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CHAPTER 4 PLANNING CONDITIONS

This chapter deals with the planning fundamentals for the scwerage system.  The planning
and design basis for the component facilities except treatment method has been developed in
this chapter.  Treatment method is discussed, taking into account of the receiving water
body, in the following chapter, followed by various alicrnative plans for possible sanitary
systems in the succeeding chapter.

4.1 Population and Land Use

The population projection and the future tand use worked out in the Urban Development &
Services Study is the basis for the current study.  According to that plan, the NCD will have
a population of approximately 531,000 persons by the year 2015(refer to Table 4.1). That
population is sustainable, and can be housed and employed and served within a sustainable
and enjoyable community. However, it is noted that NCD could have a population of
675,000 by 2015 if the PNG government will not enact national urban and population growth
rate reduction policies. '

The strategy recommended in the Urban Development & Services Study provided short term
(to the year 2005) and long term (to the year 2015) development guidelines. In the short
term the basic strategy is to consolidate available land resources in existing built-up areas in
order to maximize the use of existing infrastructure and community services. The less
developed areas of Huhunaima/Tovabada, Dogura North, Napa Napa/Daugo Island, Tavrama
South (southern coastal area) and Taurama/Dogura South will not be consolidated. The
preservation of village living was considered very important to the sustainable development
of the NCD. Fig.4.5 and Table 4.2 show the land use in 2015.

Water reticulation will be provided to the villages, and in the short term, one standpipe will be
provided for every five dwellings. Use of pit latrines will continue until formal reticulation

via a sewerage and water supply network is implemented. Full water and sewerage
reticolation is expected in 2015.

Based on the foregoing, it is expecied that by the year 2000 an additional 2,495 ha of land will
be required to meet the needs of the estimated 303,000 population. By 2005 an additional
2,222 ha will be required over the 2,495 already brought into development in 2000. By 2015

some 6,700 ha will be required to accommodate all of the needs of the estimated 531,000
population.



Table 4.1 Population by Planning Zones

Planning Zoncs Population . Land Arca
Sy ' 1995 2005 . 2005 {ha)
1.Kaevaga Poreporena 15,346 15,386 16,869 739
2.Kila Kila Koki Badili 33,287 46,181 50,902 1,262
3.Napa Napa/Daugo Island 3,216 3,700 4,200 - 327
Coastal  |4.Port Moresby/Koncdobu 20,098 24,337 27,11 " 840
Region 5. Tawrama Dogura South 3,333 5,104 © 6,104 640
6. Tautama South 10,147 11,050 15,010 1,736
Subtotal 85,427 105,758 120,198 2] 0 5,603
7.Airport 14,480 22,122 34,652 1,380
Central  |3.Boroko 30,157 36,717 238396 | . 1015
Region  {9.University/Tokarara 34,139 50,963 - 60005 .. 198
10.Waigani 40,929 59,024 64,655 1,730
Subtotal 119,705 173,826 197,718 6,111
11.Dogura North 78 78 8,166 5,894
12.Eight Mile/Nine Mile 17,206 51,510 120,745 1,543
Periphery  |13.Gerehu/Waigani Swamp 27,012 45,090 71,285 3,211
Region 14.Huhunama/Tovabada 812 3917 12,288 2,698
Qutside NCD T TH 711 C-
Subtotal 45,819 101,228 213,795 13,346
- Grand-Total 250,951 380,812 531,711 25,060
Source: Urban Development & Services Study
Table 4.2 Classification of Land Use
1995 - 2005 2015
Land Use Classification Land Area | Percent | Land Area | Percemt | Land Area | Percent
(ha) Distribution (ha) - |Distribution]| - (ha) Distributidn
Urban Area : : S o ce
Restdential 2,226 8% 31,356 36% 4,437 5%
Non-Residential Use - R
Commercial 183 3% 378 4% - 551 4.
Industry 241 4% 511 6% - 163 6%
Civic and Institutional 1,682 29% 2,446 26% 3,134 25%
Active Recreation 324 6% 554 6% 760 6%
Infrastructure 371 6% 600 6% 806 6%
Road and Street ROW 789 14% 1,475 16% 2,094 17%
Sub-total 3,505 62% 5,964 64% 8,108 . “65%
Urban Area Sub-total 5,821 {130% 9,320 100% 12,545 100%
Non-Urban Arca 19,239 - 15,740 - 12,515 Co-
Total 25,060 - 25,060 - 25,060 -

Source: Urban Development & Services Study

4.2

Sewered and Unsewered Areas

Overall, 62% of households have access to a private toilet, which flushes into the public

sewerage system in 1997.

In such areas as Boroko, Hohola, Gordon and Gerehu, more than

90% of houscholds are connected to the public sewerage system. Many households in the
unseweied areas also desire the sewerage system to be provided and they are willing to pay
for it even in low-income brackels as indicated in the inhabitants behavior survey. * In the
waler villages, toilets that dropped directly to the sea are used by 75% of households. = This
direct drop has deteriorated water environment in the sea.  Sewerage system is required not




only for improvement of individual sanitary environment but also for conservation of public
cnvironment.

However, the conventional sewerage system is not always the best solution to realize
satisfactory sanitary condition. Many constraints prohibit the application of the sewerage
system, such as physical, environmental, economic and others. A conventional sewcrage
system, for example, docs not function properly if the steady and constant water supply is not
ensured as is experienced in some parts of NCD.  We believe that the water supply system
will be improved by the year 20135 at the latest according to the current plan by EDA RANU
so that every household will have continuous reticulated water supply by then.

Other constraint which witl not allow sewerage system exists in an area where road network
are disorderly and individual tap is not provided, such as in the squatter honsing areas or
unplanned seitlement. The scttlement issues scem long neglected by the planning
authorities. Only standpipe is provided by the planning authorities as a basic human need.
In ceality, however, as indicated in the water supply development plan, house owners have
developed their own reticulation system. Further, we believe that redevelopment will take
place in the squatter housing areas so that sewerage system can be provided,

Besides the conventional sewerage system, there are many technological alternatives,
primarily on-site systems. Treated effluent of the on-site systems is expected to be absorbed
at the site. This requires good permeability of soil and lower groundwater level.  Soil
permeability is not particularly high in the coastal areas and in the squatter areas that are
usually located on rocky hillsides. Therefore, on-site system application is difficult in NCD
and only option of sanitary improvement will be public sewerage system.

However, the most serious constraint to the public sewerage system might be the financial
and/or economic conditions of the implementing authorities and beneficiaries. Besides the
initial construction costs, the beneficiarics must bear the ongoing operation and maintenance
costs. ‘Therefore, although we plan that all NCD areas as sewered areas, depending on
affordability, unfavorable on-site system might be considered as an interim measures until the
affordability reach to the satisfactory level.

The NCD has a separate storm water drainage system, which is fanctioning well as the Port
Moresby Urban Stormwater Management Study (June 1995, SMEC consultants) investigated.
Thus, sewerage system is planned as a separate system from the drainage system.

4.3  Wastewater Quantity and Quality

43,1 Unit Wastewater Flow

Unit wastewater flow is examined by reviewing the past studies on water supply and

sewerage system in Port Moresby and by measuring actual flows during field survey period.
1) Uit per Capita Water Consumption

The Study on the Port Moresby Water Supply Dévc!opm&:nl Plan, 1994 obtained the per
capita water consumption in various housing types, using the actual NCDC’s waler supply



records (see Table 4.3).

Table 4.3 Waler Consumption Measurement

Housing Type Flow (Lcd)
High-cost Ky}
Flat i
Low-cast 259
Duplex 272
Domestic quarters 584
Make shift 591

Based on the records, the study estimated per capita water consumption of residential, and
non-residential uses, as per the following:

l. Residential water consumption

High-cost housing 380 Led
Low-cost and informal housing 300 Led
Average 350 Led

2. Non-residential water consumplion
Public use 12.9 % of residential consumption
Commercial use 4.8 % of residential consumption
Industrial use 12.4 % of residential consumption

2) Unit per Capita Sewage Flow (average dry weather flow)

There are the studies on the sewerage system of Port Moresby, namely,
- Report on the Sewerage of Port Moresby, 1974

- Port Moresby Sewerage Study, 1980

- Environmeatal Plan - Joyce Bay Sewage Cutfall Study, 1988

The Table 4.4 shows summary of unit per capita average dry weather sewage flow in these
studies.

Table 4.4 Unit Dry Weather Flow

Source Adopted Flow Sewage Flow Measurement
{Lcd) 1.ocation Flow (Lcd)
1974 Study 213 . .
1980 Study 350 Gerehu Lagoon 350
Stanley . P/S 420
Davara P/S 400
Lawes Road P/§ 575
Boroko Area 300
1988 Stuwdy 350 Waigani Catchment 350
Paga Catchment 163

Spot moniloring of sewage flow al lagoons and manholes connected to sewers in residential
areas was implemented during water sampling by JICA Study Team in 1997.  The resulis of
flow measurement are shown in Appendix B, and the Table 4.5 shows estimation of dry
weather sewage flow per capita at cach location.



Table 4.5 Unit Dry Weather Flow Measured

Location Flow (1cd)
' May August December Average
Domestic | Boroko | High cost housing 454 207 149 270
Gerchu Mid. Cost housing 788 221 217 345
Morata . | Low cost housing 231 - 494 363
Average 491 214 223 ky3!
Lagoon Waigani 259 219 140 206
Gerehu 151 128 131 137
Morata 289 302 261 284
Average 233 216 177 209

Wide range of fluctuations are observed in data obtained from actual measurement of sewage

flow, and dry weather sewage flow per capita is, therefore, hardly estimated by these dala,
because the measured flows were instantaneous.

3 Planned unit per capita sewage flow (average daily flow)

455 Led (350 Led for residential use and 105 Led for non-residential use) is adopted for this
study, since the flow meets the water consumption obtained from water supply records for
many years, and other scwerage studies.

4) Planned unit per capita sewage flow (maximum daily flow)

Even though ratio of maximum daily flow to average daily flow was not easily obtained in the
suppressed water demand in NCD, JICA water supply study team obtained 1.3 ratio in the
unsuppresed area like Gordons in 1993.  We follow this ratio of 1.3 for planning purpose.

4.3.2 Unit Wastewater Quality and Pollutant Loads

Among others, BOD (Biochemical Oxygen Demand) and SS (Suspended Solids) are the most
important parameters in planning and designing the sewage treatment plant. BOD, in
particular, is a key parameter to establish the type of process and performance of the plant.

There are iwo methods to determine BOD of sewage. The first method is estimation by
using unit BOD pollution load per capita and sewage quantily. The second methed is, of
course, estimation based on the results of water analysis of actual sewage sampling from (he
existing sewerage system. A series of water sampling and cxamination was carried out

during the field work of this Study and their results were referred to in establishing planned
influent sewage quality.

1) Sewage quality estimation

BOD estimation in other countries where many existing data are available, is done using such
data and reviewed referring to the values obtained by actual water analysis in the field.

(i) Residential sewage

There are some reports on the study of unit BOD potlution load of domestic sewage stemming
from field investigations and Table 4.6 shows the findings and study results.
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Table 4.6 Unit Load of Wastewater
' {Unit: plcapitalifay)

Country Paramcter Nightseil - Other Total
Wastewater
a. Japan {in 1990) BOD 13 39 57
COD-Mn i0 18 28
5§ 20 23 43
T-N 9 3 12
T-P ; 0. 0. 1,
b. United States BOD 18 3% 57
c. Tropical countrics BOD 22 18 40
d. South East Asia * BOD-Total - - 43
¢. India# BOD-Total - - 301045
* Source: Urban drainage and sewage treatment in developing countries by the Ministry of Construction of
Japan

As observed above, there are wide ranges of variation reflecting differences in living

standards, life style, etc.  WHO, however, recommends to apply 45 gfcapita/day where there
is no available data.

BOD is calculated as foltows.
BOD = 45g-BODfcapita/day [/ 350Led = 129 mg/L
where, BOD load: 45 glcapita/day
Discharged sewage volume: 350 Led

(2) Public use and commercial sewage

In this Study, water demand is categorized into lwo residential use and non-residential use.
The non-residential use may be further divided into public, commercial and industrial use.
Among them, public and commercial uses, which reflect water consumption at offices,
restaurants, hotels, etc., are expected to have the similar characteristics with domestic use.
Therefore, 45 g/capita/day with BOD load of 129 mg/L is applied in this Study.

(3) Industrial wastewater

According to some reports on industrial waslewater, typical characteristics of wastewater by
industry group arc described in Table 4.7, There are very wide differences of BOD by
industry, and food processing shows the largest, and some industries show very small values.

Therefore, average value of BOD is taken as 500 mg/l. and is applied for all industrial
wastewater, in general.

Table 4.7 Industrial Wastewater Quality

Industry Group Average BOD (mg/L)
Food Processing 1,374
Mining/Ceiment/Ceramics 372
Light Processing : 463 -
Mechanical/Electrical 51
Oihers 560




(4) Mixed sewage
Using the above set values, BOD load is calculated as follows.

1. Residential sewage 129 mg/L.

2. Public use sewage (assuming 12.9 % of residential use) 129 mg/L

3. Commercial sewage (assumning 4.8 % of residential usc) 129 mg/L

4. Industrial wastewater (assuming 12.4 % of residential use) 500 mg/L

5. Mixedsewage ={129x{1.0+0.129 + 0.043 ) + 500 x 0.124 }
1{1.0+0.129 +0.048 + 0.124) = 164 mg/L

2) Planned sewage quality for the existing studies

There are several data available in the study reports, and Table 4.8 shows the summary of
sewage quality. The data indicates that BOD is the range of 130 to 187 mg/l. and SS is 120
10 270 mg/L.

Table 4.8 Unit Load of Wastewater

{Unit: mg/L}
Study Adopted Quality ‘ Sewage Quality Measurement
BOD 58 Location BOD S8
1980 187 209 - - -
1988 150 200 Paga Point 140 180
Waigani Lagoon 150 270
1997 - - Paga Point 130 150
Badili 170 120
Kila Kila 52 48

3) Results of water quality examination

Water sampling was carried out al three different localitics for domestic sewage and two
different factories. The results of water quality survey are shown in Appendix B.

(1) Domestic sewage

Table 4.9 Unit Load of Domestic Wastewater

Sampling Location BOD (mg/L.) 88 {mg/L)
: August December August December
Waigani Lagoon 194 77 138 107
Gerehu Lagoon 154 109 113 158
Morata Lagoon 304 130 136 194
Average (agoons) 217 L 105 129 L 153
"~ Boroko " High cost house 143 15 107 63
Gerehu Mid. cost house 135 268 17 379
Morata Low cost house 79 14 35 43
T ' 119 106 73 162
Average (Residential Arcas) 3 118

Table 4.9 shows large fluctuations among each sample, parficularly those of residential areas.
This is because the service area is small and the quality of the raw sewage is largely alfected
by water usage of that time in the area.  Also, sewage of residential areas is lower in BOD
and SS than that of tagoons.  This seems to be caused by industrial wastewater.  Therefore,
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it has better to refer the data of lagoons for establishing planned sewage quality.

(2) Industrial wastewater

l‘able 4.10 Unit Load of Industrlal Wastewater

Factory pH _ S§S{mg/l) _ BOD (mg/L} * | €COD (mg/t)
Pacific Engincering ‘ 6.4 1,700 - 14,000 20,800
South Pacilic Brewery 4.0 190 3.100 3,120

Both industrial wastewater in Table 4 10 shows very high value of BOD and COD which
cannot be treated by ordinary process of sewage treatment plant. At present they are diluted
by domestic waslewater and treated normally. However, following the development of
industries, amount of wastewater will increase and harm the plant. Therefore regulation for
industrial wastewater should be introduced so as to protect performance of treatment plants.

4) Planned sewage quality

Sewage quality of BOD 170 mg/L and SS 200 mg/L are adopted for the planned sewage
quality based on the above estimation and sludy on actual water qualily survey.

44 Industrial Wastewater

At present, there arc a limited number of factories in NCD and are mainly food processing
and light industries, which rarely discharge wastewater that contain harmful substances for
human health. Therefore, industrial wastewater can be included in the proposed sewerage
system. It is also unlikely that factories with discharging toxic matters will be estabtished in
NCD. Nevertheless, for precaution, some limitations of effluent standard shall be
considered because conventional treatment facilitics can treat biologicalty organic maiters,
solids, pathogens, etc. which constitutes domestic wastewater but cannot remove harmful
substances,  Therefore, the following substancesfitems should be pre-treated before
discharging to sewerage system.

- Substances related to the protection of human health
- Items related to the prolection of living environment
Substancesfitems related to the condition and operation of sewage trcatment plant

Table 4.11 shows the industrial effiuent standard to sewerage system in Japan,

Among these substances/items, water temperature, BOD, §S, N-hexane extracts, nitrogen and
phosphorus are restricted by the following conditions and are requested to set strict standards.

- Indusirial wastewater exceeds a quarter of total influent of sewage treatment plant,
- Effluent of sewage tccatment plant is strictly regulated.

[n PNG, cffluent standards for sewage treatment plant and industrial wastewater effluent
should first be established referring to “Recommended Water Quality Standards for Papua
New Guinea”, and sccondly, effluent standard for industrial wastewater discharging to
scwerage system.  In 1990, a report “Port Moresby Trade Waste Policy” was drafted
providing among others, policy direction/guidelines on the industrial discharges to the
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sewerage system, however, up to the present lime, there has beea no official ratification of the

report.

Table 4.11 Indﬁstr_ial Effluent Standard to Sewerage System in Japan

{Unit: mg/L)

Substances/ltems | Permissible Level
1) Substances related to the Protection of Human Health
Cadmium and ils compounds 0.1 mg
Cyanide compounds 1 mg/l
Organic phosphorus compounds i mgA
(parathion, methyl parathion, 1 mgA
methyl demeton and EPN onty)
Lead and its compounds 1 mg/fl
Hexavalent chrome (0.5 mg/
Arsenic and its compounds 0.5 mgh
Total mereury 0.05 mgA
Alkyl mercury compounds Not detectable *
PCB 0.03 mg/l
Other 13 substances -
2) Items related to the Protection of Living Environment 2
PH 5.0-9.0
BOD 600 mg
BOD,COD ¥ 160 mg/l (daily average 120 mg/l)
SS 200 mg/l (daily average 150 mg/h)
N-hexane extracts
Mineral oil 5 mg/l
Animal fat and vegetable oil 30 mg
Phenols 5 mgll
Cpper 3 mgl
Zinc 5 mg/l
Dissolved iron 10 mg/l
Dissolved mangangse 19 mg/t
Chrome 2 mg/l
Fluorine 15 mg/l ]
Nitrogen ¥ 240 mg/1 (daily average 60 mg/l)
Phosphorus ¥ 32 mg/l {daily average 8 mg/)
3) Substances/items related to the Operation of Sewage Treatment plant
Water tempeiature 45
COb 600 mg/l
BOD 600 mp/l
PH 50-90
N-hexane extracts
Mineral oil 5 mg/i
Animal fat and vegetable oil 30 mg/l

Nole: 1)

Local government may, by degree, set more siringent stardard.

2) The standard values in this table are applied to the efiluents from industrial
plants and other places of business.
3) The standard value for BOD} are applied to public waters other than coastal
waters and lakes, while standard value for COD is applied only to effluents
. discharged into coastal walers and lakes,
4) Standard values for nitrogen and phosphorus arc applicd (o lakes and reservoies
in which problems due to cutrophication may occur.



EDA RANU has to implement regular monitoring on the quality of industrial wastewater
cffluent (o sewerage system in conjunction with DEC.  In case of improper effluent flowing
into the sewerage systeny, EDA RANU has to enforce Scction 18 “Discharge of Trade
Wastes” of the Sewerage Regulation (Public Health Act), that is, to reject the nature of the
waste and to impose the corresponding penaltics or fines.  For this monitoring, EDA RANU
should establish a section with a chemist and a laboratory.

4.5  Collection Option

The collection options are provided below:
- Convenlional sewerage system

- Small bore effivent system

- Vacuum sewerage system

4.5.1 Conventional Sewerage System

The conventional sewerage system is one of the most reliable se,werage systems, and much
experience is available in planning, design, construction, and operation and maintenance.
This system is most widely applied throughout the world and NCD.

The conventional sewer system has much merit; it provides the greatest convenience of all
waste disposal systems, since it permits the discharge of a large amount of water.  Secondly,
it does not pose any risks to health when functioning properly. Thirdly, it generaliy operates
with few service interruptions or emergencies.

Yet, this system also has some disadvantages. It is, first, expensive to construct. It requires
skilled contractors for construction, organization for operation and maintenance, and a
substantiat amount of flushing water, which adds to the operating costs,

Given the high convenience level of the conventional sewerage system and considering the
present situation of the sea, where the conventional system has a ong history and operated for
a few decades without any serious problems, this system is the most appropriate systen.

4.5.2 Small-bore Effluent System

The small-bore efflucnt system, which carries settled efflucnt only, is one possibility for a less
expensive sewerage system. The systera is designed to receive only the liquid portion of
houschold wastewater for off-site treatment and disposal.  Grit, grease and other troublesome
solids which might cause obstruction in the sewers are separated from the wastewater flow in
interceptor tanks installed upstream of every conuection to the sewers, and the solids which
accumulate in the tanks are removed periodically for safe disposal. -

This system was introduced to imaprove environment in the deveiopmg countries where
financial source is limited. On the other hand, this system is susccpllble to clogging of
sewers by sands and other solids entered the pipes. Due to smallness of pipes to reduce a
construction cost, clogging of pipes cause this system in operable. Considering the
prevailing mabbish problem in NCD, this system is not recommended now.
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4,53 Vacuum Sewerage System

A vactmm sewerage system collects sewage using vacuwin as the method of sewage transport.
The vacuum system suits large flal arcas where there is little grade available for a
conventional sewerage system, which would require a number of pumping stations. Low
level foreshore and water village development are particularly suited to the vacuum system
where otherwise a small pump would be required for each group of houses. Nevertheless, a
flat area is limited in size so thal this system is not adopted for NCD.

4.6  Design Criteria

4.6.1 Sewers

1) Maximum design capacity of sewer

The foltowing peak factor is applied according to contributing population.

Contributing Population Peak factor
Up to 5,000 persons 2.00
Between 5,000 to 10,000 1.80
Between 10,000 to 20,000 1.60
Beyond 20,000 ' 1.50

2) Minimum design for self cleansing velocity

_ Minimum velocity required for self-cleansing is 0.6 m/sec against the following flows;
© 450 Led x Population x 0.5 (Minimum factor)

3) Hydraulic calculation

The Manning formula is adopted in case of the gravity flow sewer, and Hazen Williams
formula is adopted in case of the pressure sewer.

Manning formula
Q=AxV,
Where,

V= lmxR?x 1"

Q : Flow (m'/sec)

v : Velacity of flow (m/sec)
n : Roughness coefficient
R : Hydraulic radius (m)

i : Hydraulic gradient

: Section area (m?)

b

Hazen Wiltiam Formula
Q=AxV,
Where,

V = 0.84935 x C x R*®x P

Q : Flow (m*/sec)

V - Velocity of flow (m/sec)
C : Flow velocity coefficient
R : Hydraulic radius {m)

: Hydraulic gradient

A : Section area (m’)

Pt
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Standard coefficients (o be used for the type of material are in Table 4.12.

Tabled.12  Cocfficicnt for Sewer Design

~ Type of Pipe N (Roughness Coefficient) C (Flow velogity coefficient)
Concrete Pipe / RC Pipe 0.013 110
Vitrified Clay Pipe 1.013 110
PVC Pipc / Plastic Pipe 0.010 120
Coated Steel Pipe 0.000 130

4,.6,2 Pumping Station

Location and capacity of pumping stations are determined based on sewer planning. Pump
type is submcrsible pump without grit chamber as is the same as the existing type.  However,
the large capacity pumps like Paga and Kila Kila have grit chambers. Capacities of pump
well has approximatety 10-15 minutes retention period.  Pump wells dimensions and number
of pumps are decided as is shown in Table 4.13 according to design flow.

Table 4.13 Pumping Station Type

Dusign Flow
(m'/min) 1.5 3.0 6.0 15.0 30.0
Type I ] 11 | 1l IV v

Circular Tiﬁ Pumﬁini Station :
Type of Simplified Tii Pumiini Station
Pumping Staticn Standard Tiﬁ Pumiini Station

Pump Well Circutar Circular Circular Rectangutar Rectangular
g iS5m g 1.8m B4.0m 7x7 7 x 14
Grit Removal Nong None None Mone Sand Pump
Screening Removal None None None Manual Automatical
Discharge :
Pump | Diameter 100 100 100 | 100 150 | 150§ 200 | 250 & 300 | 350 | 400
(mm)
Nos 2{1) 213 I3MI3Mm4mjdamidamiamiamlam

Nos: 3(1) denotes that there are 3 pumps and (1) of which is for stand by.
LEach pumping station has the following facilitics.

1. Civil Structure
Type I, land IIl:  Circular type
Type IV and V:  Rectangular type.
2. Mechanical Equipment

Pump: Submersible pump, stationary wet installation with guide bars
and automatic connection ‘
Valve: A delivery valve (gate valve) and a check valve for each pump.

Piping Materials: Ductile/cast iron pipes and filtings within pumping station
3. Electrical Equipment ‘

Control Pane!: Self-standing out-door type, including power receiving, control
and instrumentation .

Operation: Autonuatic operation by water level measured by level
sensorsfswitches.
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4.6.3 Scwage Treatment Plant (STP)
1) Planned water gualily and receiving water body

The water quality of effluent have been decided, taking into account the condition of the
receiving water bodies, and the BOD/SS target levels are determined as listed in Table 4.14.

Table 4.14 The Water Quality of Effluent

eceiving Water Body River/Swamp Occan
ltem On Shore Off Shote
BOD, 30 mg/L 30 mig/l. 120 mg/L
58 40 mp/t. 40 mgf/L 150 mg/l.
Proposed Treatment Secondary Treatment Secondary Treatment Primary Treatment
Level

2) Major design concépt

The following criteria are applied in this Study to select the most suitable treatment method:
- Requirement of effluent quality,

- Availability of site, :

- Less cost of construction and O & M (operation and maintenance),

- Less power consumption, and

- Ease of operation and maintenance.

In addition, the existing STP shall basically apply the current treatment method due to its
structural constraints and the abundant experience of its staff for operation and maintenance.

3) General approach to select the treatment method

There are some popular sewage treatment methods which are used in the developing countries
particularly in hot climates, such as:
1. Primary Treatment
- Sedimentation.
2. Secondary Treatment
- Oxidation Ditch,
- Aerated Lagoon, and
- Stabilization Pond.

Table 4.15 exhibits the general comparison of the above meationed treatment methods.

Judging from the above lable, the stabilization pond method should be applied for the
secondary treatment if there is no fand restriction.
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Table 4.15  Fealure of Secondary Treatment Method

. - Sludge. - Land " -
Treatment Mcthod O&M Removal ~ Cost Requicement
Primacy Circular Type casy every day low exira small
Treatment | Sedintentation Rcc’?; r;i“‘“ casy c(—ery week extra low extra small
Secandary Oxidatien Ditch faic every day high small
Treatment Acrated Lagoon fair CVery year' fair medium
Stabilization Pond casy every 2 year low large
Note:  The circular type sedimentation tank has a studge collector and a sludge pump
The nctangular l)pe scdimentation basin has only a sludge pump.
4.6.4 Secondary Treatment Syslem
Effluent standards of sewage trealment plam exist in some developed counitries. ‘Table 4.16

shows major parameters of the standards in Japan, the United States and European Union.
Since the standard does not ¢xist in PNG, similar values are applied for the planned effluent
value of the sewage treatment plant in this study.

Table 4.16 EfMluent Standard of Treatment Plant
{Unit: COllform MPN!IOOmI)

Paramciers Japan USA Y EU Target
BOD {mg/L} 20 45 25 : : 30
SS (mg/L) 70 45 359 40
Coliformido " 30,0003 F-200" - -
Notc: 1) Coliform F means Fecat Coliform.
2) Trickling filters and stabitization ponds : 30-day average
k)] The state may adjust the S8 Hmits for ponds subject (o EPA approval.
4) Not defined in federal secondary treatment equivalency regulations but permits typically
include cited levels, often only on seasonal basis.

5) The concenlteation of total suspended solids from lagooning shall not exceed 150 mg/L.

Constdering the fact that the existing three (3) treatment plants have been in operation under
the stabilization pond method more than 25 years with good performance, the stabilization
pond method can be recommended where the secondary treatment method is applied.  From
the comparison of other methods widely used in the hot climate countries, the same can be
said. The stabilization pond method offers many advantages. In particular, this is an ideal
sewage treatment method for Port Moresby, since the advantage shall be emphasized
rentarkably in hot climate condition.  On the other hand, the necessity of a large area is the
sole disadvantage of this method. In this respect, there is no fundamental problem, since

cach existing STP is surrounded by government land which would be adequate for the STP
expanston area.

Figure 4.1 shows the flow diagram of the stabilization pond method proposed in this Study.

The scttled sludge of each pond shall be removed at least every 2 year and will be substituted
for fertilizer through drying process.
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—| [ Seron | |- [Aniobic Pond) |- il Pond] Pischarg

[: Sludge Diying Bed | ————a[ To Farm Land

Fig. 4.1 Sewage and Sludge Treatment Flow Diagram for Inland Area

Table 4.17 shows the design crileria of the stabilization pond method.

Table 4.17 Design Criteria for Stabilisation Pond Method

Design Criteria Anagrobic Pond Facultative Pond Total
Water Depth (m) - 201025 15020 -
Retention Time {day 2.0 4.0 80
Pollutant Removal |BOD 60 70 88
(%) S8 S50 80 90

4.6.5 Primary Treatment System
1) Process

The basic concepts for primary treatment system are as follows:

- To avoid the mechanical equipment to a certain extent to reduce the construction,
operation and maintenance cost as well as manpower for maintenance.

- To reuse the dried sludge not only in view of resource recycling but to enable
sustainable sludge disposal.

- To ensure the facility size/process fits the land which is possible to acquire.

Figure 4.2 and 4.3 show the flow diagrams for typical STP conditions. In these figures, cach
sedimentation basin has a thickening function.

—>1 [ Screen ] [ Pump |- { Sedimentation Basia | [Disinfection Pt} [())iiist?;l:e
. Jf P — |
[ Digestion Tank__ | - >l o Kifa Kila STP

—_— by VYacuum Track

Fig. 4.2 Proposed Paga Point STP (Sedimentation and Desludging)

) Eﬁ&:—ﬁ_l —= [—mpji >1 | Sedimentation Basin | |-

) | [Disinfection Pil Offshore
; E“b“‘—t—*——} | Discharge
¥ o
{ Sludge Drying Bed | ﬁi_,l To Fann Land J
by Track e

Fig. 4.3 Preposed Kila Kila STP (Sedimentation and Sludge Drying)
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The sludge generation ratio of the sedimentation method is large compared to the stabilization
method.  Therefore, the cstablishment of adequate sludge treatment and disposal is an
cssential item to be studied in order to cnable the sustainable maintenance of the systen.
There are various sludge trealment processes as well as different combinations for dealing
with the studge generated from sedimentation method.  They are shown in the Figure 4.4.
‘The shaded boxes indicate the sludge treatment process used in this Study.

“Settled -
Sludge

No Treatment

[ Thickening ]

No Tecatment

Ocean iand [Nl
Discharge

The shaded boxes indicate the sludge treatinent process used in this Study.

Fig. 4.4 Sludge Treatment Processes

(1) Thickening process

Due to its remarkable cconomical advantage, the thickening process is included in the Study.
Through the thickening process, the moisture content of the sludge will be reduced from 98%
to 96%; also, the volume of the sludge will be reduced by 50%. Therefore, the thickening

process contributes o drastically minimizes the subsequent process volume requirements and
sladge transportation frequency.

(2) Digestion process
‘The purpose of the digestion process is stabitization and reduction of the volume of the sludge
itsclt through the gasification of organic matter.
Advantages for sludge characteristic stabilization
- To mitigate offensive odor
- To contro! vermin generation such as fly and so on
- To case handling for fertilizer
Advantages for sludge volume reduction
- To mimimize the studge drying bed size
- To reduce the sludge disposal frequency

Hence, there is a high possibility that the process will enable cconomical and easy operation
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and maintenance as well as providing thickening.

The capacily of the sedimentation basin and the disinfection tank are established based on
daily maximum sewage flow per hour which is catculated as 1.3 times as much as daily
average sewage flow. 'The capacitics of other facilities such as storage lank, digestion tank
and sludge drying bed are cstablished based on daily average sewage flow, without the

peaking factor times the contributing population and the corresponding retention time.

2) Water Quality and Pollutant Removal Efficicncy

Sewage Quality Influcnt Quatity | Pollutant Removal | Effluent Quality
Efliciency

BOD  {mg/L}) 170 40 % 102

S8 {(mg/L) 200 40 % 120

3 Design Criteria for the Sludge Treatiment Facility

(1) Sludge surface load and/or retention time

Facility Thickener Digestion Tank Studge Drying Bed
1oad/Time 60 - 90 kg/day/m’ 30 days 20 days
(2) Sludge moistute content
Sludge Setled Thickened Digested Dried
Moisture Conlent 98 % 06 % 96 % 60 %
(3) Sludge generation ratio
Studge Seitled Thickened Digested Pried
Weight  (Vday) 0.80 0.80 0.56 0.56
Volume (m%/day) 100 20.0 14.0 1.4

10,000 m*/day and 200 mg/L (SS) respectively.

4-17

The sludge generation ratio is given bascd on flow and influent guality of the sewage as




g
e

_ 9661 13qUIA0N ‘DUISI [exdey) [RUOLEN 91 107 APris S39iAIa8 2 WHTEO[AAD UEQIN  32INCT

SR
U [T fEUOTEN UL ISR DN
GLOZ SO JoYD WRURICIIMED S 30 BAIRDOY - A [T
- keleA R - AL D

LEL AT T By T T BRSO - B 1

e._ﬁsﬂas.aﬁ
Anenpi 1y pu 000 ‘Tesnodaess - W [

SPTP IPEY T0OE PUed SeoRte vado dugng -1
- OAIDE IBOWWID - 5T T
SH1é0 P1A) ‘TEYIRW "SI0 POD] "LRNRD SdTONS - BD B
A EDUIWWIOD - WD .|
. RN - 5 T
SMHrouBe W swwED - v
AMpUNOE IUISQ tNIIED FUOGNN DO000e
FNH MO R
WIOMIRY D02 2T

WOMIBY PRD AOMW - -
SRy DIBOtOIg = = - - v

FUINSTN ‘SRR 'HOONDS - B (o |
sRPwe g - Dd I |

Ansnpu Ay put Bumasaiwow - Wi I
fegEnou; s W 1)

4.5

Title

National Capita! District Land Use Plan, 2015

May 1998

* THE STUDY ON SEWFRAGE SYSTEM OF PORT MORESBY IN PAPUA NEW GUINEA

TOK YO ENGINEFRING CONSULFANTS i association with NIPPON JOGESUIDO SEKKEI

4- 18



CHAPTER §
THE RECEIVING ENVIRONMENT AND
SEWERAGE DISPOSAL OPTIONS






CHAPTERS THE RECEIVING ENVIRONMENT AND SEWERAGE DISPOSAL
OPTIONS

5.1  The Need For Municipal Wastewater Treatment In Port Moresby
5.1.1 Environmeatal Objectives

Urban areas are characterized by their concentration of commercial and industrial activities,
human population, and similarly for the discharge of wastes into the environment. The
transformation of the natural environment to provide housing and commeicial/industrial
buildings, transport, along with the volume and type of wastes gencrated on a daily basis,
normally exceeds the ability of the eavironment to assimilate them. The collection,
treatment methods and disposal, therefore, are necessary which will prevent adverse impacts

to the health and well-being of the residents, and to the ecological systems which sustain
them.

The objective of sewage disposal is the retumn of wastewater 10 a receiving body with an
acceptable quality. In PNG, there are a number of legistation that ensure the attainment of
this objeclive as presented in Section 5.6. Noteworthy, is the Water Resources Act (1982)
and Environmental Planning Act (1978). The former Act requires permits to be issued for
any works disposing efflucnt to natural waters. In the case of a submarine outfall, an
Environmental Plan is required.

The ultimate goal in providing a sewerage system is to keep the water resources suitable for
their designated uses. The term “environmental value” or “beneficial use” is used to
describe the designated use such as drinking, bathing, protection of aquatic life, and others.
PNG is still in the process of finalizing water quality standards, the “Recommended Water
Quatlity Standards for Papua New Guinea” based cn this "environmental value concept”.
This requires the designation or classification of marine and freshwater bodies as to their
protected environmental vatues (PEVS) to attain walcr quality objectives of these resources.
‘The standards are: 1) for raw water used for drinking, ii) for protection of aquatic ecosystem
(fresh water), iii) for protection of aquatic ecosystem (marine waters), and iv) for recreation
and aesthetic values. These standards are also expected to protect other environmental
values such as cultural, industrial and agricultural applications.

The effluent level, therefose, shall not be decided by effluent standard of scwage, even il it is
available, but be decided by the required level or water quality objective of a teceiving water
body. However, due to its draft stage, all the water bodies in the countey have not been
classified as to their PEV or beaeficial use. In the absence of this classification, the Study
Team altempts to tentalively classify the water bodics as to its PEV based on existing uses
and conditions to determine the quality of effluent of the proposed disposal system. If, in the
near future, the tentative classification does not coincide with the official designation by the
Department of Environment and Conservation, the proposed disposal method has to be
reviewed accordingly.

5.1.2 The Receiving Walers

~In the Study Area, the Waigani Swamp and the sea will continue to be receiving bodies. In



addition, the Laloki river could beecome a receiving body for sewage from Bomana (8-mile
and 9-mile) development. '

Proper wastewater treatment entails reducing the volume and concentration of pollutants to
levels that will not cause degradation to the receiving environment,  This requires
improvement in existing scwerage and sanitation facilitics in the City.  Port Moresby, as in
most cities of the world situated along the coastal area, has seas as one of its final discharge
point of waslewater. The Australian Water and Waslewater Association {AWWA) in its
position paper on ocean disposal of wastewaler states that The marine disposal of wastewater
is a valid option provided fundamental goals are achieved, such as eliminating pollutants

harmful to' biota, maintaining or improving beneficial uses for the receiving water and
conserving walter resources.”

Given this option, there is a “need for baseline monitoring of disposal sites and ongoing
monitoring after installation, to easure that environmental quality is maintained.” While this
study on sewerage system of Port Moresby fully recognizes the need to maintain a sustainable

environment, the cost entailed to put up the best possible solution of waste disposal must also
be understood,

5.2  Applicable Sewage Treatment Processes

5.2.1 Major Categories

Treatment processes or methods should be selected based on the requirement of receiving
water bodies.  The following are the major categorized processes for sewage treatment.

1) Screening/Grit Removal

Screens are made of steel bars setting certain distances to remove floatable objects in sewage.
Grit removal is done by settling grit, silt etc.  in channels with moderate stream.

2) Primary Treatment
Primary treatment is a physical process that involves gravity separation of settleable and
floatable solids from the influent sewage stream. Removal of seitleable solids takes out

soime associated poltutants, including organic matter, nutrients, heavy metals, toxic organics
and pathogens.

3) Secondary Treatment -

Secondary treatment or biological treatment systems use a diverse culture of microorganisms
o break down organic matier in the wastewater, oxidizing a portion and converting the
remainder into biological solids. Organic contaminants are removed by bio-degradation and
volatilization. Non-degradable suspended contaminants are removed by physical entrapment - -
and subsequent removal with the generated biomass. Some nutrient removal occurs through
incorporation into generated biomass. Biological treatment systems converl some influent
organic nitrogen and urea to ammonta, thereby increasing the ammenia concentration making
it more biologically available upon effluent discharge.

4) Nutrient Removal
Wastewater treatment systems can be configured to remove the nutrients nitrogen and/or



phosphorus.  Nitrogen removal is accomplished by an extension of the conventional
biological system to incorporate the biochemical processes of nitrification and denitrification.
Nitrification is the oxidation of ammonia and organic nitrogen to nitrate nitrogen, and the

nitrate nitrogen is reduced to nitrogen gas and then refeased into the atmosphere by the
denitrification,

Phosphorus removal can be accomplished by chemical or biological means. High-dose
metal salts addition results in phosphorus removal. Alternatively, biological phosphorus
removal can be accomplished through the sclection of high phosphorus content

microorganism, resulting in a greater mass of phosphorus in the cxcess biological solid
removed.

5.2.2 Pollutanis Removal Rate

The above mentioned treatment processes, in general, can be expected to remove pollutants
with the percentages described in Table 5.1.

Table 5.1 Pollutants Removal Rate of Sewage Treatment

Pollutants Primary Treaiment Sccondary Treatment Nutrient Removal
BOD (%) 30-50 90 - 95 90 -93
COD (%) 30-50 70-85 85-95
T-58 (%) 40 - 60 90-95 90-95
T-N (%) 10 - 30 20 - 40 6070
T-P (%) 20-40 30-50 70 - 80

5.3  Waigani Swamp as a Receiving Waterbody
5.3.1 Setting and Recommended Protected Environmental Value

Waigani swamp is the final receiving water for the wastewater generated from the three (3)
sewage treatment lagoon facilities of the Port Moresby Sewerage System, namely: the
Waigani,' the Gerehu I (Morata), and the Gerehu II. Fig.5.1 shows the location of the
Waigani swamp and the existing sewage treatment facilities. The swamp is now serving as a
tertiary treatment system before the water flows into the Laloki River. This is gleaned from
the water quality examination by the Study Team where COD concentration of the influent
was a high 109 mg/L, while that of the swamp water was 65.8 mg/L and finally, the effluent
at Zooland creek inlet was 72.0 mg/L.. Thus, COD concentration of the swamp effluent is
reduced owing to the natural purification process of the swamp and this concentration is
equivalent to the derived values applying linear equation related to the reteation time of the
swamp (refer to- Appendix H for the calculations). Other uscs of the swamp are for
sustenance fishing and as habitat for native fauna.  Dense reedbeds dominate the vegelation.
The macrophytes (waterlilies) are confined to the peripheral area of the lake.

From the calculation of the Siudy Team, the total catchment arca of the swamp is estimated to
be 88.3 km? with 2 maximum depth of 1.521 m.  Survey resulis indicated a mean depth of
0.7m. The swamp volume is calculated at 1.82 million cubic meters.



5.3.2  Eavironmental Investigation

To know the existing water quality condilion of the wastewaler receiving body, a survcy was
conducted in July and December 1997 at the influent stream of Waigani swamp, at the swamp
itsclf, and at the effluent strcam of the swamp.  Analysis was undertaken on the physico-
chemicat and microbiotogical characteristics such as, temperature, pH, suspended solids (SS),
DO, total COD (T-COD), soluble COD (S-COD), BOD, total nitrogen (T-N), total
phosporous (T-P) and faecal coliforms. The cross-sectional profile-and the water stage of
the stream were also measured at the flow measurement (sec to Table 5.2). A current meter

was used to measure flow velocity. Fig.5.2 indicates the water sampling and flow
measurement stalions in Waigani swamp and Laloki river.

Table 5.2 Water Quality Examination Result

_ {mg/L)

Meonth Location pH SS BOD COoD | 8-COD DO TN .| TP

July ‘97 | Waigani Swamp 7.8 81 12 124 - 14.0 6.4 0.i18

Dee, Yackson Creek 12 134 9 91 58 1.3 23 0.54
‘a7

Waigani Swamp | 82 58 9 30 66 |1 61 | 46 1.87

Zooland Creek 7.0 3 w 53 72 - 20| 58 395

Laloki River 7.4 28 5 54 61 3.9 3.5 0.25

From the result of the water quality survey conducted by the Study Team in July and
December 1997, the swamp exhibits the phenomenon of eutrophication as indicated by the
high concentration of pulrients, sich as T-N and T-P. In addition, BOD of the swamp also
indicates that there is massive growlh of phytoplanktons. But, 0 far, from interviews of
local fishcrmen, there is no reported massive fish kills in the swamp due to the problem of
deoxygenation of the water column. Appendix B provides a detailed presentation of the
results of the survey including the wastewater quantity and load.

An analysis of the existing and predicted pollutant load balance of Walgam swamp and Lalokl
river using a water quality simulation model was undertaken by the Study Team taking into
account two (2) scenarios: with scwage treatment plant during dry and wet seasons, and
without sewage treatment (dry and wet).  The results are shown in Figs.5.3 and 5.4.

Appendix H provides a detailed assessment of water quality including pollution load run-offs
model to predict the water quality of the receiving waterbody.

The results presented in the preceding figures indicate the followings:
- Waigani swamp effluent has not affected water quality of the Lalokl River (behmd
junction) at present.
- Adequate expansion/improvement of the STPs will contribute to :mprovement of the
water quality of the Laloki River (behind junction) in the future.
- Incasc of no sewage treatment, Waigani swamp effluent worsen the water quahty of the
Laloki River (bebind junction) both at present and in the future

As with the rest of the waterbodies of the counlry Waigani swamp has not been ofﬁma}ly

classified as to its PEV. The surrounding area of the Waigani swamp however, has been
designated as preserved land based on the recommended urban development plan (2015) of
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the Urban Development and Services Study.  The Study Team proposes that Waigani swamp
continues its normal function as a tertiary treatment and shalt be preserved as a recreational
arca (except for direct contact activitics).  Although not yet formally adopted, the
recommended standards for these uscs can be tentatively applied to the receiving waters (refer
to Table 5.3 for the standards).

5.3.3 Disposal Oﬁtions vs, Environmental Objectives

The Waigani swamp is currently used only for local fishing without any adverse effect. The
existing three lagoons are discharging their effluent, after treatment, 1o this swamp. These
existing secondary treatment as stabilization pond method ate to be continued

If eutrophication problem is tackled in the future, an advanced treatment is required to reduce
nutrients content. Because removal ratio of nutrients, particularly nitrogen and phosphorus
is low in this treatment method. Naturally, it will incur a construction cost as well as O/M
cost. As earlier stated. Waigani swamp is proposed to continue its actual function as a
tertiary treatment because it is difficult to justify construction of high-cost advance {reatment
in the foresceable future.

A water quality sampling for the Waigani swamp confirms no adverse effect to few
downstream users even for drinking purpose, although this practice has to be avoided or
strictly regulated and fish production has not declined. Rather, it contributes in the
prevention of contamination of Laloki river, the main water source of this area, because the
swamp works as a tertiary treatment of natural wetland by removing S5, BOD and nutrients.

However, to safeguard the health and well- being of the downstream users, it is proposed that
toxic substances, if any, from effluent of factories shall be pre-treated before discharging to
the sewer pipes and shall be diligently monitored.



Table 5.3 Recommended Water Quality Standards for Papua New Guinea’

Recommended Standards -
Parameter Protection of Fresh Protection of Marine Recrealional &
Water Aquatic Life Aquatic Life AestheticsUses in Marine
_ . and Fresh Waters
Microbiology o
Faecal coliform 200/100mL (geometric mean)
E. coli 150/100mL {median)

Nuisance organisms
Sewage fungus
Blue green algae

Lceches and worms
Aquatic plants

Physico-chemical

Should not be present .
Direct contact activities be
discouraged if algae levels of

115,000-20,000 cells/mL

Should not be present in
excessive amount
Should not be present in
excessive amount

Dissolved oxygen (mg/l) | 6.0 mg/L. >6.0" (>80-90 saturation)
pl (units) 6590 <0.2 unit change from 5.0-990
normal pH
Sakintty (psu) <§% change fiom seasonal
mean background level
Turbidity {NTU}) <}10%change <25 NTU <5.0 increase over natural levet
Temperature (°C) <2°C increase from 15-35
background temperature
Total Suspended Sofids | <10%increase from 25.0
(mg/L) backgreund levels ST
Clarity Secchi disc visible at 1.2m
Colour <10%change in natural Natural color should not be
color changed by more than 20%
Oil/Grease None noficeable as visible film
& deposits or detected by odor
Taste Unobjectionable
Odour Unobjectionable
Toxicants mg/l
Ammonia 0.02-003
Arsenic 0.05 0.05
Cadmium (ug/l.) V66 in <50 mg/l hardness | 0.002
Chiorine 0.001
Chromium {VI} 0.01 0.05
Copper {(ug/lL) <6 5 in <50mg/1. hardness | 0.605
Cyanide (Free) 0.005 0.005
Cyanide (WAD) 0.01 0.01
lLead (ug/L) <1.3 in<SOmg/l. hardness | 0.004
Manganese 0.5 20
Mercury 0.0001 0.0001
Potassium 5.0
Sulfide 0.002 0.002 in Hydrogen
sulphide form
Zine (ug/L) <180.0 50.0

Sonrce:  Recommended Water Quolity Standardy for Papua New Guinca, Discussion Paper-Revised Draft, Depariment of
Environment and Conservation, PNG.

Noles:
1

* Recommended water quality standards is still in a drafi form.
Measured over at feast one, but preforable sevoral, diumal ¢ycles.

All concentrations are for totals unless otherwise stated
Shaded portions represent either na indicated value or not applicable.
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5.3.4 Assessment of Environmental Impacts
1) Potential Positive Impacts

(1) Improved Quality of Effluent Discharged

The additional release of treated effluent to Waigani swamp will affect the quality of water,
which in tuen will affect the viability of aquatic life. However, cerlain species, such as
tilapia and carp, which arc equipped to thrive in this kind of environment, will continue to

flourish and will stil! be the main source of protein in the diet of the families of fishermen in
the area.

From interviews, the cutyophication of the swamp has not diminished fish productivity.

(2) Effects on Downstream Water Use of Laloki river

Laloki river upslream is already heavily polluted with BOD of 11 mg/L. concentration. This
indicates thal Waigani swamp cffluent is of better water quality than that of Laloki river.
The swamp drains into the river where dilution and assimilation take place resulting in an
improved water quality of the river downsiream. This can be seen from the fact that
downstceam, some families still get drinking water from the river.  Special atteation should
be made, however, to the villages downstream who still use the river for drinking purposes.
It should be noted that there are other sources that contribute to the pollution load of Laloki
river other than the treatment lagoons.

Likewise, the assessment resvll of the pollution load modeling prepared by the Study Team
indicates that the Waigani swamp effluent has not affected the water quality of the Laloki
river {behind junction) at present. Improvement of the STPs will add to the improvement of
the water quality of the river (behind junction) in the future.

Port Moresby water supply intake in Bomana is located upstream of the planned STP and
therefore will not affect the water soucce of the city.

(3) Effects on Beneficial Use for Recreation

Expansion of the treatment lagoons provides habitat to waterfowls and birds that lead to an
increase in their population. The swamp and the treatment lagoons are favorable habitats for
a number of waders and birds because they feed on insects -and worms in the lagoons and
fishes on the swamp.  The area surrounding the swamp has been designated as a preserved
recreation area where bird watching would again be popularized. Waigani swamp and
environs were once the most popular bicd watching site in the city.

(4) Improved Aesthetics

Aesthetic gains from the provision of wastewater treatment and disposal facilities are:
prevention of foul odor emanating from improper sewage disposal, maintenance of clean and
healthy surroundings, and avoidance of open canals which become breeding ground for
discase carrying insects. Without these facililies, the surrounding communities would
possibly be used the wetland as discharged point of untreated sewage.



) Potential Negative Impacts

(1) Effluent Discharged to the Waigani Swamp - _

The additional discharge may cause severe cutrophication of the lake or swamp because the
lake is not stratified.  Since it is shallow, bottom temperature is almost the same as that of
the surface.  In this condition, there is no chance of nutrients being trapped at the bottom of

the lake, thus, making the nutrients easily available for algal growth at the surface area of the
lake/swamp.

(2) Hygiene Issue Due to Presence of Faccal Coliforms in the Effluent
Information on the retention period or time nceded for bacterial die-offs in the existing
facilities and/or self-cleansing mechanism of the swamp are an cssential for this issue.

54  Laloki River as a Receiving Waterbody
5.4.1 Seiting and Recommended Protected Environmeﬁtal Value

Laloki river which bisects the northern portion of Port Moresby, has multiple uses: upstream,
it is used for water supply and power; and downstream, for drinking, washing, bathing and in
some portion as discharge point of wastes, both in solid and liquid-state. Further
downstream, it is used for fishing activilies. The ecology of the river, especially the portion
that passes through the city, has already been severely disturbed by urban run-off and
discharge from both point and non-point pollution sources. At the portion before it reaches
the Waigani wetland, high level of turbidity/sedimentation was observed due to soil erosion in

nearby quarry sites and hills.  Fig.5.5 shows the location of the Laloki river and the planned
sewage treatment plant. .

There is no specific water use downstream of the discharge point so that the bencficiary use is
proposcd for protection of aquatic ecosystem (fresh water).

54.2 Environmental Investigation
) Waler Quality Survey

As a potential wastewater receiving body, a survey was ondertaken in Laloki river, with the
sampling point at Laloki bridge (refer to Fig.5.2 for the location of the sampling station).
Analysis on the physico-chemical and microbiological characteristics such as, temperature,
pH, SS, PO, T-COD, BOD, T-N, T-P, and faecal coliforms was conducted.  Flow
measurements were also conducted along with the water sampling.  The cross sectional
profilc was measured along the flow measurement tine. The water stage was read at the flow -

measurement.  Appendix B provides a detailed presentation of the results of the survey
including the wastewater quantity and load, '

5.4.3 Disposal Options vs. Environmental Objectives
Effluent is proposed to be discharged to the Laloki river between the Bomana pumping station

and the bridge on the Hiritano highway from the planned treatment plant.  As stated, Laloki
river is proposed for protection of fresh water aquatic ecosysten.



The drought flow in the Laloki river is around 9 m’/s and BOD concentration is around 10
mg/L according to the JICA Water Supply Master Plan (1994), while the discharge flow from
the plant wil} be about 0.5 m¥s in the year 2015, Therefore, the BOD load of 170 mg/L. in
the influent will become 17 mg/L with 18 times dilution effect in the river.  This level is not
adequate for the tentative designated PEV so that sccondary treatment process is proposed.

5.4.4 Assessment of Environmental Impacts
1) Potential Positive Impacts

(1) Improved Quality of Water Discharged

With wastewater treatment and disposal facilitics, polluted water will no longer contaminate
the Laloki river. The natural habitat conditions of the river can be maintained or at least
prolonged. Under this condition, the river will continue to support fish and other living
organisms and existing water-related production opportunities. If the present pollution goes
on unchecked, the capability of the river o support livelihood opportunities goes down.

Nutricnt contents of the effluent will have no significant impact on the aquatic life.
Accumuiation of these nutricnts in the discharged point is not expected because the river has a
good flushing capability.

(2) Improved Habitat Condition of Aquatic Life Downstream ,
Downsiream, a number of people is still involved in sustenance fishing in the river. Since,
they have limited facilities and equipment, they cannot go far out into the sea to avoid
polluted grounds.

(3) Improved Aesthetics
The planned facilities is expected to eliminate bad odor emanating from discharge of raw
sewage in the river. It will create a sanitary environinent.

2) Potential Negative Impacts

(1) Increased Concentration of Pollutants Downstream

As the pollutants are carried downstream, the anticipated negative impacls include increased
concentrations of nuirients leading to blooms of phytoplankton or macrophyies; destruction of
fish and aquatic life, and climination of recreational activities and elimination of the fishing
aclivities. It should be noted, that fish population is also dependent on the type of fishing
method used or practiced.

(2) Introduction of Toxic/Hazardous Chemicals

Toxic and hazardous materials from trade wastes may eater into the riverine ecosystem which
will result in bioaccumulation in aquatic organisms. This will have considerable negative
impact on human consumers. This type of waste should not find its way into the sewerage
system. The quality of trade waste (hat enters into the system must be regulated. At
present, industries are allowed to operate without any waste treatment facilitics.



5.5  The Coastal Water as a Receiving Waterboby
5.5.1 Setting and Recommended Environmental Values

Majority of the wastewater generated in the coastal area of Port Moresby is conveyed through
a sewer network system or treated at the point of their production. The latter typically
consists of septic tanks or pit latrines for residential buildings. The treatment  process
usually provides only a partial decomposition of organic wastes and consumption of
pathogenic organisms and in many instances, there may be a total absence of treatment as in
the casc of pit latrines. In some villages and near-shore seitlements (houses on stilts),
however, human excreta is disposed either by pan system where overflows often occur or
direct discharged into the sea (“drop method™). The tesulting impact is induced stress on the
marine eavironment in the form of contaminated marine waters.

The coastal waters of Port Moresby includes the Harbour, Walter Bay, Koki Bay, Joyce Bay,
and other smaller bays, and further, the Papuan Lagoon surrounded by Daugo island, Sinavi
reef, and Natearu reef, and then the sea reaches the ocean (Coral sea), The waters already
show signs of stress due to its multiple use as a recreational area, fishing ground, sea lane, and
especially as a depository of domestic and industrial wastewater and occasionally solid
wastes. Domestic pollution in the form of solid refuse such as plastic bags and sewage
outfalls are common sights. A preliminary water quality prediction in the coral lagoon was
implemented and the detail is shown in Appendix H.

Meanwhile, the coral reefs dotting the coastal seascape of Port Moresby are major features
that offer economic returns, such as fisheries and tourism, as well as natural proteCtion of the
mainland from destructive waves. The Papuan Barrier Reef, classified as a marine
biodiversity conservation priority arca, is threatened with overfishing, sedimentation,
pollution and other related developments of Port Moresby. In the inner lagoon, coral reefs
have been degraded from siltation of the near-shore waters due largely to man induced
crosion of upland areas.  With all these identified threats, there is a need to draw up a coastal
resource management program to ensure protection and conservation of these resources.  As
a starting point, an inventory and assessment of the biological tesources including reefs and
seagrass bed have been undertaken. A coral reef assessment in areas to be impacted by the
marine sewage outfall is undertaken. A detailed description of the characteristics of this
habitat is presented in Appendix G; Coral Reef Assessment.

The Study Team assumes that the PEVs of the Papuan Lagoon, which is the receiving water
for the {reated effluent, will be for the pratection of agualic ecosystem in marine waters and
for recreation and acsthelic uses in areas near beaches.

5.5.2 Environmental Investigation

1) Water Quality Survey

The existing water quality condition of the receiving body which encompasses the bays of

Walter, Koki, and Joyce. The result of water quality survey in Papuan Lagoon and coral sea
(ontside of the tagoon) are shown in Table 5.4.
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Table 5.4 Water Quality in the Sea in 1997
(unis : mg/L)

Location COD-Man T-N T-P
Paga discharge (G1) 1.3 0.13 6.069
Kila Kila discharge (02) 1.4 0.25 £.009
Coral Sca (001) 1.3 0.09 0.008

Water quality near shore and offshore was determined.  Analysis was undertaken on the
physico-chemical and microbiological characteristics such as, temperature, pH, EC,
suspended solids, DO, T-COD, tolal nitrogen, total phosporous, chloride, and faecal coliform.
Fig.5.6 indicates the sampling stations in the coastal waters and Appendix B provides a
detailed presentation of the results of the sucvey

2) Preliminary Water Quality Prediction

Water quality on the receiving body is predicted due to sewage diséhargc upon the completion
of Port Moresby sewerage system development in 2015, Vertical and horizontal diffusion
prediction mode! is used for examination of dilution of sewage; complete mixing box modet

is applied for prediction of change of water quality in tong term.

Appendix H provides the detailed assessment of water qual'ily of the receiving body including
a simulation model to predict the water quality with the introduction of wastewater.

(1) Diffusion Prediction

In this prediction, diffusion during floatation from the bottom to surface is examined.
The results of the prediction are summarized in Table 5.5.

Table 5.5 Water Quality in the Coastal Water in 2015 (After Verticat Diffusion)

Item Paga Kila Kila
Floating point (down stream)m 25 30
Dilution ratio 299 290
CODMDn _mg/L 1.6 1.6
T-N mg/l. 0.32 0.32
T-P myg/L 0.021 0.022
Coliform 100mL 8.0x10° §.3x10*

At floating point of Paga, T-N and coliforms exceed the recommended standard. T-N,
however, exceeds only 0.02 mg/L and it can be casily diluted by current and turbulent at
surface. At Kila Kila, there is similar dilution characteristic to Paga’s.  Since flow of each
nozzle is about double, but the depth of the diffuser pipe is 10 m deeper, almost same dilution
ralio is obtained in Kita Kila,

Since vertical diffusion or initial dilution could not make coliforms (approx. 8.0X10°
MPN/100mL) within allowable water standard, further diffusion by horizontal diffusion

" (Subsequent Dilution) is examined on coliforms.

Trends of coliforms and dilution ratio in Paga and Kila Kila are calculated in Table 5.6 and
5.7
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Tabic 5.6 Dilution Ratio and Coliforms Dw-oﬂ‘ by horizonfal Dll‘fusion (['aga) in 20!5
Distance (m) 500 1,000 1,500 2,000 2,500 | 3,000 73,500 | 4,000
Dilution Ratio 0.048 0.034 0.028 | 0.024 0.022 0.020 | 0,018 0.017
Days 0,058 0116 0.174 0231 | 0.289 0.347 0.405 0463
Dic-off ratio 0670 | 0450 | 031 0.202 0.136 0.09] 0.061 0.041
Coliform {(/100mi.) 26,107 | 12409 | 6,199 4,950 2,369 1,450 900 - 565

Table 5.7 Dilution Ratio and Coliforms Dic-off by honzontal Diffusion Ktla Klla) in 2015

Distance {m) 500 1,000 | 1500 2,000 | 2,500 | 3,000 | 3,500°] 4,000
Dilution Ratio 6.070 0.050 0041 0035 | 0032 | 0029 | 0027 ] 0025
Days 0.058 0.116 0174 0.231 0.289 0.347. | 0405 0.462
Dic-off ratio 0.670 0.450 0301 - | 0.202 0.136 0.001 0.061 0.041
Coliform (/100ml.) 38,936 | 18,505 | 10,138 | S5.889 3,541 2,162 1,342 842

Coliforms will be within the standard (1000 MPN/100 mL) after flowiﬁg of approx.
down stream from Paga outéall and approx. 4.0 km of Kila Kila outfall.

35km

(2) Complete Mixing Box Model Prediction in Papuan Lagoon

Table 5.8 shows T-N and T-P values in the year of 2015. In the year of 2015, T-N will be
0.18 to 0.22 mg/L and T-P will be 6.016 to 0.021 mg/L, and the values are less than the
standard.  Additionally the coastal water standard in Japan is listed in Table 5.9 as reference.

‘Table 5.8 Water Quality in the Coastal Water in 2015

Standard Box | Box 2 Box 3
T-N {mg/L.) 0.3 0.22 0.22 0.18
T-P (mg/.) 003 0.020 0.021 0.016
Notc: Box t - Port Moreshy Harbor

Box 2 - Northwestern half of Papuan Lagoon
Box 3 - Southeastern half of Papuan Lagoon

Table 5.9 Coastal water - Category A (Ffshery class 1 and bathing) Standard in Japan

ftem Standard
COD-Mn <2.0mg/l
Coliform < 1000 MPN/100 mLL
T-N < 0.3 mg/l.
T-P < 0.03 mp/L
3 Coral Reef Assessment

As a component of this Study, a coral recf asscssment was carried out by the Motupore Istand
Rescarch Department, University of Papua New Guinea to provide information on the
distribution, occurrence and general status of the coral reefl ecosytem {fronting the coastal
arcas of Paga Point, Koki, Badili, Joyce Bay and Pari. The areas are shown in Fig.5.7 and
the surveyed details are contained in Appendix G.  The gathered information from this rapid
appraisal will serve as basis if any change occurs in the local reefs due to the installation of a
sewage outfall. The results can also be used for preparing environmental impact
assessments and for plannmg, designing, and managing future sewerage oulfalls for Port
Moresby harbor as well as in other PNG coastal towns and cities.
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(1) The Current Uses of the Area and The Impacts

During the survey, the team confirnted the sources of anthropogenic stresses on the marine
environment. They are more concentrated nearer to shoreline.

Fishing. The two bays and the reefs are the fishing grounds for the local population.
There is considerable fishing within the bays and the adjacent reefs.  Line fishing, gill nets
and spear fishing are the main fishing methods.

Disposal Practices. Observations indicate that the Bays are already severely polluted due to
inadequate sewage system and improper solid waste disposals. Human feces and garbage
from stilt houscholds, and the existing untreated outfalls of the city are responsible for the
contamination of the beaches and the shore waters. This imposes a risk of ciguatera (fish
food poisoning), considering that the main supply of fish at the fishmarket comes from the
survey site and the environs.

Recreational uses. The city residents heavily use the sandy beach on the windward side of
Manubada as a picnic place. The shore waters are used for yachling and canoe racing.

Transportation. Ocean liners and container ships anchor in the Walter Bay. Anchor-
damage may be minimal but increased shipping activitics bring in other risks such as the
discharge of oil and rubbish.

{2) Potential Impacts of the Ocean Outfall

There will be some disturbance to the coral, fish and benthic communities during
construction, regardless of the route of the pipelines. The extent of the disturbance is
unknown because specific roles of many component species in the marine communily are not
yet well-understood. 1t is however, well-known the coral reefs provide sanctuary of many
fish species of high economic value. Any disturbance will have differential effects on the
component species. In worst ecological scenario, there will be a shift in the biodiversity of
the marine community towards undesirable species composition. The risk of an adverse
impact would however be greatly minimized if the outfall is located well beyond the outer
reef where water circulation is strong.

The results of rapid ecological survey results show that the ecosystems in the Walter and
Joyce Bay areas are heavily polluted because of improper waste disposal practices and
increasing industrial and economic activities. Despite the anthropogenic stresses, the marine
environment still maintains a moderate level of biodiversity.

The release of pathogenic organisms from the sewage discharge has health risks.  Low rates
of difution and flushing by the water circulation regime can deplete oxygen levels to the point
of killing fish. It can raise nutrient levels, causing undesirable plant growth that may foul
the water or smiother reefs.

The net effect on the near-shore communities will be the reduction in the level of
contamination, if and when the entire localized sewage disposal are connected to the proposed
system. - The proposed distance and depth of the outfall from the shore would help reduce
the present level of stress.  Acceptability of the discharge again depends upon the
assimilattve capacity and flushing of the receiving waters.



The present conditions in the lagoon is still keeping high oxygen and low nuirient levels,
which will not cause the problems of killing fishes and raising undesirable plant growth that
may foul the water or smother reefs.  The preliminary water quality prediclion indicates this
level of water quality will continue al least the year 20135. -

5.5.3 Disposat Options vs. Environmental Objectives

There are three locations for sewage disposal in the sea, namely; onshore (bay and harbour),
offshore (Papuan lLagoon), and ocean. Standards for protection of aguatic ecosystem
(marine waters) are adopted for the whole sca, while standards for recreational and aesthetic
values are particularly applied for Papuan Lagoon.

1) Onshore

Port Moresby Harbour extends from southeast at Paga Point to northwest with 3 km width, 7
km length and 24 m depth at deepest, while half of the harbor have less than 10 m in depth.
Walter Bay is located between Paga Point and Vabukori, having 12 m at deepest.  The whole
Joyce Bay is a tidal flat or inner lagoon and the bay is shallow.

Walter Bay, where Koki and Badili are located, and Joyce Bay are the water bodies to which
raw sewage is presently discharged show a high degree of contamination. Water quality in
this Study at Joyce Bay exhibits high concentration of §S, COD, T-N and T-P. - This fact
indicates that there is very poor flushing of raw sewage discharge onshore resulting to easy
contantination of seawaler. Standards for recreational and aesthetic values are applied.

Onshore discharge to a harbour or a bay may cause cutrophicaticn in the future if the water
body is comparatively small and effluent is large. In order to prevent this phenomenun,

nutrients removal process might be required in addition to the proposed stabilization pond
Process.

Chlorination is inexpensive, widely available, and has a long history of proven effectiveness.
The onshore discharge point is close to the coast of the city and pathogens may reach to the
coasl. Therefore, chlorinatton facility is installed but its usage and dosing rate shall be
determined with great care.  This is due (o organic compounds typically present in sewage
can combine with chlorine to form toxic chloro-organic compounds and excess free-chlorine
is toxic to many aquatic specics.

2) Offshore

Papuan Lagoon is divided into (wo parts by Lolorua Island at the center.  The wesltem part is
4 kmy in width, 12 km in length and with depths ranging from 5 to 15 m.  The latter depth
covers most of this part.  The eastern part is almost of similar size, but 20 to 30 m in depth.
The lagoon is surrounded by reefs and islands. There are three narrow passages that connect
to the ocean (Coral sca): at the cast end, the center, and the west end with widths of 0.5 to 1
km. The lagoon can be classified as a closed water body and has a limited capacity of
accepting huge volume of sewage conlinuously.
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The proposed treatment method is sedimentation basin + Disinfection. Even offshore
discharge to the coralline Papuan Lagoon can cause eutrophication in the future if effluent is
increased significantly.  Periodical water analysis of seawater in the lagoon should be carried
out to monitor the signs of eutrophication,

Sedimentation basin needs land and high capital cost, especially land availability in Paga
point is very difficult. However, sedimentation basin can remove settleable solids taking out
some assoctated pollutants, including organic matter, nutrients, heavy metals, toxic organics
and pathogens, it will contribute to prevent water pollution in Papuan Lagoon.

However, offshore discharge point, the centre of Papuan Lagoon is close to coast of the city

and pathogens may reach to the coast. Chlorination facility is installed but its usage and
dosing rate shall be determined with great care.

3) Ocean

The ocean (part of the vast Coral sea) exists outside of Sinavi and Nateara reefs. The depth
sharply increases from sea level to more than 500 m within a 2 km distance. I a sewage is
discharged to the ocean, only a grit chamber is sufficient.

5.5.4 Assessment of Environmental Impacts

Both potential posilive and negative impacts on the receiving water are evaluated.

1) Potential Positive Impacts

The potential positive impacts are: i) improved quality of cffluent discharged, and ii)
improved appearance and aesthetics.

(1) Improved Quality of Effluent Discharged

The water quality survey and the coral reef study indicates that Joyce Bay and Walter Bay are
already severely polluted due to inadequate sewerage system and improper solid waste
disposal. It ean be safely predicted, that the impact of the discharge to the Papuan Lagoon of
treated effluent from the improvement of the sewerage facilities on the aquatic environment

and on the interest of public health would be beneficial, given the already severely affected
nature of the area.

The final efflucnt from the proposed STPs will be chlorinated. The DEC draft guideline for
coliform concentrations in effluent discharge will be strictly followed, Faccal coliform
count for recreational and aethelics uses of marine waters is set ai 200MPN/100mL, while E.
coli count is 150MPN/100OmL: - With disinfection by chlorination, there will be decreased in
pathogens such as faccal coliforms. Chlorination, however, is injurous to some marine
organisms, mostly sessile, if concentration of residual chlorine is high. To mitigate this,
longer outfall and diffuser (3 km discharge farther offshore) is provided for minimizing
chlorination, and for higher dilution and improved dispersal to open ocean where biological
communities is less (subject for confirmation awaiting the results of the coral reef study).

An improvement in the quality of shelifish and fishes coliected for cating in the tidal flats due
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o the improved quality of water in which they live will occur.  The elimination of shost
outfalls and the provision of a longer outfall will resull to a decrcased possibility of
contamination of shellfish and fishes of microbial pathogens and other trace contaminants.
Also, an improvement of turbidity levels especially in nearshore areas where these short
outfalls are located is expected. This will result to an increased in light penetration and
correspondingly to an increased biological growth of marine organisms.

(2) Improved Appearance and Aesthelics .

Effivent discharge should not be visible to people in the shore.  The construction of a long
outfall where there is sufficient dilution mitigates the adverse aesthetics effects of effluent
discharge. With the elimination of short outfalls where during low tide periods these are
exposed, foating solids of wastewater origin in the tidal fats would be removed through
screening and sedimentation tanks.

Coral dic-back may be due to light limitation which is caused by solids discharged in raw
sewage, and the risk of the die-back will be mitigated by these treatment.

Because of its high BOD toading, untreated sewage being discharged into these tidal flats
causes cxcessive plankton growth and then decays resulting to emission of foul odor.
Coupled by the smell of raw sewage from short outfalls, the odor level becomes very
unpleasant. With the construction of STPs and a longer outfall, BOD loading nearshore
would significantly be decreased.

2) Potential Negative Impacts

The potential negative impacts are: i) effluent discharge to Papuan Lagoon, ii) disposal of
waste studge and iii) air pollution (odour), aesthetics, noise and vibration.

(1) Treated Effluent Discharge to Papuan Lagoon

The retease of treated effluent coming from the proposed STP will result in a localised
increase of nutrieats, organic matter, and toxic substances at the sewer outfall during regular
operation of the wastewater treatment facility. Nutrients such as nitrogen and phosporous
are not significantly removed even with secondary lreatment. Excessive inputs of these
nutrients cause euthrophication, loss of seagrass and algal beds, and damage to coral reefs.

High nutrient concentrations promote atgal blooms which result to oxygen depletion, growth

of toxin producing algac (red tide, blue-green tide phenomena), and obnoxious odor during
die-offs.

Complete mixing box model prediction in Papuan Lagoon indicates that expected T-N and
T-P in 2015 are lower than those of the standard, and the risk of eutrophication is minimum.

5.6  Regulatory Environment

A sununary of the relevant acts and regulations pertaining to the protection and conservation
of the water resources and sewerage development is shown below. Specifics of these
legistation are presented in Chapter 10, Initial Environmentat Examination.



Administered by

Legal Framework Department/ Authorily Purpose
- Environmental Department of Environment  Protection and  management  of
Planning Act and Conservation environmental systems; Controt of

environmental critical or sensitive
development  projects  through
approval of environmental plans

- Environmental Department of Environment Control ~ of  discharges  of
Contaminants Act and Conservation environmental contaminants into the
environment through licensing

- Water Resources Act  Bureau of Water Resources, Protection and management of all

Decpartment of Environment water resources through a system of
and Conservation/ Water permits
Resources Board

- Public Health Act Department of Health Consolidates regulations pertaining
to public health including sewerage
regulations

- National Capital Nationa! Capital District Management of Port Moresby's
District Commission Commission resources and services
Act

- National Capitai EDA RANU Planning, design , construction and
District Water Supply management of water and sewerage
and Sewerage Act facilities in NCD

1) Department of Environment and Conservation (DEC)

The DEC ovessees the protection and conservation of the country's natural resources. R
reviews and approves environmental plans of projects that will have significant impact to the
environment. DEC determines if a project requires an Environmental Plan (EP). All
devetopers cannot implement a project if an EIS or Plan is required or until such a Plan is
accepted. At present, however, there is no guideline on what type of development
projects/activities is covered by the Environmental Plan.

Permission has to be obtained from DEC for the construction of STPs, sewage marine outfall,
and reclamation works along the coastal areas of Joyce Bay and Paga Point.  In relation to
this, the Waterboard had prepared an Environmental Plan for the Joyce Bay Sewage Outfall
Study in 1988. However, early discussions with DEC officials indicated the need to conduct
additional baseline studies, specifically, coral reefs assessment in the coastal waters to be
impacted by the development.

Corollary to this activity, a licence to discharge wastewater into the Papuan Lagoon must also



be obtained from DEC. Reference should be made to the Environmental Contaminants Act,
Scction 16,

2) Bureau of Water Resources, DEC and Water Resources Board

The discharge of contaminated water is one of the major concerns of the Water Resources
Board. The approval of the Board is required for all water permits for water investigation

purposes and water usage.  Reference should be made to the Water Resources Act, Sections
15, 19 and 28.

k)] Depariment of Health (DOH)

The DOH is responsible in monitoring, promoting, and maintaining community health. This
includes the provision and monitoring of general health care services, and the monitoring of
water supply, sanmtation and sewerage. Of particular public health concems are the
enforcement of the Sewerage Regulation of the Public Health Act and the maintenance of safe
bathing beaches as well as contamination of edible fisherics. The Chief Health Inspector of
the National Capital District Commission, who is the appointed Local Medical Authority in

NCD, is responsible in overseeing the implementation of the Sewerage Regulation of the
Public Heath Act.

The disposal of wastewater and trade waste into the drain or sewer is covered under this

Regunlation. Reference is made to the Public Health Act, Sewerage Regulation, Sections 17
and 18.

4) National Capital District Commission (NCDC)

The NCDC through its Health Division is charged with the management of Port Moresby,s
services and resources. It conducts routine bacteriological tests of the sea water along the
coastal areas of Port Moresby. When high cases of faecal conmtamination occurs, the

Commission provides public warnings to avoid swimming, washing and fishing in the sea due
to polential health hazard.

5) EDA RANU

EDA RANU maintains and operates the public sewerage system in NCD, ~ On the basis of
the Public Health Act and the Environmental Contaminants Act, the quality of its effluent
must comply with the regulations.

5.7  Monitoring Plan

This section provides a framework for monitoring the receiving environment and the effluent.
Monitoring plan, as a component of the environmental management program for the Port
Moresby Sewerage Development Project shall be introduced.

The monitoring plan can serve as a management tool wilhin which' the operator of the

sewerage system (EDA RANU), the DEC, and the DOH would be able to administer their
arca of responsibilities.  Specifically, it will provide directions in the management of effluent
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and in the maintenance of the water quality objectives of receiving waters,

The plan is drawn up for major activities: water qualily (chemical) analysis and biotogical
studics. A chemical analysis or water quality monitoring will have to be implemented to
determine and control the quality of the effluent discharges as well as the receiving
waterbodies. However, chemical analysis, although important and necessary, does not
provide all the information required in pollution assessments. Biological studies are of more
particular value in providing a realistic assessment of pollution. But it should be understood
that these items cannot be taken exclusively with each other, rather, it should be
complementary.

5.7.1 Water Quality Monitoring

Monitoring should be undertaken on the effluent quality and the water quality of the receiving
waterbodies. As a preventive measure to control contamination of toxic and hazardous
materials into the sewerage system, water quality must also be regularly undertaken in
industrial establishments.

1) Sampling Locations

Sampling locations have to be cstablished in pumping stations, treatment plants, receiving
bodies of water, and at discharge points of factories.

2) Erequency

Based on assessment and needs of the existing situation, monitoring can be done on different

ways:

(1} Scheduled monitoring involves an arranged site visit. The monitoring schedule should
include a thorough sampling and inspection in accordance with a predetermined
schedule at least once a month, and collection of composite samples and checks of flow
rate measurements. -

(2) Unscheduled monitoring involves an unannounced site visit and is used to spot check
water quality. Grab samples may be taken and flow measurement checked.

(3) Investigative monitoring is conducted in response to a known or suspected high
pollution levels from professional observations, public complaint or problems detected

within the sewerage system. Monitoring may be undertaken within the sewerage
system and/or at the waste generaling premises.

J) Method and Analysis

Samples must be taken by appropriately trained staff using sampling equipment and methods
that are valid for the analysis required.  Samples should be analyzed by qualified chemists in
the laboratory of EDA RANU. If validation has to be made, samples have to be seat to an
accredited laboratory for analysis.

The final plan will include the parameters that have to be regularly monitored based the result
of the survey. It will provide cost eslimates and the required laboratory equipment and
materials to conduct the analysis.



Specific to this system, is the monitoring of the occan outfall.  The AWWA Position Paper

on Ocean Dlsposal of Wastewater provides a comprehensive approach starting from

commissioning up to operation.  Right after completion of the outfall, the followmg must be
undertaken:

{1} a series of test using dye or other tracers to confirm that lhe outfall is performlng as
predicted.  Generally such tests are undertaken over 2 to 4 weeks as part of
commissioning the outfall.  Several tests should be conducted to confirm the
distribution of effluent discharge atong the diffuser and the minimum initial dilution
under weak and typical current condition.

(2) long term monitoring of head losses to detect any problems ‘due - to - sediment
accumulation or blockage of the pipes. This will include: i) biological monitoring in
the vicinity of the outfall diffuser, along the principal directions of travel of the effluent
field and at a suitable control sitefs; ii) routine sampling and analys:s of efftuent

composition; and iii) regular inspections of the pipeline to detect corrosion or decline in
structural integrity.

Furthemore il is recommended that all outfalls should be inspected by an engineer-diver every
2 years and a report on the condition of the outfall be submitted. Particular items which
should be included in the inspection are: i) ports-open or clogged/marine growths; ii)
sediment accumulation inside diffuser; iii) damage to coatings; iv) corrosion; v) scour and
undercuiting; vi) objects altached to outfall-anchors; and vii) lack of anchers or of attachment
to piles.

5.7.2 Biological Studies

1} Monitering of Coral Reefs

The 3 km outfalls in Paga Point and Joyce Bay will have to be monitored at least 4 times in
the first year to document the rate and type of change in the community structure.  Baseline
data on the coral reef survey are used extensively in identifying critical areas which will serve

as monitoring station aside from the stations.

The line intersent transects (LIT) stations, or the stations for long termn monitoring of coral
health are proposed in Figure 6 of Appendix G. '

2) Monitoring of Waigani Swamp and Laloki River
Periodic detailed study on the effects of effluent disposal on the aquatic life, specifically, the

phytoplanktons shall be implemented in conjunction with the Biology Depariment, UPNG,
who has been monitoring the status of the swamp.
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(1) Scenario 1: With sewage treatment
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(2) Scenarie 2: Without sewage (reatment
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CHAPTER &
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CHAPTER 6 PROPOSED SEWERAGE SYSTEM

6.1  Sewerage Zones

‘The present and the planned urban areas known as the planned sewerage area are divided into
cight zones, namely; Waigani, Morata, Gerchu, Bomana, for the inland area, and Paga Point,
Kila Kila, Vetorogo, Dogura Kohu, for the coastal arca. The locations of the planned
sewerage area are shown in Fig. 6.1.

6.1.1 Intand Area

The three zones of the inland area, such as Waigani, Morata and Gerchu have an existing
sewerage system and three sewage treatment plants of their own. The STPs are situated in a
government land where there are sufficient arcas for expansion. The future scwerage system

in the three zones will follow the existing sewerage layout with improvement and expansion
to meet the increased demand.

The néwly planned Bomana zone (8-Mile to 9-Mile area) is sepératcd topographically from
the three mentioned zones by a ridge and slopes down gently from south to north toward the

Laloki River. This zone is proposed to have a separate sewerage system with a treatment
plant near the Latoki River. :

The planned design flow of each zone is shown in Table 6.1 below.

Table 6.1 Design Flow‘in'lnland Area

Name of Zone | Population in 2015 Design Flow (m*/day) in 2015

. Daily Average Daily Maximum
Waigani 192,757 56,741 112,163
Morata 33,834 15,225 19,793
Gerehu 40,040 18,018 23,423
Bomana 38.638 39,887 51,853
Total 355,269 159,871 207,832

6.1.2 Coastlal Area

The population in the coastal arca is localized and concentrated in a narrow stretch. Except
for the Paga Point zone where raw sewage after screening and grit removal is discharge via a
3 km outfall, Kila Kila zone, and 6 ather smaller catchments discharge raw sewage directly
into the shoreline via short outfalls.

The Vetorogo and Dogura Kohu zones located at the extreme ends of the coastal arca are yet
(0 be developed so that the necessity of a separate system is premature. Therefore, these two
zones are planned as independent zones to be developed when the needs arise. The Vetorogo
zone is planned mainly as an industrial area. The Dogura Kohu zone is divided into three
sub-zoncs by iwo ridges. Separate STPs are required necar the mouth of the bay, and 2
pumping stations are proposed for collection of wastewater.



To provide an cfficient sewerage facilitics, four alternative analyses will be described in the

succeeding section to select the most viable option.

The planned design flow of each zone is shown in Table 6.2.

Table 6. 2 Design Flow in (,oastal Area

Name of Zone | Population in 2018 Design Flow {m’/day) in 2015
Daily Average Daily Maximum
Paga Point 35,981 15,923 20,700
Kila Kila 70,140 31,563 41,032
Vetorogo 29,145 13,115 17,050
Dogura Kohu 40,465 18,209 23,672
Total 175,731 78,810 102,454

6.1.3 Proposed System

The analysis of altematives has proposed a sewerage system of the study area as described
below. The major components of the proposed sewerage system are shown in Fig. 6.1 while
the sizes and lengths of trunk sewers in each sewerage system are shown in Table 6.4. A total

length of 80,300 m of trunk sewers with diameters ranging from 200 mm to 600 mm is to be
constructed using centrifugal reinforced concrete pipes.

The force mains are to be designed including pumping stations and trunk sewers. The total

length of force main approximately 21,600 m with diamelers ranging from 150 mm to 800
mm are to be installed using ductile iron pipe.

Several pumping stations are proposed with design capacities and locations shown in Table
6.5 and Fig. 6.2 respectively. All pumps to be used are submersible-type, some existing civil
structures where a retention time of the planned sewage flow is more than 9 minutes will be

utilized. Those pumping stations are Koki, Lawes Road, Davara and Yacht Club. Other
pumping stations are to be demolished and rebuilt.

Stabilization pond method of wastewater treatment will be used such that the 3 existing STP’s
al Waigani, Morata and Gerehu will be expanded and 3 new stabilization ponds wilt be butlt
for Bomana, Vetorogo and Dogura Kohu. Sedimentation basins are proposed for Paga Point
and Kila Kila before discharge via sea outfall of an adequately safe distance from the coast.

Table 6.3 shows the receiving body of each STP.
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Table 6,3 Receiving Water Body

Receiving Water Body

Area Zonc or STP | Fresh Water Discharge Occan Discharge

| River Swamp On Shore Off Shore
Waigani 0]
Morata 0

Inland Arca Gerehu 0
Bomana 0
Paga Point 8]
Kila Kila 0

Coastal Area | Velorogo o
Dogura O
Kohu

Note: O means applicable.
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6.2  Sewerage for Inland Area
6.2.1 Collection Systém
)  Waigani Zone

The flow capacity of the existing {runk sewer in lhc largest Walgam ZONg Was evaluated for
the design year 2015 (refer to Appendix C). The results of the evaluation showed that the

capacity of trunk sewer was inadequate by approxlmalely 9,000 m of pipeline, Parallel trunk
sewers are proposed for the inadequate sections. The size of the additional trunk sewers was
decided such that the velocity of pipes at the full-flow rate is appmxnnately 1.0 m/s. The
required trunk sewers for the Waigani zone are as follows:

00mm— 463m, 350mm-2320m, 400 mm-—2212m,
S00mm-—23,337m, 900mm- 487 m

The land use plan for 2015 shows that approx:mately 90 ha., of addluonal land will be
urbanized in this zone by 2015. To determine the size of sewer pipes requlred for the 90 ha.
Land, the sewer pipe densily was calculated by selecting nine locations in the existing
sewered area. The average sewer pipe densily was computed at 140 m/ha., indicating a total

requirement of 12,600 m (90 m x 140 m/ha) length of sewer with diameters between 150 mm
te 2060 mm.

2} Morata Zone

The Morata zone is rather small with a present urban area of 270 ha,, and a populatlon of
about 8,500 in 1995. The topography generally shows mountainous terrain in the west and

low land in the cast, with a single trunk sewer carrying sewage from west to east to the
Morata STP.

The land use plan for 2015 shows that an additional 450 ha. of land is to be devetoped from
east to west of the present urban area. The population in 2015 is expected to reach 34,000
which is four times the existing population with the flow rate estimated to increase from 3,875

m*day (o 15,225 m’/day. The existing trank sewer will be under capacity by approximately
3,400 m.

It is proposed to instali additional trunk scwers parallel to the existing in the area where the
capacity is inadequate. ‘the results showed the requirements as follows:

400 mm - 1,712 m, 450 mm - 912 m, 500 mm —712 m

By the year 2015, the 450 ha. of land to be developed would require a total length of 63 00{)
m (450 ha x 140 m/ha) of sewer with dlamclen. rangmg from 150 mm to 200 mim.

The existing Morata Pumping Station has a ﬂow rate of 1.55 m’lmm The total mflow rate by
the year 2015 is eslinrated to increase to 3.78 m *fmin, indicating a huge shorfall in capacity.

To cope up with this increase improvement to the existing facilities or an additional pumping
station will be required.
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However, because of the huge difference in capacitics, both proposals are difficult to
implement since a targe imbalance is likely to occur.  Therefore, by abolishing the ¢xisting
pumping facilities, a new pumping station is to be constructed to include an additional 450 m
rising main at diameter 25¢ mm.

k] Gérehu Zone

The Gerehu zone lies on the northernmost part of the present urban area. With the Gerehu
Sewerage Trealment Plant (stabilization pond) nearby, the Gerehu zone measures 410 ha.
with the population of about 20,000.

The land use plan for 2015 envisages development of an additional 400 ha. Further north with
the population estimated to reach 40,000. The sewage flow rate is estimated to increase from
8,826 m'/day to 18,018 m*/day. Based on these figures, the existing trunk sewer will have a
shortfall of about 2,300 m.

Tt is proposed to lay a new trunk sewer parallel to the existing in the area where the capacily is
inadequate. The results of the study indicated the requirements as follows:

30 0mm — 949 m, 400 mm - 1,362 m

The 400 ha. dcvétopmenl will require 150 mm to 200 mm total sewer reticulation of about
56,000 m estimated at 140 m/ha.

4) Bemana Zone

"The Bomana zone is a wide low flat land bounded by hills to the east of the preseat urban area.
Generally, the zone slopes down gently from south to north towards the Laloki River.

According to the land use plan for 2015, large-scale development is anticipated with the
following cstimated figures; developed area at 3,680 ha., estimated population at 40,465,
estimated sewage flow rate at 39,887 m¥/day. The industrial area is tocated at the centre of
the population.

In as much as there is no detailed development plan available, the sewerage ptan for Bomana
zone is proposed based on the aspect that the sewage will be topographically collected and
treated at the STP (stabilization pond) located near the Laloki River.

The tolal sewer reticulation is 515,200 m computed at 150 m/ha. The length and diameter of
the trunk sewers were computed based on the area as follows:

300 mm -8,800m, 350 mm- 7,700 m, 400 mm-2,900m, 450 mm - 1,900 m,
500 mm~-4,500m, 600 mm-900m

Similar to the Waigani zone the scwerage will gravitationally flow from south to notth,



6.2.2 Sewage Treatment System

The existing stabilization ponds will continue to be used with modification and expansion. In
the Waigani STP, the existing anacrobic ponds are adequate to meet the 2015 flow while the
facultative pond will be augmented with an additional pond having a capacity of
approximately 30,000 m’/day to be located at the adjacent area. Expansion to the Morata and
Gerehu STPs, are inevilable. The existing facultative ponds witl be converted into anaerobic
ponds to meet the increase of flow and large facultalive ponds shall be constructed. The
expansion plans for the existing STPs and the new Bomana STP are presented in Table 6.6.
Figs. 6.3 to 6.6 show the layout plans for each STP.

Table 6.6 Expansion Plans for the Exis'ti‘ktig and new Bomana STP

sTp | Bt | pogq | Copeelly A1 Remarks
Waigani 86,741 g ‘23:?‘;‘; ](s)g:ggg éir:tstl:uct Additional FP
e | s S o
o | |40 o
Bomana 19,887 ’;}1: : ggg% iiltz_’;;’;g(r]nmi 292m

Note: AP: Anaerobic pond, FP: Facultative pond.
In addition, the improvement plans for the existing STPs are as foltows:

Installation/rehabilitation of screening equipment.
Installation of flow meter.
- Improvement of the ponds structure for case in desludging.
- The sludge drying bed site and accessibility to be ensured.

6.3  Sewerage for Coastal Area
6.3.1 Collection System

1) Coastal Area

The Coastal zone is divided into seven sub-zones based on administrative boundaries, urban

development, sewerage development, topography, etc. The seven sub zones of the coastal
arca with their corresponding population are as follows:
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Zone Area (ha.) Population (1995) Population (2015)

k. Tatana/Banumi 70 3,654 5,575
2. Idubada/Hanuabada 168 9,299 11416
3. Konedobu/FTown 94 11,371 18,393
4. Koki/Badili 134 15,727 21,039
5. Gabutu/Vabukori 14 5,125 15,915
6. Kita Kila 160 20,251 31,354
7. Pari 9 2,330 2,430

Total 649 67,757 106,122
(1) Alternative :

The sewerage system for Idubada/Hanuabada and Konedobu/Town will continue 10 function
with all the sewage to be collected will be discharge via the Paga Point outfall. Due to the
non-availability of land for STP facilities, the Koki/Badili sewage can be diverted either to
Paga Point or to the proposed Kila Kila STP. The sewage from Gabutu/Vabukori will be
collected and treated together with that of Kila Kila at the proposed Kila Kila STP. Pari can
have an independent systein with a STP on sile or its sewage can be diverted to Kita Kila.

For the above considerations, eight alternatives were formulated/compared as shown in Table
6.7 (refer to Appendix D).

Case | Koki is merged with Paga Point.

Case 2 Koki is merged with Kita Kila.

Case A Four STPs are planned in Tatana, Pari, Kila Kila and Pari.

Case B Three STPs are planned in Paga, Kila Kila and Pari. Tatana is merged with
Paga.

Case C Threc STPs are planned in Tatana, Paga and Kila Kila. Pari is merged with
Kila Kila.

Case D- Two STPs are planned in Paga and Kila Kila. Tatana is merged with Paga and

Pari is merged with Kita Kila.

Details of pumping stations and force mains necessary for each alternative are given in
Appeadix D.
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Table 6.7 Comparison of Alternatives for Coastal Area

Alteenative I-A 1-8 1-C 1-D 2-A 2-B 2-.C 2-D
CTatapa | Tatana |: Tatana | Tatana |"Talasa:| Tatana }i:Tafanai:| Tatana
l 1 - $
Ve | Poga | Paeal | Paga | Faa | Pag:
T T T T .
Koki Koki Koki Koki Koki Koki Koki " Koki
U T y
Kila Kila | KifaKila:| Kila Kila | KilaKila | KitaKila |- Kila Kila | Kila Kila | KilaKila®
T T : -1 1
“Pani | Pai--| Pan Parn | Pan| “Par-x]  Pa Pari
Construction Cost C B C A C B C A
0 & M Cost A C B C A C B C
Ipact on the Environment C A C A C A C A
Hcﬁbility' for Future A B B c A 8 B C
developmeat
Ease of Land Acguisition C B B A C R B A
OVERALL < B B A C B B A

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

The following factors are considered for comparative study; construction cost, O&M cost,
impact on the environment, flexibility to future developmeni and ease of land acquisition.
The former two factors are essential from a viewpoint of economy. - Impact on the marine
environment is essential in the Study Area. Flexibilily to future development is necessary
because future progress is to some extent uncertain in NCD due to the absence of legislative
power to enforce the “Urban Development Plan.” Land acquisition 1ssue is also important
because Jand dispute still exist particularly on the “customary land.”

The results of comparison given above indicate that both altcmatives of 1-D and 2-D could be
the best. However, case 2-D is selected. Ratings of the alternatives are explained below,

a) Construction and O&M Costs

Table 6.8 Comparison of Alternative for Censtruction and O&M Cosi
(Umt Kina 1,000)

Allernative 1-A 1-B | I-C 1-D | 2-A:f 2B 2C-}{ 2D
Construction | Sewer 8,225 | 8,662 1 8,929 9,366 | 8,239 8.67,6 8,943 | 9,380
Cost Pump station | 2,647 | 2,941 | 2,766 | 3,060 | 3,146 | 3,438 | 3,163 | 3,455
STP 13,022 | 10,586 | 11,232 | 8,797 {12,186 | 9,835 10,393 | 8042
Outfall 4,290 4,290 3650] 3,650 4918 | 4,918 4,278 4,278

Total 28,183 | 26,479 | 26,577 | 24,873 | 28,489 | 26,367 | 26,777 | 25,155
O&Mcost | Pumpstation | 540} 614 | 555 628 695} 75| 721 780
STP 833 G912 862 921 722 766 731 775

Total 1,393 1 1,526 | 1,417 ] 1,549 | 1,418 | 1,521 ] 1,453 | 1,556
No[c The above costs are for comparison only and do not cover enlire project costs.

As shown in Table 6.8, the construction cost is high for case 1-A and casc 2-A. Both cases
have independent STP in Tatana and Pari aside from the two STPs in Paga and Kila Kila
while O&M costs arc low. On the other hand, both case i-D and case 2-D have only two
STPs, diverting sewage from Tatana and Pari to Paga and Kila Kila, respectively so that both

6-10




cases are cheap in construction cost but high in O&M cost. Considering the difference in
Q&M cost, it is best to select cither 1-D or 2-D.

In cases 1-A to 1-D where Koki/Badili is combined with Town (Paga STP), then selecting the
route for laying the force main atong the roadside of Ela Beach will be difficult.  An
embankment has to be constructed along the seashore for laying the pipeline, and various
problems are anticipated. In cases 2-A to 2-D, the pipeline can be avoided along Ela Beach
since the sewage for Koki/Badili will be diverted to Kila Kila.

b) Impact on the Environment

The sewer network in Town was installed during the time when the area was developed. The
sewage collected was discharged at Paga Point. However, the rapid urbanization in the arca
resulted to various marine pollution problems in the vicinity. In order to minimize poliution
problem, the sewage outfall was extended about 3 km from Paga Point to reach to the middle
of Papuan Lagoon. In a similar context the outfall at Koki was abandoned; instead the
sewage was diverted to Badili outfall. At 6 different locations including Badili, sewage is
discharged 50 to 100 m offshore so that snarine pollution is defected particularly near the
outfalls.

One of the solutions to marine pollution is biological treatment of sewage before discharging
to the sea. In as much as the effluent volume is limited, the problem could be solve to some
extent, however the only concem is the dilution and flushing effect. The Port Moresby
Harbour, where the effluent for the Idubada/Hanuabada and Tatana/Baruni are (o be
discharged lics in an enclosed bay with one outlet in the south end so that dilution effect is
rather small. With the conventional treatment, organic load and pathogen is removed
effectively, however removal of nitrogen (N) and phosphorous (P) cannot be expected.
Therefore, accumutation of P&N in the Harbour will lead to eutrophication, detrimental to
marine ecosystem. Treatment plant with facilities removing nitrogen and phosphorus may be
constructed but the high construction and O&M cost can not be warranted. Therefore, cases
A and C are assigned “C” and cases B and D are assigned “A.”

¢) Flexibility for Future Plans

Considering the future development plans, there is a strong possibility that the Vetorogo zone
will be connected to Tatana zone beeause of its proximity. Dogura Kohu zones will have an
independent sewerage system.

For other areas, & unified system is likely to result in higher cost becausc of topographical
restrictions. Therefore, the advantage of a trcatment facilitics complementing each other is
eliminated.

d) Ease of Land Acquisition
Land acquisition for site of the treatment facitities is a major problem except in three areas of

Tatana, Kila Kila and Pari, where there are substantial open spaces avaitable. Practically
there is no available site for treatment facilities at Paga Point although a site can be created by



land reclamation. The greater the need for facilitics of a STP is, the greater the area required
on shore for instatling the facilities, which makes the selection poor.

(2) Result of Alternatives

The comparative analysis of the 8 alternatives for the Coastal Zone sewerage system had
resulted in the selection of case 2-D consisting of Paga and Kila Kila basin

The Paga basin will have a total population of about 35 400 in )ear 2015 Starlmg upstream,
the Tatana/Baruni areas would require 4 pumping stations 10 collect and lify the sewage into
the nearby Idubada/Hanuabada area. Due to its topographlcal features, 2 pumping station will
be installed along the Idubada/Hanuabada area in ordér to pump all the accumulated sewage
into the existing Konedobu P.S. The sewage collected from the existing reticutation system at
the Konedobw/Town arca will then be pumped finally into the Paga Point P.S., intercepting,
the sewage pumped from the Stanley Esplanade P.S. and Davara (Ela Beach) P.S,

The Kila Kila basin will have a total population of about 70,000 in year 2015. Northeast of
this basin are the existing sewerage systems of Koki/Badili areas, which will be pumped into
the existing Kaugere P.S. and finally into the proposed Kita Kila STP. The existing Baditi
outfall will be abandoned, while the existing Kaugere P.S. will be upgraded/improved. The
Gabutu/Vabukori arca sewage will be pumped into the Kila Kila STP for treatment. The

sewage collected from the farthest Pari area will be pumped through a 3 km pxpelme into the
Kila Kila STP.

2) Vetorogo Zene

The Vetorogo zone frontling the Port Moresby Habour is planned for industrial development.
Part of the shoreline has been reclaimed and site development work has started. However, no
detailed development plans are available. The present topographic features indicate a
refatively flat area. No special factors need to be considered for the collection system. It is

proposed to install a scparate sewerage network based on data of nearby areas with details of
system as follows:

3 Dogura-Kohu Zone

The development in this zone is expected to take place in the almost enclosed surrounding
Bootless Bay. The topographical features indicate steep mountains stretching to the shoreline,
dividing the area roughly into thee section. The biggest section to be developed will have an
area of 1,680 ha., planned population of 40,565, and the planned sewage flow rate of 18,209
m’/day.

Topographically, it is difficull to connect other zone and it is thercfore preferable to provide
independent treatment facilities, Considering the almost-enclosed arca surrounding the
treatment facilities are proposed to be close to the mouth of thc bay as possible. The
descriptions of the various facilities are given below.



(1) Sewer network

The estimated density of pipeline in the developed area is 140m/ha. that gives a total length of
the sewer network at 235,340 m,

(2) Trunk Sewer: 300 mm - 2,900 m, 350 mm -- 2,600 m,
400 mm - 1,000 m, 450 mm - 700 m,
500 mm -- 1,600 m

(3) Force Main: 200 mm - 1,700 m, 300 mm - 1,500 m,
350 mm - 2,000 m, 450 mm - 1,200 m,

600 mm - 2,000 m

(4) Pumping Station:  Ql= 1.88 m¥/min, H=20 m, Dia.=100 mm, Capacity = 5.5 kW
Q2= 1.88 m*/min, H=23 m, Dia.=100 mm, Capacity = 7.5 kW
Q3= 3.88 m’/min, H=20 m, Dia.=100 mm, Capacity = } .LO kW
Q4= 6.05 m*/min, H=32 m, Dia.=100 mm, Capacity = 22.0 kW
Q5= 9.47 m*/min, H=10 m, Dia.=150 mm, Capacily = 11.0 kW
Q6=17.21 m*/min, H=11 m, Dia.=200 mm, Capacity = 22.0 kW

6.3.2 Sewage Treatment System

The scope of this study does not include an analysis on wastewater outfall from coastal areas,
but references were made to previous studies made. Based on these studies it is proposed to
instalt offshore outfall. The most significant reference was made on the Environmental Plan -
Joyce Bay Outfall Study published in June 1988 by the Waterboard of PNG. The study
analyzed Joyce Bay Outfall from various aspects such as bacteriological analysis before and
after the Paga Point Outfall construction, dyes tracing, current metering, drogue tracking and
estimation of outfall performance. As for the water quality aspect, the study explained
dissolved oxygen (DO) and micronutrients as follows:

- An indicative value of DO at the surface in the vicinity of the outfall is 7.0 mg/L. {f BOD
is 150 mg/L for the effluent, then after rising from the diffuser to the surface plume, the
BOD will be diluted to approximately 6.2-mg/L. Further dilution will then ensure. The
effect of effluent discharge on DO levels will be barely detectable.

With levels of nitrogen and phosphorus in Port Moresby sewage measured at 11.0.mg/L
and 2.02 mg/L respectively, the addition of these nutrients to the lagoon (after initial
dilution) at outfall site is 0.014 mg/l. and 0.003 mg/L respectively. Hence, the diluted
level of nutrients is lower than background level. Existing reef and plant communities are
several kilometers away. Based on the analysis, the recommended facilities for outfall

consist of only grit chamber, coarse screen, fine screen, pumps and outfall pipelinie (450
mmi Dia., 3km).”

In J_uhe 1997, in‘fesiigatioh and maintenance'works for the existing Paga Point Qutfail were
done by EDA RANU. Through recorded videotape and a hearing with the divers, the
foltowing problems were observed:



- Clogging of holes on diffuser pipe by plastic bags, textile and other non-biodegradable
object.

- Deposition of silt and sludge in the diffuser pipe.

Considering the associated problems mentioned above and the risk of environmental
contamination of the Coral Sea, neccessitate the provision of primary treaiment
{(scdimentation) before pumping sewage into the outfall. Therefore, the primary treatment
facilitics recommended for offshore outfall include the following: Grit chamber, Screen,
Pumps, Sedimentation tank, Chlorination and Qutfall pipeline.

The sedimentation method has the capacity to prevent blockages of the effluent pipe from
accumulated silt and other debris and could also minimize environmentat pollution.

Details of the proposed STP at Paga Point and Kila Kila are presented in Table 6.9 below and

roughly shown in Figs. 6.7 t0 6.10.

Table 6.9 STP in Paga Point and Kila Kila

STP Paga Point Kila Kila
Sedimentation Basin | Train 4 4t06
Water H () 20 2.0
Width (m) 4.5%x40.4 7.0%x39.6
Length {m) 8.5 x40.5 TO0x41.1
Digestion Tank Train 2 -
Water H {m) 5.0 -
Dlamcter {m) 10.1 to 13.9 -
Sludge Drying Bed | Train - 4106
Sludge (m) - 04
Width (m) - 10.0 x 66.9
Length (m) .- 10.0x 100.3
Site Width () 38 x 93 60 x 194
Length (m) 54 %103 80x 173
Area (m’) 3,600 to 5,600 11,700 to 13,800

Since il is less feasible to construct a long offshore outfall in the Vetorogo and Dogura Kohu
areas, short outfalls with secondary treatment before discharge near shore are proposed.

Table 6.10 below is the overview of the proposed STP for the above areas as roughly
presented in Figs, 6.11 & 6.12.

Table 6.10 STP in Vetorogo and Dogura Kohu -

STP Estimated Pond Planned Pianned Site
Sewerage Flow Volume . Size
(in*/day) (n’) R
Vetorogo 13,115 Anaerobic 26,230 290m x 238m
Facultative - 52,460 = 69,000m’
Dogura Kohu 18,209 Aunacrobic 36,418 | 330mx267m
B 3 Facultative 72,836 = 88,000m’
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