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C.2 Pumping Station

There is ten working pumping stations in the study area, onc is inland arca and the other 9 are
in coastal area. In this project, these pumping stations were utilized as much as possible.
Further, 33 pumping stations are to be installed in the study area; 23 new pumping stations
supplementary, and 24 pumping stations in feasibility study area, 14 new pumping stations
supplemicntary.

These pumping stations are classificd into 5 types according to the scale.

Type I Submersible circular type and diameter of 1.5 m

Type IL: Submersible circular type and diameter of 1.8

Type Mi: Submersible circular type and diameter of 4.0 m

Type IV: Simplified rectangular type, width is 7.0 m with manual screen
Type V: Simplified rectangular type, width is 14.0 m with mechanical sceeen
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Simplified Type Pumping Station
TYPE IV

g

Pump Well

L=7.00m

2L
Sy

[

..................
R R N R R A
.............

‘-1 [ .
E Hoist

Administration
Room

i Valve Chamber
e
TIRTT7 m ikl e’ U [ S L ) S
A (A b A0 E
'l q_ :_‘.::-_.-_‘l:.:_.-_.-_.-_.-..'_.'_.-.--,.-_--.. " o
YA L _|}'.-4
= :
I
'

Pump Well

W =7.00m
>

No. ]

TITLE
Submersible Pumping Slation

Rectangular TYPE IV

C22

| THE STUDY ONSEWERAGE $YSTEM
OF PORT WORESEY
1N PAPUA NEW GUINEA

C.2-3




Standard Type Pumping Station
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Table C.2.1 Cost Fstimation for the Pumping Facilities
TYPELQ = 0.01 ~ 1.50 (m*/min)

- _ Name 1 Gabutu No.1 _ GabutuNo3
______ Q (m/min) Y 0.39
Structure Circular Type Dia{m) 1.5 15
Wall W (m) 0.25 02
Depth (m) 50 80
Site W (m) 5.00 5.0
L (m) 50| 50
Am) T s 25.0]
Conc rate r 28 23
Biil of 1. Site Grading A(mD 25.0 250
Quantity |2 Banking/Compunction  |H (m) 10| 1.0
v (m)) 25.0 25.0
3. Excavation V) B 1585 2206
4. Compaction A(md) 126 126
5. Gravelling vV (m) Y Y]
6. Level Concrete V (mh o - 03 03
7.R.Concrete V() ) 169 217
8.SR.Bar w0 0.8 11
9. Forming Jamy i 101.1 1303
weover v Y X
11.0ump Soil v and) 17.2 270
12.Back Filling V() a0 a3
13.Fence L) 20.0 20.0
Table C.22 Cost Estimation {or the Fumping Facilities
TYPE 11 Q = 1.51 ~ 3.00 (m*/min)
) Name Gabutu No.2 Vabukod No.2
B Q (m¥/min) 1671 114
Structuze Circular Type Dia (m) 18 1.8
Wall W (m) 02s] 025
Depth (m) 31 L 6.0¢
Site W (m) 50 50
L 50 50
A (m?) 25.0 250
Cone rale T 2.1 25
Bilt of 1. Site Grading A (m) 25.0 25.0
Quantity 2. Banking/Compunction o n {m) T 1.0
vV (m) o 25.0 25.0
3. Excavation T 2683 2028
4. Compaction A (m1) N s 45
5. Gravelling ) vV (%) B 08| 08
6. Level Concrete v (m*) | 04| 04]
7. R. Concrete V() ' 240 TR
8.S.R. Bar wo 12l
9. Forming ~ |A(m) 1439 126.9)
10.Cover v () Y Y
T1.Dump Soil ] \T(:n:‘) ________ T3] 202
12.Back Filting _ v (m’) 241.0 1826
13Fence L(m) T 2000 200
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Table C.24 Cost Fstimation for the Pumping Facilities
TYPEIV Q = 6.0) ~ 15,00 {m’/min)

o Hanuabada | Konedobu N Vabukori | Dogia | Dogura
Mm_em_ ] _ No2 N2 Baditi | Kaugere No3 Nf: 4 Ni.s

Q {m’fmin) 8.7 1281 9.541 1333 825  606] 948

Rectanglar Type  |W(m) 70 1.0 10| 7.0 1.0 W10

L 70| 7.0 7.0 10 1.0 7.0 7.0

IF Wall{m) | 0.2 02 02, 02 0.2 0.2 02

[BRWali(m) | 05 0s] 05 05| 05 0.5 05

Hight(m) | 40 4.0 40 4.0 401 40 40

Depth (m) 5.2 42 53 5.1 5.5 29 35

Site wm 1o S170] 170 17.0 1720) 170|170

L(m) 170, 170|170 17.0 170 170 170

: A{mY 239 289 289 289 289 289 289

Concrete ‘ 12 14 12 12 12 1.6 1.5

Billof  fl.SiteGrading _ |a () %90, 289 289] 289 289 289 289

Quantity |2, Banking H{m) ) 1.0 1.0 1.0 10 1.0 1.0 1.0

{Compunction]V (m”) 289.0 289 289 289 289 289 289

3, Excavation V (o) 6897 5687)  701.8]  7502] 7260 4114|4340

4. Cempaction Am) | 81.0 810, 810 810/ BLO| %10/ £1.0

5. Gravelling vimh) | 9.3 93 2.8 98 98, 98 9.3

6. Level Concrete |V (m’) o 49 49 49 49] 48] 49 49

7.R. Concrete V(") B 874 823 890} 958] = 924] 650] 735

8.S.R. Bar w | 105 99| 101 s 1L} 18 88

9. Forming A (m’) ] 5242{ 49391 5342|5746  5544| 3898 4410

10.Cover A" B 180] 180 180 18.0 180 180] 180

| 11.Root A (m" 250, 250 250 25.0 250] 250 250

12.Dump Soit V (m’) 3994  3226| 407.0{ 4378  4224| 2227| 2688

13.Back Filling v () 29031 2460 2948 3124 3036] 1887 2152

14.Fence L (i) 680 63.0 680 68.0 63.0 68.0 68.0

Table C.25 Cost Estimation for the Pumping Facilities
TYPE V.Q = 601 ~ 15.00 (m*/min)

Name Stanley Paga Kila Kila Dggu;a

Q (m/min) 15.08 1659]  25.14] 17388
Rectanglar Type W () 10, 7.0 7.0 7.0

L (m) 140] 140/  140] 140

1F Walt (m) n.2 02 0.2 0.2

18F Wall (m) 0.5 0.5 0.5 05

Hight (m) 49 40, 40 4.0]

Depth (m) 3.9 44 5.5 34

Site W (m) 17.0] 170]  170] 170

L (m) 24.0 240 240  240]

A (m?) 408 408] 408|408

Concrate - H 1.4 1.4 1.2 1.5
Billof - [1.SiteGrading  |A (") 408.0 408.0] 4080] 4080
Quantity |2. Banking Him 1.0 2.9 3.0 40
: /Compunctiony () 408.0 81600 12240] 16320
3. Excavation _ _|vm 8712 9702 1188.0; 7722

4, Compaction Amh | 1440 1440]  1440] 1440

5. Gravelling Vi) 196 19.6 19.6 196

[6. Level Concrete 'y’  § 98 9.8 98 9.8

7. R, Congrete V) 1529 1725 1848 1428

8. S.R. Bar W) o as3l o 209) 222 1.1

|| Forming 1A (m) 917.3] 10349 1i088| 85638
10.Cover -~ _ A 360| - 360 360 360
HLRoom  |A(m" ) 500  s00]  S00] 500
12Dump Soil |V (m’) L5900, 613 88 5222
13.Back Filling |V (m"). 2122 2944 3432 2500
14.Fence L {m) 820 820 820 820
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\uxiliary Design Consideration for Pamping Station

1. Water Hammer in Pumping Facilities
Water hammer is a phenomenon that a large pressure fluctuation may occur in the water

feed pipeline, when a pump used in a long water feed ling is suddenly stopped by power
failure or mechanical failare.

Examining by the preliminary water hammer study, some pumping stations with a long
pipeline are potentially dangerous conditions to cause water hammer.

As the measures againsl the water hammet, the following methods are recommended:
“a. Flywheel
'b. Conventional surge tank, or
¢. Multistage pumping station

At this stage of study, locations of pumping stations are tentative and it is difficult to
examine water hammer in defail. Location of pumping stations should be finalized in
detailed design stage, as well as countermeasures against water hammer, if necessary.

2. Diesel Engine Generator

In this section, costs of diesel engine generators are examined and the necessity of them are
discussed.

The initial and operation costs for typical three pumping stations are calculated in the
following table. The initial costs or installation costs are widely fluctuated by the capacity,
Angd smaller generator requires higher per kW cost, for instance generator in Koki (25
kVA) is about 2.28 times than Stanley (150 kVA) in each kW. The average initial cost per
kW is Kina 1,065, subject to genesator life of 10 years and 480 hours/year (8 hours/day x
60 days) operation. Total power requirement for all 24 pumping stations is 705.2 kW so
that the total cost for generators reaches to Kina 750,980. This equals to approximately
40 % of a!l mechanical and electrical equipment in pumping stations.

Running cost consists of depreciation of generators, spare parts and fuel, but not personal
cost for operation/maintenance. Electricity cost per kWH is Kina 0.184 by ELCOM and
Kina 0.579 by generators, which is 3.15 times higher than that of ELCOM. In case of 480
hours/year generators operalion, annual running cost in total is Kina 259,334, and it s Kina
72,484 or 39 % higher than single power supply by ELCOM.

In technical view point, maintenance of 24 generalors spread over cily is not casy and they
would not work without proper monthly maintenance, since diesel engines are assembles
many and precisc parts.

Power failure was very severe and it occurred everyday during dry season in 1997,
Electricity Commission (ELCOM), however, mentioned that in ordinary years power

failure had occurred only 2 to 3 times a month and cach duration had been only 3 minutes
to 30 minutes.

Taking ELCOM’s comment in to consideration, it is not recommended to install a

Cc.2-9



gencrator scl to cach pumping station, due to high initial and maintenance costs, difficuity
of operation/maintenance and less reliability.

A. Typical Generator Costs for3 Pumping Stations

- . Stanley Paga Koki
Pump  [Power kW L 45 18
RN A 17 150 @ 25
~_Irs 1872s | 156 313
Kina 82,657 41,919 28,339
Cost KinafYear+ 12,318 6247 4,223
Kina/kW 689 | 932 1,574
oo pas [ECT L 80 50 50
Spare Parts  inasYear RES 2,096 1417
. 0 0.127 0.127
Fuel L/ 238 | 9.6 4.0
Kina/l. i 0.65 065 | 065
Running OpCI"r.\liO-l_l“ o hoursfycar 430 480 ] 480
Cost |Depreciation {Kinah | 2566 13.01 8.0
Spare Parts__|Kina/h 861 4.3 2.95
Fuel Kina/h 15.48 6.24 2.58
Total Cost Kinath 49.75 2362 . 1433
Cost  |Kina/kWh 041 0.52 0.30
Generator - Initial Cost KinskW - 1,064.9 ]
Blectricity Cost Generator KinalkWh o - 0s19
ELCOM Kina/kWh 0.184

B. Generator Costs for All Pumping Stations vs, ELCOM

t. Initial Cost

Power requiremient of 24 pumping stations 7052 kW
Average initial cost for generator 1—,0“64.9 Kina/kW k
Total initial cost for generator 750,980 [Kina

2. Running Cost h h
Power requirement of 24 pumping stations 7052  |kW
Opcration hoursfyear Ihoy&i 0 o 480 1,440
Generalor (0579 Kina/kWh) 0 195,865 | 587,595
ELCOM (0.184 Kina’kWh) 186,850 62,283 0
Total runniog cosl ] Kina 186,850 259,334 589,035
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C3 Treatment Plant

1. Master Plan {M/P)

Ten (10) sewage treatment plants (STPs) in total are established for the M/P stage.

Four (4) STPs, including three (3) cxisting STPs, are located at inland area and the others are

located at coastal area.

Tabte C.3.1 shows an outline of the established STPs.

Table C.3.1 Qutline of the proposed STPs

STP Name Location Treatment Method Remark
Waigani Existing
Morala fotand area Stabitization pond -do -
Gereha method -do-
Bomanai -
Paga Sedimentation
Kila kila method
Talaija Coastal area
Pari Stabilization pond
Vetlorogo method
Dogura Kohu

Among the above STPs, Tatana and Pari STP were denied as an element for the optimum
sewerage system of the coastal area, through the comprehensive allernative study (cf.
Appendix D).

Brief descriptions on capacity calculation and structure design related to the mentioned STPs
for M/P are indicated in Table €.3.2 and Table C.3.3
2. Feasibility Study (F/S)

Two (2) STPs, Paga point STP and Kila kila STP, are proposed for the feasibility study (F/S)
of the coastal area.

Capacily calculations of both STP are attached later and drawings are altached in a clause
“DRAWING”.



Table C.3.2 Proposed STPs for M/P (1) : Stabilizatlon Pond Method
(1) Capacity Caleelation & Structure Deosten

s __ Intand Area Coasial Ar¢a
Waigani § Morala | Gerehu | Bomana | Tarana Pari - | Veworoge | Dogura
Sewage Flow [Quave (' day) 86,741 15,225 18018 39,887 2,509 10041 . 13115 18,209
Swbitization |Anaerchic Ve | T T 9,774 5018] 288! 26230, 36418
Pond Method |Pond LIEL I N o _ 6) 2] 2 4 4
H {m) ) | 30 20 10 30 230
UpperWim) | 90.0 4001 250] 6507 750
LowerW(m) | R 0L 289 1309 530 630
Upperldm) _ — SB6F 302 U6 428 498
Lower! {mm) 45.6 18.2 126 - 308 3138
Facuhative Vi) | nezel 60900 72072 _159348] 10036 4.376] s24e0] 72436
Pond Train 1 2 2 6 2 2 4 4
Heuy | 18] 18] 13 18 1.8 .18 8 18
UpperWim) 3340 1000{ 1000 90.0 4090 250 65.0 75.0
[LowerW(m) | 3258] 9238 928 828 128 17.8 518|618
Upper(m) | 2024|  1mse0,  2112]7 mas 0.1 602) 1222|1452
LowerL{m) 1950 1708]  204.0] 1673 72.9 s30 1150l 1380
Site Area (ha) 0.1 54 6.1 189 13 06 6.4 23
Aerated Complate vem» | 1 1 59,83 1,764 Lol 19673 21314
Lagoon Mixing Frain | o o 4 2 2 . 4
Method Acrated H (m) 300 30 30 30 30
Laggon UpperWio) | _ V. B0.0 2590 200 45.0 550
(Reference) LowerW(m) | B 686 130 80 0 430
UpperL{m) R . 3.2 384 4.7 4.7 322
LowerL{m) 61.2 26,4 12.7 5.7 402
Partiat vy | 79,774 so18]  2,188]  26,230] 35418
Mixing Tain | | b 2 C2 4 4
Aeratzd Hm | . o o 30 3.0 3.0
Laggon UpperWi(m) _ 80.0) 250 200 450 550
LowasW(m) | 686 130 30 330 43.0
Upperl {m} o e 424 .2 617 61.7
Lowert{m) 83.7) 37.4 19.2 49.7 557
Site Area (ha) B.1 0.7 03 3.0, 4.0
Table C3.3 Proposed STPs for M/P (1) : Stabilization Pond Method
{2} Consiruction Cost .
STP o Inland Asca Coastal Area .
Waigani | Morata | Gerehu | Bomara | Tatana Pari Yetorogo | Dogura
Structure Anserubic Pond Train | R 6 2 .2 4 4
H(m) N o 38| 35 35 35 5]
UpperWim) | 1 92.6] 120 210 67.0] . 770
LowerW(m) N 180} 289 130 530 610
Upperb(m) o 606 32.2 266 448 - SKE
Lowerl{m) 46.6 18.2 126 308 318
Fecultative Pond Train . 2 2 6 -2 .2 -4 4
H(m) 23 23] 23 ‘3 23 23 23] 23
UpperWimy | 3360] 1020 1020 22.0] 420] 2790 620 710
LowerW(m) 3268 928 928 828 128 1.8 578 67.8
Uppeddtmy | 2044 1810} 2132 176.5 82.1 622 1242 147.2
Lowerd(m) 195.0 1718] 2040, 1673 719 5300 11500 1380
Site W(m) __ 3560, 22900 2190] 5740 w060 760] ¢ 2900l ¢ 3309
Ly  f__2294]  010] 2332  2922] uepaf w438 2240 2540
A(m) 79,900  45038] 53410, 167.695] 12.947]  10926]  64.972) 81830
Bilt of 1. Site Grading A () 22502 46038 s3d10] 167695 13,937 10926]  saoml 83830
Quantity Z Avigge Grade Level  [H(m) | 23 23 23 23 23 23 0 230 23
| V (mh) 1837751 105,887) 122843 385698] 41279  25.129] 14943s5) 192,800
3. Pond Volume Anacrobic | o O O 9605 6299 2853 32018 44,142
Fxultative | $52,MY 79,0340 93508 207470 133500 5568 68,723 95,062
Total (Vi) | 15230] 790880 53,508 303,520 " 19660 88200 100,741 139,204
4. Banking/Compaction |2-3 (m’) 31434 26803) 29,333 E2178] 619 16309] 4m604f 53605
5. Soit Cement Anazrobic | 9 o o 650 943]  s19]  3083] 3504
{w{ Compacticn) Fxohative | 0 0 0, 8002} - 1,182 823 34l 441
Total {Vim) a 0 O 1as5i2p  2028] 1442 6807 8017
6. Asphall Pave Rocover [A (m') 0] 0 0 6,929 2,303 1,758 411 4672
I Fence L {m) 0 { 0 1,732 351 440 1,028 1168
8. Shore Protection A(m) 0 O L o O O 0
2. Administration BLDG. (A (m) o o [ 50 SO 50 50/ 50)
Gate (nos.) i 4 4 14 6 3 10 10,
Frechoard 05m
Sloge of Surface 1:20
C.3-2



Table C3.4 Proposed STPs for MAP {1} ¢ Stabilization Pond Method

{3} O&M Cost
- STP . WlandArea _ CowulArea
Waigani | Morata | Qccehu | Bomana | Tatana Pari Vitorogo | Dogura
Sewage Flow |Qdave (w'fday) s6741] 15225] 18pIR]  aosei]  2.509] 1098] 1n18] 18209
Disinfection  [Cl Volume I (0771 5 N S A I a4 4 4 4 4
Ct Volame logyean |y _ ss238]  aeedn  us97]  19.148) 26585
Unir Cost  airakg) ] 641l 141 841 147 a4
Cost (100CKIna) 0| 214 1335 143.0 225.2
Shdge Figare Dryed | Dsyed | Dryed Dryed | Dryed | Dryed Dryed Dryed
Transfer Volume (ﬂ}ﬂ{aﬂ 4,317 ! 901 1994 125 551 656] 910
[ Unit Cost (kinam’) | 670 &0 6,70 6.70) 670 67| 670 670
Cost {1000Kina) 29.1 5.1 6.0 134 08 04 4.4 6.1
Total Cost (8000kina) X1 60| 1034 28.2 135]  1434] 2313
143.6; 4208
Table C.3.5 Propaesed STPs for M/P (2) : Sedimentation Method
(1) Capaclty Calculation & Structure Design
Ttem Paga STP KétaKila STP
Cavo VA | Cmse 1-B} Casc 2. | Case 2-B | Cass I-A | Case 1-C | Case 2-A | Case 2-C
Case 1-C | Case 1-D | Case 2.C | Case 2D Caze 1B | Case 1- DY Case 2.8 | Cace 2-D
dave (m'#day) nsu| 2501|134l Tisenf 1313 22406 30470| 31,563
Dd {m /day) a2 22603 17438] 207000 22707 29.128]  39.611] 41032
Sedimenlation A{m’) —ssl| 65 349 414 554 583 792 221]
Tank Nos, 4 4 1 I 1 4 4
piagm)y | 1337 143 14.9 152 113 136 15.9 162
H (m) 35 3.5 13 35 3.5 35 3.5 35
Thickeacr A(m’) 04 334 179 a2l 4] B9 40.6 42.1
[Nos. 2 P 1 1 2 2 2 ?
Dia (m) 4.4 46| 48 s 43 T Y 52
H (m) 35 33 35 A3 3.5 ER) 35 18
Digestion v (mg) 1,354 1,505 805 955 1,279 1,344 1,828 1,894
Fank Nos. . 1 i ol 2 2 2|
Dia (m) 1 ns 13 125 109] 111 123 124
H (m) 5.6 5.8 59 6.2 5.5 5.6 62 6.2
Sludge vV (m’) 129 1330 1229 1,33
Dryirg Nos. | 0s5] N2 205] 1
Bed W (m) _ e 00 10.0 100 10.0
i, (m) I 1500 150 156 15.0)
H {m) 0.4 04 0.4 04
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Table C.36 Preposed STPs for M/P (1) : Scdimentation Method
(2) Construction Cosl

ftem Pegasip ] . KilaKila §TP

Case 1-A | Case 1-B | Case 2-A] Case 2-B | Case 1°A | Case 1:C | Case 2.4 | Case 2-C

Case 1-C| Cate I-D | Casa 2-C | Case 2-D | Case 1-B J Case 1D | Case 2-B | Case 2-D

Structure Sedimgntation Nos. 4 L 2 2 4 4 4 4
Tank Dia (m) 13.7 144 149 162 133 106 159 162
Him) 4.0 40 40 4.0 40 20 40 40

Thickness(n) 04 04 04| 04 04 0.4 04 04

Thickener Nos. 22 i 1 Y 2 2 2
Dia {m) 44 46 48 5.2 43 44 51 52
H, (m) BT T S X A Y MY I - Y T

Hym) 3R a0 a1 aslT 33 38 44 43

Thickness{m) 03 03 03 0.3 03 03 03 03
Digestion Mos. | ..._.®H 2 1 R DR ; 2 2 2
Tank Dia{ny) 1.4 115 K] 125 109 1.t 123 124
H, () 66l &8] 69| 73] 65| " es 7.2 12

H; {m) 58 sl 5o 62 55 ) 612 62

Thickacss(m) 0.4 0.4 0.4 0.4 04 04 0.4 04

Stodge Nos. 205, 222 205 222
|orying W (m) _ L 10.0 100 100 10.0
Bud L (m) ) 15.0 15.0 150| _§50
H (m) _ 10 10 10 10

Thickness(m} 02 02 02 02
Site W (m) 513 8.8 349 362 70.0 100; 700 70.0
Leny b 719 200 91.4 9320 ten3]  1s27]  169.3) 1700,

A{m’) a464]  a700] 3189  3awsl nan| o] usu| 1189

Bill of 1. Site Grading Aty | ages]  4p0a]  3ass]  3aas] 10322 o] g} 118w
Quantity 2. Banking/Compaction  |H {m} 135 15 X % EREY: 3.0 39 30
o v (m) 15625| 16463 13,1631  12070] 339681 34169]  35s5m]  asest
3. Fxcavation Sedimentation]  3.831.8]  42967| 2238 25521| 37765] 39167 a93] 50600
Thickener 5928 6284 3660  3sis| 5747 ssod|  7044] o 7194

Digestion 967.2] 10432  s477]  enol  928s]  ssf w2 M2k
Stedge Dryin o | ssee]  4930] asesi] 49230

o o roatve®y | sas1a| sersa 300300 3s387] 9.8258] 103923 11.3855] 119452
1, Graveiling Sedimentztion]  1316] 1454 7.5 912] 8| §307] 19| 1509
Thickerer 78 8.5 45 5.3 74 73 182 10.5

Digesiion 447 4138 249 217 432 445 539 551

Siudge Drying . 6563 Tl 6s63] 710

o Total (Vi) 18a18 2007 1069 1243]  8319]  e9a0] 3953 9576
5. Level Concrete Sedimentation 653 723 38.7 45.6 621 653 1.5 90.4
Thickener 39 43 23 2.6 37 39 51 s2

|Digestion 24 By s 13 e 23 270 216

$Hudge Drying 3283 3556 3283 3556

o |Totatqvm) 920, 1008 515 sl a1s9]  4470]  4478]  47e
5. R Concrete Seqimestation] 6225 e728]  asasl  aor7d  ser]  ei92]  mral e
Thickener LY 801 420 42.4) 7.3 74.2 918 931

Digestion 347.2) 304 agxo| a6 3352 2456l 4in6| 4268

Studge Dryin . 6309  1374] 6308 7374

o |romeve’y | 1o04s2] ga230]  sseaf  6637| 16849] 17764] 19676 20564
1.SR Bar Tota! (1) 1566 1684 £2.3 9.6 2527 2665 2951 3085
2 Forming  {Tenl(And) | 4.1769) 449200 23333] 26547 67395 7.i054] 78703 82058
9 Dump Soil Total (vew) | 20589] 2289.a] 1.225.1] 1457.6] s8174] 62187 ess10] 72,0838
10.Back Filling Sedimeotationl  1,627.8] 160751 #7120 oMol 15914) 1e231] 18%4 _1.3610'
Thickencr 1,6340] 18109] 9498 10022 15195 16158 207760 21308

Digestion 271 1309 e62] 639l 1sa]  1ze9| 32l 1385

Sludge Drying B 6124 182 6n4 7282

e Jroatcam) | 34389] 36392| 18878] 201 s008.4] wisae| 472450 48614

t1. Asphalt Pave Recover |A (o) 10816] 1,103 10102 10513) 185400 18613 19133 1919,
12 Fence L{m) 204] _ 2778|  2526] 2628 4635|4654l 4733 4199
13Shore Proection  [Agm®y | 150680 15965 12615 131200 20242 20306 20739, 20103
SFlerGavel  |vim) . 15375 1.665.0] 1,532.8) 1,665.0
15.Admint BLDG. ____|A (m’) .80 250 2500 28y 500 50.0 50.0 506
Sludge Pup {nos.) I I . T s 5 10 {y Y 16
JDisinfoction (54} 1 1 1 ! 1 ] 1 1
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Table C.3.7 $roposed STPs for M/P (2) : Sedimentation Method

(3) O&M Cost
PagasTP KilaKilaSTP

Case 1-A | Case 1-B | Case 2-A { Case 2B | Case L-A | Case 1-C | Case 2-A | Case 2.C

Case 1-C { Case 1-D ]| Cace 2-C | Case 2-D | Case 1-B | Case 1.0 | Case 2-B | Case 2.0

Sewage Flow (Qdave (ml.’day) 22,571 25,0719 13414 15,923 21,313 25408] 30,470 31,563
Disinfection  {C1 Voleme o Hmplly  F 10 1o o 10 lg 104 1) 10
Civolume ngyeay | s2384] 91538 48961  ssaigf 72,792 81782 1112160 115208
UpitCost _{ikinakg) - 343 147 147 347 347 347 147
Cost (LO00Kina) 2859 3176 169.9 201.7 269.9 2838 3859 3998

Offshore Pumg (kw) 900] ol 300 e - - - -
Discharge . _lihourtyeary 5.840 §840] 5840 5340 - -1 - -
UnitCost {kinakwh) o184  0184) 0183 0184 -l - -

Cost (R00OKina} 96.7 113.3 n2 398 - - - -
Studge pumplt |Pump (kw) 55 55 55 55| 55 55 551 55
I T Y s 490 581 178 sig; it n1s2
Unit Cost ganzkwh) | o84l oa8d| ousa|  oase} o434l 0.184] 0184} 0184
Cost {1000Kina) 03 0.9 0.5 0.6 08 038 1.1 1.2
Digestion tank|[Pump (kw) ‘ 110 1.0 10 110 11.0 119 110 11.0
(Bourlyear) 365 365 365 365 165 365 365 365
[UnitCost (kinzkwh) 0.184 0,184 0.184 0.184 0184] 0184 0.184 0.184
Cost (L000K:na) 0.1 0.7 07 0.7 D7 2.1 6.7 0.7

Sludge Figure _ | pigested | Digested | Digested | Digested | Dryed [ Diryed | Dryed | Dryed
Transfer Volume (ﬁl}'ear) C10534) 12803 63855| 8137 2142 2,426 2242 2427
Unit Cost (kina/m®) 1410 1440 1310, 14t0]  vdael  1410]  1400; 1410
Cost (HO0GKina) 162 6] 180.7 96.6) 114.7 31.6 4.2 ile 34.2
Total Cast (1000kina) 5468 6193 300.0 3513 3ot 3196 4194 435.9

Table C-3.8 Proposed STPs for M/P (2) : Sedimentation Method

{4) EfMiuent Discharpe Pump
Case Paga STP Kila kila STP

Case 1-A | Case 1-B | Case2-A | Case 2-B | Case I-A | Case 1-C | Case 2-A | Case 2-C

Case }-C | Case 1-D ] Case 2-C [ Casg 2-D | Case |-B{Case §-D | Case 2-B | Case 2-D
Pranned [ApwE ] m/day ns|  wsors] 4| iser] 133 22406 30470] 31,563
Sewage Flow q?ea.k Factor - s rs o s| L5 1S 15 1s] 18
PDWF m A xy 338570 3n619)  20021] 23885 39700 33609 45705 43,345

Discharge  [Dia mm 560 560 560 550 750 750 900] ' 900
Pipe v B sec 159 1.7 095 L12 084  o0s® 083 0.36
i - 0003s5) o004 o0012] 00017]  00007] 00007) 0.0005[  0.0003

L m 29200 290 2900 2900 365 36500 36500 3,650

lHead boss  [Huw tn wis] e 3.59 50 239] 264 1.85 1.98
Hy m 006 0.08 0.02 0.03 0.02 0.02 0.2 00!

Ho m 013 ols| 005 0.06 oo4 ooy  ond 0.04

Howm m | 50 150 1.50 1.50 - - - -

f— m L) 090 0.90] 0.90 0.90 0.50 050 050

H Total m 1277 1520 6.06 .56 34 1.60 2.80 294

Pump [Nos. . M), 3l 26en] 20 - - - .
Specificaiion 1Q m/min 84 871 699 T - - -
Dia mm L2350 230 200 250 - - . -

Required Posee fKw 1 268 355 13 168 ol DU RS -

Std. Power Kw 300 310 150 18.5 - - - -

Cost it G L 42 i 26 31 - il D -
MRE s8] e8] ol -l - - .

(x1000Kina) Tolat 577|665 3¢ s s - - .
O&M (per year) 97 113 32 40 - - - -




3. Paga Point Sewage Treatment Plant

13}. Design Criteria

(1) Basic Ttems
Location:
Ground elevati
Land use:

Type of sewer:

Oom

Treatment method:

Sludge weatme

nt method:

Sludpe disposal:

Effluent point and water level:

Lowest monthly temperature:

Paga point, Port Moresby

+4.5M

Onshore reclamation, Nationa} park
Separate type

Primary treatment (Scdimentation)

Thickening, Digestion

Transfer to Kilakila STP in order to treat (dry) the sl_udge
Offshore Discharge, Mean High High Water +2.24M

26°C (mnonthly average)

(2) Design sewage flow ' (m3fday)
Daily average (Q)) Daily maximum {Qy) Hourly maximum (0,)
15,923 20,700 23,828
(3) Design water quality {mg/L)
Itern Influent Primary treatment
Removal ratio (%) Efflsent
BOD 170 40 102
COD 40
S8 200 40 120
(4) Moisture content of the studge (%)
Sludge Generated Thickened Digested Dried
Moisture content 98.0 96.0 36.0 60.0
{5) Design shudge volume
Item Generated Thickened Digested Dried
Sludge weight 115,923x(200-120) 1,274 (Studge is treated at
x I/L00Q % (1-0.710.50) the Kilakila STP)
=1,274kg/day 1,274kg/day =828kg/day 828kg/day
Studge volume 1,274 x 171,000 1,274 x 11,000 828 x 1/1,000 828 x ¥/1,000
x 100/(100-98) x 100/(100-96) X 1001(100-96) x 100/(100-60)
=63.7n7/day =31.9/day =21.5m’/day =2.4m’/day
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2). Capacity calculation

{1) Sewage treatment facilities

ftem Calculation

t.Scdimentation Tank
Type Circular tank
Sewage flow Q, 20,700m* /day
Water sutface load | WL | 35 - 70 m® /day/m’”

Required surface area | A 20,700 (35 - 70)=295.7 - 59 1.4’
No. of tank N 2 tanks
Diameter of tank | D 16.0m (A=201 Om”)
Effective depth H 3.5m
Dimension 16.0m" X 3.5m" X 2tanks
Check

Watersurface load | WL | 20,700 +(201.0X2)=51.5m*/m’/day
Retention fime T (201.0X3.5X2)~(20,700/24)=1.63hours

2.Disinfection Facility
Chloring requirement Dosage : 10mg/L
Design sewage flow : 15,923m’/day (Q))

Chlorine weight . 159.2kgfday (4,776kg/30days)
Storage facility Storage period 30days, lton gas cylinder X 3

3. Offshore Discharge

Sewage flow Qs | 23,885m%/day=16.59m*/mnin.=0,2764m> /sec.

Pipe Dia.=560mm, High density polyethylene (HDPE) Pipe  (Existing)
Length L 2,920m

Velocity A 1.12m/fsec.

Pumping head WH | Seawater specific gravity: (1.03-1.00) X 30m"=0.90m

Discharging hzad loss: 0.06m
Friction head toss: [XL= (n XV --R¥)XL

=(0.010X 1.12--0.147° X 2,920 =5.07m
Pumping head loss: 1.50m
Total: 7.53m
Discharging pumping head: +2.24M(seawater level) +7.53=9.7TM
Pump specification | Dia.250mm X 8.30m /min. X 7.6m" X 18.5Kw X ?nos.(+1stand-by)




{2) Studge treatment facilitics

Item

Calculation

1. Thickener
Type
Sludge voiume
Solid surface load
Required surface arca
No. of tank
Biameter of tank
Effective depth
Pimension

Check

Solid surface load

Retention time

2. Digestion tank
Type
Sludge volume
Retention time
Required capacity
No. of tank
Capacity per tank
Diameter
Side depth
Com depth
Dimension
Shidge volunie

through digestion

Check

Retention fime

3. Sludge transport
Working days
Studge volume
Vacuum truck

Frequency

NAY
SL

Z

H

SL

Y

SV

SV

Circular tank

1,274kg/day, 63.7m'/day (Water content ratio: 98.0%)
60 - 90 kg/day/m’

1,274--(60 - 90)=: 14.2 - 21 .2m’

¥ tank

50m  (A=19.6m?

3.5m

5.0m°X3.5m" X ltank

1,274 T (19.6X 1)=65.0kg /day/m’
(19.6X3.5% 1) (63.7/24)=25 8hours

Anacrobic digestion, No-heating with recirculation
1,274kg/day, 31.9m’/day (Water content ratio: 96.0%)
30days
31.9X30=95Tm’
Ttanks
957 - 1=957m’
13.0m
6.5m V,=862.8m’
6.5X(1I1)=2.2m  V,=2024m’ Vi+ Vo= 1,065.208°
13.0mP X (6.5m™+2.2m™) X 2 tanks '
Organic matter content ratio : 70%
Digestion efficiency 1 50%
. 1,274 X(1-0.7 X 0.5)=828kg/day, 21.5m’/day (96%)

1,065.2X 1 -31.9=33.4days

5 days per week _ ‘

21, Sm/day X (?days/Sdays)=30.1m*fworking day
8.0’

30.1--8.0=3,76=4times/working day




4. Kila kila Sewage Treatment Plant

l). Design Criteria
(1) Basic [tems

Location:

Ground elevation:

Land use:

Type of sewer:

Treatment method:

Sludge treatment method:

Sludge disposal:
Effluent point a1

Lowest monthly

1d water {evel:

temperature:

Kila kila, Port Moresby

+5.5M

Uncultivated land

Separate type

Primary treatment (Sedimentation)

Digestion and Drying

Reuse of the sludge for land application (fertilizer)
Offshore Discharge, Mean High High Water +2.24M
26°C (monthly average)

(2) Design sewage flow (n’/day)
Daily average {(Q) Daily maximum (Q,) | Hourly maximum (Q5)
31,563 41,032 47,345
{3) Design water quality {mg/L)
Item Influent Primary treatment
Removal ratio (%) Effluent
BOD 170 40 102
COD 40
SS 200 40 120
(4) Moisture content of the studge (%)
Sludge Settled Thickened Digested Dried
Moisture content 98.0 96.0 96.0 60.0
(5) Design sludge volume
| Ttem Generated Thickened Digested Diied
Sludge weight 31,563x(200-120) 2,525
x 1/1,000 x (1-0.7x0.50)
=2,525kg/day 2,525kg/day =1,641kg/day 1,64 1kgfday
Sludge volume 2,525 x 111,000 2,525 x 1/1,000 1,641 x 1/1,000 1,641 x 171,000
x 100/(100-58) x 100/(100-96) x 100/(100-96) x 100/(100-60)
=126.3m’/day =63.1m’/day =41 Om'fday =4, 1m’/day
C.3-9




2). Capacily calculation

(1) Sewage reatment facilitices

liem

Calculation

1. Sedimentation Tank
Type
Sewage flow 162
Water surface load | WL
Required surface atea
No. of tank

Diameter of tank

= O Z »

Effective depth

Dimension
Check

Water surface load  § WL

Retention time T

2.Disinfeclion Facility

Chlorine requirement

Storage facility

3. Offshore Discharge
Sewage flow Q;
Pipe
Length L.
Velocity \%
Effluent pit head WH

Circular tank

41,032m* day

35 - 70 m*/day/m’

41,032 (35 - 70)=-586.2 - 1,172.3m’
4 tanks

16.0m (A=201.0m%

35m

16.0m™ X 3.5m" X 4tanks

41,032 7 (201.0X4)=51.0m>/m’/day
(201.0X3.5X4) - (41,032/24)=1.65hours

Dosage : 10mg/LL

Design sewage flow : 31,563m’/day (Q,)

Chlorine weight : 315.6kg/day (9,468kg/30days)
Storage period 30days, lton gas cylinder X 10

47,345m*/day=32.88m?/min.=0.5480m 3 /sec.
Dia.=900mm, High density polyethylene (HDPE) Pipe
3,650m
0.86m/sec.
Seawalter specific gravity: (1.03-1.00) X30m"=0.90m
Discharging head loss: 0.04m
Friction head loss: IXL= (n X VER7PYE XL
=(0.010X0.86 +0.2257%)* X 3,650 =1.98m
Effluent pit head loss: 0.02m
Total: 2.94m

Effluent pit WL: +2.24M(seawater level) +2.98=5.18M < 5.50M (GL)
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(2) Sludge treatment facilities

ftem

Calculation

L Thickcner
Type
Shludge volume
Solid surface load
" Required susface area
No. of tank
Diarneter of tank
Lffective depth
Dimension
Check
Solid surface toad

Retention time

2. Digestion tank

Type

Shidge volume
Retention time
Required capacity
No. of tank
Capacity per tank
Diameter

Side depth

Corn depth
Dimension
Shadge volume

through digestion

Check

Retention time

SV
SL

= 9 Z >

SL

sV

Circular tank

2,525kg/day, 126.3m'/day (Water content ratio: 98.0%)
60 - 90 kg/day/m’

2,525 (60 -90)—=28.1 - 42.1m’

2 tank

50m (A=19.6n")

3.5m

5.0mP X 3.5m' X 2tank

2,525+ (19.6X2)=64.4 kg/day/m’
(19.6X 3.5 X 2)+(126.3/24)=26.1hours

Anacrobic digestion, No-heating with recirculation
2,525kg/day, 63.1m*/day (Waler content ratio: 96.0%)
30days

63.1 X30=1,893m"

2tanks

1,893-2=946.5m’

13.0m

6.5m V,;=862.8m’
6.5X(1/3)=22m  V,=2024m’
13.0m° X (6.5m™+2.2m"*) X 2 tanks
Organic matter conteat ratio : 70%

1 50%
S 2,525 X(1-0.7 X 0.5)=1,64 tkg/day, 41.0m’/day (96%)

Vi+ V= 1,065.2m°

Digestion efficiency

£,065.2 X2 063.1=33.8days

c.3-11




Item

Calculation

3. Sludge drying beds
Type
Digested sludge

volume

Relention time
Required capacity
Sludge thickness
Required bed area
Bimension

Check

Retention time

Sv

H
A

Sand drying bed utilizing evaporation and percolation

Kilakila STP : 1,64tkg/day, 41.0mday
Paga STP  : $828kg/day, 21.5m*/day

Tolat :2,469kg/day, 62.5m’/day
20days |

62.5X20=1,250m’

40cm

1,250-0.40=3,125m°
10.0m" X 15.0m" X 20beds (3,000m?)

(100X 15.0X0.4 X 20) - 62.5=19.2days

C.3-12
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APPENDIXD  ALTERNATIVE STUDY FOR COASTAL
REGION SEWERAGE SYSTEM
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APPENDIX D ALTERNATIVE STUDY FOR COASTAL REGION SEWERAGE
SYSTEMS

Table below shows the Alternatives and comparison resuits of the Sewerage System for coastal

region.
§-. Table D.1 Comparison of Alternatives for Coastal Area
- Alternative 1-A 1-B 1-C 1-D | 2-A 2-B 2-C 2-D
Tatana | Tatana | Tatana | Tatana | Tatana | Tatana | Tatana | ‘Fatana
Unit | } | |

Paga | Paga | Paga | Paga | Paga | Paga | Paga'| Paga

t 1 ! !
Koki | Koki | Koki | Koki | Koki { Koki | Koki | Koki
R R B L P
Kila | Kia | Kila | Kita | Kita | Kila | Kt | il
Kila {* Kila | Kifa | Kila | Kila"} 'Kila | Kila Kila'
1 t t 1

Pari | Pari-| Pari | Pari | Paci| Pad| Pari | Pari

-

Construction Cost C B C A C B C A
Q & M Cost A C B C A C B C
Impact on the C A C A C A C A
Environment

| Flexibility for Future A B B C A B B C
development
Ease of Land Acquisilion C B B A C B B A
OQVERALL C B B A C B B A

Note: A-good or less expensive; B-satisfactory; C-poor or expensive

As a result of comparison for the eight alternatives, we propose Casc 2-D, consisting of two basins;
Paga and Kila Kila.

Table below is an at-a-glance chart of the cost estimation.
Table D.2 Breakdown of Construction and Q&M Costs

. {(Unit: Kina 1,000}
Alterpative 1-A 1-B 1-C I-D 2-A 2-B 2-C 2-D

Canstruclion | Sewer 82251 8,662 89201 9366 | 8239 | 8,676 | 8,943 | 9,380
Cosl Pump station { 2,647 | 2,941 ] 2,766 | 3,000 ] 3,146 | 3,438] 3,163 | 3455
3? STP 13,022 | 10586 | 13,232 | 8,797 | 12,186 | 9,835} 10,393 | 842
Qutfall 4,200 4290 3,650} 3,650 4218 | 4,918 | 4278 | 4,278
Total 28,183 | 26,479 | 26,577 | 24,873 | 28,489 | 26,867 | 26,777 | 25,155
O & Mcost | Pump station 540 614 555 628 695 755 721 780
5TP 853 912 262 021 722 766 731 775
Total 1,393 1,526 ] 1417 1,549 1 1418} 1,521 ] 1,453 ] | 356 |

Note; The above costs are for comparison only and do not cover entire project costs.
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Table D.3 Cost Estimation for Trunk Sewers, Force Mains and Ocean Outfalls (Case 1-A)

. Dia: | Batuni/ { [dubada | Xonedobw/ | Koki/ | Gabute! [ov v | pas
ltem Breakdown wmm b T, Haooobada | Town Badifi | Vabukeri KilaKila| Pari Total
LERNGTH |1, Sewer Neiwork 70 ha 168 ha 94ha 134 ha 14ha | 160ha 9 ha 649 ha
(n} 9,800 23,520 - 18,760 1,960 22,400 1,260 67,900
2.Subtrunk Sewer | 200] S50 2460 160 3049 - 2,302 520 9,041
I S TN N 11300 N7 N R 303
00| S D - a0 |
430 - - - - N 200 . 200 99M
3. Trunk Sewer W] 1,290 350 - N 360 - - 2,010
S NI P . - - . o 0
3000 71520 130 . - 430 T E XY
_____ wof - 1 om [T SN : 0]
[ 400] - - - - 1,473 - 1473
450 - : 1,isl -1 1 - - 1,181
500 - - : - 0
600 - - - < - 0 7,324
4, Force Main 150! 960 130 - 1,160 - b 2230 :
200 . . 0 |T - - 300
250 . _ - . - -] "o
300] - : . A0 | 730 1,630 |
N 1450 20 - - - - 1,700
400} - - 1,000 709 - - 1,709
450 - - 363 3,100 - - - 3403
soof - - - - - T30 _ 360
600 - s I T . 0
£ : : - - o0
300 - - - - 4] - 11,352
3. Ocean Ouifal} 200 - - - 800 200
300} 1,000 T T - 1,000
750 - - - R 3,650 . 365 |
900 - - - - - e - : 1] 3430
[COST |1, Sewer Network 62y | o) - (5.031) (526} 16.007) (318) (30.838)
(x1000Kina) |7 Sub-trurk Sewce 00| 147 660 43 313 S 1% | 22m
I 4 37 B | - - .96
W00 - - - S 163 163
400 - - - - - 86 85 2,623
3. Trunk Sewer 200 346 wr | - - 97 - - 198
5ol - - : - S A I 1o
_____ 300[ 575 T P R Y - 303
350 - 125 . . - - I FL
400, T - - 637 o 637
450 - - 617 - - - 617
500 - - - - 3 - - o
500 - - - - - - 0 1,880
4. Forve Main 150 182 5 220 - - 245
", L IR B SR 66 - - 66
250 - | - | = - 0
3000 - N - 405 67 - 4
) - sis 77 - X - - 595
300 - - 390 711 - . 667
asol - 331 136 - : - 1,497
s - N - - - 180 - 180
600 - - _ . " - - 0
700 . - - - - - R 0
soo] - - - X - - 0 3,723
4. Geean Outfall 0 - - . - - 540 610
_____ 300 %50 S I AR I SN I B
50 : - - o 650 | - 3650
500 ; N - ] - . . 9 4,290
Total 1953 891 1.217 1641 970 4,533 - 640 12,515
{4,729) {7.900) (1,297} §7,507) {}.456) (11,407) (1,117) {33,352}

D-2




Table D4 Cost Estimation i‘or Tfunk Sewaers, Force Mains and Ocean Quifalls {(Casc 1-B)

ST Dia. | Barun/ | Idubadyf | Xoncdobe/ | - Kokif Gaboi! | o, : . .
ltem Breakdown (e | Tatana | Mancabsts | Toun nogit | Vaboked Kila Kila Pan Total
LENGTH 1. Sewer Network TOha 168 ha 94 ha 134 ha 14 ha 160 ha G ha 647 ha
)] 9,800 23,520 - 18,760 1,960 22,400 1,260 67,900
2 Subrtrunk Sewer | 200 350 2460 | 166 | 3040 | - [ 2302 ) 520 1 904
LY S 13| 16 AT U B - _ 303
| ISR T AR Y DR DU £V DS
: 4400 - - - - 200 200 9974
3. Truek Sewer | 200} 780 - - o s [ - I LA
280 - I S T R i 8
 300] 23580 ] - - 480 I e -1
30l - 220 I R no
400 - 10 R : RSN S T N SRR N P
| 330] - 640 - - N IR |80 ]
500 hd 1,181 - SRR DTN DR P 11 1 S
600 - - - - - 0 7,854
4, Foree Main _150 960 - - o 1,160 - N ALYl
Bt} IS S S S ARG NN, S M, RN DL
Casel - T : : N R
o] 220 130 - T hase |30 T s
s - -2 - - I T >
a00p_ __ - - - - SR RS (W2
sl 48 | aeoo | agee | T oo o T sse
TS S ST I A U T DI M S
I - : . A B
__100 : - o R I __9
800 - - - - - 0 11,572
4 Ocean Quirall 200 - I R - R T
—300] 1,000 - - - e
750 . -~ - - o] 3850 34650
Pt I - - - - - - k] 5,450
COST i, Sewer Network : {2,628} {6,308) - (5031 {526) (6,007) {333) (20,838)
(x1000Kina) |2 Sub-trunk Sewer 200 147 550 43 818 - 617 A an
250 Ay 37 BLL - . : 96
300 - N - T 163 |
400 - - &6 - 86 2,623
3 Trunk Sewer 200 204 - 91 R 2
(L [ | T e
300) 976 - - & - . _ 182
350 - 1906 i - - - I
00| - 48 - - T est e |
250 8 a3 -] - - o LEL S
500 - - 700 . - - — 700
6001 - - - - - - 0 2,102
4. Force Main 150|182 - 13 _ 220 - I .
200 S DL RN B RS SV SN U 688
asol : : : - 0
30 61 | 8 - I T 4 s
350 - - 7 - - - N
ERET ERER IS S N 120 RS USRI 1
450 - 651 M0 1364 IR S X1
T - i52 R 180 R
- I I - S P I
700 S : Ao - - R N
£00 - 0 3,937
4. Ocean Ouifali 200 . N D T < T -
|__300] 850 FRRE (O PR S A Sy A S I N
sl T S AT W S Y- M S N
900 - - - - - - - g 4,290
Total 2275 1,176 1,369 1641 470 4,533 640 12,952
{5.031) {8.185) (1,448) {7.507) (1496) 1 (1407 1 (L1 {33.789)




Table 3.5 Cost Estimation for Trunk Sewers, Force Malns and Ocean Oh'tfalls {Case 1-C)

Item Breakdown | Did | Batund/ | 1dubada/ | Kosedobof | Kokif | Gabutt/ | yis eipa | piari Total
[mnd | Tatana Hanuabada Town Badili 1 Vabukori
TENGTH |3, Sewer Network 70ha 168ha |  94ha 134ha | F4ha f60ha - 9ha 649 ha
(m} 9,800 23,520 - 18,760 1,960 22 400 1,260 - 67,900
2. Sub-trunk Sewer 0] 550 "1 2460 [ 160 | 3049 | 0 - 1 2302 520 |. 2041 |
250 - | 130 16 | 57 - - - R
L] IS IR SRR - TR - -y |
A0 . - . . - 200 - 300 2974
A Teunk Sewer |20 1we o0 b - |- fo03e0 [ - | - ] 2830 |
.30 . - - . - - 0
300 1520 320 - - 4% b - _ - |2k
[ - 320 - B - - 120
00 - - - - 1473 - A |
450 - - 1,181 - . - 1181
- 500 ~ - SR I S - N O ._,,,_0 ]
€00 - - - - - - - [ 7,324
3. Force Main 150] 960 E N N D AT - - 2,250
. o - - 300 - 3200 | 3500 |
250 - - - - - 0
|| - |- - . 1,400 230 -t 160
R 1480 | "3} T . - - | 00
400 - - 1,000 709 - - - | e |
450 - - 203 | 300 -1 - - 3403
500 - ) - - - 60 -l e
600, - : - - - 0
700 e - - IS JEN
"800 . - - T . - 0 14,552
4.OceanOwtfall | 200 - e - - . S 0
300 - - . - ‘ - 6
750 - . 3650 | 3,650 ,
900 - - . . . i - 0 3,630
COST (1. Sewer Network T(2,628) {6.308) - (5,031} (526} (6,007) (338} {20,338)
(CI000Kina)  [2 Sub-trumk Sewee 200 47 560 41 818 - 617 139 1 221
250 - 4] 7 18 - . - 96
300 - . . - . TS 163
406 - - - - - 86 - 86 2623
3. Trunk Sewer 2004 35 102 - - 97 - - 1983
T ! X - e i S 5
T300f 515 | T - o TE: N I
350 - 125 - - . - 12
4001 . - 637 - 637
re 617 . ST 617
500 - - - - - - 0 __
&0 - - - B . - - 0 1,880
4, Force Main 150 182 s - - 220 - <245
200 - - - I 6 | 04 770
__ 350 - - - - ]
300 - - 405 &7 - 473
L) 518 I - . - 595
[ 400 - 390 277 - - &67
Al - . L2 L P - IS N ML N P .-/
S00f - - - | e 180
L. I NS R SN R |- P . e
700{ - - .. - o |
80| - . . - . - - 0 3421
4. Ocean Qutfall 2008 - - - - - - - 6
300 . . - - - - - 0
L) : — LS ISSUUURUVRRY SO xS DY S\
500 . - - - - . - 0 3,550
Total 1,103 891 1217 1,641 570 4,533 704 12,579
(3.879) {7.900) (1,2973 (2.507) (1,498} {11407 (1,181) {33,416)
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Table D, 6 Cost Estimation for Trunk Sewers, Force Mains and Ocean Quifalls (Case 1-D)

Dia.- | Barunit | Idubada | Konedobof, Ko!ul Gabutw/ O . )
Jtem - Breakdown tory | Tatnga | Homabods | Town ot Kila Kila Pari Tolal
LENGTH |1. Sewer Network T0ha 168 ha' 94 ha 114 ha 14 ha 160 ha 9 ha 649 ha
(m) 9 800 23,520 - 18,760 1,960 22,400 1,260 67,500
TS sen [ om| 550 | 2460 1 w60 | 3o [T -1 2302 {520 3 50U
aso] - {0 1 w6 | sty - : 0
3o - 1 - o S D N L S _ve
400 - - - - - 200 - 200 3974
3. Trunk Sewver LY 160 - T V.. IO IS S, 1,120
£ T [ TS S T S 0
00| 2880 | - 1 - 3. -] 480 ] B T .
A - w0 ) -} - L BEER N 1T
400 - 1o - R I M X 12 - R
450 - 640 - o o - _@0 B
o soop - - 1,181 I P RN SN N L
600 - - . B B 0 7,854
4. Force Main 150} 980 I DR B 1,160 T e Ar N
20 - - 300 | - 3200 ¢ 3500
250 - L VRS I - RS S 0
_300| 220 130 LS Lo | 230 - __ 1980
__ 339 S R L T DS - _ 22
00 - - - 0 L - 10
a5l - 1 1480 | 1000 3,100 - - 5580
) T 303 - . 360 663 _
_eo0f - S T R AN BT IU S N S
00 ; R R _ | LR P L
300 = - - 0 14,772
4, Gcean Qutfall 2001 - - - - - 0
| - N [ A [N I D A
00 - ] - - - - - - o
150 - I B S L 3,650 3,650
200 - - - - - 0 3,650
COST 1. Sewer Nelwork - (2,628) {6,308) B (5,031) (526} {6,001 (318) {20.838)
X 1000KinG) |2 Sub-runk Sewsr 200) . 147 6| 43 HE - 617 39 2277
250 - 41 a8 _ S IR S
B . . . L 163 163 |
400 - - - - 6 - B& 2,623
3. Trunk Sewer 200]  2H - - 97 - -1
0 - |- - I I FR ¢
300 916 | - (182 N 182
3sof - | 106 - L : [T,
“aol S I : Y A S T
450 334 L s T A I T
500 - 700 - SR A .
500 - 0 2,102
4. Force Main | 150 182 -
. I
B - -
300l s | 38
I I -
| 4001 - -
_oasof -} 651
500 - - 3
oo - S 0
700 : - - (S-S RN S S [N N
800 - - - - - - 0 4611
4. Ocean Quifall | 200 - - [ D - 0
‘ . L - L - RS B . _ o |
317 A S PP . .' 3650 | - ). 3850
200 - - - - 0 3,650
Total 1426 1,116 1,369 1,641 9170 4,533 704 13,016
{4,201} (8,185} (1,448) (7,501 {1,456} (11,407) (.480 {13.853)




Table 7 Cosl Estimation for Trunk Se“'eis, Force Mains and Ocean Qutfalls {Case 2-A)

: Dia, § Paruni/ | Idubada/ | Konedobu/ | Kokif . | Gabutw/ Sy .
[tem Breakdown (mm b Tatang | Hiwitads | Town Batiti - | Vahukod Kita Kila Pari ‘ Total
LENGTH 1. Sewer Network 70ha 168 ha 94 ha 134 ha 14 ha 160 ha 2 ha 549 ha
{m} 9,300 23520 i 18,760 1,960 22,400 1,260 52,900
2Subtrunk Sewer | 2001 5500 ¢ 2460 | 160 | 3080 [ - ] 2302 520 904
250 - | 130 116 57 -] - - 303 |
.Y R - s 430 - 430
4000 - - - - - 200 - 200 9,574
A Trunk Sewer __ 200} 1290 | g0 B - 360 (N 2,080
150 - - - - - B 0
300 152 Ry - . _4§0 _ 2,320
o - D N ] 320
400 - - - - o 0
450 - 1,181 - - - I
500 - - - 52 52
600 - - 313 - 1,543 2216 819
4. Force Main 150 260 1 130 . - L1601 - B 2,250
200 - - - 300 - |..300 |
250] - - - - - - 0
300 - - - 335 1,400 1736
350 5,480 220 - I - 1,700
. - 1,000 - - L 1000
430 - - 303 1,160 - - - 1,463
. 500p - _ - - - - - - 0__
80 - - - - M
100 - o - S - : -
80 - - - - 380 - 360 8.509
4. Ocean Outfall 200 - I e I - 800 800
| 300) 1,000 - - - - : R B
750 - - - R . - (i}
200 - - - s . 650 - 3650 5450
COST 1. Sewer Network (2,628) (6,308) - (5,031) (326) (6,007) [EXT)] ] {20,238)
(x1000Kina} §2. Sub-tunk Sewer m;?g_ Bil 660 43 RI3 - 617 139 2,277
s 41 3 18 | T e
300 - I LI N 183 . 163
400 - - - - - 55 - 86 2,623
3 Trunk Sewer 2000 46 102 T A - 198
250p - o - - - - N
306|515 i2) - 82 - . 03
o] . 12 o S s
..... 400 - - - e - S W
450 - 617 - - - 617
s00] - . - : - 3 S
00 - - - 262 - 1,295 - §.557 2,831
4. Force Main §50 152 25 | - - 220 - - 245
0 = - - - 66 — : “
50 - - - - - | o
300 - - K 406 e T 503
350 518 7i - - - : 595 |
aol : 390 - : PR
450 133 sic_ | - - 61
500 . SIS B : e |
S| I WS I A B L . T 0
700 4o o e - - 0.
800 - - - 342 - 342 2,785
4 OveanOutfai | 200] - 1 - | - | - - - . 610 60 |
300l B0 - - . N
sy - T S S PN M
900 - . - - - 4278 - 4,278 4918
Total 1953 891 1,217 170 . 970 5946 640 E3,157
(4,72%) (7.900) {1,297) {6,737) (1,496} (12,819 (L7 Q_3J99-1]




Table D.B Cost Estimation for Trunk Sewers, Force Mains and Ocean Oulifalls (Cése 2-B)

. Dia. | Bamsni/ | Idubade/ | Koncdobu/ Koki! Gabutw/ | y»: : : .
Item Breakdown Py 2 | tamasbaty | Town il | Vabuker Kila Kila Pari Total
LENGTH |1.Sewer Network T ha 168 ha 94 ha 134 ha 14 ha 160 ha 9 ha 649 ha
{m) 9,800 23,520 - 18.760 1,960 22,400 1,260 67,900
PSS | 200|350 | 2460 | 160 | 303 | - | 2300 [ 5207 | 9041 ]
asol T U ws0 | [Tosr [ - - : 303
I, SR IO SEUUCAE LA 1430 SRR B X
4K - - - - - 200 200 2.974
3. Teunk Sewer 00 760 R N . I 1,170
| 230 " - LI DO IR TSN NI I .
3001 2,580 - I D 480 - - 3060
LY - 210 - a2
09 - L §50 - o - - ooue
T I R - R S I L
___S_QQ - - 1.181 - o - 1,233
GO0 - - - 373 - 1,843 2,216 8,649
4. Force Main 150 960 - . - lne - - 2,120
PALY] N L hd 300 L - |- ]300 ]
R . - - - - : o
| 300] 220 130 - 115 1400 - N TTagEs |
350 - - 220, - I DN 22
s T - - - - 0
a0l - 1480 | 1,000 1160 - - T 3640
[ 500 - - 303 - - 302
e - - - - T | e ]
el T i . N IR R
BDO| - - - 360 - 150 9,029
4. Ocean Quifall | w00] - - - - 800 800
300 1,000 - - - - - - 3000
59 - - - - - - - 1]
oo - : : . - 3,650 - 3,650 5,450
COST 1, Sewer Network (2,628) £6,308) - (5,03 1) {526) {6.007) (318) {20,83%)
(x1000Kina)  [2. Subtrunk Sewer 200] 147 860 43 818 - 17 139 2271 |
250] - a1 3 18 s . - 9%
300 - - - - - 18y - 163
400 - - - - - 86 - 86 2,623
3. Trunk Sewer 2001 204 - - - 9 - - 97
a0 - - R I I SR N N
00| 936 1 . 182 - o 182
ol - [ 106 - - . - T s
400 : 18 - e T 48
- TAs0 - - B T - e _ 33
500 - - | w0 - - il S !
| 600 - - 262 - 1,295 - 1,557 3,054
4. Force Main ¥56 182 - - - 220 - - 220
D - - & T e
250 - - - I _ - 0
) 3 o 97 406 - sH
L - - | T
I - 1 _ 0
C_aso - b es1 G 4o 510 - | ez |
[ seo] - 152 - - - - 152
S00F - - : - - SR S S S
700 - N N R - - 0
800 - ) - - - 2 - T 1,000
TOcanOwialt | 2000 | -~ - . - N T
306l 850 - - - = B - 0
[ 730 - B - - T 0
900 . - - . ; 4278 - 17278 4318
Telal 2,276 1,176 ] ,_369 870 970 5,946 640 13,594
(5,051) (8,185) (1,448) (6,731 (1,496) (12,819) (1,117 {34,431}
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Table D9 Cost Estimation for Trunk Sewers, Fo'rc'e- Mains and Ocean Outfalls (Cése 2-C)y

‘ Dia. | Baruni¥f | Idubade/ | Konedobu! | Kokit | Gabuto/ | 4. e e ‘
frem Breakdown (o | Tataga | Hanesbeds | Town | Badili | Vaboker KilaKila] Pan . Total
LENGTH 1. Sewer Network _ T0ha 168 ha 94ha 134 ha ‘14 ha 160 ha 9ha 649 ha
{m) 5,300 23,520 - 18,760 1,960 22,400 1,260 . 67,900
2. SubtrunkSewer | 2000 S50 | 2460 160 30e | 2,302 520 | %041 |
|0 - [ b3 ) oMe [ 57 ) - - b e (303
300 - - - e o PO 1.1 Y R S 30 |
00 - - - - - 200 - 200 9974
3. Trunk Seweer 00  v20 p 3G | - | -1 M0 - - _ 2030 |
L : : - e
3000 1520 320 . - R . - 230
350 - 320 . N : 320
400 X N N T N o
sl - - L8] - - T S DU L1
LY T SN S WS S 52 - 5?2
0 X - . 373 - 1,343 - 2216 8,119
4. Force Main i50 960 | 130 - - 1,160 - - 2,250
L R - - 300 o 3200 § 3,500
250 - . . . . o
300 - - 1338 1400 1,736
350 - 1,450 220 - - - 1,700
_AQf - b - b MO0 b - - - FREL
450 - 303 1,160 - - - 1,463
500 - - e - . - - 0
m * Z - ——— —_————
700 - - - - |- - -
£00] - - - - - 360 - 350 §2,009
4, Ocean Quifall W00 - - - _ Z _ - 0
- U N - - . S 0
750 . : X X - 5 X 0
500 . N N . y 3650 . 3,650 1,650
COST Il Sewer Network Q.628) | (5308) . G031 | (526) (6,007) 01%) (20,818)
(x1000Kina) {2 Sub-truak Sewer 200] w47 660 B | 88 | - 617 139 2271
% - a4 | a7 18 - - - %
300 . - - N 163 - 163
400 - - - - - 86 - 86 2,623
3. Trunk Sewer 200 345 | 102 - - 917 - - 198
|20 - b - S - RN D LU P
300 575 121 - - 152 - - 303 |
350 - 125 . - - | - - 125
400 - | - - - . : 0 .
450 - - 617 _ - . 617
300 - . U I WSSO M- | SR RS k]|
600; - - - 26 - 1,295 - 1,557 2,831
4. Forcz Main 150 182 25 R 2. I T 245
0] - . . - 66 704 770
L) N : - . - 0
300 . - - 97 406 - 503
380 518 77 X X - 595
400] I I . - - B0
s 133 510 - - - 843
L.t R : AR SO N _ 0 ]
_ Lo - o - - . - : -0
L") - - - - . 0
830 ) - - . ; 1437 . 342 148
4. Ocean Outfall 200 - = - - - - - 1 e
300 S : ' | - 0
EELL) - | LI WL SNSRI DL L B
900 - - - - - 4218 | - 4278 4278
Tolal 1,103 291 1,217 B0 970 5546 704 13,221
{3,879 {7,500) {1,297 (6,737) (1,496) (12.8§9) (1,181) [34,058)




Table D.10 Ceost Estimation for Trunk Se\#’e'rs, Force Mains and Ocean Outfalis (C_a\se 2-D)

D-9

. AT Da, | Barunif | Tdubada/ Konedobu/ Koki? Gabuty/ : . - .
fem Breakdown | = | Tatana | Wanubada | Town | Raditi | Vabukeri KitaKila] Pani Total
LENGTH |1, Sewer Network T0ha 168 ha G4 ha 134 ha 14 ha 160 ha 9 ha 549 ha
() 9,300 23,520 - 18,760 3,660 22 400 1,260 61,900
2. Sub-trwnk Sewer 201 SS0 | 2460 | 160 3049 -] 3302 1 520 | sod1
sy - o130 | We | 57 e e ] 303
ST S DT S P DR, S . R
400 - - - - 200 - 200 9,074
3. Trunk Sewsec 200 760 } e 360 - - 1,120
250 - N - - - 6
| 300} 2,580 R R - 450 S Toa_f_ 3080
3500 - 270 - R I - 210
4001 - 110 - - _ ne
450 - 1 640 - - I _ &40
500 - 1,184 - - 2 R X1
600 - - 323 - 1,843 2,216 8.649
3. Force Main 150L . 950 - T T - - 1 210
200 - - " - 350 - 3200 | 3500
250 - - - - - - ]
300|220 130 336 1,400 - - 2086
a50 - - 210 - - - - o0
400 - - - - . _ g .
- 450f 1,480 | 1,000 1160 - - - 3640
o soo - - f__ 303 - - - : 303
600 - _ - R I | - 0
700 - _. - W - R .\
S $00 - - - - 360 - 360 12,229
3, Ocean Qutfalt 2004 - - - . -0 |
| 3001 - - S - 0___]
750 - - - L P 0
s0l - - : . - 3,650 - 3550 3,650
COST 1, Sewer Network . C(2.628) {6,308) - (5,031) {526} (6,007 1338) ] {20,838)
(x100CKina}  [2. Sub-trunk Scwet 200 147 660 443 818 - 617 139 2,277
' L i 37 I - - 9%
30| S : 63 T ey
400 - - - 86 - 86 2,623
3. Trunk Sewer 200) 204 . - - 97 - . 97
250, - . S R : [}
300] 976 - - N ! - 182
T i06 ) - : T e
400 43 - IR - B 48 |
450 - 33 - R R
500 - - 700 - - 31 - 73
600 - - - 262 - 1,295 - 1,557 3,054
4. Force Main T is0] 182 - - 220 - - —_ 220
| 209} - 1 - &6 - i 170
250 - : - e : PR SR S U
00 & 3B - 9 406 - - 5
350, - : 77 S R S S S B A
400 - - - - - e 0 |
450 65, 440 sto - - 11802
T I - 152 : RSN A B M7
600 - I s T e
7060 - . - - ~ 0
BOCH - - - - B 342 342 3,104
4. Ocean Quifall 200 - - - - R - - 9
o — - - : —- %"
350y - - - : - 0
900 - - - - - 4,278 - 4,218 4,218
Total 1,426 1,176 1,369 870 970 5,946 104 13,658
{4,201 {8,185) {1,448) {6,737) {1.498) (12,819 {1,181) (34,435
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Table D.12 Construction and O & M Cost for the Pumping Stations

(Unit : 1000kina)

Cost PS  [Case 1-AlCase 1-B]Case 1-C|Case 1-DiCase 2-ACase 2-BCase 2-CiCase 2-1X -
Construction] Tatana No.1 125 125 125 125 125 125 125 125
TaamaNo2|  &1| &1f 817 s 81| 7Y/ Y
TamaNodl ™ Tizal US| 124| T i3s| T i2a]  13s| T i24| 133
~Hanvabada | 75 136 “as| T Ti3el T 7s| 13l 78| 136
| Hanuabeda | 71 2797 | i e | 28 m| o 2719
“Konedobu 287 266 287 266| 287 266] 287 266
Stanley 124 448 324 448 324 448l 324 448
Paga 128] 141 128 4t @ 104 93 104
Koki “T264l 2064 7 Y e
 Badili g0 - S YT T i 341
Kaugere - T TP 7S] o8] 308|308l 308
Kilakila | 202|292 405 405 41| sl as1| 451
Gabutu 74| 4 74 78l 4] 4|7 740 74
 Gabutu gol 90 9ol oo 90| 90 90| 90
Gabutu 7| KL 73 E: | L
Vabukori | 85| 85 85 85 85 85 85 85
" Vabukori 82 82 82 82 g2 82 82 82
"Vabukori - 2811 281 281 281 281 288 281l 281
Pari 83 83 90 20 83 83l 90 90
Toal | 2647 2941] 2,766] 3,060 3,146 3.438] 3,163 3,455
O&M Tatana No.1 9 9 9 9 9 9 9 9
Tatana No.2 ol 9 of 9| 9 9 o 9
TatanaNo3| 10 20 10 20 10 200 100 20|
Hanvabada 4 200 4 20) 4 20 4| 20
Hanuabada 44 56 44 56 44 56 44 56
[ Konedobu | 60] 48 60 ag| 60 48] 60 48
| Stantey | 97| 119 o71 1] 97 ne| g1l 1o
| Paga 71 97| 71 97 48| 60| a8 o0
Koki 48 48 48 48| - -1 - -
C Bagitic | - - i - 119 119 119 (19
i Kaugeréh 27 27 27 27 KU 97
| Kilakila 60 60 Tl T 97 97 1o} 119
L Gabutu’ 4 4| 4| 1 Yt A | R 4
[ Gabutu © RV Y 12 12l 12 a2l a2 12
- Gabutu | 4 a4 4 4 4 4 4
 Vabukori 10 0] 10 :“1—0 L to| ibr
Vabukori 6 6 ol 6 6 1] 6 0
“Vabukori | 36! 56 56l s8] sl s6|  s6] 36
TPan | 9] o 2| T2l 9 9 12 12
Tolal 540] 614 555 Gag|  &9s5| 755 721 780




Table D.13 Cost Estimation for the STPs (l)

Paga STP

KilaKila STP

Itein

Case 1-A | Case 1I-B | Case 2-A | Case 2-B | Case 1-A | Case I-C [ Case 2-A | Case 2-C
: Case 1-C | Case 1-D | Case 2-C | Case 2-D | Caso 1-B | Case 1D | Case 2-B | Case 2D
Swructure  |Sedimentation {Nes. | 4 4 2 2 4 4 4] 4
Tank Diamy | 137 144 149 162  133] 136 1591 . 162
Hm) | 40 4.0 4.0 4.0 40 40/ 40| 40|
Thickness(m) 0.4 0.4 0.4 0.4 04 0.4 0.4 04
Thickener Nos. 2 2 1 2 2 | R
D:a(m) 4.4 4.6 4.8 5.2 431 44 5.1 5.2
H@ | 40 49 4.0 40| 40| 40| 40 40
Hy(m) 38 40 4.1 45 37| 33 44 4.5
Thxckness(m) 0.3 03 03 0.2 0.3] . 03 0.3 0.3
Digestion Nos. | . 2 2% 4 1] i 2 2 2
Tank Dia (m) , “'IF LS| gl 125 10.9 il a3 124
t; (m) 6.6 638 6.9 1.2 £ 6.5 6.6 12 7.2
Wm | 58 58 53 6.2 55| 56 6.2 62
Thickness(m) 0.4 0.4 0.4 0.4 - 04 04 04 04
Studge [ Nos. ] 20.5 222 20.5 222
Drying W (m) | 100 . 100 10.0 10.0}
Bed L(m) ] 15.0 15.0 150 - 150
H(m) 1.0 10 1.0 10
Thickaess(m) . 02 - 02 0.2 0.2
Site W (m) 573 58.8 349 36.2 700 - 700 700 ‘ 700
L (m) 1.9 80.0 91.4 952| 1617 - 16271 169.2] i 170.0]
A (m) 4464]  4704]  3.189]  3449] 11,322 ""11'390 i841 11,897
Billof  |1.Site Grading __ JA (m°) 4464  4704]  3,189]  3449] 11,322] - 11,390] 13,841] 11,897

Quantity |2 Banking/Compact]H {m) 35| 3s| 35 3s5] f30] 0 30 3.0
Ve 15,625) 16,463 11,163] _ 12,070]  33,966| 34,169] 35,523] 35,601
3. Excavation Sefimentation | 3,937.7] 4,256.8] 2,2387] 12,5520 3,7765] 3.916.7] ‘49330 5,069.0
mickener | 592.8] 6285|3266 3616 ST47]  S904] 7041} : 7194
[oigestion 9672| 1,0032]  547.7]  621.0]  9285]  962.1| 1,2022] 172338
Stadge Dying ~ ' | 45460 4,923.1] 454611 49231
______________ rout(vm) | 5,497.7] 5,9284| 3,113.0 3,5346] 9,825.8] 10,3924! 11,3854] 11,945.2
4. Gravelling Sedimentation 131.6] 1454 77.5]  912| 1248} 1307 1749 1809
Thickener 738 8.5 4.5 53 14 11 10.2 10.5
Digestion 447 41.8 24.9 27 432[ 445 53.9 55.1
Stadge Drying N , 6567|7111 656.7] 7111
o jromeveh | 184 2007] 1069|1242 831.9f 8940, 895.7| & 957.6
S.Level Concrete  [Sedimentation | 65.8] 727 38.7 456]  623] 653 81.5] 904
Mk | 39 43 23 26] 31 39 54| . 52
Digestron 224 239 ) 12.5 4_'_3._9__ e 216 . 122, 3 27.0 - 21.6
Sludge Drying . R 3283| 3556 3283 355.6
o Total (Ym') 920 1008 53.5] 621 4159]  447.0] 4478 4788
6. R. Concrete Sedimentaion | 622.5]  672.5] 3534 4017 5974 61920 7772 - 7981
WFR:ner 4.5 80.1 42.¢ 474 ‘;'“.7 ST4.2 91.8 94.]
Digestion 3472|3704  193.0]  2146] 3352 . 3456 417.6] @ 4268
Studge Drying ‘ 6280.9] 7374 6809 "+ 7314
- Tol(ve) | 1,0442] 1,i23.0]  5884]  663.7] 1.6849] 1,7764] 1,967.6] 2.0564
7SR Bar Total (1) 1566  168.5] 883 99.6]  252.7] -2665]  295.1| - 3085
8. Forming Toul(Am) | 4,1768] 44920 2353.8] 2,654.7] 6,7395] 17,1055 7.8702] 82256
9DumpSoit  [Towiqviny | 2,058.8] 2,280.2| 1.225.1] 1,457.6| 5.817.4] 62387 6,661.0] 7,0838
10.Back Filling  |sedimenaion | 1,627.8] 1,697.5] 87200 934.9] "1,5914] 16239 18364} 1,863.0
Thickener 1,6839] 1,8109] 949.1| 1,072.2| 16195 L6756] 20715 2,308
bigesion | 127.1] 1309 667 6991 125.1] 1269 1382 1395
Sludge Drying | 1 6724| 7282  6724| - 7282
roaramhy | 34388 3,639.3] 1,8818 3677.1] 24,0084 4,1537] 4,724.4] 48614
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Table D.13 Cost Estimation for the STPs (1)

Item Paga STP KitaKita STP
Case 1-A | Case 1B | Case A | Case 2-B | Case 1A | Case 1-C | Case 2-A | Case 2-C
. Case 1.C | Case 1-D | Case 2-C | Case 2D | Case 1-B | Case I-D | Case2-B | Case 2.9
i Asphalt Pave ReclA (m) | 1,080.6] 1L,HIO3] 1,0102] 10512 1,8540 18617 19133 19197
12.Fence L (m) 2704| 2716  2326| 262.8|  463.5 4654} 4783 4799
13.Shore Protection (A {m’) 1,506.8, 1,5465] 12615 13120 20242 20306 20739, 20793
WFlerGavad - [V(m) | | | | 1,5375] 16650 1,537.5] 1,665.0
15.Admini_BLDG. |A () 250 250 250 250 500 500 s00| 500
Sludge Pump {nos) 10| 10 5 5 10 1000 0] 10
Disinfection (set) 1 1 1 1 3 i1 1
Cost 0. Land Acquisition 250 0 0 0 o 283054] 284742] 296027 297429
Estimation |1, Site Grading 50| 223210 23519 15947  17.243]  S6611] 56948 59205| 59486
2. Cutting/Hauling 35.0] 346870) S76216] 390,706| 422459 o
2. Cutting/Hauling 150 . o 500,497 512,535 532.848| 53537
unit : Kina |2. Banking/Compact 100] 156248] 164,633 113,630] 120,703 339665 341,699 3552321 356914
3. Excavation 200] 1099530 118.569]  62259]  70.693] 196,515 207,847) 227,708 238,904
3, Gravelling 500] | 9205 10084 5346|6211 41593 44702  44783] 473881
5. Level Concrete 3000| 27.614]  30252) 16,039 18.633] 124,780) 1341077 134,348 143,642
6. R Conerete 1000 313260 336903] 176532 199,101 S05450] 332911 590.266] 616,921
7.S.R. Bas 2.0000] 313261 336903 176,532 199,101] 505460; 532913  590.266[ 616,921
8. Forming s0.00 208841 224602 117688 132734 136973| 355.274] 393511 41,281
9.Disposal | 12z0] 23706 274700 13702] 17491 69,809 74884  79.932] 85,005
10.Back Filling 100 34388, 36393 18878] 20771] 40,084  41,537) 47,244] 48,614
11. Asphalt Pave Rec 600] 64893 66619 e0s14]  63073] 111.238] 111701] 114,796] 115,180
12 Fence 2000|  54078]  ssS16p  S0.502 52561 92,698 93084 95,663 95,984
13.Shore Protection 500] “7s382] 77321  63074]  65.600] 101,208; 101,532| 103,695 103,963
14 Filter Gravel -50.0 | . _ 1 7e87s| 83250] 76875 83,250
15.Admini. BLDG. 5000 12500]  12,500] 12,500,  12,500] 25000  25,000] 25,000  25,000f
16.Discharge Pit - 1,637 467071 26421] 31,497 -
17.Discharge Pump M&E| 535000] 618000 292.500{ 390,000 R
Mech. (Clarifier) 313571| 859714] 420.857] 532810} 813,571] 813,571 1,065,619 1065619
Mech. (Sludge Pump) 15,0000] 150,000} 150,000 75,000 75,000 150.000] 150,000; 150,000; 150,000
Mech. (Disinfection) ss000] 55001 55002 55003 55004 s5005|  $5006] 55007
Eleeric | Menx20| 203,714] 212943 111,972| 132563] 203,715 20371S| 254,125 254125
Total 3.772.404] 4,039.871] 2.283.717] 2,635,745] 4,638,810 4,756527| 5,292,150] 5,406.492
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Table D.14 Cost Estimation for the STPs (2)

Tatana Pari
. STP STP
Structure  |Anacrobic Pond Train Y
H (m) 3.5 3.5
Upperwimy | 420)  27.0|
LowerW(m) 28.0 13.0}
 Upperl.(m) 322 26.6
LowerL{m) 18.2 12.6
Facultative Pond Train 2 2
H (m) 23| 23
Upperw(m) | 420 21.0
LowerW(m) 328 17.8
Upperl(m) 82.1 622
LowerL{m) 729 - 53.0
Site W) | 1060 76.0}
L (m) 169.3 143.7
A (m) 17,946] 10,923
Bill of 1. Site Grading A{m) 17,946] 10,923
Quantity |2. Avrage Grade Level  |H (m) 335 3.5
V(m'y 62.812] 38,231
3. Pond Volume Anaerobic: 6,269 ' 2,854
Facutative |  13,359] 5,965
Total (Vm®]  19,658] 8,817
4, BankinglCompaclion 2-3 (mz) 43,154] 29,415
5. Soil Cement Anacrobic 943 619
(w/ Compaction) Facultative | 1,181 . 823
Total (Vm’) 2,124 1,442
6. Asphalt Pave Recover [A (m’) 2,202 1,75
7. Fence L (m) 551 439
§. Shore Protection A {m’) 2,984 2,31
9. Administration BLDG. |A (m?) 25 241
Gate {nos.) 6 6
Cost 0. Land Acquisilion 250 0 0
Estimation |1. Site Grading 50 89,731 54,61(_5_
2. Cutting/Hauling-Rock, | 35.0| 1,510.391] 1,029,514
2. Cuting/Mauling-Soil | 200
3. Banking/Compaction 10.0] 431,540] 294,147
unit : Kina [4. Soil Cement | 75.0] 159,330] 108,128
5 Asphalt Pave Recover - 60.0] 132,346] 105,469
6¥ence b 2000] 110,121 87,3891
7. Shore Protection 50.0] 149,209 115721
8. Administration BLDG. | 500.0] 12,500 12,500
Mech. (Gate) 10,0000 60,000 60,000
Mech. (Disinfection) 30,000 23,000
Electric Mech. x20%] 18,000 16,600,
Total o 2,702,968| 1,907,585
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Table D.17 Cost Estimation Result for the STPs

(Unit ; 1000kina)

Cost - STP Case 1-A | Case 1-B{ Case 1-C [ Case 1-D} Case 2-A | Case 2-B | Case 2-C | Casc 2-D
Construction | Tatana 2,703 L 2703 Ly 2703 ! 2,703 !
Paga | 3,772 4,040, 3,772 4,040 2,284| 2,636 2,284 2,636

Kila Kila 4,639 4,639 4,757 4,157 5,292 5,292 5,406 5,400

Pari 1,908) 1,908 i 1 1,908 1,908 1 i

Total 13,022 10,586 11,232 8,797 12,186 9.835| 10,393 8,042

f1o&M Tatana 4] e 4] Il 14 e 14 1
Paga | 5471|6191 547 615| 300 387 300 357

_ KilaKila 286] 286 302 302 403 403 418 418

Pari 6 6 i 1 6 6 i }

Total 853 Q12 862 921 722 766 2—_1. 775

Note: Bold means "the BEST", Italic means “the WORST"
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1. CIVIL WORK UNIT PRICE BACK DATA






Table B.1.1 PNG Civil Work Unil Price (as of }an.15th,1398)

PRICE IN KINA
Work liem Quaiatioh Conclusion
e e e | mod 02
. 1. Company "K' 2. Company"H 3. Commpany™C’ Survey S:rv:y
T Kind of work I Specif\caégn] Dimeasiond  Day " Morh 77[):1; T Mootn Day Month "Day bay
SCHEDULE-1 MANNING CHARGE
1. Civit work '
Civil field engineer (Mznager) ) soo] 16000 %] 0383 0] 22500] 580 650
T assistant managec ) e 13sea] 257 6732 50| 13,500 450, 430
Surveyor o] 12000] 27|  em2]  3s0]  10.s00] 40}
Superviot/Foreman . - I L0 Y D I 40
assistant 180] 3500 7 7040 0! 1300 100
Special worker 100 19% L 1900 200 80
i1l almaghty campenicr 100, 1,950 4 1.248 ) 1,200 50 N
Steel bar bender ) w0 1950 IED 28 70 %0 50!
Rigger wol 1esel  asp 124 s 1200 50 50
Concrete worker 100 1850 4§ I,24§ o ?j‘i 750 50 50
Masonary T 1wo] 1950 T 902 25 750 50 50
Plastere: o wo| 195 18 1,248 2% 150 50 50
Concrete block layer 100  1950] a8 1242 25 750 L
[ Unsan T 25
2. Miechanical work
Mechatical engineer - w0 1600 39| 103s7]  aso| axsedf 60
Agsistant mechanical engineer &80 |3.S(l0 i 257 6,732 400, 12,050 450
~ Foreman 0] 12000 180  4708] 350 10,500 400
Awilant focerman iso] 3,600 7 200 " ed] 1300 100
Rigger 100] 1950 58 1,515 0 1.200 I
Fipe fitter woo|  1ssof s 1,248 40 1,200 50
Welder (Manual) o] 19s0]  m| 208 R 0
Welder (Pressure vessel) 100] 1950 99 2601 360] 10300 150
Paioter ] T 100  ioso| s8]  w2es] 25 750) 60
gc‘;r:::ron siilled mechanical 46 1,200 25 750 50
3. Electrical work -
Electrical enginner T s 16000 as0] 13,500 ] 650
assistant 6350 13,5001 400 12,000] 450
Foreman 600]  12.000) 0] 36w N 400
assistant b 180 3600 asf 1350 100
High voltage electician
: )ﬁm ¥ 1| 2l 0] 3800 1%
. High voltage electrician
{’-:;ka) & 150] 2,900 120 3.@ 130
Commen skilied clectrician ) Hoj 2,200 ) 1350 80|
4. Common work | L
Construction smachine operater
(Liceace grade A) 100} 12,850 43 1,267 70 2,100 3({
(Licence grade B} T %0] 1,800 48 1267 45 1350 &
(Licence grade C) T [ s el a3 126 30, 900) 50
Strote keeper - 0| 1400 Y s » s T
Securetary guard o, a0l 3 875 ] | 40}
Unskilied worker ss| 1100 I 430 25
5. Office worker o ] [
Secretary vo] 200 1 732 45 1,350 0
(Cavier roore than 3 years) . S A ——
Computer inpul aperater 95 1,900 33 875 25 7504 bl
Typist ' ] osf 1900  » 875 28] 750 i 4
Car driver R 43 1248 0 £00 5]
Office boy 55| LIse 23] 734 15 450 R
Cock : os] 1900 n 734 30 900 50
(Carrier more than 3 years) o 1 . o o
House keeper 95| 140 2% 734 15 450 25
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Work description Quatation _ _Conclusion
. 1. Company "K” 2. Company "H" 3, Company "C" ST?\;:Y S'::\:y
T __I.(if;&‘c;!‘;&;“k_._'" lSpev:iﬁcaEbn DimensionCondition, _[rn_cess_ CondTl;n 7;:;:;335 éﬁnd‘rtion Excess )
Schedule-1 Mannjng charge working condition ) -
{ Normal working houres in a day 8 Hours] §.50 Hours ’ 10 Hounsf .
2 4iuoin a week (Momh) Week] 42Hours| Week| 425Houn]  Monh! 300Hours]
T3 Overtime crarge 1} M2 w0z s0% 50%
4 2 - S R | park|
s s B T Blank T
&  Holiday working charge | S0% woxr| 100%
Schedule-2 Material unit price for civil and sewerage work Usit privet Remarks [Unitpeice] Remarks |Unitprice; Remarks | Unitprice;  Remarks
6. Civit material o 1
Bablestone T ipia200-300 { 85 } 4 o 45 : 60} -
" Crochedsionc {Concrrte) D32 1520 | o | a5 3 13 45
Crushed stone (Pavement) Dia 1520 | m 50 T - N _ 50
Sand for cancrate Rivet sand o |l & 40 55 50
Sard for backfilling W | w w— | s %0,
: m&nrn!(?o!dandccwnt) Bulk ‘ on 373 73&74_#___#@3_1'_0 160
ditio Pack ton a00] T ] 370 0 380
" Cement (Sulfa resist)y Bulk o | wal 402 T a0 Bl 400
w0 Pack 10a WA b a2 a0l 450
Ready mixed concrete :;:;‘ 223 m' 230 265 without Ir 228 260
ditto 210-42-25 m 265 2551 without ir 170
S class } ¢ ] -
dina 175-42-25 w 240 245 without Ir 170
class - o
Water reducion conete Litorke 2titor kg 1.9 licter 258|xe 2
admixture -
Steed round bar Dia < t3mm ton 1500 1488 | 110
Tae T Dast3mm | we o] 1560 s
| Deformed stee] bar Dis<i3mm | wa sw| | e 1 s
[ ame Dia> 3mm | w0 1500 620 T sl
Ply woos \=6mm m N/A o | 10
Tame T feiem w I P T
Timber plate =l | m NA 15 Not avail
" dino 1225mm o 3] 8 Not avail
Timber rod ;‘.‘;m ' 40 1500 200 %0
“ea o NA WA Not avail Not available
Concne hollow block Bhickness m M4 34 28 32
e '”‘m — —— —]
ditto m‘ ol 3 56 3 a2
" Stwcnalsgel onge | mn 1700 1800|175 class | ¥350{L-75 class 1600
T ane <hannel w | 170 1506]W-100 ciass|  1380]W-100 class 1700
T e Hbeam 10n 1700 2084TH 250 class | 1700 H-250 class 1500
| e tlat-bas wn | 1700 1921[E50call {  1200|F-50call 1600
" Corrugated ashestos cement sheet R WA T Not avail
Ol paint Litter Y wal T YT 7
" Vinyl Paint Liner ] ] mal T T T T g
Emalsiongajnt '_ Litter o _6 WA . M"S L 7
- I I Transpoclation charge T
7 RN | Quarry Material 0.81 m'/ka B I
N i T | An othee material 7.5 100




Wk liem _Quota!ion _Aust Syd cost, 1985 Conclusion

_ g o Nel No.2
] I Compony K7 | 2 Compay BT ) TRB ) Sunwy | Sumey
Kind of work ) 7T§p¢ciﬁcaﬁoni[£n~rnsiom Usit pricel Remarks {Unit pri:cf “Reaarks |Unit price]_Unit price Urit prices  ilnit pnce
Scheduic-3  Unit price foc civil and sewerage piping geperal work Civil work for sewerage facility Aust § kina
7. Excavation o B - I PR I P I R
Excepttrench o . T R T
| RekHaudrock __|Blasting o 250 sy ) sd o sop 180
_ . RokSoftrock [Machine LN wo o f ey I T . B E 120
Soil-Light soil Machine w _ I L o 20
CsedChy - [Machine o | 0 5 i W 6y ¥
| Teench . - . VTR RN SN N A R——
_ Rock-Hardrock Blasting m’ - I ] s 296 50 220
Rock-Sofireck  [Machine I D R Y 150 wal s 150
T Seitlightsoil  [Machine w o I R T - I P
Sot-Clay Machine o' 37 45 65 30
3. Cempaction m' 2
o Disposat [ [ 1 . . —
Rock-Herd & Softfosk S T 2) I I 2 i
SoilLight soil w 50 1 125 is 65
10. Backfilling - L I o
| Excoveted matedal o _ o 65] ] 6 I | ) 1w
Clean sand t3 convey within Zkm o 0 53 30 3 6.5 20
11. Rubble and feveling concrele ) i R RS N S I P
Sand mat laying and compaction 3 n .1 T 3o 2 ) ..
___Crushed stone - w W b O - .
Lean/Leveling contrete m 640 187 230 300 290
12, Form work N 1. D I T ]
| Under ground Foundation flat face S 80 N 4 ol w0
ditio caved face w 75 85 72 8% 40, 30!
i3
" Re-bor_round!deformed <Smm ] ~on 1700] nsol 1435 1765~ 2300|2000
“>10mm ton 1700 2150 1420 1747] 2400 2000
13, Concrgle work ) L ]
Ready mixed con. Placing only LevcEng o 251ex Con. 145 ex. Con
S conciele [ S
ditto Swuctual P 30lex. Con. 175]ex. Con . -
| cocrele I
| Coscrete with materiayplacing | 240-12-28 ) 295] with con. 464 with coo. 173]
T dino - 210-12:25 a 215[wkhcon, | asDjwithcen | - :
dite 175-12-15 :;.\f _ Ngywith con. 436]withcon. - -
dito [40-12-25 oy 245|with con. 422{with con. - -
S Oters : N I i
Concrele demolish Stee-bar m 250 175 9% 118 200
| structl. } o - ]
ditto Nosweelre- £ 3 0 75 45 35 120
i b -
Ex. To
B Asphalt road ce-pavement cetipave m 50 ) ___9 ] o &0 60
- Eqexist N i ) o Au——_“w
Fence around sewerage facibity X m 100 61 A i78 215 10G'm 200
R - _ _ U U R
Sca[oll‘.‘lmg_ W=1mH=0mby o &0 NA R 30
stee] pipe ) . N [T R S R
Prpe support . H=2m foc floor i 0 NIA } . 0
__vooerete placing _ ~ ) . . o
: AT . 458m’ SSKAm §5¥ Y Excavation
Dewatering m ] 15 km’ | 10Lin i WA (A (Area: Vot
~Land acquisiticn o m' a _ L S B 5 - _jﬁ
Site grafing/Leveling | I A L I 5 8 -
Banking/Corpaction xt:::[ m 55 1o
Rock cuthayling f;lr::ybd soil = ar B 35
Cotardft flbyoutsait] mw | | - I B T
Embankment proteciion by rock ;:“ wihin |y 70 6 50 50
Landscaping Wooddhips |5 54 & 50 56
. spred . . _ | -
New aspbali pavemcat ml o’ 1% 22 50 40
| i e ——— — ] '}HCk —_ SO Ny — —. [ S —— [ S — ..
Soil cerment work ;‘Z‘E—z,- m {1 1 5 75
" Operation building 1w [ 30e00]  xo492]  F 500

* F=Ex.change ratel. 10*Escalation] . 12=123



2. UNDER GROUND PIPING UNIT PRICE BACK DATA
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2.1 Unit cost

2.1.1 Calculation section
, Section-1 Section-2
Concrete bed for Cocrete hume pipe Sandbed for Ductile and
Pvc Pressure pipe

E E

E-B/2 B(OD) i-B{) E-B/2 B(OD) E-BR2

Gl GL

B4+C+1,5(

]

/ ‘\ B+C+1,500 /‘
B (OD) BﬁOD)
\ |/ \_

M
G

£-Dr D E-D/2

Pipe size for calculation

IXmm) OD(mum)
Concrete Hume| Ductite pipe [Pve pressurd]
150 202 169 162
[ 200 254 no | 24
250 306 2 265 |
300 360 o BV
30 | a4 | 34 | 361
a0 | 40 426 518
450 526 477 | a8
500 584 s28 | s
o | 10 631 624
0 | sts 733 | m
800 520 850 840
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‘Table B.2.1 Dimension . Unitmm

ID 150 | 200 | 250 | 300 { 350 [ 400 [ 450 [ 500 | 600 | 700 | 800
Sec ! for Concrte bed ' . s
o op 202] 254 306] 360{ 414] 470] 526] se4| 700 18] 920
s 210 260] 310 360| 420! 4s0] s30| se0] 00| “s20] ss0
e c | 10| 10| ieo| 1ol 130] 130 ts0] ise] isol 1sol 130
o 400; a00| 500 s00| 600] 600| 800] 800 900! 1000! 1100
B L 0o Tas0| soof sso] 900l 1000] 1200] 1300] 1400] 1600} 1800
~ See2 for Ductile e :
op sl 2] 2| | sm| aael am| sas| en] 73] sso
L 8| a0 23] a280] 330] 3s0| 430] 430] s3o| 40| 740] ssof
| c (t0o| _too] 100] soof 130] 130] 50| ‘1so] 1so| so] 1s0f
D !
- E_ 700 750} oo sso| 900 1000 1200] 1300] 1400 te00| 1800
$ec 2 for Pvc Pressure L
oD 1620 214 26s| 316] 367 18| ae9] s20] c2s| 78] 840
B 170] 220 270] 320 370| 4200 az0] s20] e30] 730} sa0
c 100] too] 100] 100 30| 30l 1so] wso| yso| iso| 1s0
D
E 200] 750} 8oo| 8s0| s00{ 1000] 1200] t300] 1400] 1600] 1500}

Table 2.2 Main Civi! Work Quantity

___ Maincivil work 1D

hem Unit | 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500 | 600 | 700 | 800

Sec.-1 Concrete Hume T ;
[Excavation m’ | 1267] 1.395] 1.528] 1.666| 1245 2.110] 2.616] 2912} 3:290] 3.953] 4,680
Bed leveling m’ | 0.700] 0.750] 0.800] 0.850; 0.500] 1.000] 1.200] 1.300] 1:400] 1.600] 1.800|
Bed concrete m*_| 0040f 0040 0.050] 0.050] 0/078] 0.078 0.120} 0.120] 0.35] 0.150] 0.163
[Bed form work | m' | 0200] 0.200; 0.200} 0.200] 0:260| 0.260| 0.300{ 0.300] 0.300] '0.300| 0300,
Backfill-{ L m® | 0982] rorzy 1.163] 1259 1.359] 1.551] 1.915) 2.129] 2350] 2.794| 3.267
Backfili-2 m’ | 0210 0.225] 0.240] 0.255| 0.270| 0.300} 0.360] 0.390] 0.420] 0.430| 0540
Backdill-3 BRI R R D
Disposal m* | 1192} 1.302] 1.403] 1.514) 1629) 1.851] 2275] 2519 2.770] 3.274) 3807
Grading m® | 1200f 1.250] 1300} 1.350] 1.400] 1.500] 1.700] 1.800] 1.900] 2,100} 2300
S¢c.-2 Ductile pipe - o : ]
Excavation m’ | 1239] 1365] 1.504| 1.641] 1.809] 2.060| 2556 2834} 3.206] 3.824] 2500
Bed leveling m' | 0.700] 0.750| 0.800] 0.850| 0.900| 1.000] 1.200} 1.300} t.400 1.600] 1.800
Bed concrete m' | wod omn| sof osp) N oNo o] osnd osod own| wm
[Bed fomwork N I R D
Backfilll m’ | 0.936] 1027} 1.122] £.245] 1.309] v.485] 1.83s] 2028] 2254] 26674] 30
Backfillz m' | 0.210] 0.225] 0.240] 0.255] 1.400] 0.300| 0.:360] 0.390] 0.420] 0480 0550
Backfilld m°_| 0070| 0075| 0.080] 0.085] 0.117] 0.130| 0.180] 0.195] 0:210] 0240{ 0.220
Disposal T m’ | 1.216] 1327] 1.442] 1.555] 1.696] 1.915] 2.375) 2.613] 2.884] 3304 3633
Grading m'_| 1.200] 1250] 1.300| 1.350] 1.400{ 1.500] 1.700] 1.800] 1.900] 2.100] 2.300
Sec.-2 Pve Pressure - Aﬁ"_l__ 1 |
[Excavation , m’ | 1.239; 1.365| 1.496} 16321 1.800] 2050] 2.544| 2.821] 3.192] 3.808] 4.482)
Bedleveling m’_| 0.700] 0750} 0500} 0.350] 0.900] 1.000] 1200} 1.300| 1.400] 1.600] 1300}
Bed concrele TR T O Y T T T T
Bed form work | m® | ownf ned mn]| s oso| s snf o] s sol nn
Backfill-1 m | 0936] 1027] r.uss| 1.212] 2.306] 1.482] 1831 2.004] 2250] 2670] 3118
Backiil-2 _m’ | 0210 0225 0.240] 0.255] 0270{ 0.300] 0.350] 0.390] 0.420| 0.480] 0.540)
[Backfill-3 m* | 0070} 0.075| 0.0s0) 0.085] 0.117] 0.130] 0.180] 0.195] 0.210f 0.240] 0270
Disposal e | rans] 1327y 1.439] 1552} 1693 1.912| 2373) 2.600] 2880 3.390] 3.928
Grading m’ | 1.200] 1.250] 1.300] 1.350] 1.400] 1.500] 1.700] 1.500] 1.900] 2.100 2.3001




Table B.2.3 Main Civil Work Cost

{Pricein Kina)

Main ¢ivil work veit )] mn e
lem Unit | price ] 150 [ 200 ] 250 ] 300 | 350 | 400 | 450 | 500 | 600 | 700 | 800

Sec-1 Concrete Hume :
\Excavation w | 00| 8] 42 6] so| ss| es| 78] saf 99} me) 10
Bed leveling m | sol ¢ 4 4 4 5 5 6 7 7 & 9
Bed concrete m |200] 0| n| W] wey o] | s 32 36 4] 45
Bed form work m | soof 10] o] 1o} o] 13| 3] a5] is] 5] 15| 18
Back(ill-1 m' | 2000 20| 220 23| 25| 2y 3 3w 43) 47 56] 85
Backfili-2 m fr0of 2 2] 2 3l 3] 3] 4 4 4 8 3
Backia | m’ | 200 | -
Disposat m' | 120] 14] wsl a7l s] 20] 22| 2| 30l 33 39| 46
Grading o | osol 6 e 7l 7 7| 8 9 9 10 My 42
Total od] ni2l 122] 13e] iso] 1es] 2100 227] 253] 293] 331
Sec.-2 Ductilepips | . . b
Excavation | | s00] 37 an) 4s] 4%y 54| 62 77| 85] 96| IS| 435
Bed feveling m | 30 4 3 2 2 2 2 2 3 4 s 10
Bed concrete m® | 2700
Bed form work =N Y L D N A P T A A
Backfill-} m | 200 ws] u| 22 24 26] 30| 37 4y 45p s3| 62
Backfill-2 m | 100] 2f 2| 2 3] u sl 4 4 s s
Backfill-3 m [ 200 3| 2f 2 2 2 4l 4 4 5] s
Disposal w* | 120] asp 1s| amp wef 20| 23] 29| 3] 351 41 47
Grading o | sol s e 7| W 7 8 % 9 w u wn
Total 83] %0l 93] 10s| 126] 129) 10| 1ze| 193] 235 277
Sec.-2 Pvc Pressure
Excavation w | 300] 37F 43| 4sp 49] s4| 62| 76] 85 96] 114] 134
Bed leveling o | sol 4] 3l 2] o] 2l af 2 31 4 6 10
Bed concrete m |} 2700 3 N
Bed form work m' | 500 i ___._
Backfil-1 C e | 200] w9 2f 22 24 26] 0] 37 40| 45 s3] 62
{Backfill-2 m | wof o 2| 2 3] 3] 3| 4 4 4 S5 5
Backful-3 w | 2000 3| 2f 2 2f 2| 3 4 4 4 5] 5
Disposal w |20l as] 16| w| a9l 20] 23] 28] 3| 38 4 47
Grading m | 50 6'_61 7 7 1 8 st 9 o 1 2
Total - s3] 90 o1| Twos| mel a2e] 1se] we| 193] 23] 216




2.2 Pipe installation

cost

Table E2.4 Concrete Hume Pipe

- Cost Iter ; ID - . L
Work Remarks | 150 [ 200 ] 250 | 300 | 350} 400 | 450 | 500 | 600 [ 700 | 800 |Remarks

0. Instatlation method Manwal Coane -
1. Manning cosl fper 10m) . ‘ R B " o D .

[ 1.1 Foreman 032 03] 032 033 03] 034] 03s[ 036| 038] 040 - C42{400K/day |-
1.2 Skill | o0s5| 066! 064] o066| o066| 068] 070 072] 076] 080] 084 sorsday
1.3 Unskill | oso| 09s] os4] 0se| 09s] 102| 05| 1.08] 152 160 1.68] 20Krday
14 Cost{1.141.2+1.3) 1 wae] ass| am| arsl isst 1oof 19s] 202] 220 232 2¢a|
1S lem 1.4*F Efficiency | s3] 5s4] s18] s3s| s5s4] s7ul sss] e0s| e61| 696 7ai[F=30
16 Otherexperce  {15% ol o o o o of o of of o o
1.7 Manning cost Kina | 616 638] ‘e12] 3] 54| 674] 624|714 780 82| se2
2. Crane ¢ost o 10my | ‘ N IR
2.1 Crane fday 0 0] 032] 033 033 034) 035 036 038 040| 042}

22 Canecost of of 38 "40] ao] st 42| 43| 46| 48l  sofioowday
23 Tem 2 2*F Efficiency of ol wisp w9l el “122] 126] 130] 137 144 sifr=ao
3, em(1.7+2.3) (per 10m) 616 o38] 727] 7s0] a3 706] s20] &43] Toi7 o6s| 1014
4. Joint work
5. Consumable Material
6. Contingency
7. Cost . _ -

7.t Cost/i0m | e16] s38| 7231 750] 7m3| 796 s20| sa3| o917 ses| tors
1.2 Cos/meler | e el sl o so] s we| e w1l 1M
Table E.2.5 Ductile Pipe

Cost liem 3] :
Work Remarks | 150 | 200 | 250 | 300 | 350 ] 400 T 4501 s00 | 600 | 700 | 800 |Remarks

0. Installation rethod ’ " Crane . L
L. Manning cost (per 10m) L _ : R :

t.1 Foreman man/day 00s| 005} 0.06| 006 009 011 04z 0.35] 0.i8] 022 0.26}400Ksky |
1.2 Skill fmanvday | 009 o0 ot oa3] oar| o1 oas| o2s] 036] 044] 0352 soKiday
1.3 Unskill mavday | 015 o] o17] 0.19] o2si 63t] 037] 043] 05| 066] 08 25krday
14 Cost(1.141.2413) | 2| 291 4] 3] s e2] 70| ms .104] 27| ise]

1.5 Tlem 1.4F Efficiency | 8| 87| 100] 108 52| 1s7] 209 2s6] 311] 380l ssolp=30

E6 Otherexpence  |eml 5*G 15y 16] 8] 1 27 34| 3] 46| T ssl e8] st]o-1sm
1.7 Manaingcost___ [Kina | w00 103] 119l 12s] 10| 2200 247] 302| 367] 448] 3y

2. Crane cost {pertOm} | : o :

2.1 Crane/day work/day 134 vatf 147] 154 16| we8] 174 181 19s] 208] 2m
2.2 Crane cost Kina 161 te69] 76| 18| 193] 20| 208 217] 233] 250]  265120k/day
23 ftem? 2'F Efficiency 4821 so8] s29| ss4f sso| 6o0s| 626 ‘es2| 69| 7a0| meele=ro
3. Ttem(1.7+2 3) (per 10m) ss2] 610] o49] 679] 759] 825] 873 953 1068l 1197 1327 '
4. Joint work  [fper 1 joint) _ _ : ]

41 Foreman lmanvday 003 o004l oo4| oes| oos{ 0.05] 006! 006] 007 008] 0.11[400K/day
428kl man/day 006| 007 008 009; 009 0.10] oat] 012 014! 016] 0.21] S0KAay
43Unskil lmantday | o06] 07| 008l 0os] 008] 00| oat] 6.12] 6.14] 06| 021 25Kiday
4.4 Cost(4.144.2¢4.3) | vl 2 220 27] 2] | 3| [ ¢ 4 &

45 temdd'F_ |Effciency | 50| 61| e8] o] sof s3] 91| 99 ue] 132] vmlfa0
46 Pipe vnitlengh | m S| s 8| e et o 6 6 6 of o
4.7 ltem 4.5/10m 1o 13 i3] ) | 4] asf v e 2l o
4.8 Other expence femd 7@H ] ! 1 1 i 1 I IR (T
4.9 Joint cost per 10m N T Y T DT Y T T T\ Y I S
5. Consumable material
6. Con[ingfncy
7. Cost U ]

7.1 CosVl0m _ 5931 624] s3] 6941 m4| s40| s91| 972| tog7] 1221f w3se| |
7.2 Cost/m so, 62| 66| e9] | 84| 80l 97| 109f 122] 136
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Cost iem i

"~ Work “pemaks | 150 | 200 | 250 ] 300 | 350 | 400 | 450 [ 500 [ 600 | 700 | 800 [Remarks
0, Tnstallation method ‘ : Manual
§. Manning cost (per meter) | N . -
1.1 Foreman Tlmavasy | 0015 0.017| 0.018] 0.020] 6022| 0.024] 0.026] 0.028] 0.030] 0.032] 0034 400K/day
128kl maniday | 0031] 0.634] 0.037] 0.040] o0t 0047 01| 0055|0059 0.063] 0.067| sorsay_
1.3 Unskill matday | 0057] 0.070] 0.083] 0.096| 0.109] 0.121] 0.134] 0.247] 0.160] 0.173] 0.187] 25wy
L4 Toti (14243) | manfday of wo| mh a2l wal as| 1e] sl 190 20 n
| 1.5 Tem 1L4°F Bifcioncy | 23| 31| m| 31| 4] asp a9 s3] 57 e1]  6s|E=30
1.6 Oterexpence  |lieml.5*5% ) Y I Y A O Y ) A O -
1.7 Manning fotal 8 32| 34l s s as) so| 54| so| €3] 7
2. Crane cost
3 kem(1.742.3) Cost/m
4. Joint work
5. Consumable Material _
53 Bondsbubricant  |gijoint | so| _so| 12s] 13s| 240; 310 30| 4s0 745} 940| 1200]
5.2 Pipe vnitlength  [m I I I Y T I ) | I A
5.3 Bond#Lubricant__|g/m T ol of 3t w| e wsl osf 123} wr9] 235 0] |
5.4 Bond cost Kioa/m o 0] el 2] 30| 39] a9 1] so| 118} 150fcosiosize
6. Contingency
7. Costm 3l 42] s0] eol 72| ss| o] mel 48] sl 217
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2.3 Under ground pipe material unit cost

Table E.2.6 Under Ground Pipe Material Unit Cost

Kindof | Counury Suppiy Unit . ping fnner sive Remarks
Pinc : 50 b 200 § 50| 0] 350 | 400 ] 450 | so0 | eoo { w0 £CO :
Concreie Hhapan (Kenbubka 97712t Pipepicein [ 46201 5000} 6.020] 1310p  Ra0f13900| e6.500) to.500f 22.600] 36700] . | sssoplssasier
thime g | Esangeduoginad s8] 6] 8] ol aoal ol 2] - omaslaw| oas] svinwsz
[ losewmienan § T T TR T o o | 2] 20 2w 241
_Jaevicem LT ) S O O O I E. Y 235
JaTramscharcge | B [ | S - Bl o 1w e 230 ]
o 5. Dnity 13 | I I . LS U ) __”_32} a
6. 3+4+5 40 31 61 §5 108; 141 V72 X7 261 . 396 313
FNG Monier 1.One pipe price 52 188 M 394 413 43 573 Mo coating
_______ N S [EXE] 5259 [(34] (7503
(Domestic  A2Omewnitkengy | | ) 2e0 241) 249 2a4] 244 2ae o |
- Peeem . 52 ” 123 I U1 N 1 N ) R =
| |3 Trens vharepe o __9 o 0 0 0 O G
P ] 2 2 3 4 y_ 5 7
8. Jad+d 4 9 s 143, 176 304 141
Auain [PNG #iPES 11 Onc ppe price [notctear ]
Impory Onc wnit length | Nos cloar . ' ]
3 Price/m 59 b* B X M 191 w1l 330 43} - 885 CIF price
IO B 23] 375 {515, (675
4 Traoscharege o o 0 0 0 5 o »
| e R L 25 SV -t I
15 314458 67 105 149 214 193 313 483 381
Steam Ship 1.0ne pipe prive 83 1F 5 s 193 473 635
_msyf s (525 (750
Data-§ 1O0cewnithorgts | | 2.44) 4 .44 144 248 24 244 ]
tmpon 3 Price/n o £} ] | ! 1g| 161 1es 268
_ |atenscharege wf | »  u 11 ) 13,
5 Duty 0% +3% i 4 _ 52 i3 23 9 n 51
6. 34445 47 1061 134 200 Fatl 323 442
unit ¢ost Pipe pet cost 40 {1 } 6 30! o) 100 15k 148 175 242 A5
Abcve?] 13 44/ 54 i 92 104, HS 132} 187 202] 27 203 ]
Dol lapan  {Kenbadka@102f b Pipecost in ¥ | 25,6000 33,800] 42,000] 63.200] 74,200 90.600] 108,000] 12,500 171.000] 207,000 259.0001 Fa G §526
Pipe o] Ewhensctokinal 32| avy) sl | oses| wor| enr|  1sef 2o8s]  2sm 3ssfik=¥a2
e boce it }s| 8] 5] 6 6 8§ 6 s 8 s | _ 4
3 Pricefm o 2 82 102 i 151 i85 100 pid 348 an 524
| ATeaoscharege ¥ 81 M 23] 3] asl s 2] - O £ L 2
SDuly 10T +3% 5 33 16 2l I35 k2] 38 15 62 kL 98
5. 1ed+3 BO 109] 1421 182 200 174 33l 131 5400 6§74 0, §55
Aol EDARANU  NOrepipeprice | 200  220]  ss5] 95 200 30 B stocked
tOveunitlength | 6 5| L] 6] L3 & maicrial
| PR} 3 R 0 43 47 50 purchased
. NATrenaccharege | O 0 L) Q 0 L
STaxNotclesr L/ G N T Sy e [
S e AL T IO S | 40?'___2_ a1 Bl
ENG PIFES EQae pipe prive 713 Y958 13500 1693 S 3920|  5085] 6£819]  MIS CIF Price
{338 {503 E
Beri ot 2.0ne unit kength 35 55 §5] S5 3% 33 335 53 35 1
3 Price/m 136 185] 23] 38 359 713 U 1207 1712 .
A¥rans charege b Yo o [ 0 Y 0 G Included in §
ROuyl0Zdx | 4 81 1 g [ WO N 1) - | - 7 .
5 3id+5 14 (B8] 28 3N 576, 1M S4% $243] 1763
Steam Ships  [1.0ne pipe price . o o — B
Tibport 1.0n unid kagih 1__ . ]
3 Price/m - L o
| J Transcharege —} — N P R ]
sougteraae |} | ¢ 1] )
4. 31445
Tubernakers 1.0nc pipe price S S S o N B1 &% Clpipe
T pront 2 One unil kength N A
3 Pricefm A 35 9 & 125 152 178 234 340 CIF
ol o vt St mni SR | 373 SRR USRI S 2. — -
o Praschecge ] 0 0 9 ¢ 0 ] 9 0 ——
| PDuyigkda ) 5] 2 .9 12 {6 . 20 23 1 H
5. 343435 4% €2 bl £41 171 0L 267, 384
unit cost | pipe nel cosl e 43 &2 777731 _Isn w4 160 in 200F 261 384l -
Abcverd |5 5 4 90, (6 162} 184 198 231 307 442 573




Kindof | Country Supply Unik Prpe inner size Remarks
Pipe 150 ] 200 ] 250 [ 300 ] 330 L aco] 450 | so0 | e0 | 0 200
Lgun Japan Ken-bukks 91/02] | Pipe costin ¥ Nit ] 24,700 24,500] 38,2007 47.900] 35,400 _63,800] 7),100] 90,100 108,000 117,000 .ﬁéﬁ)lﬁkgfcm’
PRESSURE] tmpart _Keschangedw Kina Wty 38| 4s6]  sma) et¢] 78| ser tossp 13N 154511 Kine-¥82
20ncunittergh | 1 4 4 4 4 4 ‘ 4 4 4
MPhegm 7| &ny wisp  bs| 1gel  aes]  mz| | A W
4.Trans charege _ W onl n 44| 58 1w se| e} a6 I
5 Culy 0% _r 33 45 51 8 20 k2] 152 0 135
6. 13445 102 120 (6l W3 27 275 305 396 481 [4) 572
PNG  |pipeMakers  flOncpipeprice | $909
Bomestic 1.0ne uit kehgth : o ~ ..
N e | mf - i
& Trans.charege 9 . o
ST 3% NN b . . 1
6, 3+4+5 34
Austratia [EDA-RANY 1002 plpe price ms) 00| s _ _ | stocked
2.One unil lenglh 6 & [ ~ materiat
. 3 Pricefm 4 6] % ] purchased
4. Trans charcge 0 [, S o | _I-pri:e
$ Not clear ) 9 0 0 ]
5. 3+4+3 48 67 9%
PNGPIPES  |1.0ne pipe price  INotclear 1
Emport 20nc unitkopth  [Nolclear .
3.Price/r 65 ) 155] 215 345 490 CiF
- 078
4 Trans.charzge 0, L 1) 0 [H b}
5. Dury 0% 43% 2 3 3 1 10 b5 |
6. 3+4+5 &7 104 160 23} 355 508
enaPiPES | 1one pipe prce ) o e
tmport 1.One unit engih s8]
FFricom 2* 30 [ 100 156) EI) 536, *UeVC
L o ey arsp (D )
4. Trans chasege . [0 0 0 ] 0, 0
5.Duty 0%+I% al 10 % 3 5l w2 i )
6. 343+5 18 40 80/ 133 27 L1 F0804
Vindex 1,0n¢ pipe price _ AS CLIS
320ne unitkength ] o
3 Price/m 3 32 Si 13 {4 work shop
_ B {375} ]
4.Trans chasege [ 10 is 13 k1] 1
Ouly W& 8 13 20 3 Le) | o
6. 3345 34 33 872} 126 189
pipe nel cost - kad 35 a1 126 189 7 273 309 39, 481 572
Abave*1.§5 3% 63 100 145 217 273 11¢ 355 453 533 658
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2.4 Manhole

2.4.1 Manhole size fo

r calculation

Manhole Size
Seclion ' :
oD | 150450 500-800
A %00 | 1200 |
T | {50 200
T: Wall thickness
< A+2T
A+2T
Gl.. GL
90D
1,600+0D T _
1,500 31 700 [t 800
7 + +
1] on oD
oD - - +
T T
6o - — 150
|
A
AR2T
D 150} 200] 250] 300] 350] 400] 4s6] S00| 600] 700] 800
Calcutation OD (o) | 210] 2600 3i0[ 360] 420! 480] s30] sso| 700] 20| 950
WidhA  (mm) | 900| 900! 900] 900 900! 900] 900] 1200] 1200] 1200] 1200
Wall thickeess T (mm) | 150 150] 150| 150| 150 50| 1s0] 200 200| <200| 200
Calculation OD (m) 021] 026! 0.25] 0.36] 042] 048] 053] 0.59] 0.70] 0382] 095
WidhA  (m) | 050] 090] 0.90] 090 090 0.90| 00| 120 120] 120{ 1.20
Wall thickness T (m) 015 0.15] 0.15} 015 015| 0as| 0.15] 020} 020] 020 020
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Table E2.7 Maghole Civil Work and Cost

Workftem  |Unit | o iD o
: Uhpit | pdce 150 200] 2500 300]  3s0| 400] 450] SOQ; 600|700, 200
L. Quantity ~ i R
Excavation ar.. 1045 1070] 1065} 11.18] 11.47] 11.76] 12.00] 17.51] 18.25] 19.06| 19.94
Rubble I _g2s] 0257 025] 023 0.25 025] 025 043] 043 043] 043
Lean concrete o 001 o007 001] co7l o001 007] 007 009 005 005] 009
Concrete 1 B 2 ool o094l o94] voi] 10d4] 1esl 1| 224] 237 2350 2.65]
Concrete 2 o 051] 057] 0s7] 057} 057 051 051 0570 051 053] 057
[qumr work 1 o s09] 5233 528l 381 6.10] 6.38] 6621 9.54] 1024] t1.01| 11384
Form work 2 o 274) 292] 288] 328] 349 37| 389 5231 575 634 696
Formwork3d ot ost| os1] o081 081 ost] o8l O8Il 144] 1447 144] 144
Form work 4 m 08s] o0ss| oss] 0ss] o083 os5] 0385] 085 085 085 085
Rebar ton L o009 0909 0.09] 0051 0.40] 010] 0.10; 0.17] 0.18] 018} 0.19
Disposal o 1| 2420 299 243) 263 272 283 288] 4911 519 549] 583
Backfill o go4] s B17) 8355 375] BS6y 91D 12.60( 1307 13.57] 14.12
Grading md 584 a4l 4s4] amal 484] 484] 484] 676) 675 676) 676
2. Cost_. .
Excavation 30l 314] 3zl 319 33s| 344] 3s3] 360] 525] 548] 5720 598
Rubble 70 18 gy 18 18 18 18 18 0 30 30 30
Lean concrele 370 18 18 18] 18 13 18 18 23 23 23 23
Concrgte{{+2) 380t 48| 424] 422 4420 452] 463| 4721 789 823 861} 90N
Forin work({]1+2+3+4) _50] 44y 493 451 5371 s621 587} 608| 853| 914] 982] 1054
|Re-bar 2000 78] 182; 8E] 1891 194] 198] 202] 318 353 369] 386
Bisposal ) 12 23 30 30 32 33 M 35] 59 62 66 70
Backfill N 10| 80 82 82 £5 83 90 gl 126] 131§ 336] 14t
Grading, 5 24 24 24 24 24 24 24 34 34 kL] 34
Manhole cover . 2251 225 225 22s] 225 22s] 225) 225|225 225} 233| 235
Step 100l 1oo] 100; 100] 1001 100]  §00p 300} 100; 100) 100] 1GO
| Total cost sel 18751 1918| 1910] 200s] 20571 2100] 2153l 3102] 32430 3357 3364
Pitch ' ~m so] sol sol  sol sol 75| 7s] 78t 7S] S| 1S
Manhole cost/m kfm 37 38 ‘38 40 41 28 29 41 43 45 48

2.5 Under ground piping work total unit cost (in Kira)
Table E.2.8 Under Ground Piping Work Total Unit Cost

Under ground piptng 1))
tota] ynit cost 1500 200] 250] 300} 350; 4001 450] S00) 60Q| 70O £O0IRemasks
1. Concrete Hurme pipe . e
A. Pipiog 1 - )
Al Civil work _ wa] | 22| 10| uso| iss| 210] 227f 2510 293] 337
- AZPipe installation 62 64 73 15 i 80 a2 24] 92 9 101
A3 Pipe material 46 54 77 92 104} 115 132 167| 202 278 403
A Total T Y 2| 23|zl 291 3] de1] 424 478)  sasl 667f 84l
B.Manhole cost 370 38f 38 4of a| 28 29| 4t 43] 45] 48
AR 249 268] 310] 337 13| 38| 452 820 588| 7i2i 88
2. Duclile pipe - R
A. Piping N =
Al Civil work 83 90 971 105 126] 129 160 176 197]  235) 277
A2 Pipe instalfation 59 h2 66 69 77 84 8% 97 _ 199 122 136
| A3 Pipe material 52 71 o0l 116} 162 i84 198] 23t 307] 442 575
A. Total 195 2230 254} 290] 365 393| 44¥] S04 6137 799 938
8. Manhole cost _ k¥ 18] 38| 4D 41 28 29 4] 43 45 48
A1B ' 2320 262t 292 330] 4067 425 4751 5461 6551  844) 1036
3. PVC Pressure pipe ]
A. Piping o ‘ : i .
Al Civil work 83 90 97 105 114 129 159 176] 1970 234} 276
A2 Pipe installation o 4] 42 50 &0 72 35 9 116) 148 1807  217]
A3 Pipe material T 39l 63| _aoof 1as] 217 273] 316] 3ss| 4ss5] $53] 6581 .
A Total - 156] " 195] 2471 310] 403| 487] s74] 646] sool  967f LISM]
B.Manholecost 37 A8 38 40 4} 28 '294 4] 43| 45|  48) __ ;
AiB 1941 2331 2851 350l 445] SI5!  ©03] 688] 843] 1.012¢ 1,169




2.6 Special Case

Covering thickness 5.00m

for Tatana arca Section
F(Manlole])
GL. | GL.
3.50rn Ad. Soil w
5.00m| " A1
1.50
o1
E( Itianholc G)
ob [ 150] 200] 2507 300] 350] 400] 450] s00] 600] 700] 800
Work quantity ‘ '
A. Piping work . : i
B | 'm | 070] 075 680 055 090 1.00] 1.20] 130 140] 1.60] 180|
F m | 7.70| 7.75] 7.80| 7.85{ 7.90| 8.00| 8.20; 8.30| 8.40] 8.60| 880
Ad.Excavation | m’ |14.70| 14.88] 15.05(15.23] 15.40| 15.75| 16.45) 16.80| 17.15| 17.85 1855
Ad.Backfili | m’ [1470] 1488 1505|1523 1540} 15.75] 16.45] 16.80 17.15] 17.85] 18.55
Ad. Grading m’ | 7.70; 7.75| 7.80] 7.85] 7.90! 8.00] 820! 830] 840| 8.60] 8.0
B. Manhole work ‘ ' .
G | m | 22] 22 22| 22 22] 22 22| 26 26 26| 26
3 T m §o92 92 92| 92f 92 92| 92 96| o6 96| 96
Ad.Excavation | m’ |156.6| 156.6] 156.6] 156.6] 156.6] (56.6] 156.6] 173.1] 173.1] 173.3] 173.1
~ AdBackfilt m’ | 156.6] 156.6| 156.6] 156.6 156.6] 156.6| 136.6 173.1] 173.1] 173.1] 173.1]
Ad.Grading | m | 356 356| 35.6] 356| 356] 432] 432 432| 432] 150] 150
Work cost
A. Piping work R P o 1 _
_Ad. Bxcavation 130k/m’| 44%| 446] 452| 457 462 473] 494| 504 5150 536] 557
CAdBackfill  J1okm®| 147| 149| 1s1| 1s2| 1sa| ass| wes| 1es] 172 179] a6
AdGrading | swm?| 39] 30l a0l 3o 40| 40| w| 42| 42| 43| m
“Pipecivilad. cost| Wm | 627] 634 641] 48| 656] 6i0| 699 714| 728 757| 786
_PVCstand+Ad. | k/m | 783| 828{ 88| 958| 1059] 1157 1273] 1360| t528| 1724| 1937
B Manhole 1 L b
Ad. Excavation |30k/mv’| 4698! 4698| 4698 4693] 4698| 4698] 4698] 5193| 5193| 5193} 5192
~ Ad.backfill 10k/m’| 1566] 1566| 1566| 1566 1566 ts66| 1566| 1731] 1731 1731] 1731
 Ad.Grading swm®| 193] 194 195 196 198| 200{ 20s| 208] 2100 215|220
Pitch m | so. 5o 50| 50| sof 7sj 75| S| st 7] s
cosm Wm | 1290 1291 129] 129| 129] 86| 86| 95| 951 95|  os| -
PVCstand +Ad | wm | 167] 168! 167] 169| 170] 114| 115| 136] 138] 140! 143
PVC (A+B) stantAd] im | 950]  996] 1055] 1127] 1229] 1271] 1388] 1496{ 1666  1864] 2080
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3, OCEAN QUTFALL COST BACK DATA
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3.2 Ocean Outfall Construction Schedule Plan
PIPING OUTLINE: TOTAL 3,100M(ONLAND 100M +SHALLOW S00M+DCRAN DEEP 3,0000M)
(R5,Jan.22.98) PIPEHIGH DENSITY POLYTHELENE(HDP).CLASS 4,5,0D=1,000MM,10=913MM,W=138 4KG/M

Figure 3.1 Ocean Qutfall Construction Schedule Plan
MAIN WORK ITEM REMARKS DATE

10} 20] 30] 4a] s0] e0] 0] sa] sof 100} 136] 12 vsol 1ol ysol 160{ 170] yacf 190 200 240l 2200 2307 290 250} 260] 2208 280 290 300!

L PREPARATION & MATERIAL PROCUREMENT

PREPARATION et
T FROM - -1 |
BURGE
AUSTRALLS
| PREPARATION  lon omyzs

HOP F3PE PURCHAS ]
ORDER & DELWER:‘D’T'O

2. TEMPORARY YARAD & CONVEY ROUTE

W=
(0} et

ACCESS ROA et
HIF FIELD} JOINT &
LAUNCHYARD | 0OOM2
CONCRETE ANCHOR

1 LY
FABRICATION YARD] *2M2

w5
accessievry [P
PIPER AND Ds;_ﬂ—.PlPH L
ACCESS W WM EnSO0M
DOREDGING

3 HISP PIPE FIELD JOINT
JOINT EROM 15M - 11
i - UNTT TO 60M f‘;sm o

LENOTH '

JOINT FROM 60M  |HOINT 52
UNTT TO FINAL UNIT{NOS

4, CONCRETE ANCHOR BROCK FABRICATION

Vv - U P B J-

tMhpes
5. PIPING WORK,
ROUTE SURVEY  |POTTOM
ANDMARKING  |NEROFES
R ’ I5M MARK _ ] B
GEEP PORTION PIPE [1.500M
ROUTE REMOVE
| preparamiondossmruch B b i I
TO TOW FIFE WITH 25.(;(22‘:'?’1'
b
,,'E’? MOORS! ? __IoiFrusEry B ||
TO SINK PIPE AND
SETTING prTo
CGNCRETE ANCHOR]3,000m
BLACING 1iépcs
E PIPE TOP DIFFUSER :::GT;: | n
: SET & ANCHORING - B 1 11| |
SHALLOW PORTION |0
BACKFILLING
| ONLANDROUTE T - 1 ’ ’
EXCAVATIONBACK [ 166M L 1.
FLLIG

6. ANCILEARY WORK

7. RESER VE PERIOD
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3.3 Ocean outfall for Joice bay, Cost calculation

|

SHEET L
Table E.3.1 Ocean Outfall for Joyce Bay, Cost Caleulation S
WORK F[€EM SPECIFICATION] QUANTITY UNIT i!.:g(r‘ll;. PRICE REMARKS
Cost total
1. Common work
1.1 Construction yard and temposary facility
. T W4L=50*30m R
- L1t HDP slorag_e and field joint yard - oy 'y _ 106,350 Sce sheet 3 o
L. WHL=50*30m Incladed in .
1.1.2 Anchor fabeication yard and oliej | "y I N tem 1.1.4 ditto |
. WeL=5*100m
113 Access Jetty - ) 138,250} See sheet 3
i T 500“‘_ - S
114 Shallom: Pipe route & aceess Excavat?on ?,440"1). 148,500 See sheet 4
CACAVBUOR e b [ BacKfilling 7,048m -
115 T i d to site WLt 31,500 &
RE ransponar_lfn rfr? ! 0 5it L =2,100m! | . o
freon 11 Toxal 424,600/
1.2 Ocean vessel cost 422,700 See sheet §
Tiem 1 Total 847,300
2. Direct work cost
2.1 Concrele anchor feld febrication 282,426{See sheet §
2.2 HOP pipe cost
2.2% MaterialiPipe and difTuser) 1,669,300 CIF Pori Moresby. See sheet 7
2.22 Pon duty +Consumtion Tax 27009 hem 2.2. 14 (10%+3%), dito
223 Inner transporsation !3,’.!0(180: sheet 7
2.2.4 Ficld joint cost IS9.700' See sheet 7
e 2.2 Total 2,059,209
PRICE CALCULATHON SHEET SHEET 2
WORK, ITEM SPECIFICATIO QUANTITY UNIT ;g:‘; PRICE REMARKS
2.3 Civil work and pipe iostatlation
Tl b _ R ————
11 O_n'ancf and ocean shallow portion 72,4551 See sheet 3
bl work - .
232 Supplementaray facitily 10,000 See sheet 8
2.3.3 Decp ocean anchor base grading 450,008 See sheet 8
B " A ‘ o B inciudedia
| i).# Pipe toing, moring and senting o flem 233 .
. Included ja
223 Conovue wachor sexing i hem 233 ]
Tiem 2.3 Total 537,455
ften 2 Total 2819009
liem 142 3,726,399
3. Indirect €ost
3.1 Contracion's fiicld supenvisionary cost fem (1+2) *{5% 558,559
12 Contracta’s bead office charge and over fem (142} *5% 186,320
_head S S .
[ten 142+ iotal 4,471,669 73, 100m=1 44 Xkina'm
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PRICE CALCULATION SHEET

Cost breakdown SHEET 3
WORK ITEM SPECIFICATION]| QUANTITY URIT ;’::& PRICE REMARKS
1 Pipe storage yard and fiehd joing
_yerd ‘ - - i IS S
112 Anchot field fabrication yard and Ttemb. . 141.0.2=Tctat
| " others o $.000m’, 30days o .
Bukdozer DS clase 1430day* /3 =10days | day 139 1350
Tirerotlet SP1151 class 10days day 100 1,000
Supetvisor 1#30*1.0=30days day 400 12,000
Skt 2% 304 1.0=60days day SO8 6,000
Unskall 4030% 1 0=1 20days day 5 6,000
Temporary fence $00m m 508 25,0008
ToolConsumable/Miscelianeous 30days day 500 §5.000
Land hire cost 2 000m® m S 40,000
ftern 1,12 Totel 106, 3501/8,000m*=1 3, 29%dna/m!
” D*WIL=1.5%5 T
1 11§
B LE3 Access Jetty +100m =750m* 603ay's
Backfill rock 150m’ m’ 60 *:5,0001i
Oveslay soil T50m**0 3=275m? m 0 6,750
Buliduzer 145041 0=60days day 138 B, (100
Dumpcar 2+60° 1 01 20days day 1000 12,000
Tireroller 146040 4=24days day 100 2,300
Supurvisor 1460*1.0=60days day 400 24,008
] 7600 1.0=1208sys | day 500 6,000
Unskill 6460 1 0=350days day 25 9,000
TooWConsumable/Miscellaneous o [50days day 500 25,000
frem 1.1.3 Total 138,250 /500m™ =278 Skina/m’
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PRICECALCULATION SHEET

SHEET 4
WORK ITEM SPECIFICATION QUANTITY UNIT F‘;Rn:gi PRICE REMARKS
1.1.4 Ocean pipe route and socess doredging [Excavadion 8.000m° Y 70days 10days=l 14m’iday
Backfilling 7.608m* [ 40days 140days=190m’/day
T Tncluded in
o 4_7__3"_*??’777 e L e 1.2
Backhoe 1V310° 10 =310days | day 150 16,50017,200m'60days=1 20m’day
Supervisor 11101 9 =160days | day 4008 44,0001
Skify 310410 =330days | day 500 16,500
Unskill 64110%] .0 =5660days day 25 15,5004
ToolConsumable/Miscellaneous 110days day 500 55,0000
Tem 1.1.4 Total 48,5000 47.4400°+7,048m™M)=10. 2ki na/m
1.1.% Access road
B WPL=74300m 3 T
o Ttm&:fajy 1oad cost B - =2,100m? m 0 21,0008
Land hire cost 2,400m7 w 5 10,000
Tterm 115 Total 31,000
PRICE CALCULATION SHEET SHEET S
WORK ITEM SPECIFICATION QUANTITY UNIT l:"::é; PRICE REMARKS
1.2 Common vessel rost and buoy markers
1.2.1 Juction boat 260days day 120 31,2008 with captain & fuel
1.2 2 Barge
Purchase of second hand barge Nn. 38,5000 38,5000 Aus.$ 3,500+1.10=38, 500K ira
o " ) Austratia to PMB, B} )
Towing with tag bost 2 20days day 2, 40,0008 with captain & fuel o ~
Daily use with wiach 4 sets | 150days day |00f 15,000 ditto
1.23 Tzg boat 80days day 1,000 #0,000(ditto
124 Work vesseb 200Mdays day 1502 30,6002 ditto
125 Crane vessel f'm Cep. 80days diy 500 w.amxaino
-~ Ston reg
1.2.6 Surveyor's boat S0days day 1203 £.000{ditzo
1.2.7 Youy and rarkers 3.000miSnn =sets | st 200 12,000 &tio
1.2.8 Tooliconsumable material iiays day 5008 130,000
Ttem 1.2 Sub totat 422,7008
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PRICE CALCULATION SHEET SHEET 6

WORK ITEM SPECIFICATION]  QUANTITY | UNFT :2:23 PRICE REMARKS
2. Direct cost
y e " T eepessedays - T
21 Conc?:.t_cﬁnmhoc field fabrication o =2 O3peshday 1 o N
Materiak
- N s S . . —
Concrete 235 .E n’.‘pc F16pcs m I 2000 83,000 one piece 5.65tca
- . ='_4£m1 R S N S
[ )
Form wark “?f?“‘z pctlitpes | 167 12876 SOkdnafmt1/3=16. Hina/e®
o . =d4lm 1 ——
~ 4 -
Anchor piece 0 200ups* 176pcs ton 2,500 52,000
: =352t . o T s
Supervisot 150° | 0=60days day 40 24000
Skill 426041 .0=240days | day 50 12,000
Unskilt §*60*1.0=480days day 25 12,000
Wreckes 25-30won class 1*#50*0.75=45days day 1508 6,750
Trailer : {16640 25=15days day 1204 1,300
Truck 1460 1.00=00days day 50 3,000
Tractive truck 1460*0.50=20days day 1008 3,000
Fabrication facility LS 6,000
Toolcomsumable material 1860 ).00=60days day 500, 30,000
Ttem 2. 1Tolal 282 426}/176pcs=1,605kinafpe
1435m*=63 | ina/m
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PRICE CALCULATION SHEET

SHEET 7
. UNTE
WORK ITEM SPECIFICATION QUANTITY UNIT PRICE PRICE REMARKS
22 HDP pipe cost
T Toral L Greade : .
4 1oine -
) - fength 1,100 {ncluding diffuser) lass 4§ aint 206p¢5/50days
Material:
High density ?D: =41 7pcsiday
polythelene ’
iD=
- $d¥om_ b I
One urit :
15 Om*206pcs Thickness
=3:0%0m = 43 S
10.0m: 1 pe=10m '
e total 3,100m ]
Joint : Welding, Weight=
- portiafly okt L 138 4kg/imy
221 Fipe normal portion 1.025m m 532 1,609,300
2.2.1 Pipe Diffuser portion T5m m 800) 60,0001 C§F Port Moreshy
222 Impon tax e +10% 166,930
223 Consumiion tax Ttem* 3% 50079
i T T rem2avez2ne23t
+2.2.4 Total 1.886.30%
224 Tnner transpostation Delivery 3 times
" L] * I -1
Torsiker i]i‘;:-; : imes day 150 1,800 207pcs/6days= 34 Spcs/day
A ¥ Y
Wrecker 2* 2ays* Ximes day 150 1,800 2T *2duys* 3G mes=36pes
| . — =12days ’
5 141242y *1.0
- -_S_l.pcnisor =12days day 4001 4,800
. 8*124ay5*1 0
I S S6days il I I
Trem 2 2.4 Total 13,200
2.2.5 Field joint 2nd Launching
) ) .. 1¥70days*1 0
Pipe maker's supervision  |=r08ays day 6501 45,5008
Supervisor 14701 0=70tays day 400 23,0000
Skl 4%70%1.0=70days day 50 14,0001
Unskall 8¢7G*1 .0 =560days day 29| 14,0001
Toint material 206part past 2003 43,200!
Ficld shop facility 1s 3,000
Tootconsumable marerial T0days day 500 33,0008
fern2.2.5 Total 182,700
Irem 2.2 Todal 2.082,209'
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PRICE CALCULATION SHEET

SHEET B
WORK ITEM SPECHICATION QUANITEY URIF Pl":;'g[i PRICE REMARKS
23 Pipe instaliation cost
231 OnTand poction givil work 100m
Excavaiion 684 m 10 21,360
o - - I . " P ST
Dewatering 65U mt 15 10,260 l;x_cavz}lwn volume *Dewatering
- o ) ] T enirprice o
Backfilling 600 m He 6,060
Dispasal 7 o 1,580
Compaction m 10 5,600
herm 2.3.1 Total 50,860 S07iina/m
2.3.2 Supplemenrary facility is 10,0008
B 2.3.2 Deep ocean pipe base grad_i?g frem 2;; bl B o _
213, Pipe toinge, moring and setting
2.3.4 Corcrete anchor setiing
- T [ncluded in i
Ocean vessel L C o Tem |
L g re200days40.8 1
-3 15,
L Wrecker ) 25 ?—chss ~100days day 150 5,000/ -
14200days*0.25 - B
: 20
o Suney?t_r - ~50days day 400 B 000
¥
B ditlo zssistant B i 1%’; } day 50 ) 5,000 B
. 4+ 200d2y5*0. 50
ot 120,
Diver-1 - _ day 3008 0000 B
- T*200day5%0.25
i Diver-2 o 1008235 day ”3;” ] 30,000
Supcrvisof 132004 1.0 =200days | day 400K 80,0000
Skili 492004 1.0 =800days § day 50 40,000
Unskill 84200%1.0=1600days | day 25 40,000
. B . e e
Anchorfbouy Including in
Cocnon liem
Toolconsumable material H0days day 5000 100,000
flem2.4.242.4.34243 450,000

Total
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