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CHAPTER 11 PROJECT EVALUATION

In this chapler, the proposed project is evaluated from points of view of finance, socio-
economy as well as environment.

11.1  Techaical Viewpoint

The existing inland sewerage system was constructed utilizing the natural topographic
condition. Thus, all sewage collected flow by gravity downstream of the intand area without
using pumps except one small pump al Morata. The proposed inland sewerage system is
planned to follow the above concept. The existing system will be expanded to meet the
increased wastewater flow. The newly planned sewerage system for the Bomana zone will
follow the same concept.

On the other hand, the sewerage system proposed in coastal area will differ its concept from
that of the inland area. Originally, as in many small zones along the coast, the sewage is
drained by gravity to the sea to improve the sanitary condition of the inhabitants. However,
that system brought the deterioration of the marine environment. Thus, alt the coastal sewage
was intercepted and diverted to Paga Point, from where sewage is discharged via a long
outfall into the ocean using pumps, long-distance trunk mains in addition to conventional
gravity pipe.

The Paga Point sewerage system is planned to be expanded to meet the increased wastewater
flow. The other catchment in the coastal area is ptanned similar to the concept of the Paga
Point sewerage system. These interception and diversion are required to improve the
deteriorated water quality in the coast where fishing and recreational activity are widely
practiced.

11.2 Financial Evaluation

The proposed project covers an urbanized area of 15,000 ha. for the larget year 2015. It will
collect and process wastewater at 240,000 m’/day generated from a population of 531,000 in
2015, Its capital expenditure is estimated to be 98 million Kina at 1997 price, equivalent to
70 million US$. Financial internal rate of return is only 3.01%. Without contribution either

internally from water sale revenue or externally, the project is not viable.
11.3 Socio-Econemic Evaluation

Nevertheless, the project is required to be conducted to improve 1} the sanitary condition of
the inhabitants themselves and 2} environmental condition of the rivers and oceans. The
inhabitant’s survey shows that most of the people put sewerage service a high priority. It also
shows that they are willing (o pay for the service. Coliform levels in beaches from Tatana to
Pari exceeded the recommended levels so that bathing is prohibited in December 1997. In
order to reduce the coliform levels and sustain invaluable coral lagoons, the project is needed.
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114  Selection of Priority Project

As discussed previously, the current capacity of the inland sewerage system is not sufficient
for the target year 2015 but some surplus capacity can serve for some time. On the contrary,
the extent of the sewerage system in the coastal area is limited so that water quality in the
coast is bad. Accordingly, the sewerage system in coastal arca has a high priority and is
sclected for a “feasibility study.”
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CHAPTER 12 SEWERAGE SYSTEM
12.1 Planning Principle

The master plan proposes a reticulated sewerage system for the whole arca of NCD. The
proposal is based on the assumption that in 2015 PNG will achieve economic development
that will warrant a reticulated system sewerage system as one of the basic human needs, both
financially and socially.

However, by the year 2005 (target year of the feasibility study), it is unlikely that the above
oplimistic assumption will be achieved. The feasibility study covers the coastal areas that are
highly urbanized, therefore the reticulated sewcrage system is justified from the residents’
“ability and willingness to pay” the sewerage charges. Moreover, the reticulated sewerage
system will help improve the degraded water quality of the coastal waters.

Some less urbanized areas and settlements such as Kaugere, 2 Mile Hill, ete. were included in
the feasibility study area because of its proximity to the proposed system. Although these
areas may excluded from the implementation of the project because of the financial burden,
the use of localized disposal system such as pit/pan latrine and septic tank will continue.

The framework of the study (population and wastewater volume) is shown in Table 12.1. The
feasibility study used the same design criteria as the master plan.

12.2 Sewer Layout

The details of the proposed sewer reticulation such as the pipe list and pipe layout are shown
in Table 12.5 and Appendix C.1.2, respectively. Points location used in the succeeding
discussion are shown in the figures of Appendix C.1. The general philosophy used in
designing the sewer layout is to reach a balance between force main and gravity pipeline. The
sewage collected from every manhole is successively pumped to the next manhole through a
force main or flows by gravity depending on the topography and economic viability. Itisa
common practice to locate the pumping station at the lowest point of the service area.

12.2.1 Paga Point Zone

The Paga Point zone, which is composed of Tatana/Baruni, Idubada/Hanuabada and
Konedobu/Town will have a 2015 total population of 35,400 generating a wastewater volume
of 23,900 m*/day at an area of 332 ha. From the farthest point of Tatana and Baruni, the
sewage will be successively pumped or flows by gravity intercepting the sewage along the
way until the accumutated volume will reach Paga Point for treatment before it is discharged
via the existing 3 km outfall.
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Téble 12,1 Population and Wastewater Quantity

Name Year | Population | Daily Ave. { Daily Max. Remarks
» (person) (m*day) | (m’/day)
1 Kaevaga 1995 | 12953 | 5829 : 7,578 1 Tatana, Bawni,
Poreporena 2005 15,386 6,924 9,001 Idubada,
2015 | 16,991 7,646 9,940 | Hanuvabada
Konedobu 1995 4,582 2,062 2,680
North 2005 6,611 2,975 3,867
2015 8,032 3,614 4,699
Konedobu 1995 7,206 3,243 4,216
South 2005 10,062 4,528 5,886
2015 10,609 4,774 6,206
Town/Paga 1995 5,579 2,511 3,264
2005 7,664 3,449 4,483
. 2015 | 8668 | 3,901 5,071
Koki/Badili [1995-] 8,783 3,952 5,138
2005 . 10,735 4,831 6,280
2015 10,881 - 4,896 6,365
Murray 1995 188 85 110 | Two Mile Hill
Barracks 2005 - 188 85 110
2015 . 188 85 1114
Senckori 1995 5922 12665 3,464 | Gabutu, Vabukori
2005 12,664 5,699 7,408
2015 | 17,834 8,025 10,433
Kaugere/ 1995 12,451 5,603 7,284
Sabama 2005 16,318 7.343 9,546
' 2015 17,704 7,967 10,357
Horse Camp | 1995 6,998 3,149 4,094 | KilaKila
2005 10,167 4,575 5,948
2015 | 11,802 5,311 6,904
Kila Kila 1995 573 258 335 Kila Kila No. |
_ 2005 573 258 335 | village
‘ : 2015 573 258 335
Taurama 1995 2,230 1,049 1,363 Pari
South 2005 2,430 1,094 1,422
2015 2,430 1,094 1,422
Total 1995 67,565 30,404 39,526
2005 | 92,798 41,759 54,287
2015 105,712 . 47,570 61,842
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1)  Tatana/Baruni Sub-Zonez Total Populatlon 5,600 (2015)

The sewage collcctcd by gravity from Tatana (at Tatam PS No 2) wnll be pumped 680 m
through a 150 mm dia. pipe 1o the mainland at Point A3. At this point (Point A3), it will also
lake the sewage collected by pumping (Tatana PS No. 1) and by gravity from Baruni and
flows by gravity 860 mm distance lhrough a 300 mm dia. Pipe to Tatana PS No. 3.

2) Idubada/Hanuabada Sub- Lone Total Populahon 11 400 (2015)

At Tatana PS No. 3, the sewage collected from Kanudl is mtercepted and then pumped
southward along the road to reach the high Point B5. '~ At this _point (Point B5) .the
accumulated sewage flows by gravity along the shoreline until it reaches Point C1 at Idubada.
The accumulated sewage including that volume intercepted from Idubada flows again by
gravity to Tatana PS No. 4, where it is pumped towards Point C2 at Gabi Village. At this
point (C2), the accumulated sewage including those collected from the schools and small
villages then flows by gmvnty towards Hanuabada PS No. |'where if is pumped towards C3
from Point C3 the pipe is increased to 400 mm dia. until it reaches Point C4. At Point C4, it
also collects the sewage from the houses over the water then flows further by gravity through
a 450 mm dia. pipe towards C41 and then to Hanuabada Ps No. 2. At Hanuabada P.S. No. 2
alt the accumulated sewage including the large volume collected from the Hanuabada village
are pumped via 450 mm dia. 850 mm pipeline to the existing Konedobu PS.

k)] Konedobu/Town Sub-Zone: Total Population 18,400 (2015)

The existing onshore outfalls are mtercepted at the lowest pomt beforc all the accumulated
sewage is pumped to the existing Konedobu PS.

At MH 101, the sewage collected from the Konedobu area is mtercepted and than pumped
(new PS 101) through a 350 mm dia., 120 m pressure pipe to the existing Konedobu PS. The
existing Konedobu PS corresponding and pressure pipeworks will then be upgraded to cater
for the increased volume of wastewater generated by a total populatton of 28,786.

All the accumulated sewage pumped from the Konedobu PS will ﬁnally be pump'ed to Paga
Point through the existing Stanley Esplanade PS in a 500 mm dia. pressure pipe. At some
point the sewage will gravitationally flow before finally reaching Paga Point PS and
intercepting the sewage coming from Ela Beach through the MH.

12.2.2 Kila Kila Zone

The Kila Kila zone, which is composed of Koki/Badili, Kila Kila, Gabutu/Vabukori and Pari,
will have a 2015 total population of 70,100 generating a wastewater volune of 41,000 m/day.
The sewage collected from the sub-zone will be pumped or flows by gravity to the Kila Kila
STP for treatment before it is discharged to Joyce Bay via offshore outfall.

1) Koki/Badili Sub-Zone: Total Population 21,000 (2015)



The sewage collected by gravity at the Koki catchment is pumped over the hill via the 300
mm, 336 m pressure pipe and then flows by gravity to Badili PS. The existing outfall at
Badili will be abandoned. All the collected sewage will then be pumped through a 450 mm,
1160 m long pressure pipe to Kaugere (MH D13) where it will flow by gravity to the existing
Kaugere PS.

2) Kaugere/Sabama/Kila Kila Sub-Zone: Total Population 30,800 (2015)

The sewage accumulated at Kaugere PS will be pumped via 600 mm x 230 m pressure pipe to
a higher point (MH) where it will be allowed to flow by gravily southward to Kita Kila P'S
and intercepl the wastewater along the way. At the Kila Kila PS§ all the accumulated sewage
wilt be pumped through the 800 mm dia. pressure pipe at a distance of 360 m until it reaches
the Kila Kila STP.

3) Gabutu/Vabukori Sub-Zone: Total Population 15,900 (2015)

There are a total of six pumping stations required to transmit the accumulate sewage starting
from the Gabutu catchment down towards Vabukori village, where it is finally pumped to the
Kila Kila STP. At the final pumping, (Vabukori PS No. 3), the sewage is transmitted in a 300
mm dia. pressure pipe along the shoreline at a distance of 1,400 m until it reaches the Kila

Kila STP.
q) Pari Sub-Zone: Total Population 2,430 (2015)

The sewage collected from Pari is pumped via 200 mm diameter pressure pipe to reach the
Kila Kila STP at a distance of 3.2 km.

12.3 Pumping Station

Specifications of the pumps are shown in Table C.12.2 while their locations arc shown in
Fig.6.2 of Chapter 6.

12.3.1 Paga Point Zone

Tatana PS No. 2 is located at the end of the causeway in order to pump the sewage from the
island to the mainland at Point A3. The pipe leagth between Point A3 and Hanuabada rather
tong and would require a deep excavation, therefore, Tatana PS No. 3 is installed at Point B3
between them. Tatana PS No.d is planned to pass over the 15 m hill.

Hanuabada PS No. | is installed to collect the sewage from the northern half of the
Hanuabada village.

Konedobu PS No. 2 is to be constructed next to the existing Konedobu PS to cater for the
‘increased flow. The exisling civil structure at the Yacht Club PS will be utilized but pumps
and motors will be replaced.

The existing St:‘mley'Esplanadc PS will be rebuilt. The existing civil structures of both the
Lawes Road and the Davara P/S will be vtilized but the pumps and motors will be replaced.
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12.3.2 Kita Kila Zone

There will be a total of 11 PS in this zone. The existing civil structures at Koki PS will be
utilized but the pumps and motors will be replaced. The existing pumping stations at Badili
and Kaugere will be replaced with new ones.

The remaining 8 PS is to be newly built with new pumps and motors.

The remaining 8 PS are newly installed.
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124 Sewa'gc Treatment Plant (STP)

The (2) STPs located at Paga Point at Kila Kila are proposed for the coastal afca. Locations

are shown in Figs 6.7 and 6.9,

The table 12.3 and 12.4 show the main featur&_s and the main facilities of the proposed STPs.

Table 12.3 Main Fesfiires of the Proposed STPs :

Item Paga Point STP Kila Kila STP

Planned population (person) 32,300/36,000 . 61,400/70,100
Planned Daily average 14,500/15,900 27,700/31,600 -
sewage flow | Daily maximum 18,900/20,700 35,900/41,000 -
(m/day) Hourly maximum . 21,800/23,900 - 41,400/47,300
Planned Item BOD Ss BOD - SS .
water quality | Influent 170 200 170 . 200
(mg/L) Efflucnt 102° 120 102 | 120
Site area (m?) 36 mx94m=3,400m’ | 70 m x 171 m = 12,000 m’

Note: Planned population and planncd sewage flow are for target year 2005 and 2015,

Table 12.4 Main Facilities of the Proposed STPs -

Facility

Paga Point STP

Kila Kila STP

1. Sedimentation tank

2. Disinfection facility

3. Offshore discharge
pump

4. Offshore discharge pipe

5. Thickener

6. Digestion tank

7. Sludge drying bed

8.Administration BLLDG.

6.0 mD x 3.5 mH % 2 tanks

Chlorine weight: 159.2 kg/day (10
mg/L) ‘

250 mm x 8.30 m¥/min. x 7.6 mH x
18.5 Kw x 2 nos. (+1 stand-by)
HDPE, Dia. 560 mm x 2,920 m
{Existing)

5.0 mD x 3.5mH x tank

13.0 mD x (6.5H1 x 2.2mH2) x
Ltank

50mW x 5.0mL

16.0 m D x 3.5 mH x 41anks
Chlorine weight: 315.6 kg/day (10
mg/l)

HDPE, Dia. 900 mm x 3,000
5.0mD x 3.5mH x 2 tanks

13.0mD x (6.5mHB1 x 2.2mH2) x 2
tanks

15.0mW x 10.0mL x 0.4mH x 20 beds

5.0mW x 10.0 mL

Figures C.3.1 1o C.3.8 in Appendix C shows the general layout plan and hydraulic profite of

the proposed STPs.

The capacity calculations are shown in Table C.3.2 in Appendix C.

12,5 Ocean Qutlall

The existing outfall (diameter 560 mm, length 3,000 m) at Paga Point will be utilized. In

order to cope with the increased flow, pumps are supplemented. Their specifications are
shown in the previous section.
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For the Kila Kila zone, a new outfall is to be installed towards the center of the Pappan
Lagoon at Joyce Bay. The length and pipe diameter is 3,650 m and 900 ram respectively. In
this case, pumps are not planned utifizing head difference between effluent point and

discharge point.
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CHAPTER 13 PROJECT COST AND CONSTRUCTION PROGRAM
13.1 Project Cost
1) Basis for Cost Estimaltion

The project components and their estimation are as follows:

¢ Direct Construction Cost: Based on the preliminary design of each facility
+ Land Acquisition Cost: Land area and unit land price (25 Kina/m®)

* Engineering Cost: 10% of direct construction cost

* Government Administration Cost:  1.5% of direct construction cost.

e Physical Contingency: 14% of direct construction cost

[ ]

Cost is based on December, 1997 price level.
2) Direct Construction Cost
Direct construction costs for the facilities are shown in Table 13.1 and 13.3.

Table £3.1 Construction Cost

Facility Construction Cost (1,000 Kina)

1. Sub-Trunk Sewer 2,421
2. Trunk Sewer 3,709
3. Force Main 4,015
4. Pumping Station 4,386
5. Treatment Plant 7,145
6. Ocean Qutfall 4,893

Total 27,169

3) Project Cost

The total project cost is 34.07 million Kina with the breakdown shown in Table 13.2 and
more details in Table 13.4. Of the total project cost, 21.541 million Kina or 63% is the local
currency component, and the remaining 12.529 million Kina or 37% is the foreign currency
component as shown below.

Table 13.2 Project Cost {1,000 Kina)
ftem Total Local Currency Foreign Currency
1. Direct Construciion Cost 27,169 17,229 9,940
2. Procurement of Equipment 687 - 687
3. Land Acguisition - 374 34 .
4. Government Administratien 407 407 -
5. Engineering Service 2,717 815 1,802
6. Physical Coniingency 2,717 2,711 -
Total 34,070 21,541 12,529
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4) Operation and Mainrtenance Cost

The annual operation and maintenance cost for the sewage facilities proposed for the study
arca in 2005 is estimated at 0.793 M Kina for the pumping facilitics and sewage treatment
plants.

13.2  Priority for Implementation

The project in the Kila Kila basin should be implemented first to improve the deterlorated sea
water quality. The construction will start with the trunk sewer in the Kita Kila basin, sitvated

ncar the sewage treatment plant, following gradually upstream. Al facilities in this basm will
be completed by 2002,

Sccondly, the facilities in the Paga Point basin will start in 2003 by initially constructing the

trunk sewer in the Town area and all the facilities in the basin will be completed by 2005
(refer to Table 13.5).

13.3 Implementation Schedule

Under Phase 1, the project will'start in 1999 with the detailed design and land acquisition for
the Kila Kila STP. The following year (2000) the trunk sewer construction in the Kita Kila
basin, and land acquisition for the pumping stations will occur. From the later half of 2001,

the construction work of the treatment plant and collection facilities will start. Finally, the

construction of the ocean outfall will start from early 2002 to be completed all with the
facilities at the end of the year.

Under Phase 2, the project will start in 2003 with trunk sewer construction ir the Town area

and land acquisilion for the pumping stations. The project progresses gradually upstream
unlil the completion of Paga Point STP in 2005.

On the other hand, the Kila Kila STP starts aperation in 2002, such that the operation and
maintenance costs start from 2003. The Paga Point STP starts operation in 2006. With the
two treatiment plants in operation, the equipment for waler analysis and sewer cleaning should

be procured in 2005 for the smooth operation and maintenance of the sewerage system (refer
to Table 13.6).



Table 13.3 Direct Coust_ruction Cost

(Unit: 1000 Kina)

Paga ‘ Kila Kila

Baruni/ [ [dubada/ | Konedobuw/}  Koki/ Gabulty/ . . .

Tatana |Hanuabada! Town Badili | Vabuker Kila Kila Pari Tolal
1.8ewer Network T0ha | 168ha ] 94ha 134ha |  14ha 160ha |  %ha | 64%ha
. (2628 (6308 -] (503 (526 (6807 = (338)] (20838}
2.8ub-Trunk Sewer : 1 - N D

W0mm} 128 573 a7l 70l 0 $36) 121 2,107
T 250mm 0 37 a3 16 0 0] 0 S
] W0mm| O 0 o] ol  of 1] o 151
. 400mm| O L) 0 0 e 78 0 78
S-Total 128 610 70 727 0 165 121 2421
3. Trunk Sewer o e
o 200mm 1771 o] of 0 34 ol o] 261
A 250mm 0 o] 0 0 a o] 0 0
B 300mm 903 of of o w8l ol o on
B 350mm 0 101 o o ol o} 0 101
. 400mm 0 43 _ 0] 0 0 ¢ 0 43
- 450mm 0 29 " o 0 0 0 0 289
- 500mm 0 0 614 0] [} 27 0 641
] 600mm 0 o 0 219 0 1.084 0 1,303
S-Total 1,080 433 614 219 252 LI 0 3,709
4.Force Main o ~
~150mm 187 0 0 0 26 0 0 413
200mm| 0 0 0 0 1] 0 714 ]| 781
250mm} 0 ] 0 0 o] 0 0 0
'~ 300mm] 64 a8 0 97 s 0] i} 605 |
350mm 0 0 80 0 0 ] 8 20
400mm 0 0 0 ol o} 6] .08 0
450mm 0 662 447 stio] o] o] o] 1627]
500mm ) 0 153 0 ) o 0 153
L 600mm 0 . 0 0 0 0] 0 0
700mm Q] 0 o] 0 0 Y 4 0]
200mm 0 0 0 0 o] 356 o| 156
S-Total 251 699 680 616 699 356 74 4,015
5.Pumping Station - - N
- T Newly 494 394 92 592 218 399 125|014
Emprovement 1 249 123 2
) S-Total 4941 304 1,441 715 g18 399 125 4,386
6. Treatment Plant o o o R B
, 2,636( | _ s b 1748
S-Total of @ 2636 0] 0 5,109 K 7,745
7.Ocean Outfall — ' Y S ; _
' o | 1 4,593 4,893
STotal] 0 0 0 of 0 4,893 0 4,893
Direct Construction 1953|2438 5,441 22716 169l 12633 esn| 27,169
Cost - Total :

Note : Cost for sewer network is not inctuded in the total cost.
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CHAPTER 14 ORGANIZATION AND OPERATIONS

The present organizational structure secms appropriate for works currently executed.
However, this structure should be slightly restructured and strengthened in order to cope with
the additional tasks and bigger work volume. The Study Team also proposes construction of
new STPs and PSs, sewer pipe extensions to areas not serviced by the sewerage systems,
which complies to the environmental protection requirements, such as control of treated and
non-treated sewage effluent into water bodies.

14.1 Organizational Structure

The following is the proposed organizational structure of the Sewerage Operations after the
completion of the project. Duties to be carried out by cach scction and the required
manpower arc presented for the years 2005 and 2015. The Planning & Works Section and the
Technical Services should be set up to support both Sewerage and Water Operations since
work volume is expected to increase.

Manager 1 (1) 774D
' Sewerage
35(18) 36(20)
I ]
Operation Engineer Ogperation Engineer
PS&STP L) . Sewer 1 {1)
16 (B) I 18 53 28(1%) y 7(5)
I 1 { 1
Supervisor 2(1) Supervisor 2 (1) Chemist (1) Supervisor Supenvisor
Pumping Station . Treatment Plant ' Sewer 4(2) Consumer Service 1 {1}
| 1 L i | I
;’;‘;‘:’;;22((1])) Opetator 4 (2) Assistant Chemist 2 {1) Piumber 4(2) Plomber 1 (1)
Driver 2 (1) Driver 2(1) Driver 2 (1) Driver 4(2) Driver } (1}
H 1 [ {
General Labor 8 {4) General labor 10 (5) General Labor 16 (8} General Labor 4(2)
4(2) gangs 2{1) gangs 4 {2) Areas x 2 gangs 2(1) gangs

Todal Number of Stafi
(42) : Year 2005, Feasiblity Study target year
T7 - Year X115 Master Plan tarvet vear

Fig. 14.1 Organization Chart of the Sewerage Operations Division
14.2 Manpower and Duties of the Sewerage Operations Division
The following éurc the manpower and duties of each individual unit in the Sewerage
Operations Division. The number of staff is estimated separately for the years 2005 and 2015
that will coincide with implementation schedule of the project.

D Manpower and Duties of the Sewer Operation and Maintenance Section

This section is responsible for the two major operations, namely; sewer maintenance and
consumer services. The sewcr maintenance section is responsible for all sewer maintenance
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works, while the large scale maintenance work such as new scwer pnpe installations is to be
contracted to the private sector. The consumer services group is to handle Y- juncuon
installations and manhole connections, while the - house connections discharge pipe
installation from consumer premises lo sewer main/sub-mains are to be carried out by the
client themselves. Below are the works this section is responsible for.

¢ Daily inspection of sewer main/sub-mains.

Frequent investigations of unexpected water influx into sewers and taking measures to
prevent it.

* Fixing of broken 'pipes and superannuated pipes.

¢ Frequent investigations of severely poiluted water discharged mto sewers, and preparation
of reports on preventive measures.

¢ Weekly inspection on the conditions of sewer main/sub-mains and sewage effluent
facilities.

Monthly cteaning of sewers and manholes, and as necessary.

Instaltation of new sewer pipes and replacement of old/damaged sewer pipes with new
ones (to be contracted out, when necessary).

» Installation of service connections: Y-Junction or manhole connection. (House
connections up to sewer main/sub-mains are to be installed by client).

» Daily recording of operation and maintenance activities.

For an effective and efficient execution of responsibilities it is recommended that
maintenance gangs be formed. It is suggested that two gangs, one for the North (inand) area
and the other for the South (coastal) area of NCD, be formed by the year 2005. However,

from 2015, eight (8) gangs will be necessary for the Northeast, Northwest, Southeast and
Southwest areas.

Table 14.1 Gang Teaming

Gangs Responsible area

Year 2005 Year 2015
Two gangs North Northeast
Two gangs N/A Nosthwest
Two gangs South Southeast
Two gangs N/A Southwest

2 dManpower and Duties of Pumping Stations & Treatment Plant Section

Under the control of the Operation Engineer for PS & STP, two slaff gangs are to be
organized, one for operation and maintenance of pumping stations, and the other for sewage
treatment plant operation and maintenance. The works listed below are to be carried out by
the EDA RANU staff for the pumping station operation and maintenance such as small scale
and daily woik. The work that requires special knowledge and skills are to be contracted out
to private engineering companies. The following works are to be carried out by this section,

+ Daily inspection of pumping stations.

¢ Weekly cleaning of screens at pumping stations.
¢ Weekly inspection of pump station machinery.
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¢ Small scale maintenance of machines at stations, when necessary.

¢ Large scale maintenance of machincry is to be contracted out to engineering companics,
when necessary.

The number of staff required to carry out the above works is listed in Table 14.2.

Similar to the pumping station operation and maintenance, the works to be carried out by the
EDA RANU staff for the STP are as follows:

Daily inspection of the STP’s condition.

Daily recording of influent sewage volume for each STP.
Weekly scrubbing of mud from the plants (Paga and Kila Kila).
Daily removal of mud from Paga Point and Kila Kila STP.
Weekly accumulation of mud and levelling of dry bed.

Weekly delivery of dry mud from Kita Kila plant to firm land.

Regular maintenance of sewage treatment plants, such as mowing, etc., are (o be
contracted out,

* & o @ & & O

The number of staff required for operation and maintenance of the STP are listed in Table
14.2.

J) Manpower and Duties of the Water Quality Control

EDA RANU shall perform both inspection and examination of the qua]lty of wastewater
discharged into sewer main/sub-mains and the cffluent quality discharge into water bodies.
This section is to control the inspection and examination of water poliution levels in areas
where treated water is discharged from the treatment plants. However, it seems impractical
for EDA RANU to maintain a water examination laboratory, since the tests are only
conducted pericdically and require special knowledge/experience, as well as special
equipment to examine water quality. It is thus recommended that detailed examination of
water quality be contracted out to established laboratory which has the capability, as presently
done by the National Agriculture Chemistry Laboratory and/or Central Provincial Laboratory.
The following are the major works to be carried out by this section:

Weekly inspection/examination of the quality of STP’s influent/eftluent.

Monthly detailed examination of water quality (to be contracted out to a laboratory).
Weekly observation of trade waste discharge into sewer main/sub-nmains.

Examination of the quality of trade waste discharges on all occasions.

Detection of potluted material and finding origin on all occasions.

Annual preparation of recommendations for the improvement of treatment plant capacity.
Recording water quality inspection, observation and examination results.

The number of staff that is indicated in Table 14.2 is necessary for this section to carry out

wastewater quality control, while a separate manpower will have to be assigned for water
supply operations.
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14.3  Engineering Divisions

In addition to the sewerage operation and maintenance organisational units, support groups
such as the Planning & Works, and Technical Services sections are necessary. As stated
carlier, these scctions will be supporting sewerage and water supply, but their positions and
number of staff specified below will only carry out work related to the sewerage system.

1) Planning & Works

Drafting of plans for the scwerage system and water supply, zind supe’rvising facility
developments/construction by developerdpnvate constructors are the main responsibility of
the Planning & Works. These (wo main work areas should be achieved in accordance with
the Urban Services Development Plan, such that this section carries out its activities in close
¢oordination with the Physical Planning Board, The annual sewerage system development
and rehabilitation plan shall basicatly follow the long-térm facility development plan

supported by the annual financial plan. The following are the duties to be carried out by this
section.

o Maintaining the sewerage ledger, as a daily procedure.
Regular discussions with developers/contractors regarding new projects/development’s
connection of service into the existing system, making sure that plans and workmanship
follows the standards. :

e Developing EDA RANU’s annual p]an for sewerage system consirucnon and renovation
for the proceeding year.

e Preparation of basic design and cost estimales of sewer constmctlon sewer rehabllnallon
etc., after the annual construction and rehabilitation plan has been developed

* Supervision of works contracted out.

The number of staff listed in Table 14.2 are required to carry out the works of this section
discussed earlier.

2) Technical Services Section

This section is responsible for the procurement, safekeeping and stores of materials; tools and
machinery required for both water and sewerage operations. A separate clerk should be
assigned to handle matters for each operation {(sewerage and water supply). The following are
the main duties of the Technical Services,

¢ Procurement of materials, machines, equipment, tools, clc.,necess'afy'for operatiohs.
o Administrative support when contracting out jobs.

o Daily inspection of the condition of incoming stock matenals machmes equ;pment tools,
vehicles, elc.

Organize for the repair of machines, cqﬂipmerlt, tools, vehicles, ete., when hecessary.
¢ Daily control of stock material, machines, equipment, tools, vehicles, ete.
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Table 14.2 (1/2) Staff required in Sewerage Division by year 2005 and 2015

Position

Number of staffs

2005 | 2015

Remarks

Sewerage Operation

Sewerage Operation Manager

l

T

Sewer Section

Operation Engineer

1 v 1

Sewer Main -

Supervisors

Plumbers: -

Privers -

E- - =3

General Labourers

Total . -

= =3 L=}

&OONMM
B | s

Consumer Service

Supervisors

Plumbers

Drivers

General Labourers

|
I
1
4

Total

A D | et | et | femn

7

Total of Sewer Section

- 20 36

Pumping Station & Treatment Plant Operation and Maintenance Section

Operation Engincer

1 | 1

|

Pumping Station
Supervisors | 2
Mechanics 1 2
Electricians i 2
Drivers 1 2
General Labourers 4 8
Total 3 16

Sewage Treatment Plant Operation and Maintenance
Supervisors | 2
Operators 2 4
Drivers : 1 2
General Labourers 5 10
Total - 9 18

Total of PS & STP 18 35

Quality Conirol Section
Chemists 1 1 for Sewerage only
Assistant chemisls i 2 for Sewerage only
Drivers i 2 for Sewerage only
Total 3 5
42 77

Sewerage Operation Total
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Table 14 2 (2/2) Staff rcqu:red in E.ngmeen i Sections for Sewerage by year 2005 and 2015

Engineering

Planning and Works --- r»spons;blc for both watcr and scweragc :

Manager 1 i Responsible for Water &
' Sewerage

Engineers 1 2 for Sewerage only
Draftsman i -2 for Sewerage only
Total 3 S R

Technical Services --- responsible for both water and sewerage = -
Manager 1 -1 Responsible for Water &

‘ Sewerage ,

Cletk 1 2 for Sewerage only
Mechanics 1 2 for Sewerage only
Storekeepers 1 | for Sewerage only
Total 4 6

144  Considerations for Operation and Maintenance
1) Keeping Records

It is difficult to study how much cons{rucuon work has been contracted out and how often
emergency cleaning has been carried out. Neverlhelcss, works contracted oul to the private
sectors can be accounted for by counting individual order forms and lnvmccs

Maintaining work records will help strengthen control over all works a'ccompliShed. It is also
useful for review purposes and in identifying past problems and solutions, serving as
reference should similar situations occur in the future. It is useful to file ‘important
information for future refercnce. Important records to be kept include the following:

e Sewer pipe, manhole inspection and maintenance records mcludmg sewer replacement
works.

House-connection. _ BRI :
Treatment plant inspection, operation and maintenance. (No records exist currently).
Pump station inspection, operation and maintenance.  (Current records to be smproved)
Water qualily inspection and examination. (No historical records exist). -

Stock in-out records. In addition to the semi-annual stock records, annual m‘.cntor}
should also be taken.

+ Maintenance records of vehicles, machines, equipment, tools, ete. (Current records to be
updated and improved).

® o & & »

2} Job Procedure Manual

EDA RANU is in the process of developing the job procedure manual that is useful not only
to the present workforce but would also be helpful to new recruits and transferees (internal).
The job manuals should contain work schedules, procedures/steps on how to execute jobs,
teamwork, etc. The job procedure manual to be developed include the following:
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3)

House-connection.

Sewer maintenance.

Pump station operation and maintenance.
Treatment plant operation and maintenance.
Waste-water-quality monitoring.
Procurement and inventory control.

Training

The EDA RANU workforce should have basic knowledge on ihe job assigned to them. To
uplift their capability and knowledge, training courses and orientation scminar should be
given periodically. To implement the training programs the following are to be considered:

e & » & @

Basic knowledge on sewerage system.

Basic and practical knowledge sewerage facility planning and designing.
Construction control and supervision.

Operation and maintenance of sewer.

Waste water quality monitoring.

The current workforce, new recruits and internal transferees should undergo periodic training
in order to achieve proficiency. It is also essential to get the services of trainers/lecturers
having sufficient background in their respective fields. It is suggested to initially invite
eligible foreign consultants to carry out these courses, and trained EDA RANU’s staff may
conduct subsequent fraining program in order to save costs.

For effective implementation of the training program, the following should first be considered.

EDA RANU to provide training program budget. It is estimated at approximately
100,000 Kina for years 1998 and 1999 (including cost for foreign consuitants).

EDA RANU to set up procedural standards of the training program beforehand or at teast
during the first training session.

EDA RANU to develop necessary mannals and the respective tasks beforehand, or at least
during the first training session.

EDA RANU to take advantage of the training programs provided by foreign aid agencies
instead of inviting foreign consultants, which are costly. JICA provides free training
courses including those for the sewerage systems in Japan, and also dispatch specialist
(such as sewerage engineers) to requesting countries.
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CHAPTER 15 FINANCIAL PLAN
15,1 Géneral

The feasibility study covers the Phase 1 (1999 - 2001) and the Phase 2 (2002 - 2006) of the
master plan. The year 2006 is the year for the preparation of the Phase 3. Therefore, the
assumptions used in this study such as population growth and fee collection forecasting are in
line with those of the master plan, taking into account the investments relating to the
feasibility study.

15.2 Financial Plan
1) Investment Plan

The investment plan as shown in Table 15.1 is entircly identical with the first eight years
investment plan of the master plan. The investment of 34 M Kina is planned for 2005. The
Q&M costs cover the whole Sewerage Operations Division including the proposed
investments. The estimation of the Q&M costs was explained in Chapter 9 of the master plan.

2) Income Prediction

The prediction of income as shown in Table 15.2, is based on the 1997 billing for scwerage
service at 2,774,000 Kina. The new charge system, which is currently in a planning phase,
will have a total billing of 6,782,000 Kina annually. This revised plan is very close to the
contents of the proposal and wilt be realized by a healthy financial management of EDA
RANU. The financial analysis made in this study is using the new charge system as the
premise. The collection rate for this first 5 years is expecting at 80 percent of the billing and
85 percent thereafter. An income increase is expected substantially more that what the World
Bark has predicted that shows the positive effect of the privatization.

3) Financial Statements

The financial statements (funds flow, income statement and balance sheet) are shown in Table
15.3 to Table 15.5. Case A (Table 15.3) is taken as the base casc. Investment fund is
assumed avaitable at an interest rate of 2.7 percent annually payable in thirty years (with ten
years grace period). The depreciation is calculated using the straight-line method (no salvage
value). The life of machine and electric equipment are assumed at fiftecn years whilst the
civil works are assumed at fifty years.

The plant and equipment are assumed to be maintained during the F/S period and that there is
no investment in plant and equipment thereafter. Under this assumption, the forecasting of
financial statements until 2015 is prepared. The financial situation will be healthy until 2015
if the conditions such as that of the loan, fee collection, etc., will be meet: Case B (Table
[5.4) is the sensitivily analysis of Case A with the annual interest rate inereased to 3.2 percent.
The other assumplions remain the same.

Case C (Table 15.5) is the case where a commercial financing is secured having an interest
rate of 8.5 percent, annually. The term is assumed at seventeen years with five years grace
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period. Al investments will be depreciated in twenty years period. ‘Al investments will be
depreciated in twenty years using the straight-line method (no salvage value). ' This case
disclosed a financially not viable scenario with a negative cash position in 2010, although the
conditions used arc fairly more gencrous than in the real financial market. Besides,
investment funding from commercial financing will be tough for a sewerage sefvice that is
not profitable. Therefore, EDA RANU nced to request financing andfor grant from
internationat aid organizations, '

4) FIRR

The FIRR of the investment plan for the FS period is shown in Table 15.6. The FlRR is
6.21% for the period until 2015 and eventually improves thereafter. The cause of the
improved FIRR is the change of the sewerage charge systems based on water consumption
and control of O&M cost within affordable level.

15.3 Conclusion

If the conditions mentioned earlier are meet, the proposed investment of the feasibility study
will be financially feasible and desirable.
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Table 15.6 FIRR of EDA RANU Sewerage Service (F/S)

“ Unit; 1000 Kina (1997 Price)

Cash Collection

O&M.

Year Investment (All) Total Cash Outftow | Net Cash Flow | FIRR
1999 5426] 207 3,502 ' 3,799 1,627

2000 5,709 1L167] - 3,684| . 4,851 - 858

2001 - 5,969 . 4,874 3.851] - 8,725] -2,756

2002 6,240 15416 4,026 19,442] -13,202

2003 - 6,5231 465 4,200 4,674 1,849

2004 7.246 2963] 4,676 7,639 -393

2005 1,575 8,889 4,887 13,776 -6,201

2006 7,879 0 50843 5,084 2,795

2007 7,879 0 5,084 5,084] - 2,795

2008 . 7879 0 5,084 5,084 - 2,795

2009 - 7,879 0] . 5,084[ 5,084 2,795

2010 1,879 L0 5,084 - 5,084 2,798

2011 7,879 0 5,084 5,084 2,795

2012 7,879 0 5,084 5,084 2,795

2013 7.879 0 5,084 5,084 2,795

2014 7.879] 0| - 5084 5,084 2,79s5]
2015 7.879 ) 5,084 5,084 2,795| - 6.21%
2016 7.879] 931] . 5,084 ' 6,015 1,864 6.90%
2017 7,879 2,861 5,084 7,945 -66] - 6.88%
2018 7.879 o] os084] 5,084 2,795} . 1.68%
2019 7879 233 5,084 5,317 2562 8.28%
2020 1,879 3,026 5,084 8,110 231 - 8.23%
2021 7.879] 0 5,084 - 5,084 2,795 . 8.73%|
2022 7,879 0] 5084 5,084 2,7795] - 9.{4%
2023 7.879 0 5,084 5,084 2,795] - 9.48%
2024 7,879 0 5,084 5,084 2,795 9.77%
2025 7,879 0 5,084 © 5,084 2,795 - 10.02%
2026 7,879 0 5,084 5,084 2,795] 10.23%
2027 7,879 0 5,084 - 5,084 2,795 10.40%
2028 7879 0 5,084 5,084 2,795] : 10.56%
2029 7,879 0 5,084 5,084 2,795 10.69%
2030 7,879 0 5,084 5,084 2,1951. .10.80%
2031 7,879 931 5,084 6,015 1,864 ' 10.87%
2032 7,879 2,861 5,084 7,945 -66] . 10.87%
2033 7,879 0 5,084 5,084 2,795 1095%
2034 7,879 233 5,084 5,317] - 2,562] 11.01%
2035 7.879 3,026 5,084 8,110| 23] 11.01%
2036 7,879 0 5,084 5,084 2,795] 11.06%
2037 7,879 0 5,084 5,084 2,795] 1L11%
2038 7.879 0 5,084 © 5,084 2,795] 11.15%
2039 7,879 o 5,084 5,084 2,795 11.19%]
2040 7,879 0 5,084 5,084 2,795 11.22%
2041 7.879 o : 5,084 5,084 2,795 11.25%}
2042 7,879 0 5,084 -5,084 2,795 11.28%
2043 7,879 0 5,084 5,084 27951 11.30%
2044 7.879 0 5,034 5,084 2,795] 11.32%
2045 7,879 0 5,084 5,084 2,795] 11.34%
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CHAPTER 16 PROJECT KEVALUATION AND RECOMMENDATION

The coastal arca, whlch has been selected as a priority project arca, has old and outmoded
facilitics, but the sewerage collection system is accessible to nearly 50% of the population.
However, in most locations, the sewage collected is discharged into the sea, and this has
become the prime cause of marine pollution. In this section, the effects of implementing this
project and the evaluations considering future developments are mentioned, as below.

"The outline of facilities required for the project are as follows:

- Installation of sub-frunk sewer pipelines: Pipelines connected to the ends of
existing sewer systein and connecting new tiunk sewers

- Installation of trunk sewers: Pipelines that connect sub-trunk sewer pipes and reach
up to the treatment plant via pumping stations

- Pumping stations: Based on geographical and terrain conditions, new pumping
slations are required at 16 locations atong the trunk sewer route. The capacity of
eight existing pumping stations is to be enhanced by extensive improvements in order
to cope with the increase in capacity in the {uture.

- Treatment plants: Installation of primary sedimentation facilities and sludge
thickening facilitics at the treatment plants at two locations - Paga and Kila Kila

- Ocean outfall pipeline: Existing facilities at Paga shall be used; installation of new
outfall pipeline with diameter 900 mm and length 3,650 m at Kila Kita

16.1 Water quality conservation effect for receiving water bodies

Resulis of sitnple poltution analysis show that COD ang coliform levels are below the strict
standard levels of Japan. N was also found that accumulation of T-N and T-P, which arc
difficult to decompose, will not be a problem in the year 2015. From the above, the
following secondary effects are anticipated to accompany the purification of receiving water
bodies:

- The natural environment will be conserved by protecting animat and plaat species in
ang surrounding the waler.

- Aquatic resources will be protected.

- Environment around water will be conserved through allocation of areas for recreation
activities.

- Scenic spots around water bodies in cities will create a cool, pleasant and peaceful
teeling.

16.2 Recommendation for conserving water gqualily of receiving water bodies over a
very long term

The tevels of COD T-N, T-P and total coliform in receiving water bodies up to the year 2015
are as mentioned above. However, the purifying functions of nature cannot bring about
decomposition of T-N and T-P, which gradually accumulate in the Papuan Lagoon, bring
about an increase in the nutritive salts due to cutrophication, and reduce the dissolved oxygen.
There are apprehensions that the above-mentioned factors may lead to extinction of fish and
destruction of coral reefs.
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As a part of this Study, a baseline study was implcmeﬁtcd for constructing a monitoring
system over the long term in order to study the effects of implementation of this project on
coral reefs found at a large number of locations surrounding sca areas. It is felt that the

discharge outlet into the sea should be extended to the outer reef, and dm,cl discharge
offshore should also be considered.

For this case, the two instances mentioned below for the two loc*xllons at Paga Point and Klla

Kila were visualized, and the approximate project costs for installing treatment plants were
compared.

1) For Paga Point

- The existing ocean outfall pipe (diameter 600 mm) is extended to the outer reef over a
distance of 4.5 km.

- Total Extension: 7.5 km

- Extension of the existing pipe: 3.0 km

- Additional extension: 4.5 km

- Extension of inner reef excavation: None

- Extension of outer reef excavation: 2.0 km

- Construction cost: Approxnmately 5.418 million kina.

Table 16.1 Comparlson of Ocean Outfall Optlon (1)
(Unit * Thousand Kina)

STP Installation Plan | OQutfall Pipe Extension {No Treatment) -
1. Land Acquisition 50 -
2.  Administration 143 185
3. Construction Wark 9,531 9,531-2,636)45,418=12,313
4. Procurement Equipment 687 687
5. Engincering Service 953 1,231
6. Contingency 953 l.??xl
Total 12,217(1.00) 15,647(1.28)

2) For Kila Kila

The following three cases may be contemplated considering the effects of plpe excavalions on
coral reefs:

Case A: Extension of the pipeline in the present plan to the outer reef (no irealmcm p}ant)
- Total Extension: 7.65 km

- Extension of the planning: 3.65 km'

- Additional extension: 4.0 km

- Extension of inner reefl excavation; 1.5 km

- Extension of outer reef excavation: 1.0 km

- Construction cost: Approximately 10.560 million kina
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Case B: Shift of pipeline under present plan to the tip of the peninsula and extension to the
outer reef (no treatment plant)

- Total Extension: 9.15 km

- Extension over kand: 1.65 km

- Extension of the sea floor: 7.5 km _

- Extension of inner reef excavation: None

- Extension of outer reef excavation: 1.5 km

- Construction cost: Approximately 12.260 million kina

Case C: Over land up to Taurama Beach and extension to the outer reef (no lreatment plant)
- Total Extension: 10.0 km

- Extension over land: 6.5 km

- Extension of the sea floor: 3.5 km

- Extension of inner reef excavation: None

- Exteasion of outer reef excavation: 1.0 km

- Construction cost: Approximately 14.270 million kina

Table 16.2 Comparison of Ocean Outfall Option (2)
' (Unit + Thousand Kina)

. STP Ocean oulfall Pipe Bxtension (No Treatment}
Installation Plan Case A Case B Case C
I. Land Acquisition 324 - - -
2. Administration 264 346 372 402
3. Construction Work 17,638 23,089 24,780 26,799
4, Procurement
Equipment ] ] ) )
5. Engineering Service 1764 2,369 2479 2,680
6. Contingency 1,764 2,305 2,479 2,680
Total 21,754(1.00) 28,053{1.2%) | 30,119(1.38) 32,561(1.50)
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16.3 Recommendation for management of sewerage project
1) Views on financial status in the future

The FIRR for this project considering the period until 2015 is 6.21%. The key to success of
this investment plan lies in implementing a new fariff system and cstablishing the tanff
colection system based on the water tariff. If the O&M costs are restricted to fall within the
range proportional to the income, this investment plan is feasible and may be said to be
desirable.

2} Review of erganization to cope with the expansion of sewerage facilities

The construction and scale of organization of the depariments responsible for sewerage work
of EDA RANU is considered to be gencrally adequate for maintaining and operaling the
existing sewerage facilities. However, with the cxpansion of sewerage facilities and
reinforcement of maintenance and operations to be proposed by the Study Team, a review of
the organization and business plans is necessary so that the ability to implement operation and
maintenance plans of sewerage facilities to be expanded in the future, can be enhanced.

Given below are the construction of organization and duties of every responsible department
for operation and maintenance of sewerage facilities in the future. The planning and design
departments, material procurement and work subcontracting deparimeats, and workshop
(stores, machinery repairs) departments are not organized separately for the water supply
system and the sewerage system, but integrated. Persons responsible for sewerage and
persons responsible for water supply shall be stationed in cach department.

. - .
Sewage Operation and Periodic inspection and cleaning of sewers and manholes. Fixing
Maintenance Section broken pipes angd superannuated pipes. Connecting to households.

And yet, the work groups are divided into Coastal Area and Inland
Area

Pumping Station Operation  Periodic inspection. Fixing troubles and cleaning.  And yet, the

and Maintenance Section outside charges except simple repairs.

Treatmeat Plant Operation fnspection of STP. Removal of shudge.  Accumulated sludge

and Maintenance Section moving to the farming land. The external charges except daily
routine works such as grass mowing within the premises.

Water Analysis Control Water quality analysis for influcnt and cftluent of STP.  Monitoring
and analyzing of industrial wastewater and toxic substances. The
external charges for detailed water analysis asking to the reliable

laboratory and institute.
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<Below listed scctions hold the charges in common with the water supply scetion >
Planning and Design Section Mainlﬁihing and kccp}ng the sc\,\"cragc.lcdgcr. Ncgaliatiﬁg with and
instructing developers. Developing an annual plan.  Basic design
and cost estimation,  Supervising works.
Procurement Scection Maierials and equipment procurcﬁlem. Consteuction ordering. '
Workshop Scelion Periodic inspection and repair for materials and equipment.  Stock

management. . Maintenance of machine-tool and tools
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