 | 225 | 11.4 1.21 0.048
63 | 102 | 2,030 | 0.228 | 750 | 0.8 0.76 0.334
6481 83 [ 2,11310.228 | 760 | 1.1 0.84 0.369
B85 4.5 ]0.005] 126 126 | 0,005 225] 51.5] 2.586 0.102
66 111 237 | 0.005 | 225 | 45.5 2.41 0.096
67 ﬁv 95 332 | 0.005] 2257740.7 2.28 0.091
68 : 108 440 ] 0.005] 225 18.3] 1.53| 0.061
69 14.3 | 0.016 | 46 486 | 0.021 | 225 | 16.7 1.4¢ 0.058
70 | 72 50 636 | 0.021 | 225 18.1 1.52 0.060
71 5.9 [0.009] 102 10270.009] 225 3.9 0.71 0.028
72 3.8 0.004] 85 621 ] 0.034 | 225 15.5 1.41 0.056
73 90| 710]|0.034| 225|15.8| 1.42] 0.056
74 | 76 . 60 771 1 0.034 | 225 | 16.2 1.44 0.057
75 3.910.004] B2 64 ] 0.004] 225 3.6] 0.68] 0.027
78 3.6 0.007 86 | BE7 | 0.045 | 300 | 14.8 1.66 0.118
77 85 942 [ 0.045} 300 5.4 1.01 | 0.071 |
18 17.310.029 52 994 | 0.074 | 400 3.5] 0.98 0.123
L 79 [ 1,073} 0.074| 400 | 3.5 0.98 0.123
80 78 | 1,151 ] 0.074 | 400 | 3.5 0.98 0.123
81 12.9 1 0.019 | 112! 2,225 |0.321 | 760 | 1.5 0.98 0.431
§2 1011 2,326 | 0.321 | 750 1.5 0.98 0.431
83 30 | 2,356 | 0.321 | 750 | 2.5 1.27 0.660 |
84 62,362 ]0.321 | 750 ] 1.0 0.80 0.352
85 11]2,373]0.321 | 900} 0.8 0.81 0.518

to Main Pumping Station
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APPENDIX G

DESIGN OF SEWAGE TREATMENT PLANT AND PUMPING STATION

1. Design of Sewage Tfeatment Plant
1.1 lgﬁroduction

This section presents design of seWage treatment plant carried out on the basis
of modified sewage flow and characteristics in Section 3.4 .of the main report.
Design eriteria and standards described in'the following subsections are those
which are intefnatidnally accepted. Conditions in the study area which will
affect the design of treatment plant have been carefully examined and

determined. These are also described helow.

Treatment capacity is the sewage flow rate in 2010, which is expected to be
produced in the four distriets, viz. Ma’élla, Tawahi, Crater and Khormaksar.
Staged construction up to 2010 to keep pace with the implementation program is
considéred. As a result, the major treatment works, i.e. stabilization pond
system are divided into three process trains, the first one for the first phase
program'up to 2000, and the remaining-two trains for the second phase program
up to 2010.

Treatment goals are set taking into account envirommental protection for the
receiving water, i.e. Khormaksar beabh, and future reuse of effluent for
growing greenery. Permissible levels of BOD concentration and coliform number
of.the effluent are set at 60 mg/l and 100/100m1 respectively. In order to
achieve this goal and minimize the cdnstrucf&on'cost, process train consisting
of_aﬁ anaerobic pond, a facnltati#e pond and two maturation ponds in series is
adopted. However, for the first phase construetioﬁ, anaerobic pond is divided
into two ponds taking into maintenance work, i.e. periodical desludging of the

pond.

Ancillary works necessary for operation and maintenance of the treatment plant
- have .also been designed and described briefly. These include administration
building comprising offices and a laboratory and inlet works for flow

measurement.



Water levels in each treatment facility and levels of embankment have been
determined considering many factors, such as tide levels at.discharging point,
present ground level at the site and minimum volume of earth work for
embankment. Hydraulic calculation of the water levels is described in detail in

this section.

Finally, configuration of embankment has been designed to satisfy engineering
requirements and minimize construction cost. Since soils at site can not be
used and-Soils-for embankment should be transportéd from-other places, volume
of embankment will affect the construction cost significantly. Configuration of
embankment'has been designed carefully in this.regard. Volume of earth work

inciusive of embankment has been calculated.

1.2 Design Basis

Flow rate (Daily average in 2010) : 48,769 ma/day-
Influent BOD 250 mg/l
Effluent BOD ' 60 mg/1
Number of coliform groups (Fc) Influent 1X 107_/100m1'
Effluent 100 /100m1
Temperature 25° ¢ {Minimum monthly aVeragé, January)

Treatment plant has three process irains. Flow rate for one train is;
48,769 / 3 = 16,256 m°/day.

Flow rate of the first phase program which is produced in Ma’alla and Tawahi in
2000 is;

10,500 + 5,835 = 16,335 mS/day

1.3 Ahaerobic Pond

In order to reduce the total area for treatment and_ensure efficient removal of

organic pollutant, anaerobic pond is provided ahead of facultative pdnd.

Design criteria and calculation are described below. Figures in parenthéses.are
those for the first phase program (facultative and maturation ponds design ‘is
presented in the same manner). '



Retention time 1.5 day

Effective water depth 3.0m
Avea for need 16,256 X 1.5 / 3.0 = 8,128 (8,168) m?
Size | Width 80 m X Length 140 m X Depth 3.5 m
Area - 80 X 140 = 11,200 m?
Volume 11,200 X 3.0 = 33,600 m°
Retention time 33,600 / 16,256 = 2.07 (2.08) day
Population 231,300 / 3 = 77,100 (102,900)
Accumulatidﬁ for 5 years 0.04 X 77,100 X 5 = 15,420 (20,580) m3
Accumulation depth 15,420 / 11,200 = 1.38 (1.84) m
BOD loading 16,256 X 250 X 1073 = 4,064 (4,084) kg/day
BOD areal loading 4,064 / 1.12 = 3,629 (3,646) kg/ha/day
R _ (1,000 ~ 6,000)
" BOD volumetric loading 4,064 / 33,600 = 0.12 {0,12) kg/m3/day
(0.1 - 0.4)
'BOD removal rate 60 %
Effluent BOD ' 250 X (1.0 - 0.6) = 100 mg/1

Effluent number of coliform group

NerNi/(1+KbXt)
where, Ne : effluent number of'coiiform group
Ni : influent number of coliform group
Ky, ¢ first order rate constant
Ky = 2.6 (1.19)T720 = 6.2 at 25°C
t : retention time
No = 1X 107 / (1 +6.2X2.07)

It

7.24 X 10° (7.27 X 16%) /100ml

Minimum requirement for retention time is considered to be 1.5 days, but in
determining the dimensions of pond, sludge accumulation is eritical. Therefore
area and volume of pond are determined by allowable depth of sludge

accumulation, resulting in longer retention time.

1.4 Facultative Pond

3

BOD loading 100 X'16,256 X 107> = 1,626 (1,634) kg/day
Minimum retention time 5 days

Efféctive water depth - 1.5 - 2.0 m

“Area for need - 3.69 (3.71) ha



From McGarry and Pescod’s experimental formula, maximum BOD areal
loading is;

Spax = 11.2 X (1.054)T

‘= 643 (kg/ha/day} -at T = TT°F (= 25°C)

Standard BOD areal loﬁding by the simplé formula recommended by World
Bank manual is;

8§ = 20T - 60,
and at T = 25°C, BOD loading is;

8§ = 440 kg/ha/day . .
In comparison of these two'figures, the latter is adopted to allow
safety factor. Thus, area for need is ;

A= 1,626 / 440 = 3.69 (3.71) ha

Size wWidth 140 m X Length 360 m X Depth 1.65 m

Area | _ 50,400 m2 '

Volume ' 83,160 m3

BOD areal loading 1,626 / 5.04 = 323 (324) kg/ha/day
Retention time . 5.12 (5.09) day

For the design of facultative pond, following factors have been considered.

-~ BOD areal loading is less than 440 kg/ha/day.

- Retention time is more than 5 days.

Retention time is more eritical in this case. Thus area is determined by the

retention time of 5 days with effective water depth of 1.65 m (effective water

depth, see subsection 1.8).

Effluent BOD 34 (34) nig/l _
BOD removal is assumed to be first-order reaction. Equation
of effluent BOD is;

Le = Ly / (1 + K& Xt),

e
where: Ly = Effluent BOD {mg/1)
L; = Influent BOD {mg/1)
'Ky = First order rate constént
K, = 0.3 (1.05)T720
Kl = 0,38 at T = 25°C

t = retention time.

G-4



Therefore,

Lo = 100 / (1 + 0.38 X 5.12) = 34 (34) mg/1 < 60 mg/1, OK
Eff. No. of coliform group Ne = 7.24 X 10° / (1 + 6.2 X 5.12)
- 2.21 X 104 (2.23 ¥ 10%) / 100ml

1.5 Maturation Pond

Since the reduction process of coliform group number follows first order
kinetic model, multiple number of maturation pond is more efficient than single

pond of the same capacity. Two serial maturation ponds are considered.

Retention time Ne = Ny /(1% Ky X t )2
where, N; : influent number of coliform group
Ng @ effluent number of coliform group
(100 /100ml)
Kb . 8.2
t : Retention time
Therefore,
t = {(N; / NP - 131/ Ky)

t

((2.21 x 104 / 1.0 x 10%)%-5 - 1}(1/6.20)
2.24 (2.25) day

It

For the design of maturation pond, total retention time should be more than 5

days. In case of two serial ponds, each retention time is more than 2.5 days.

Depth 1.0 - 1.5 m _
Size First Width 140 m X Length 200 m X Depth 1.5 m
Second Wwidth 140 m X Length 220 m X Depth 1.35 m
Area First 28,000 m2 '
Second 30,800 m?
Volume First 42,000 m3
. Second - - 41,580 m3
Retention time ~ First 42,000 / 16,256 = 2.58 (2.57) day
' Second 41,580 / 16,256 = 2.56 (2.55) day
Effiuent number of coliform group
First 1,300 (1,320} /100ml
Second 77 (79) /100m) < 100/100ml; OK

Total retention time of one train is 12.32 (12;26) days. Dimension of each pond



are ‘so determined as to arrange all the ponds in a long rectangle to minimize
length of pond connection which in turn minimizes head losses. Arrangement of

ponds is shown in Figure G.1.

1.6 Evaporation Loss

Water loss by evaporation can not be neglected sincé the -pond system has a
huge water surface area and the effluent is expected to be reused for
irrigation purpbse.'Evaporation losses in the ponds are as follows. The
concentrations of inorganic components will be condensed 1.08 of the raw

sewage.
Daily average evaporation rate 9.7 mm/d

Water losses

Anaerobic pond " 11,200 X 9.7 X 1073 = 109 m3/d
Facultative pond 50,400 X 9.7 X 1072 = 489 md/d
Maturation pond 58,800 X 9.7 X 1073 = 570 m®/d
Total : 1,168 m3/d
Condensing facior 18,256 / (16,256 — 1,168) = 1.08

1.7 Other Facilities

(1) Administration building

The administration buiiding has been designed based on the following

assumplions and requirements.

a. Total staff number stationed in the building'including administrative,

laboratory and operation are 12 persons at full operation of the plant.
b. Administration building consists of following rooms.
- administrativé office

- laboratory

- Wworkshop
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- store
- worker's room
- small kitchen and toilet

¢. Space requirement for administrative office is 10 m2 per person.

d. Laboratory space of 50 m2 has bheen provided considering minimum

requirement for day to day analysis work and some allowances for extra

works.

As a result, spaces to accommodate above mentioned requirements total about 256

mz. All the building and equipment will be provided in-the first phase program.
{1) Inlet works

Inlet works has the following facilities.

Re¢eivin§\ﬁell

'Manually'opérated_bar screens

Parshall flumes fTor flow méasurement

outlet chamber for even distribution

Ancillary works
The inlet works is divided into two parallel units, i.e. two sets of bar
screens and Parshall flumes. All the civil and architectural works will be

completed under the first phase program. Mechanical and electrical equipment

will be installed only for one unit.

(3) Inlet and outiet of pond

Inlet and oﬁtlet of each pond are provided diagonally to minimize short circuit
of flow. Fach pond has a outlet chamber for keeping water level by adjustable
weirs.

(4) Connection pipe-

Pond connection is provided by ductile cast iron pipes with suitable diameters

'dalculatéd from velocities {see subsection 1.8).
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(5) Distribution well

A distribution well is provided for the first phase construction, since two
anaercbic ponds are constructed and isolation of one of the ponds is required
periodically. '

{6) Discharging channel

bischarging channel for effluent disposal to sea will be provided by an open

channel. At the crossing of Abyan Road, box culvert will be constructed.

1.8 HYdfaulic Calceulation

In order to determine the water levels in the ponds, hydraulic calculation has
been carried out. Head losses are calculated along the critical passes of flow,
i.e. the longest route from the inlet works to the discharging point. Water
levels are determined based on the head loss calculation and - present ground
level of the site as well. The basis and elements of the calculation are

described helow together with the results.

(1) Sewage Flow Ratle

Hydraulic calculation is done baSed on the peak flow for crifical water levels

and the daily average flow for representative water levels.

Total Peak Flow 94,393 m®/day or 1.093 m®/sec
_ Daily Average 48,769 m3/day or 0.564 m3/sec
Per Train Peak flow 0.364 m°/sece

Daily Average 0.188 m3/sec

{2) Sea water Level

Water levels at diséharging point are determined as follows referring to tide
levels at Steamer Point. Highest high water level is used for hydraulic

calculation to ensure smooth flow at any time.

Highest High + 2.59.m
Mean High + 1.93 m

G-8



Mean Low + 0.82 m
Lowest Low - 0.26m

(3) Equations

For the calculation of frietion losses and over flow depths at weirs, the’

following equations are used.

a. Veleoecity Eguation

Manning Formula Vo= RZ/B-IU2
n
where, v : Velocity
" n : Roughness coefficient
- R : Hydraulic mean debth
I : Hydraulic gradient

bh. Critical Depth of Trapezoid Open Channel

3/ BQ?

h, =

3
g (B - 3h,)

where, h, : Critical depth
B : Water surface width
Q@ : Flow rate

g : Gravity accelation speed

- ¢. Overflow water Depth

. : Q
Francis formula h = ( ——— )2/3
1.84 B
whefe, h : Overflow water depth
Q : Flow rate
B : Length of overflow section

(4) Caleculation of Water Level

:Results of calculation'is shoWn in Table G.1 and water levels at major points

‘of treatment plant are illustrated in Figure G.2.
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1.9 Embankment

The slope gradient of embankment is 1 : 3 on the wet side and 1 : 1.5 on the
dry side. Freeboard is more than 0.5 m. Slope protection on the wet side
against erosion caused by wind-induced waves is placed from top of thé slope to
0.5 m below water surface. Width of the top of embankment is 3 m. Typical cross
sections of the embankment are shown Figure G.3. Material of embankment will be
transported from other place, since the sandy soil at the site can nol be used
because of its high permeability. Replacement of pond bottom by clay seoil is

also designed, which is shown in the same figure.

1.10 Bottom Lining

Facultative and maturation ponds should have the bottom lining for prevention
of penetration of pond water into the perméable_Sandy soils presently exist at
the site. Grading of particles sizes are poor, and it is not suitable for
construction of the embankmént. Lining will be provided by replacing the
existing soils with clay soil which is the same material as used for
embankment. It is not necessary to provide bottom lining for anaerobic pond,
because sludge contained in the raw sewage is easily settled ahd accumulated on

the pond boitom.

If the bottom lining is not pr9Vided, penetrdtion of the water'lnay cause
adverse effect to the treatment and to the embankment. Penetration of the water
into the soil will decrease as the bottom becomes impermeéb1e by solids
contained in the water and by biological acfivities which will take place in
the soils. However, cease of the penetration can not be predicted'at present.
Taking into consideration these factors, bottom lining of 5O com thickneSs'by
clay soil is considered in the désign of the facultative and maturatioh ponds
as iliustrated in Figure G.3. Bottom lining should be further discussed in the

detailed designing.

1.11 Volume_of Barth Work

Volume of earth work is calculated according to the classification of nature of

works described below.
(1) Land grading work

The existing land will be graded to an uniform -level of + 2.9 m for

construction, whieh is equal to the average existing ground lévei.
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(2) Excavation work

Excavation of the present ground is required only for anaerobic pond area

because of its depth.
(3) Bottom lining work

Bottom lining will be provided on the bottoms of the facultative and the

maturation ponds by the same clay scils as used for embankment.
(4) Embankment work

All materials of embankménﬁ will be brought-ffom other place.
{5) Slopg grading.ﬁork

The siope'gradient of embankment will be shaped to 1 : 3 on the wet side and to

1 :1.5 on the dry side.
(6) Slope protection work

To pfevent'erosioh caused by wind—induced waves, slope protection'should be

provided on the wet side of the embankment.
(7) Summary of eaéh earth—Volumé'

Volumes of earth works classified by the above mentioned unit works are

summarized below.

Table G.2 Earth-volume

Classification : First Phase Long term Plan
-Land-gfadiﬁg (m?) 134,374 385,389
Excavation (m®) 25,023 60,897
Bottom 1ining & _ '

Embankment, (m3) 154,938 383,885
Siope grading (m?) 37,472 89,131

Slope protection (m?) 11,340 32,718
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‘Table G.1 Hydraulic Calculation (1/2) -
Facilities tens _Unit Veak LAverage
Sewage Flow Tola Bi/day 94,393 48,
(Three trains) m3/sec 1.083 0.584
One train ' md/day 31,4564 16,2586
S . m3/sec 8,364 0,188
Discharge Channel | Water leve ] 2.0 2.
futlet %ﬁamﬁer of ipe diaseter [T 800 b
Second Maturation Pipe length n_ 30 30
Pond : Flow rate zl/szc 0,364 0.188 ] -
“Area Y 0. 283 1.283
Velocity m/sec 1.288 D.6ED | -
Friction loss | w 0,108 0.028
futlet loss n §.085 ]  0.023
Inlet loss i g.042 0.011
: = Yater level i 2.01 2,74
Second Haturation | Heir level B 651, 4.6b
Pond Weir length g [ 8
Flow rate mi/sec 0., 364 0.188
Overflow W.D. E 0,103 | 0.066
. Water level B 4,75 4,72
OutTet Thamber of Lpe diameier T 900 — 46
First Maturation Pipe length n 21 20
Pond Flow ratie Bpl/sec .364 0.188
Area n2 0. 636 .bd6
Yeloegity n/sec 0.572 ). 298
Friction loss B . 008 g,002
Jutlet loss B 0,017 . 004
Inlet loss i j.088 )2
: : Water level il 4.178 4,73
First Haturation ¥eir level 1 4.80 4.80
Pond Heir length M - i B
Flow rate nl/sec f.364 188
Overflow ¥.D. ] 0,103 L0686
: Water leve 8 4,90 4.87
putlet Chamber of | Pipe diameter no 9 4qGu
Facultative Pond Pipe length 1 20 20
Flow rate m3/se 0,364 . 188
Area (YR 0.636 D.638.
Velocity n/sec 01.672 | ).286
Friction loss B . 0.008 0.002
Qutlet loss B 6.017 0.004
Inlet loss g 0.008 - 0.002
Water level B 4,94 4.88
Facultative Pond Weir leve i .05 4,05 |
¥eir length "B B - B
Flow rate | ml/sec G.364 , 188
Qverflow ¥.0. [ 0.10] (.066
o | Water level i 9.09 5.02 |-
Gutlet Chamber of | Pipe diaseter.| B a00 500 |
Anaerobic pond Pipe length n 21 20
Flovw rate | mi/sec 0. 364 0.188
Area ' o 2 L6368 1,636
Velocitiy #/sec B.5h72 . 298
Friction loss |  m 0.00 1.062
Qutlet loss o g.017 0.084
Inlei loss R 0.008 0,002
Water level i 5, 5.03
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Table G.1  iydraulic Calculation (2/2)

Facilities Ttens Uni Peak .Average
Anaerobic Pond [ Welr leve 0 5.60 5,
Weir length 8 - i ;
Flow rate ad/sec | 0.364 0.188
Dverflow ¥.D. 8 (0,103 §.068
' : Water level il 5. 710 5,817
Outlet weil of Pipe diametier HR a0 I G0
inlet ¥Works Pipe length 0 350 1 350
Flow rale wni/sec 0.364 . 0.188
Area n2 0.636 0.636
Velocity nm/sec 0.572 . D.296
Friction loss o 0,142 0.038
8% bend loss B 0.050 0.013
Qutlet loss B 0.817 - 0,004
_ Inlet loss n 0.008 0.002
Water level B 5.92 5.72
Butlet of Weir level n h.485 5,45
Parchal Fluame Weir length B 1.5 1.5
: Flow rate ai/sec 0.364 0.188
Overflow ¥.D. B }.2588 0.167
Hater level n ‘B.21 6,12
Tnlef of TH Ch 5. 72 —45.12
‘Parchal Fluae Wc _ cH 167.6 167. 6
: F low "t 1/sec 548 287
{ ' | .318 1.318
n__ - .538 .539
Ha . -~ CH - 5hG.23 32.70
|Water level T m ' (.36 6.21
Sereen Velociiy m/sec }.45 .45
Flow rate #l/sec 0,546 0.282
Height [ - 0.60 0.46
Width for need = 2.023 1.378
Hidth B : -2 2
Yelocity a/sec . 4h5 §.310
Loss i 0.011 1. 005
Bater Teve n §.37 6.22 1
Recelving wWell Gate Helgh! 7] J.6 0.8
Gate Width B 0. 0 0.
Gate Area g2 .38 .38
Velocity s/sec 1,517 0.784
Loss ' ) 0,117 .031
Water level B 8.49 6.2
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Figure G.3 Typical Cross Section of The Embankment
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2. Design of Major Pumping Stations

Four alternative sewerage systems are considered to select the most appropriate
system for the study area as described in Chapter Four of the main report.
Design outlines of the forece mains and major pumping stations were carried out
to estimate construction costs of all alternatives. Main design 1tems such as
pump capacities, total head, motor powers, and diameters and lengths of force
mains are shown in Tables G.3 to G.6. Calculations of these items were made on
an'éssumption that multi-continuous transfer system is adopted in each

alternative.

After the selection of proposed Alternative 3, further consideration was given
to compare the two system of pump and force main, viz. single line vs. double
line and intermediate system vs, multi-continuous transfef system. Design
outlines of pumping stations and force mains of four cases for ithe comparison

of the two systems are shown in Table G.7 to G.10.

Number of alternaltives and cases indicated in Tablés G.3 through G.1i0

correspond to those in the main report.
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Table G.3 Design Outline of Major Pumping Stations, Alternétive 1A

PUMPING STATION (UNIT) TAWARL ~ MA’ALLA CRATER KHORMAKSAR

1} In-flow Sewarage Volume :
In-flow 4= (m3/s) 0.160 0.312 0.339 0.282

Pupp delivery Capacity g= (m3/s) 0. 160 0.312 0.339 0.282
2) Pipeline Data - R ‘ . N
Total Flow Rate 4= (n3/s) 0.472 0.312 0.339 0.621
{(Xhormaksar Branch) 0= (m3/s) (0.288)
Velocity v= (a/s)  1.674  1.592  1.202 1.620 -
{Khormaksar Branch) - Y= {(m/s) . {1.785)
Diameter of Pipeline D= (om) 600 500 600 700
{Khormaksar Branch} D= {mm)} {450)
Pipe Sectional Area A= (s2)  ©0.282  0.19%  0.282 0.384
(KhOrmaksar B;anch) A= (m2) : : (0.154)
Pipeline Length = {m) 2,000 2,130 4,445 5.195
{Khormaksar Branch) = {m} (105)
3) Head Loss _
Actual Loss Hi= {(m) 6.44 11.62 501 7.41
Loss lead at P/S H2= (n) 3.00 3.00 3.00 3.00
Pipeline Loss Head 3= (=) 10.71 12.88 12.90 . 21.81
{Khormaksar Branch) 3= (m) {0.88)
Pressure lead 4= {( m) = 10.71 -21.81 -
Total Head W= (m)  20.15  38.21  42.72 33.10
4} Pump & Motof Data ' _ '
Pump No.{l is stand by} N= ({set) 3 3 3 3
Required KW / each {(Kw) 35 115 - 145 90
Total KW / P. Station (KW} 90 250 300 190

5) Diesel Generator Data
Required KYA (KVA) - 140 280 350 220
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Table G.4 Design Outline of Major Pumping Stations, Alternative 1B

PUMPING STATION (UNIT} TAWAIL MA ALLA CRATER KHORMAKSAR
1) In-flow Sewarage Volume :
In-flow ‘ q= {m3/s) 0.160 0.339 0.282
Punp delivery Capacity q= (m3/s) 0.160 0.339 0.282
2} Pipeline Data _
Total Flow Rate 0= (m3/s} 0.160 0.339 0.621
{Khormaksar Branch) 0= (w3/s) (0.282)
Velocity = (m/s) 1.667 1.202 1.617
{Khormaksar Branch) V= (mn/s) {1.78%)
Diameter of Pipeline D= - (mm) 350 600 700
(Khormaksar Branch) D= (am) (450) .
Pipe: Séctional Area = (w2 0.096 0.282 0.384
{Khormaksar Branch) = (m2) {2.158)
Pipeline Length L= {m) 2,130 4,445 5,195
{Khormaksar Branch) L= {(n) (105)
3) Head Loss
Actual Loss Hi= (w) 12.7 5.01 7. 41
Loss Head at P/S 2= (m) 3.00 3.00 3.00
Pipeline Loss lead 3= (m) 21.27 12.90 21.81
{Khormaksar Branch) 3= (m} : {0.88)
Pressure llead H4= § m ) = 21.81 -
Total Head B= (mn) 36.99 42.72 33.10
4) Pump & Motor Data
Pusp No.{l is stand by) N= (set) 3 3 3
Required KW / each (kW) 65 145 90
Total KW'/ P. Station (kW) 150 300 220
5} Diesel Generator Data
{KVA) 220 350 230

Required KVA

G-19



Table G.5 Design Outline of Major Pumping Stations, Alternative 2

PUMPING STATION (UNIT) TAWARL  MAALLA CRATER XHORMAKSAR

1) In-flow Sewarage Yolume : o :
In-flow ' q= {n3/s) “0.160 0.312 0.339 0.282

Punp delivery Capacity  q= (n3/s) 0.160 0.312 0.339 0.282
2) Pipé!ing Data . . :
Total Flow Rate Q= (n3/s) 0.160 0.472 0.339 - 0.621
(Khormaksar Branch) Q= (n3/s) . {0.282)
Velocity = {n/s) 1.006 1.229 1.202 1.617
. (Khormaksar Branch) = {n/s) . {1.785)
Diameter of Pipeline = (mm} 450 700 600 700
{Xhornaksar Branch) = (mm) . : {450)
Pipe Sectional Area = (u2)  0.159  0.384  0.282 0.384
{Khormaksar Branch) = {(m2) : (0.158)
Pipeline Length = () 2,130 15,800 4,445 5,195
{Khormaksar Branch) L= {m) (105)
3} llead Loss i
Actual Loss Hi= (a) 14.9 13.8 5.01 7.41
Loss llead at P/S H2= (2) 3.00 3.00 3.00 3.00
Pipeline Loss llead 3= (=) 6.26 39.93 12.90 S21.81
{Khormaksar Branch) 3= (n) {0.88)
Pressure lead H4= (n) 39.93 - 21.81 R
Total Head = (m} 64.09 56.73 42.72 33.1
4) Pump & Motor Data _ o
Pump No.{l is stand by) N= (set) 3 3 -3 -3
Required KW / each (KW) 100 175 - 145 90
Total KW / P. Station (KW} 210 360 300 200

5} Diesel Genératof Data _
Required KVA ) (KVA) 250 410 350 . 230
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Table G.6 Design Outline of Major Pumping Stations, Alternative 3

CRATER KIORMAKSAR

Required'KVA

PUMPING STATION (UNIT)  TAWAUI  MA’ALLA

1) In-flow Sewarage Yolune . :

In-flow : q= (m3/s) 0.160 0.312 0.339 0.282
Pump delivery Capacity 9= {a3/s) 0.160 0.312 0.339 0.282

2} Pipeline Data : _ '

' Total Fiow Rate 0= (m3/8) 0.160 0.472 0.339 0.621
{Khorraksar Branch) 9= {m3/s) (0.282)
Velocity _ VY= {(n/s) ~1.270 1.230 1.200 1.620
{Khormaksar Branch) V= {(mn/s) {1.780)
Diameter of Pipeline D= (umm) 400 700 600 700
{Khorpaksar Branch) = (mm) (450}

pipe: Séctional Area A= (m2)  0.126  0.384  0.282 0.384
{Khormaksar Branch) = (mn2) {0..158)
Pipeline Length L= (a) 2,130 10,960 4,445 5,195
{Khormaksar Branch) L= {m) (105)

3} Head Loss
Actual Loss = (=) 10.51 9.41 5.01 7.41
Loss llead at P/S 2= (n) 3.00 3.00 3.00 3.00
Pipeline Loss llead M= () 11.10 27,70 12.90 21.81
{Khormaksar Branch) 3= (m) {0.88)
Pressure Ilead 4= (m ) 27.70 - 21.81 -

- Total Head H= (&) 52.31 40.11 42.72 33.10

4) Pump & Motor Data _ '

Pump Mo. {1 is stand by} N= (set) 3 3 3 3
Required KW / each (KW} a0 120 140 90
Total KW / P. Station (KW} 210 250 300 210

5) Diesel Generator Data :

(KVA) 300 360 430 300
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Table G.7 Design Outline of Pump and Force Main System, Case-1 -

MA' ALLA

CRATER

KHORMAKSAR

PUMPING STATION (UNIT) - TAWAHI
1) In-flow Sewarage Volume o
In-flow q= (m3/s) 0.160 0.312 0.339 0.282
Pump delivery Capacity q= (m3/s)} 0.160 0.312 0.33¢9 0.282
2} Pipeline Data _
~Total Flow Rate 0= (a3/s) 0.160 0.472 -0.339 1.093
{Khormaksar Branch) 0= {(a3/s) (0.282)
Velocity V= {(n/s) 1.031 1.229 1.202 1.721
{Khormaksar Branch) V= (u/s) : {1.785)
Diameter nf Pipeline D= (mm) 450 700 600 900
{Khormaksar Branch) D= (mm) : (450)
Pipe Sectional Area A=  (n2) . 0.158  0.384  0.282 0.635
{Khormaksar Branch) A= (m2). (0.158)
Pipeline Length L= {m) 2,130 5,765 4,445 5,195
{Khormaksar Branch) L= (m) ' (105)
3} Head Loss ' . :
Actual Loss 1= (o) 10.51 9.41 5.01 T.41
Loss Head at P/S H2= (m) 3.00 3.00 3.00 3.00
Pipeline Loss llead 3= (=) 6.26 14.56 12.90 18.25
(Khormaksar Branch) fi3= (m} (0.88)
Pressure llead lid= {(m) 32.81 18.25 18.25 -
Total Head = (m) 52.58 45.22 39.16 29.54
“4) Pusp & Motor Data : .
Pump No. (1 is stand by) N= (set) 3 3 3 3
Required KW / ecach (Kw) 75 210 130 85
Total KW / P. Station (KW) 175 430 270 180
5) Diesel Generator Data _
Required KVA (KvA) 250 490 310 210
G-22



‘Pable G.8 Design Outline of Pump and Force Main System, Case-2

MA'ALLA

PUMPING STATION (UNIT) TAWAHRT CRATER KHGRHAKSAR
1) in-flow Sewarage Volume . _
In-flow = q= (m3/s) 0.160 0.312 0.339 0.282
Punp delivery Capacity q= {(n3/s) - 0.160 0.472 0.339 1.093
2} Pipeline Data
Total Flow Rate 0= (m3/s) 0.160 0.472 0.339 1.093
(Khormaksar Branch)} 9= (m3/s) _
Velocity | V= (a/s)  1.667  1.674  1.730 1.721
(Khormaksar Branch) ¥= {m/s) _
Diameter of Pipeline D= (mm) 350 600 500 900
- (Khormaksar Branch) p= {mm)
Pipe Sectional Area A= (n2) 0.096 0.282 0.196 0.635
(Khormaksar Branch) A= (m2) .
Pipeline Length = (mn) 2,130 5,765 4,445 5,195
{Khormaksar Branch) L= (&)
3) Head Loss
© Actual Loss M= (n) 10.51 9.41 5.01 7.41
Loss Head at P/S 2= (m) 3.00- 3.00 3.00 3.00
Pipefine Loss Head M= (o) 21.27 30. 86 31.35 18.25
{Khormaksar Branch) Hi= {m) :
Pressure Head H4= {m) - - - -
Total Head H= (m ) 34.78 43.27 39.36 28.66
4) Puﬁb & Motor Data, .
Pump No. {1 is stand by) N= ({set) 3 3 3 3
Required KW / each (XW) 65 200 130 310
Total KW'/ P. Station (KW) 150 410 170 630
5} Diesel Generator Data
Required KVA {KVA) 220 470 310 720
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Table G.9 Design Outline of Pump and Force Main Sysiem, Case-3

PUMPING STATION - (UNIT) TAWAIL HA'ALLA CRATER KHORMAKSAR
1} Ianlow Sewarage Voluae R -
In-flow . gq= {n3/s) _ 0.160 0.312 0.339 _ 0.282
Pump delivery Capacity q= {w3/s) 0. 160 0.312 0.339 0.282
2} Pipeline bata : .
: Total Flow Rate 1= (m3/s) 0.160 0.472 -0.339 0.621
{Khormaksar Branch) R= (r3/s) ' {0.282)
Velocity V= (/s) 1.270  1.236  1.200 1.620
{Khormaksar Branch) ¥= (m/s) ' {1.780)
Diameter of Pipeline D= {(nm) 400 700 600 700
(Khormaksar Branch) b= (mm) ‘ {450)
Pipe Séctional Area A= (m2)  0.126  0.384 . 0.282 0.384
{Khormaksar Branch) A= {(m2) : o (D..158)
Pipeline Length L= (m) 2,130 10,960 4,445 5,195
(Khormaksar Branch) L= (m) : (105)
3) Head Loss _
4ctual Loss Hi= (mn) 10.51 9. 41 5.01 7.41
Loss llead at P/S H2= .( o) 3.00 3.00 3.00 3.00
Pipeline Loss llead 3= ( m} 11.10 - 27.70 12.90 21.81
{(Khormaksar Branch) H3= (m) S {G.88)
Pressure Head H4= (n ) 27.70 - 21.81 =
Total llead B= {m) 52.31 40.11 . 42.72 33,10
4}  Pump & Motor Data ) - .
Pupp No.(l is stand by) N= {set) 3 3 3 3
Required KW / each {Kw) 90 120 140 90
Total KW / P. Station (KW) 210 250 300 210
5) Diesel Generator Data o o :
Required KVA ' (KVA) 300 360 430 300
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Table G.10 Design Outline of Pump and Force Main System, Case-4

PUMPING STATION

(UNiT) TAWANI MA'ALLA CRATER KHURHAKSAR
i) In-Tlow Sewarage Volume .
in-flow : o q= {m3/s) 0.160 0.312 0.339 0.282
Puep delivery Capacity q= (m3/s) 0.160 0.472 0.339 0.621
2) Pipeline Data , .
Total Flow Rate = {m3/s) 0. 160 0.472 0.339 0.621
(Khormaksar Branch)} Q= (m3/s)
Velocity : V= (m/s)  1.067 1.230 1.730° 1.620
{Khormaksar Branch) ¥= {(n/s) : .
Diameter of Pipeline D= {om) 350 700 500 700
{Khormaksar Branch) D= (mwm)
Pipe Sectional Area A= (w2)  0.096  0.384 0.196 10.384
(Khormaksar Branch) A= (m2)
Pipeline Length L= (m) 2,136 10,960 4,445 5,195
{Khormaksar Branch} L= {(m)
3) llead Loss
Actual Loss Hl= { n) 10.51 9.41 5.01 7.41
Loss llead at P/S H2= (m) 3.00 3.00 3.00 3.00
Pipeline Loss llead 13= (o) 21,217 27.70 31.35 21.81
{Ehormaksar Branch) H3= (m)
Pressure.ﬂead H4= (m) - - - -
Total Head H=" (m) 34.78 40.11 39.36 32.22°
4) Pump & Motor Data .
Pump No. {1 is stand by) N= (set) 3 3 3 3
fequired KW / each {Ku) 65 190 130 200
Total KW / P. Station (KW) 150 390 270 410
5) Diesel Generator.ﬂata
Required ‘KYA (KVA) 220 440 310 470
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3. Rehabilitation of the Existing Pumping Stations

A total of 27 existing small puwping stations are proposed to be rehabilitated.
Pumping equipment used in these pumping stations are tabulaied in Appendix C,
and are classifiéd into two types of pump, viz. centrifugal fype and ejector.
For the replacement of lLhese pumps, submersible type of pump - is preposed
because of i) small sewage flow, i1) minimum space requiremént and iii)'ease of
operation and maintenance. Considerations on submérsible'pump for the

rehabilitation of the existing pumping stations are described in Appendix H.

All the pumping stations to be rehabilitated are classified ihto the five
categories shown in Table G.11, éccording.to sewage flows and pump heads. Table
G.12 shows number of units, motor powers, capacity of_pﬁmps and catégbries of
all ithe pumping station. Typical installation of:the_pumping station and

dimensions of pump wells of each categdry are shown in Figure G.4.

Conditions of the buildings'dre'aiso inveStigated and indicated in Table G.12.
All the pumping stations as classified "No" should be re-built by 2010.

Table .11 Category of Pumping Stations

Type of Pump : Motor Power Diametér
(kw) (mm)
A A Submersible Pump 3.7 | 80
B B' Submersible Pump 2.2 80
cc Submersible Pump 5.5 100
D Submersible Pump 11.0 150
| 0 150

E’ Submersible Pump 15,

Note: Number of pump units are as follows
A,B,Cand D 1 2 (1 Standby)
A',B’,C’-and E': 3 (1 standby)
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Table G.12 Design Outline of Intermediate Pumping Stations
to be Rehabilitated

Planning Condition of
0ld Facilities

District Number Motor Power Capacity Equipment  Building Category
' {(kw X Nos.) (dia.X m3/min)

Ma'alla 102 7 X3 150 X 3.0 NO OK B’
103 7 X2 100 X 1.0 NO NO C

104 5 X2 100 X 0.5 NO NO A

Tawahi 201 3.5 X 2 100 X 0.5 NO NO A
202 3.5 X 2 100 X 1.0 NO NO C

203, 2 X2 100 X 0.1 NO NO B

204 2 X2 100 X 0.1 NO NO B

205 3.5 X2 100 X 0.5 NO OK A

206 2 X2 100 X 0.1 NO . NO B

207 3.5 X 2 100 X 0.1 NO NO B

Crater 302 11 X 2 100 X 0.1 NO NO B
Khormaksar 401 5 X3 150 X 3.0 NO NO E’
402 11 X 3 150 X 0.5 NO NO A’

403 11 X 2 100 X 0.1 5 years OK B

404 11 X 3 100 X 0.1 NO NO B’

405 7 X3 150 X 1.0 NO NO c’

406 5 X2 150 X 2.0 NO OK D

407 11 X 3 150 X 3.0 NO oK E’

408 5 X2 100 X 0.1 NO oK B

409 7 X2 150 X 0.1 NO OK B

40 . 2 X3 1650 X 0.1 - NO NO B’

411 2 X3 150 X 0.1 . NO NO B’

412 11 X 2 100 X 0.1 NO OK B

413 11 X 2 100 X 0.1 NO NO B

414 11 X2 100 X 0.1 NO NO B

416 2 X2 100 X 1.0 NO OK C

417 11 X 2 100 X 0.1 NO NO B
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APPENDIX H

SUBMERSIBLE PUMP FOR REHABILITATION

1. Jnﬁroductiqg

As desceribed in the Miriutes of the Technical'Meeting held on 2nd July, question
was expressed by Aden Municipality againsi use of submeréible pumps_récommended
for the rehabilitation of. the existing pumping stations. The reason is that
they have had many problems with this type of pump. According to their
experience, submersible pumps had been damaged by many: causes, such as leakage
of water into motor section and corrosion of component parts, particularly

impellers.

To obseérve actual situation, we carried out a field investigation of this type
of pump. on several places. as suggested by the Municipality. Based on the
results of the inveétigation, causes of damages and measufes agdinst causes of
damages were analyzod. This appendix describes the situation of the submersible

pumps investigated, possible measures and our recommendation.

2._Field Investigation

A field investigation was cdrried'out at the foflowing five places.

(1) Crater Office: Damaged pumps from military camp
(2)'General Hospital P/S in Khormaksar

(3) Airport PB/S

(4) Al Shaab STP, inleti work

(5) Little Aden P/S.

Conditions of submersible pumps at each place are described below.
(1) Crater Office

Broken'submersible pump units removed from the eight pumping stations
;in_Khofmaksér'miiitary camps were brought to this office. A total of
16 pump units, two units per.P/S, were installed in 1982. All the pump
uhits became out of order after § or 6 years of operation. These pump

units were made'in Holland.



(2)

(3)

They showed us several heavily damaged impellers taken from brcken
pumps. Impellars are corroded and their shapes are deformed,
suggesting strong impacts by fairly large size solid materials. Three
pump units which are said to be broken by water leakage iﬁto_motor
section are stored there. No serious corrosion nor deformation of

impeller was recognized in these three pump units.

Operation and maintenance conditions of these pumps, when -they were
operable are not known, since these dutiés were under the’
responsibility of military auwthority. Aden MuniCipality was called by
the military authdrity ‘for investigation and Irepairing whenever a
trouble happened. ' '

General Hospital P/S in Khormaksar

Initially, this pumping station was designed by JTS (John Taylor and
Sons Consulting Civil Engineers}, and commissioned in 1954; In those
days, centrifugal ‘type pumps installed - in. dry pit were used up to
1982. Then this pumping station was rehabilitated by French people and
Finland made submefsible pumps were instélled. Opefation of these
pumps started in 1984, but pumps became out of brderuin 1989 after
approximately five years of operation. Main cause'of:failure is said
to be burn out of motor coils. The opération and maintenance of the
P/S has been under the responsibility of the hospital. Aden

Munieipality has been called when a trouble occurred.
Airport P/S

The operation started with two submersible pump units in 1984, These
pump units were made in France, and diameters of pump'are 100 mm.
Operation of pumps is controlled éutomatically by water levels in pump
pit. It is said that as far as this pumping station is concerﬁed,
there has been no problem except for minor failureé of electfié_parts
since operation started. Airport authority is in charge of this
punping station. When trouble happens, they would reporf to Aden

Municipality and its staff is requested to carry out trouble—shooting.



(4)

Al Shaab S8TP

Two submersible pump units made in Japan were installed in the head of

- inlet work in 1986. These pumps have been used everyday to clean

(5)

sereen channels in the inlet work. Initially, these pumps were
deSigned to flush screenings from screen to comminuters. However, they
stopped using comminuters because. of heavy brockage ﬁproblem.
Sereenings, mostly'cans, bottles and vinyl materials are removed from
screens and disposed of separately. Two pumps are in fairly good
condition. Impellers of the pumps were damaged and changed twice 1in

five years.
Little Aden P/S

This pumping station started operation 35 years ago. Cenirifugal type
pumps installed in dry pit had been used until 1987. Then, old pumps
were replaced by two new submersible pumps made in Japan. These pumps
are-automatiéally operated by water levels in the wet well. No

troubles have been reported so far.

3; Causes of Damage

From the discussions with Aden Municipality engineers and technicians, and

observation at sites, we consider that the followings are ?ossible causes of

breakdown.

(1)

(2)

Water infiltration into moior section

Inadeguate sealing'or unproper handling of a pump unit causes
infiltration of water into motor section,. resuliing in breakdown of a
motor.

Ingress of solid material

A number of impeller were heavily damaged and shapes were deformed.

This kind of heavy damage could never be caused by anything except for

strong impact by fairly large solid materials. No protective measure

against ingress of such materials might have been provided.
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(3}

(4)

(5)

High acidity of sewage

Corrosion of-impellers and other parts of pump are recognized,
although it is not so serious as to cause breakdown of a pump unit. It

is said that high acidity of sewage causes corrosion of materials.
Insufficient maintenance

Although maintenance carried out by the authorities in charge of the
pumping stations are not known, a fact that when pumps are in trouble,
staff of Aden Municipality is always called on to shoot troubles,
suggests their lack of knowledge and skill to maintain pumps properly.

Obsolete model

Sixtéen pumps used in the military area are obsolete model. It can not
be lifted to the floor without a person going down to pump level to
dismount pump from a suction pipe. This makes routine maintenance work

very troublesome.

4. Protective Measures

Varicus protective measures against causes of damage mentioned above are

presently available. These are described below.

(1)

(2)

Corrosion resistant materials

At present anti-corrosion types of materials are used for the parts of

the pump which directly,contact-to sewage, such as casing,  impeller,

and fittings. They are durable for their life time usually expected in

normal sewage water. If the sewage is strongly aggressive, a careful
attention should he paid for the seléction of materials. Since
submersible pumps are broadly used, highly anti-corrosion materials
for specific parts are readily available.

Water tightness

Motor section of a submersible pump recently manufactured are
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completely sealed against infiltration of water. Infiltration problem

never occurs as long as a pump is properly'operated.
(3) Screening bucket

In order to prevent ingress of solid materials into e pump, measures
to remove them shall be'provided. A screening bucket at the inlet
point of sewer is recommended for small capacity pumping stations.
This method is ihexpehsive, yet effective measures for removal of
solid materials. Screening bucket shall be cleaned periodically, and
_screenings shall be disposed of properiy. A typical installation of
screening buckei is shown in Figure H.1. '

{(4) Easy dismounting

For the routine maintenance, sebmersible pumps are to be dismounted
from the operating position and lifted to the floor. It is desirable
that this can be done without a person going down to a pump. Recently
most of the submersible pumps are provided with devices for this
purpose, Figure H.2 shows a typical method of dismounting of a

submersible pump with a guide pipe and chains.
(5) Proper maintenance

in view of the existing preblems reported, the basic causes, we
believe, are clearly a lack of regular monltorlng and periodical
maintenance services. It has no direct relation with the ‘type of the
pump. No pumps can work for their life time expected withoul proper
maintenance. It is strongly recommended, therefore, that the regular
inspection services for the existing pumping stations should be
established.

5. Recommendation

One of the advantages of a submersible pump is low cost of underground
structure. Construction cost of underground structure is obviously lower than
that for other type of pumps, since dry pit is not required for submersible

pumps. Cost for supply and installatlon is eomparable with or slightly lower
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than that for other type of pump. Thus, total construction cost is lower than
that of other type pumping stations.

All the existing pumping stations under the responsibility of Aden Municipality
have been properly maintained by its staff. No special skill or advanced
-techniqué is required for the maintenance of submersible pump. Present staff in
Aden Municipality can easily handle the submersible pumps provided that a

minimum guidance is given to them.

In due consideration of the problems encountered, counter measures available at
present, and current level of-maintenance services, we recommend submersible
pumps for the rehabilitation of the existing pumping stations in the study

area.
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APPENDIX 1

INVESTIGATION OF THE EXISTING SYSTEM IN KHORMAKSAR

1. Introduction

Khormaksat district is situated on flat and low-lying area, where the soils are
sandy and groundwater levels are generally: high. Because'of_the topographie
condition of the district, sewerage service area is divided into a number of
sméil zZones each served by one or more pumping stations. Over 30 small pumping

stations exist in the distriet.

In addition to the nature of the sewerage system in the district, high
temperature and high organic substances in raw sewage provide very favorable
atmosphere for hydroéen sulphide gas generaiion. Moreover, most of the sewer
pipes in the district are made of asbestos cement. Consequently; damages cansed
by hydrogen sulphide gas attack are most serious which frequently results in

the collapses of pipes.

The capacities of the existing sewer pipes have been found to be sufficient for
the flow in 2010 by hydraulic calculation (Ref. to Appendix F). Present
conditions of the pumping stations were investigated during the first on-site

work (Ref. to. Appendix C).

Under the circumstances mentioned above, investigation -of the existing system
has been focused on the measurement of hydrogen sulphide gas on certain
critical‘pointé. Based on the résults of the measurement, an attempt was made
to estimate the degree of damages in the future, which, in turn, necessitates

the replacement of pipes.
This_appendix describes the method and results of the investigation. Estimation

of the necessity of pipe replacemént is described in Section 5.4 of the current

report.
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2. Selection of_Measuring Points

structure of the sewerage system in the district which is composed by pumping
stations, forece mains and trunk gravity sewers, is illustrated diagrammatically

in Figure I.1.

Distribution of sewer pipe collapse reported by Aden Municipality are shown in
Figure T.2.  As shown in the figure, collapses of pipes are concentrated in
specific zones, viz. zZones B, C, E, G, H, J and M. There are few reported break

down of pipes in zones'A, K and L.

Causes of collapse of sewer pipe with or without hydrogen sulphide gas are, in

general, considered as follows.
(1) Hydrogen sulphide gas

a. Downstream of force main. Septicity of-the'sewagefis promoted in force
main, especially in case of long flowing time. Sinde"genefation of
sulfuric acid requires the presence of oxygen, the collapse dose not
necessarily occur at the immediate downstream of force main, but after

some distance.

b. Gravity sewers in specific condition. Accumulation of sludge caused by
insufficient velocity or any other reasons promotes the septicity of
the sewage. Thus, the .downstiream section of these pipes or septic tanks
is vulnerable to sulphide gas attack.

(2) Without hydrogen sulphide gas

¢. Improper construction, in particular inadequate back filling.

d. Excessive load on pipes, live or dead load, in particular shallow

pipes.

e. Other reasons, e¢.g. intrusion of root of iree. This was actually.

observed in the distriet



Taking into account the distribution and causes of the collapses, 30 points
were selected for hydrogen sulphide gas measurement as shown in Figure I.3.
These points were selected to include the followings.

(1) Downstream points of force main
(Jo, J1, E1, E4, C2, B3, L2, M5, Comminuter Station)

(2) Near points of collapses _
(Ho, H1, J2, J3, E2, C1, Gl, G2, K1’, Bl, B2, M1, M2, M3, T1)

(3) Corresponding points to (1) and {2) above in the zones where no
collapse was reported.

(G3’, B4, L1, M4)

3. Results of the Investigation

The results of the measurement are tabulated in Table I.1. Details of the

results are described below.

Since conditions of the damages are different from zone to zome, deseription
was made by zones from south fo north. Sketches of sewerage system in all zones

are shown in Figures 1.4 through I.12.
{1) Zone H

Zone H is locatéd in the southern part of the Khormaksar district. All the

sewages in this zone flow into P/S H, then sent to the neighboring zone J.

Many collapses of sewer pipes were reported in the past, and these are
-eoncentrated in south-eastern part of the zone. Replacement of the broken
pipes was carried out. by the Municipality and some routes of the sewers

were changed by the replacement.
No collapse has heen reported in the north-eastern part. A few collapses

have been reported in the sewer lines from northern part to PB/S H, and

lines from west.
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(2)

Total length of sewer lines on which collapses were reported accounts for
relatively high percentage of 28 % of the total length of. sewers in the

Zone.

Hydrogen sulphide gas concentration in manhole H-1 was 40 mg/l. However,
the concentration increased to 75 mg/l when sediments on the bottom of the
manhole were stirred. Hydrogen sulphide gas conoéntration,in.manhble H-0
was measured to be 10 mg/l when the manhole was full of stagnated sewage.
These two manholes are not funciioning properly because of the collapses
ahead and after these manholes. Thus concentrations might have been higher

than measured before collapse.
Zone J

Zone J is bounded by hospital area on the north and by a military area and
a milk factory area on the west. All the sewages in the zone flow into P/S
J and delivered to the comminuter station by force mains. Manhole J-1
receives the sewages from P/S H and a miik factory both of which are
located outside the zone. Manhole J-3 redeives wastewater from.the

hospital.

Many collapses were reported in this zone; and.collapses are concentrated
in the northern part of the zone. Collapses were also reported in the

hospital area.

Total length of the sewer lines on which coliapses_occurfed accounts for

the second highest percentage of 37 ¥ of the total sewers.

Hydrogen sulphide gas concentration in manholé J-1 was measured to be 25
mg/l. Concentration in manhole J-2 was as low as 23 m g/l. These figures
are iow in spite of the location of the manhole that they:are located at
the terminal poiht of the force main. The reasons for the low figures are
that a large quantity of fresh wastewater from a milk'factory flows
frequently in this section, and pumps were not operated at the time of

measurement.

A low concentration of 4 mg/l was recorded in manhole J-0. Collapses in

upstream section of this point, and_subséquént iﬁproper functioning of the
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sewer ‘are the reasons for the low concentration.

Hydrogen sulphide gas concentration in manhole J-3 was 35 mg/l. This is
considered to beé low as the terminal point of the forece main. There are

c¢ollapses of sewers in the upStream section of thig point, which may be the

" reason for low concentration.

(3)

In spité of the low éoncentrations measured at manhcles, heavy corrosion
was' observed in the walls and the covers of each manhole suggesting high

concentration of hydrogen suiphide gas in the past.
Zone E

Zone E is situated in the central part of the district, and surrounded by
many zones. All the sewages in the zone flow into P/S E and pumped to the

E-1 manhole then gravitate to the neighboring zome G.

Sewages from outside areas, viz. Tareq Police and Traffic P/S, are
delivered to manhole E-4 in the zone. Sewages from Markei area also flow

into this zone.

Collapses were reported on the sewer 1ines in the south of the zone. Total
length of sewer lines of collapse accounts for 11 ¥ of the total lengih of

sewers.

Manhole E-1 is the.terminal point of the force main from P/S8 E, and is
located in downstream sectian of Tareq'military P/S. Hydrogen sulphide gas
cbnéentration in manhole E-1 recorded the highest figure of 500 mg/l. This
concentration would be higher if_the P/S B was in operation. Sewage flow

was very low, depth of water in the sewer of 30 cm diameter was about 8 em

‘and velocity was aboiut 7 cm/s by observation at the time of measurement.

Heavy corrosion was recognized at the inside of the manhole.

Séwage stagnated and was almost full in manhole E—2 because of the collapse
of doWnstream sewer near P/S E. A tank lorry with a. vacuum pump comes
everyday. to remove the sewage. Because of the present condition of Sewers,

hydrogén sulphide gas concentration in manhole E-2 was as low as 7 mg/l.
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Manhole E-3 is not.used at present, because of the change of the sewer rout

resulting from the replacement of the broken pipe.

In manhole E-4, cbncentration of 2 mg/l by the initial measurement
increased to 150 mg/l when Traffic P/S started. This figure may increase

further if Tareq P/S is in operation at the same time.

Main reasons for the collapses reported in the past between E-2 and E-3
were the locafion of the sewers .that they were situated in the downstream
section of Traffic P/S and Tareq P/S. Newly 1eplaced pipes are subject to
damage by hydrogen sulphlde gas attack.

High concentration of hydrogen sulphide gas due to insufficient velocity
seemed to cause the collapse of pipe located immediately north to manhole
E-2.

Zone C

Zone- C is located in the center of the district, and surrounded by many
zones. Al}l the sewages in the zone gravitate into P/S C and are pumped
directly to the comminuter station. Manhele C-2 is the terminal point of

the force main from the P/S B and receivées the sewage from zone B.

Collapses are concentrated in the south part of the zone near manhole C-1.
There is no collapses in the remaining area. Total length of sewers of

collapse accounts for 14 % of the total sewer length.

Hydrogen sulphide gas concentration in manhole C-1 is as low. as 4 mg/l,
since most of the flow seemed to be groundwater infiltrated from- broken

point at immediate upstream section.

Concentration in manhole C-2 is also as low as 17 mg/l instead of the
terminal point of the force main. Little flow was observed at the time of
measurement, and pumps in P/S B could not be stérted because of:the low
water level in pﬁmp pit. Higher concentration should have been measured if

punps .were in operation.

Manhole C-2 and the force main are new, since the old route of force main
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(5)

from P/S B was changed because of clogging.
Zonhe G

7one G is located at east side of the central part of the distriet, and
surrounded by many zones. Sewages in the zone gravitate into P/S G, and
pumped directly to the comminuter station. -Manhole £-1 receives the sewages
from zone E, the military area in the ndrth and Al Ghomhoria Hospital area.

Sewage from a part of Gamal area flows to manhele G-2,

Collapses of pipes are concentirated on the lines in the west part of the
zone where sewages from the outside area flow in. Total length of sewers of

collapse aceount for 22 ¥ of the total length of sewers.

Hydrogen sulphide gas concentration in manhole G-1 was 41 mg/1l, which
seemed Lo be low taking into accdunt'the fact that this point is locafed in
the downStream_secfion of manhole E-1 where the highest concentration of
500 mg/1 was recorded. This low concentration in manhole G-1 is due to the
good ventilation through the wet well of the pumping station iocated

immediately down to this point._

Manhole G-2 is located in the upstream section of a collapse, and sewage
from a part of outside Gamal area flows into the manhole. However, hydrogen
sulphide gas concentration at this point was as low as 17 mg/l. No sewage
flow was observed at the time of measurement, and sewage stagnated in the

manhole. Higher concentration should have been recorded if sewage flowed.

Manhole G-3 is located on the line which flow to P/S G from the east.
Measurement could not be. done because manhole cover could not be opened.
Soils around the manhole changed its color to yellow because of the sulphur
from the manhole. The same condition was recoghized at several points in
Mé’alla. Hydrogen sulphide gas concentrations were high and heavy corrosion

was observed in these manholes. Thus, concentration in manhole G-3 is

~supposed to be high.

Hydrogen sulphide gas concentration in manhole G-3’ was 63 mg/l. This

- manhole is located in the downstream section of manhole G-3. The reason for

relative1y low concentration is good ventilation through pump well as
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(6)

observed at manhole G-1.

From the measurement and observation, hydrogen sulphide gas concentration
in the upstream section of manholes G-3 and G-3L is:expected to be high.

Zone K

Zone K is located at the east side of the central part of the district. All
the sewages in the zone flow into P/S K, and pumped directly to the

comminuter station, No sewage flows to this zone from outside.

only one collapse was reported in the downstream section of manhole K-1°.
Total length of the sewers of collapse accounts for 12 % of the total sewer

length. Hydrogen sulphide gas conceniration in manhole K-1’ was very low,

conly 1 mg/}.

Zone B

.Zone B is located in the central part of the district, énd surrounded'by

many zones. Sewagés_in the zone gravitate into P/S B and delivered to
manhole C-2 in zone C. Manhole B-3 receives the sewage from P/S A in the

military area. Sewages from Gamal and MOC areas flow into P/S B.

There are many collapses reported in the zone. All of thé_downstfeam

sections of manhole B-3 which -is located at the terminal‘point-bf the force
main from northeast side to P/S B, are collapsed. There aré also many
collépses on the lines from manhole B-1. Total léﬁgth ofhcollapséd sections
accounts for the highest percéntage of 44 % of the total length of sewers.

High hydrogen Sulphide concentfationIOf 80 mg/1 was measured in manhOle.B—l
where the manhole cover had been removed'and a drum was ‘put as-temporérﬁ
cover resulting in good ventilation. Depth of the.manhole is as deép‘as 3.2
m, and water fall of about 2 m from a 225 mm diameter .inlet sewer to 400

mm diameter outlet sewer. Because of the water fall, séwage is stirred and

hydrogen sulphide gas is generated.

Low concenlration of 14 mg/l was measured in_manhole B-2 ih the upstream .
section. In manhole B-3, concentration changed from 90 mg/1 for the first
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measurement to 10 .mg/l after 25 minutes. Considerable flow was observed,
water depth in the 400 mm diameter sewer pipe was about 15 cm and velocity-
‘was about 30 cm/s by observation'when the first measurement wasg made. The
flow decreased and velocity was about 3 cm/s at the second measurement. In

between the two measurements, pump might be stopped.

There is a collapse of force main in the power station in the upstream
section of manhole B—3.'Sewage overflows at that point. Thus, all sewage
flow does not reach to manhole B-3. Hydrogen sulphide gas concentration
would be higher than measured if all the flow reached the manhole. Heavy

corrosion inside the manhole indicates high concentration.

In addition to the reasons for high concentrations in manholes B-1 and B-3
mentionéd above, number of inlet pipes to manhole also affects the
concentration. The larger is the number,'the higher is concentration. For
instance, numberS"Qf inlet pipes to manholes B-1 and B-3 are 4 and 3
respectively, compared with 2 tc manhole B-2 where the concentration was as

low as 14 mg/L,

The same fendehcy was recognized in the other zones as deseribed below.

Manhole No. Number of HyS Concentration
Inlet Pipes {mg/1}
E-1 6 500
G-1 5 41
M-1 4 66
M-2 4 167
B-4 5 180

The larger number of inlet pipes results in the greater amount of sediment
in the'manhole which in turn results in greater .chances for hydrogen

sulphide gas generation.
High concentration of 180'mg/1 was recorded in maﬁhole B-4 which receives

sewage from Gamal area, althdugh the line is. gravity sewer, Pipes were

replaced in March 1989. Heavy corrosion was recognized in the manhole.

1-9



(8)

(9)

Zone L

Zone L is located in the mnorthern part of the. distriet and bounded by the
airport on the north. Sewages in the zone flow into P/S- L and pumped to
manhole M-5 in zone M. Sewage from Badr Camp is pumped into the zone from

the west. Sewage from the airport is also pumped to manhole L-2.

Only one collapse was repeorted in this zone. Percentagé of collapsed sewer
length is 3 %.

Hydrogen. sulphide gas concentration was 38 mg/l in manhole L-1. This
manhole is close to P/S L, and good ventilation is expected through pump

well. Corrosion of manhole is not considerable.

Hydrogen sulphide gas concentration was 14 m g/l in manhole L-2 which is

located at the terminal point of the force main from the airport.

Zone M

Zone M is located at the southeast corner of the district. Sewages in the

zone flow into P/S M and pumped to manhole M-5 which also receives sewage
from zone L, Sewage from the military'afea surrounded by the zone M flow to

manhole M-1. Sewage from Happy area also flows to manhole M-4.

Many collapses of sewer pipes were reported in the zone, although all the
lines are gravity sewers. Total 1ength of collapsed sections accounts for

14 % of the total length of sewers.

Hydrogen sulphide gas concentrations were 66 mg/l and 107 mg/1 in manholes
M-1 and M-2 respectively, both of which are heavily corroded. Inlet pipes
to these manholes are 4 each, which contribute partly %fo high

concentration.
Concentration in manhole M-3 was as low as 1_mg/i. This manhole'ﬁas
constructed 2 - 3 years ago, but full of sewage because of the collapse in

the downstream section.

Although concentration was as low as 11 mg/l in manhole M-4, heavy

I-10



corrosion was observed. This manhole receives sewage from Happy area,

Manhole M-56 which is located at the terminal point of the force main from
zones L and M, was full of sewage because of collapse in the downstream
section, and_measurement could not be done. Heavy corrosion was observed on
the 'manhole cover. Inside of the manhole is supposed to be heavily

corroded.

Concentration in manhole T-1 changed from 109 mg/l at 9:30 on 16 August to
24.9 mg/l at 7:40 next day. The reason for this fluctuation of
concentration is not obvions. The factory usually starts at 8:00, and
wastewater flow is supposed to change at that time. There is a collapse of
sewer caused by intrusion of tree roots. Sewage stagnated in this manhole,

and flow could not be measured.

High'concentration of hydrogen sulphide gas was observed in the downstream of
the_fofce méin as expected. Out of thé 30 measuring points, 7 points recorded
concentrations higher than 90 mg/l. Five of the seven.points-of high hydrogen
sulphide gas concentrations are located at downstream section of the force
mains. Concentrations of more than 100 mg/l were observed at E4, El énd T1

points, each having two'pumping stations at upstream section.

Out of 10 points at the terminal points of force mains, five points recorded
low concentrations. These are JO, Ji, J3, €2 and L2. The reasons for low

concentration are considered as follows.

Jo, J1 A large quantity of fresh wastewater from a milk factory
flushes the sewers periodically giving no chance for hydrogen

sulphide gas generation.

J3, C2, L2 There are cdllapses of pﬁmping stations or pipes in the upstream
sections of these points, and sewages do not flow properly at the
points, Sewage flows at the time of measurement were very small.
Therefore, conditions of these points do not reflect usual

conditions.
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Table 1.1 Investigation of He8 Gas in Khormaksar Area

Name | Date Hz§ Temp Hanhole Pipe Notes
Time ppm Amb. Size Outlet
Wat. Dep. X WX L Inlet
¢y | (m) (m)(m) (mm)
H-0 14/8 10 38 - Biockage was found the
@& 9:30 35 upper and lower stream.
-1 10:00 40 36 . Big amount of sludge.
35 When stir- the sludge, 75
®@ 75 ppm was detected.
J-0 | 10:20 4 |36 }[1.0x1.2x1.0 | ¢300 Most sewage come from
35 F.H terminal % 300 Milk factory, so sewage
§) from Milk Fac. color is white.
J-1 | 10:256 25 36 1.5%1.2x 1.0 | ¢400 Heavy corrosion.
34 F.M terminal % 400
@ ' % 300
J-2 |10:40 | 23 |85 |2.8x1.5x1.0 | 400 Heavy corrosion.
. 35 ¢ 400
@ ¢ 225
$ 150
J-3 10:50 35 37 1.36x 1.5x 1.0 ¢ 225 No flow due to the block
3b % 225 age in upstreanm.

) . Not high gas density be-
cause of J P/S in down-
stream.

Heavy corrosion.
E-1 | 13/8 {500 |33 2.35x 1.8x 1.4 | $300 | Flow is small. Heavy co-
-9:086 33 ¥.4 Terminal ¢ 300 rrosion can be seen.

@ ' from B P/S. . B} 225 % §

E-2 8:50 7 Full of water due to the
blockage in downstream.

@ | Every day take out the
sewage by collected car.

E-3 Pestroyed already.
@ :
E-4 8:40 2 34 1.4%x1.4%x 1.8 5250 The upper P/S(ADEN HO-
32 F.M Terminal ¢ 260%x 2 | TEL) is not operate.
D 150 from traffic When P/S(Traffic office)
B/S. gtart HeS became 150 ppn

Note) Heavy corfosion'— Concrete -almost danaged

- Cover

-not proper shape

Middle corrosion- almost surfdce is damaged

(@ - End of force main
@ - Collapse point
(@ - Non damaged point
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Hame | Date He § TEMP Manhole PIPE NOTES®
Time ppm Amb, Size gutlet
Wat. Dep, X Wx |, inlet
(°c) (m) (m)(m) (mm)
c-1 | 13/8 4 (30 |2.4%1.6%1.3 | ¢300 Most of sewage seemed to
11:056 32 @ 300 be ground water.
@ @ 226X 2
¢ 150
-2 | 11:20 17 | 35 2.4X1.5% 1.3 @ 400 The upper P/S is out of
_ 32 F.H Terminal ¢ 400 order.
(D from B B/S ¢ 150
G-1 | 13/8 a1 | 34 3.3x1.2% 1.0 | #400 Middle corrosion can be
_ g:25 33 ¢ 400 seen. '
@ & 300
¢ 225 % 3
6-2 9:45b 17 35 2.25X_113x1.2 ¢ 400 Middle corrosion can be
' 35 % 400 seen.
@ $ 225
G-3 10:25 MH was set up in 1983.
@ We could not open it.
G-3" | 10:30 63 | 36 3.5%1.0%0.8 # 300 The cover correded heav-
32 | #2255 ily. Concrete corroded
6) 300 | middly.
G-4 "1 10:30 - ~ - - Clocked. Full of water.
@ .
¢6-5 | 10:40 | - - - - Clocked. Full of water.
@
k-1 This MR is in Russian
@ Embassy.
k-1’ 10:45 1 37 1.7 i.TX 1.5 @ 225
32 . @ 225
@ % 150

Note) Heavy corrosion - Concrete -almost damaged

- Cover -not proper shape
Middle corrosion- almost surface is damaged
D - End of force main
@ - Collapse point
@& - Hon damaged point
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Date

PIPE

Name HeS | TEMP Manhole NOTES
Time ppm Amb. Size Outlet
Wat . Dep. X WX I, Iniet
(°c) (n} (m)}(m) (mm)
B-1 |14/8 | 80 | 36 3.2x1.3x 1.2 | ¢ 400 Middle corrosion.
9:45 35 ¢ 300 No proper MH cover but
‘ ¢ 225 an tron plate.
) ® 150 Gas is hight due te drop
100 (about 2 m)
B-2 8:35 14 34 2.9x1.6x 1.3 ¢ 400
32 | & 300
@ ¢ 225
¢ 150
B-3 9:00 10 | 34 1.6x1.6x1.0 ¢ 300 90 ppm at pump operation
N . 32 F.4 Terminal & 225 Heavy corrosion.
) 90 from A P/8. ¢ 160x 2
B-4 16/8 180 36 2.8x1.bx1.0 & 300 Heavy corrosion.
10:00 32 $ 300x 3 | Sewer is new (1989 3).
@ ' ¢ 150% 2 -
L-1 15/8 38 36 J.4x1.8x1.2 & 225
- 1.9:00 32 #225%x 3
@ ¢ 150
L2 9:20 14 | 38 1.2x1.6x1.2 ¢ 225 Gne old pipe converted
@ 32 F.i terminal‘ P 150x 3 | to clay pipe (150 mm).
M-1 | 8:30 66 |36 |2.7%x1.5x1.0 | $#225 Heavy corrosion.
32 ¢ 225% 3
@ # 150
M-2 | 9:45 | 107 |35 | 2.6x1.5x1.0 | 250 Heavy corrosion.
32 ¢ 250
@ ¢ 225% 3
M-3 | 10:15 1 | 35 - .
@ 32 Full of Water
M-4 10:35 11 37 1.58x 1.56x 1.0 | ¢ 150 Middle corrosion.
@ 32 ¢ 1h0X 2
M-6 | 10:40 | 25 | 40 - - Over flow.
34
®

Note) Heavy corrosion - Concrete -almost damaged

- Cover

-not proper shape

Middle corrosion- almost surface is damaged
D - End of force main B
@ - Collapse point

@ - Non damaged point
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F.M

t

i

S.T

Force Main
€.5 - Comminuter Station
Septic Tank

Name | Date H=§ TEMP Hanhole PIPE NOTES
Time ppm Amb. Size Outlet
Wat. Dep. X WX L Inlet
¢cey { (m) (m)(m) {mm)
t-1 | 16/8 | 109 |35 |2.1x1.6%1.2 - Full of water. |
: ' 32 Ml is in the plastic fac
)] 9:30 Ltory. _
The pipe was broken by
the roots of trees.
S.T [9:45 0.2 | a7 1.4X2.2% 1.5 - - Full of night soil.
IN not connect to sewer.
MOC '
1.4%x2.65% 5.8
P.M | 14/8 | 14 |34 ]2.9%x1.6%1.3 | ¢225 Blockage was found under |
from 9:30 32 the warehouse in Power
4 PS Station. It.was blocked
) in July, 198%.
C.8 16/8 109 38 Comminuter Station
32
@ B:40
C.S |10:57 .| 109 |40 Comminuter Station
® 32
.8 16/8 | 109 | 3b - - Comminuter Station
6y} i0:50 32
Note) P/S - Pumping Station

MOC - Ministry of Construction

@ -~ End of force main

@ - Collapse point

@ - NHon damaged point
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The reasons for the high hydrogen sulphide gas at B-4 and M2 points are not
clear. However, high temperatures were recorded at these points {air
temperature 33 - 40°C, air temperature in the manholes 32°C, and water
temperature 32 - 35°C). Besides'high temperatures, flow velocities were low (14
-15 cm/sec) and a large quantity of sediments weré observed. These conditions

may probably promote the generation of hydrogen sulphide gas.

An'interesting fact was observed at Bl point. The cover of thié manhole was
removed and a temporary drum cover was put on. Thus, ventilation of the manhole
is.quité good: However, a high concentration of 80 mg/l was observed. One
reason for that is structure of the manhole. This manhole is 3.2 m deep, and a
water fall of abéut 2 m is. in 1it. Turbulence caused by water fall promote

release of hydrogen sulphide gas.

In general, concentrations of hydrogen sulphide seem to be lower than expected.

One of thé reasons for this is impropér funétion of the sewers. There are many
collapses and break downs of pipes and pumping stations which affect the
measurement of concentration. If there were not collapses nor bfeak downs, the

higher concentrations should have been observed.

A fact observed at E4 point that concentration increased from 2 mg/l before
pump started to 150 mg/l after flow reached the manhole suggests the
fluctuétion:bf hydrogen sulphide gas generation. Therefore, there is a
possibility of high concentration among the points which recorded low

concentration:
Although hydrogen sulphide gas concentrations were lower than expected; they .
are high enough to necessitate some counter measures to protect laborers

working in the manholes and materials of pipes and other structures.

4, Causes for High.Concentration

In order fto analyze the causes for high concentration of hydrogeﬁ.sulphide gas,

the results presented in Table 1.1 were processed as shown in Figure I.13.
First, all of the sampiing points are classified by their locatibns into three

categories, viz.  terminal point of force main, in the downstream section of

force main and on the gravity sewers. As shown in the figure, no méaﬁingful
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correlation was recognized between location of sampling point and hydrogen
sulphide gas concentration. Higher concentration of more than 50 mg/l were

measured at every category of location.

Second, correlation between the number of inlet pipes and concentrations was
analyzed since it was realized during the méasnrement_that higher
concentrations were recorded in manholes with many inlet pipes. As shown in the
figure, positive correlation between numbers of inlet pipes and concenfration
”was recognized. As the number of inlet pipes ingrease, the higher cbnceutration

was recorded.

Mény.factors other thaﬁ'thoée mentioned here affect the generation of hydrogen
sulphide gas and collapses caused by its attack. Number of inlet pipes is one
of the importaﬁt factors inithe distriet. One of the reasons for this
correlation is that more sediment accumulates in long and gradual inlet pipe
than in pubiié sewer line. As the number of inlet pipes inerease chances for

gas generation increase.

Prosent practice to connect inlet pipes to manholes forcés long and'gradual
inlet pipes. Direct connection of inlet pipe to public sewer is recommended to
avoid accumulation of sediment which will cause generation of hydrogen sulphide

gas.

5. Damaged Sewer Pipes

Based on the inyestigation of the existing sewerage system in each zone, the
lengths of the sewer.pipe sections where collapses occurred and replacement is

required have been calculated as shown in Table I.2.

Military areas are excluded from the table, since imvestigation could not be
done. Zohes named as Al_Ghomhoria Hospital, Gamal, Ashalam and MOC are combined
to neighboring zbnes for the convenience of calculation. There is no collapse
in zones Milk Factory, Market Area, Ashalam, Happy and a part of Gamal. Sewer

pipes in these zones are in good condition, and no replacement is required.
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Table 1.2 Length of Damaged Sewer Pipes

_ Total Length Length of Percentage of
Zone . of sewer ~ Damaged Sewers Damaged Sewers
(m) (m) (%)
H _ ' 1,960 550 28
J ' 1,639
Al Ghomhoria Hos. 1,055
Sub-total 2,694 735 27
o o 2,244 250 11
C _ 1,863 270 14
G 1,624
Gamal 295
Sub-total 1,919 245 13
K 501 60 12
B 1,455
‘Ashalam - .

. Sub-total 1,455 640 44
L : 2,610 75 3
M . 2,057
MOC 845
Sub-total 2,902 720 25
Total . . 18,148 ' 3,545 20

Total length of sewer pipes in 9 zones is 18,148 m, out of which 3,545 m or 20

% is damaged and requires immediate replacement.
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6. Need for Future Replacement

As described in the previous section, abont 20 %-of'the existing sewer pipes
are damaged:ahd requires-immediate-replacement{ This is sgignificant figures.
Most of the existing sewer pipes were installed in early 1960s. About 25 years
of usagé, 20 % of the sewers were damaged by hydrogen sulphide gas attack or

other reasons.

The existing sewer pipes will be damaged further by the same cause because the
condition of the area. will remain same as it is now and pipe materials are

asbestos cement which is subject to hydrogen sulphide gas attack.

Three factors, viz. hydrogen sulphide gas concentration, percentage of damaged
sewers and present sewage flows, in each zone have been analyzed to evaluate

the vulnerability of zones to further damages.

As a result of the analysis, the highest contributing factor is identified to
be the percentage of damaged pipes; then second is hydrogen sulphide

concentration and the last is sewage flow,

The result of the analysis.is considered reasonable for the following'reasOns.
Collapses reported in the past often occurred in the next section of the
replaced sewers. This means that collapses are likely to occur in a certain
specific sewer line. The high concentration of hydrogen sulphide gas indicates
possibility of damages. However, because of the coilapse5=presently occurred,
measured values do not represent the actual ones under normal eondition. Sewage
flow has positive and negative effects on'damages. A large flow means a large
quantity of organic materials to cause the'hydrogen sulphide gas generation. On
the other hand, the larger is sewage flow, the higher is velocity, resulting in
less chance for gas generation. These two effects canceled each other and

result in slightly positive effect.

Taking into account the fact that average percentage of damaged section
accounts for approximately 20 % after.ZBIyéars of operation, the average
percentége of damaged section up to 2010 is assumed to be 50 % Neéessity of
future replacement in each zone is analyzed in the same manner as described
above on this assumption. As a result all the zones were_classified into.the

four ranks according to the results of analysis as shown below.



Rank Porcentage of Zone

Replacement
1 100 % B
2 60 % "C, E, G, Hand K
3 30 % J and M
4 0% Milk Factory, Market Area,

Ashalam and Happy

Length of the future replacement based on the analysis is calculated as shown
in Table 1.3 belbw. These figures are caleculated on the assumption mentioned
above and not necessarily predict the actual length of the replacement.
Nevertheless, vulnerability of each zone to damages by hydrogen sulphide gas is

reasonably evaluated.

- Table 1.3 Length of Future Pipe Replacement

Totai Lehgth Damaged Pipe Damaged Pipe Total Length
Zone of Sewer Length (1989) Length (90-2010) of Replacement
(m}) (m) (m) {m)

H 1,960 550 630 1,180

J 2,694 735 75 810

E 2,244 250 1,100 1,350

C 1,863 270 850 1,120

G 1,919 245 905 1,150

K 501 60 240 300

B 1,455 640 815 1,455

L 2,610 75 705 780

M 2,902 720 . 150 870
Total 18,148 3,545 5,470 9,015
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APPENDIX J

SOIL TEST

1. Introduction

In order to determine the most suitable borrow pit site for the construction of
embankment at STP site and to obtain design parameters, soil test was carried
out.

3, is required for

A huge quantity of impermeable soil, approximatély 384,000 m
the construction of embankment in STP. Therefore location of borrow pit greatly
affects the construction cost of STP. The beldw mentioned four sites were

‘suggested by GDLG and Aden Municipality as borrow pit.

- Bir Omar 27 km from STP
- Sheikh Othman 13 km from STP
- Hiswa 15 km from STP

Dar Sa’ad 21 km from STP

Samples from the four sites and one from STP site were taken by the study team

and brought to the MOC laboratory for test. Test items are as follows.
a. Sieving Test
b. Unit Weight
c. Permeability Test

Locations of sampiing and test points are shown in Figure J.1.

2. Results of Test by MOC

(1) Permeéability Test

Variéple head method waS‘adoptéd to get'COefficiént of pérmeability. The

results of the test are shown in Table J.1 below. Coefficients of

permeability at the four'borrow pits are at the order of 10—3 to 10—4.



These values are higher than expected from the observation at the sites.

Bulk densitieg of the samples are unknown.

The test was carried out after adding of 10 % of water to the sample.
Weight'of water added was determined by pretest for optimum moistqre
contents. However, 10 % of moisture content may not be the optimum one.

Sieving Test

Soil property at each borrow pit and STP site is considered as follows

based on the results of the test shown as grading accumulation curve_in

Figure J.2.
- STP site Sand
- Bir Omar _.Silty clay

b

Sheikh Othman Silty sand

- Hiswa ' Sandy silt

Results of the test for the sample taken from Dar Sa’ad has not been

obtainéd.

Grading accumulation curves of the four samples are shown in. Figure J.2.
Ffom the curves, it can be said although the grading in fine particle size
area is not known that the order of well grading is 1) Bif.Omar, 2) Hiswa,
3) Sheik Othman and 4) STP Site.

Test in Japan

Two samples from Sheik Othman and Dar Sa’ad were brought back to Japan for
further test. The results of the test are shown in Table J.2. Permeability
coefficient were tested with the optimum moisture content and Dar Sa’ad
samples are 1()_7 and 10_4, regpectively. Order of the perméabiliﬁy

coefficient of Sheik Othman sample is COnsiderébly different from that
obtained in Aden. The reasons for this difference may be lie in the
difference of compaction method and measurement of the optimum moisture

content although the exact reasons are not épparent.
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Figure J.1 Location for Soil Sampling




‘Table J.1 Result

of Scoil Test

Soll CE o .
~grameted Coal‘flcu}ni;_t)f MOibLUI:G Looso densily
Location permeability content
cm/s . % ‘ _ L/md
_STP Site 1.55x10 "% [ 1.22
Bir Omar’ 6.99x10™% 3 1.0
Shoikh Othman|  6.04x1074 3 1.17
Hiswa 4.99x10°% 2 T 1,24
par Sa'ad 3.85x107% Not Received Not Recelived
i Data from .
- . - g Data from MOC
Mole Aden Univ. Data frpm MoC
"~ Legend PEOPLE'S DEMOCRATIC REPUBLIC OF YEMEN'
: MINISTRY OF  CONSTRUCTION
——es—" STP Site STUDIES AND RESEARCH D[E}PARTP%ENYT
i 50!L:5- AND MATERIALS LABORATOR
= === Bir Omar KHORMAKSAR
~=-— Sheikh Othman pm (ma)
N : : y A A
Hiswa r N ~
~ O g @ v n
: g 358938 I &4 du%exsangoe
100 ittt | 1 i 11 1 100
- t L=
0 ] ] Ii 90
. L 1. ; i
80 0 R g0 |- L s
& (IR E _ I 0
70 70 L / £70 ! 70
]
. : Y t
) 60 v F 40 o
- /h : 6
3 g, 1
2 so 50 1 {50 ned50
- T i -
5. 40 40 - [ a0 —tao
& /— =N
B ) 30 f ka0 130
"o : !
0 2 } i_eo 20
10 10 : Lo : 10
H i 1
i ] I
@ 000 .00t 0.0t . or 10 . oo 100
] o Porticle size  (mm} . i v
CLAY FINE | MEDIUM [coarse] FINE  TMEOWUM[COARSE | FINE  JMEDIUM [CORRSE COBBLES
SILT ] - SAND . GRAVEL -
Operator: Job: Site:
Date: 12/ 8/89 Boxchole No:
Description of soil: Sample No:
" Depth-of sample

Figure J,2 Grading Accumulation Curve

British Standard test sieves
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Table J.2  Results of Soil Tesl in Japan

Sampling Point Sheifkh OLhman Dar Saad
frain Size Gravel Fraction '
Properties (22. 000um) % 0.0 3.5
Sand Fraction <
(74~2 000um) % 12. 0 54. 5
Sitt Fraction
{(h~Thum) ¥ 39. 5 37. 0
Clay Fraction
{€hpm) ¥ 48. 5 5. 0
Haximum Particle
Size {mm) 0. 84 19.1
Uniformity
Coofficient — 8. 3
“Coefficient of
_ Curvature - 1. 2
consistency Liquid Limit % - 38, 2 N. P
Properties —- ; e ’
Plastic Limit 4 18. 1 N. P
Plasticity index 20. 1 —
Classification -} Japangse Unified . _
Sotl Classification ClL SMg
System N
Triangular $oil Fine-grained |  Sandy Soil
o _ Classification Soil
specific Gravity of Soil Particle - 2.817 2. 788
Natural Moisture Content % 9. 4 1.6
Properties -
Wet Density ¢/c¢ch? 1. 732 1. 664
Triaxial_ Condition of Test . uUu . uu
Compression —— '
Test Cohesion kof/cm? 0. 12 0. 98
Angle of Shear o
Resistance 0- 106° 007
~ Compaclion Method of Test 1-1-¢C 1-1-C
Properties 5 o
Optimum Moisture
Content % ) 20. 2 16. 5
Haximum Dry.
Density  t/m? 1.717 1. 709
éby.Fal!ing Head
ermeability Test) 1.00x 1077 8.00x10

Note: UU @ Unconsolidated-undrained Test
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APPENDIX K

STABILIZATION POND SEWERAGE
TREATMENT PLANTS IN LAHEJ AND ABYAN

1. Introduction
The JICA study team matle a visit to two sewage stabilization pond treatment
facilities in Lahej Governorate on 29 June, 1989? Two treatﬁent facilities afe
located in Sabir and Al Hota. The visit was prepared by Mr. Ahmed N. Aboteeba,
head of Sanitary Engineering Sectioh, GDLG. He accompanied the study team
members to the site. Lahej Governorate engineers, including Mr. Mahadi,

director also accompanied the team.

Another visit to the sewage treatment plant located in Lawdar, Abyan
Governorate was made by the study team members and Mr. Aboteeba on 18
September, 1989. Stabilization pond system is adopted for the treatment. This
appendix describes the present conditions, design outlines and the

considerations on the three pond systems.

2. Present Conditions

Present conditions of the three pond system are as follows.

1) Sabir stabilization pond system is located in the agricultural land near
Sabir town. This pond system consisis of an anaerobic pond, a facultative
pond. and two stages of maturation ponds in series. Construction of the
facilities started: in October, 1988, and the construction work still
continues at present. This'pond system will treat the. sewage from nearby
Sabir town. There is no pumping station in the sewer network from Sabir

town to the pond. All sewage gravitates intc the pond.

Construction work has been carried out by the Governorate. Pipes are
supplied by GDLG. Construction machines ~owned by the Governorate have
been used. During eight month period from October, 1988 to date,
approximately YD 74,000 has -been speﬁt; Costs. for the pipes sﬁpplied by
GDLG and machihes aré.not included in the construetion cost. Labor and
material'ébsis accdunted fér the most of the construction cost. Total
construction cost is estimated to be YD 120,000, This cost is converted

to a unit cost of YD 30 per served population.



2)

3)

All the ponds are constructed by excavation, and water levels in the
ponds are below the present ground level. Slopes of the ponds are all 1
vertical in 3 horizontal. Surfaces of slopes are protected from the
bottom to the top by stone covering. Ductile cast iron pipes with 400 mm
diameter are used for inlet and connecting works. Mechanical equipment
instalied in the system is limited to a bar screen in the inlet work. The

screen is made of steel with 20 mm spaces. Flow measurement will be

* provided by V-notch in the inlet work. Treated effluent is planned to be

reused for irrigation purpose. Pumps are needed to discharge effluent to-
the irrigatioh channel. Effluent will be mixed with groundwater before

deliver to farms.

Al Hota stabilization pond -system is located in the agriculturdl area in
the.sduthern suburh of Al Hota, the Governorate capital. This pond system
was designed by GDLG and constructed by a Japanese contraqtdr,'Kubota
Construction in 1986. The Treatment system consists of an anaercbic pond
and a facultative pbndJ This system is tredting the gsowage which is
colleétéd by sewer lines constructed in the town in 1986. The present
sewage fTlow is said to exceed the design flow, although no flow
measurement has been practiced. Construction of the second process train
which is identical to the existing one is considered, and diversion to

the second train was provided in the inlet work.

The anaéfobic pond.is colored pink, but no_aggressive.odor'was
recognized.'The facultative pond is ‘colored green because of green algae.
Dense population of green algae was.recognized, and at.the leeward corner
of the pond'thick scum of green algaé-was'observed. Green algae'are
carried over to a.long'drain‘canal and decomposite there. Carry over of
green algae presents visible nuisance in the_réceiving channel . A sample
had been takem from the facultative pond and BOD concentration of 31.6
mg/1 had been obtained suggesting proper'funetioning of the pond. Treated
effluent is currently used by farmers voluntarily for growing 1ime trees,

although the amount of water reused seems to be small in quantity. -

Lawdar treatment plant is located outside the Lawdaf Town which is
situated at an altitude of about 1,000 m ‘above mean sea level.” One
facultative pond was constructed by GDLG in 1984 as a part'of'integrated

water supply and sanitation program prepared by "UNICEF. This



stabilization pond is the first one of the kind designed for local
sanitation program. Since the town is located on the gentle hill and pond

is located on the outskirts of the town, sewage flows into the pond by

gravity.

Although the water supply system was constructed at the same time, the
wells, water sources of the system, could not yield sufficient quantity
of water. The total population in the town, approximately 2,000 at
present, still rely on the water brought by lorries from the other place.
Thus, sewage flow to the pond is far less than expecited. Sewage siagnates
in a small part of the pond and no effluent goes out of the pond. The

pond system does not function properly at all.

3. Design Outline

Two pond systems in Lahej Governorate were designed by GDLG engineers, and that

in Abyan Governorate by UNICEF. Outline of the design are summarized below.
1) Sabir

Year of commission: Under eonstruection (from Oct. 1988)

. Design populatien: 4,000 in'1999_

a.
b

¢. Design sewage flow: 480 m3/d

d. Design temperature (ambient): 20°C
e

. Size, retention time and BOD loading

Anaerobic Facultative Maturation (1) Maturation (2)

Size (LxW, m) 27.5x17.5 50 x 45.5 48.5 X 22 48.5 X 22
Area (m2) 481 2,275 1,087 1,067
Depth (m) 2.5 1.5 1.5 1.5
Volume (m®) 1,203 3,413 1,601 1,601
R.T. (day) 2.5 7.1 3.3 3.3
Infl. BODS (mg/1) 375 150° 44

Effl. BODS (mg/1) 150 44 10
BOD Load (kg/d) - 180 72 21

V.B.L. (kg/m°/d)  0.15

A.B.L. (kg/ha/d) 3,742 316

Coliform ( /100 ml) 107 100
pH 6.8 '

Note: Pond size is at the middle of water depth

K-3



2} Al Hota

Year of commission: 1986

[ =

Design population: 10,000 in 1994
Design Sewage flow: 1,300 m3/d

o o

Design temperature (ambient): 20 C

e. Size, retention time and BOD loading

Anaerobic Facultative

Size (LxW, m) 45.5x35.5 125.1x87.1
Area (m2) 1,815 10,896
Depth (m) 2.5 SRS B {
volume (m®) 4,038 18,523
R.T. {day) 3 14
Infl. BOD5 (mg/l) 375 150
Effl. BOD5 (mg/l) 150 29
BOD Load (kg/d) 488 195
V.B.L. (kg/m/d) 0.12

A.B.L. (kg/ha/d) 1,209 179

6

Coliform ( /100ml) 10 3,038
Note: Pond size is at the middie of water depth.
Effluent BOD of 31.6 mg/l and pH value of 8 were obtained by

analysis.
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