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1.1 Pipe Route and Geotechnical Investigalion Survey






1. INTRODUCTION

This geotechnical investigation was commissioned by Tokyo Enginecring Consullants
Co. Ltd, who are the design engineers for the extension to the Port Moresby Sewcrage
system, National Capital District (Figure 1). The developer for this project is Eda Ranu.
The praject is funded by the Government of Japan under Japancse International Co-
operation Agency (JICA).

The Port Moresby Sewerage Project is an extension to the existing sewerage system and
is planned to serve all the Motuan Villages along the Coastline of Port Moresby from
Pari to Tatana. The study will include an estimated 20 kilometres of sewerage pipeline,
six new pumping stations, one new (reatment plant at Kilakila and extension of the ex-
isting treatment ptant at Paga Point.

Three existing pumping stations are located along the proposed system and will be up-
graded if required. No geotechnical investigations were carried out for these stations.

2 SCOPE OF WORK

The scope of geotechnical work is as follows:

o Desk study involving the review of project concept maps, a review of previ-
ous reports and publications that outline the known site conditions, and the
impact of geological hazards on the project.

¢ Field investigations at the site, comprised surface geological mapping, sub-
surface soil investigations, involving drilling and test pits.

e Analysis of field data, to provide appropriate design parameters for earth-
works, excavation conditions.

¢ Design criteria for the construction works.

3. INVESTIGATION METHOD
3.1 Intreduction

The tasks for the field work for the investigation of the Sewerage Project consist of
drilling boreholes, excavating trial pits, making visual assessment of the route and a to-
pographical survey of the proposed route and treatment plant. The topographical sur-
vey and production of plans was subcontracted to Arman Larmer Survey Pty Ltd.

3.2 Desktop Study

The initial study involved a review of existing topographic and geological maps and re-
ports. In addition aerial photos of the site were viewed at the geological survey. Previ-
ous reports prepared by Engineering Geology (PNG) for similar terrain were also re-
viewed. The following data wefc revif-wed' '

Port Moresby 1:2,000 lopographlc sheets

Port Moresby 1: 100,000 geological sheet

Port Moresby-Kalo-Aroa 1:250,000 geological sheet and cxplanatory
notes
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Port Moresby Urban Geology, Geological Survey of PNG, Memoir 1
3.3 Dril!ing

A total of 9 No. borcholes were dnlled out the 10 No. proposed for the pro;cct The

driller could not get access to the 10™ borehole planned at the Paga Treatment Plant, be-
cause the gate was too narrow for the rig.

The clieat requires the maximum depth to be 10m however where bedrock was encoun-
tered before 10m, the client agreed to terminate the drilling 3 metres into bedrock. The
boreholes were drilled using a Longyear LY 38 rotary FMC' track-mounted rig, using
washboring technique for gravelly clay aided by water and beatonite flush. On en-
countering rock, drili holes were advanced using a PQ (75mm dia) core barrel. The
drill holes range from 6.4 metres to 10 metres. Variform Contractors were engaged to
provide water for the drilling program.

The drilling program coincided with the Christmas and New Years period. As Port Mo-
resby is renowned for its criminal activities, the field staff planned to'do one borehole in
a day (3.e. mobilise, sct up, drill and demobilise by the end of the same day) and keep (he
rig parked in a safe place. Originally, it was planned to do SPT at 1.0m interval

however after the first trial; it was considered sufficient to cut the SPT down to 5.0m
intervals to speed up the drilling.

The results of the drilling, with the various strata encountered and ihe results of the SPT
tests, are given on the Geotechnical Logs of Borcholes in Appendix 1 and core photo-

graphs in Appendix 5

34 FKield Traverses

A walkover traverse was made for the proposed route from Tatana to Paga Point, Pari
Village to Kilakila Treatment Plant, Vabukori to Kilakila and Badili Pumping Station to
Sabama Pumping Station.

Using the Port Moresby 1: 100, 000 geological sheet the aim of the traverse was to con-
firm the periinent features such as slope, drainage, major soil groupings and develop-
mentat features. The traverse also enabled an assessmeni of excavation difficulties and
selection of trial pit sites to be made.

The excavation conditions are classified into four types as follows: -

Type A material that includes all forms of “sol:d rock in places occwrring in
masscs, ledges and seams that in our opmmn is not prachcal 1o excavate
without drilling and blasting. - :

Type B includes all forms of material ﬁnnly ccmentcd such that they cannot bc
removed by pushed blade action only, but only with tractor unit of wc;ght
£6 tonnes and a flywhee! horsepower rating of 180 HP of metric equiva-
lent. The material cannot be removed without first loosening them by
means of ripping equipment, or some means other than drilling or blast-
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ing. -

Type C material such as sand, silt and clay that can be easily dug with an excava-
tor  without much effort and docs not require toosening.
Type D. Very sofl, peaty material that is considered not suitable for construclion

and  equipment can easily get bogged.
3,5 ‘Trial Pits and Dynamic Cone Penetrometer (DCP) Tests

Trial pit sites were selected where it is understood to give a representation of profiles
expected during the excavation of the pipeline trench. The depths of the pit ranges
from 0.3m to 1.5m. The pits were dug using a backhoe with 0.5m’ bucket. A total of
twelve (12) sites were selected, however three sites (TP 10, TP 11 & TP 12) were not
dug because the local villagers would not allow field staff to excavate. Furthermore the
local villagers interrupted two other trial pit excavations (TP 1 and TP 2), so the pits
were terminated prematurely. Dynamic Cone Penetrometer (DCP) tests were carried out
al base most of the trial pits.

The pits were logged and photographed during excavation by our geotechnical engineer,
and the results are presented in Appendix 2 and photographs of the trial pits and are pre-
sented in Appendix 5. Bulk samples were collected and selected samples sent to the labo-
ratory for testing.

3.6 Laboratory testing

Selected soil samples recovered from the test pits and boreholes were tested to assess the
material texture, plasticity, unit weight, shearing resistance and moisture contents.  The
samples were tested by Bowler Soil Technics Laboratory here in Port Moresby.

Due (o time constraints laboratory testing in Port Moresby takes at least three weeks and
with the Christmas new period it took longer than anticipated.

The tests comprised:
» Natural moisture content and bulk deasity
o Aiterberg limits and linear shrinkage
¢ Particle size distribution by both sieve and hydrometer analysis

The results of the laboratory results are presented in Appendix 3 of this report.

4. SITE DESCRIPTION
4.1 Regional Description

The 1: 250,000 scale Geological Survey of Papua New Guinea Sheet; Port Moresby -
Kalo - Aroa indicates that the proposed roule for the sewerage pipelines and the freat-
ment plants is underlain by a succession of alluvial and beach deposits overlying the Port
Moresby Beds and Bums Peak Formation.

The Recent alluvial depdsits and beach depbsils_ comprise clay, silt, sand and gravel with
some cabbles and occasional boulders.  Most of the proposed pipeline route follows the
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shoreline, which comprises deposits of predominantly silt, sand and gravel in places with
occasional cobbles and rare boulders. Boulders are predominant at the base of filled
ground especially at the Hubert Murray Stadium area and Tatana causeway. Clay oc-
curs in areas where there is an absence of beach deposits. - Cobbles occur in places
throughout the route. A peaty clay and peaty silt material occurs in mangrove swamp
deposits along sheltered bays of the shoreline.

The Late 1o Middle Eocene Port Moresby Beds are widespread through the proposed
route for the scwerage pipeline.  Port Moresby Beds are separated into Paga Beds,
Baruni Limestone and Nebiri Limestone.  Paga Beds and Baruni Limestone are com-
mon along the proposed pipeline route. They comprise siliceous argillite, chert, cat-
careniles, calcilulite, calcirudite and mudstone. They are steeply dipping, very thinly
bedded or laminated to medium bedded or massive. Some occur within the bedding
nodules. The rock mass varies in strength, and has very closely to widely spaced frac-
tures. - :

The Paleocene age Burns Peak Formation out crops along the shoreline at Pari Village
and Burns Peak Area. This rock comprises calcareous mudstone, and red-cream micritic

limestone.  They are steeply dipping, thin to medium bedded, vary in strength and have
very closely to widely spaced fractures.

4.2 Site Description

Photographs of the site, including selections of the pipeline route and treatment plaat site
are presented in Appendix 5.

For discussion purposes the sewerage scheme will be divided into 2 schemes:

+ The Paga Scheme consists of the pipeline from Tatana, along Baruni Road to Hanua-

bada Village and along the Hubert Murray Highway to Revenue Haus up Musgrave
Street to the Paga Treatment Plant.

¢ The Kilakila Scheme comprises three pipelines. The first pipeline which goes from
Pari Village to Kilakila through Sabama Pumping Station. The second pipeline begins
at Badili Pumping Station to Kilakila through Sabama Pumping Station and the third
one begins from Taikone to Kiakila through Vabukori Village.

5. ANALYSIS OF FIELD AND LABORATORY DATA
5.1 General

The ground condition encountered on site are described in 'dgtails in the drill Idg; tria}
pits and summary of the ficld traverse in the Appendices. A summary below categoris-
es the pipeline into sections based partly on locations and geology.

Seclected samples were sent to the laboratory to get a representative of the soit character-
istics of the project. The samples were from Pari, Sabama Idubada and Tatana. The sam-
ples indicate the soil is of very high plasticity.
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5.2 Paga Scheme

A) Tatana to Idubada
(Fieldwork - TP {, TP 2, TP 3, Field Traverse)

The proposed pipeline traverses southeast of Tatana Island along the causeway. The ma-
terial for

the causeway comprises gravel, sand and silt overlying cobbles and boulders up to 1.5m
in diameter, ‘

At the end of the causeway the route generally traverses southeasi along the coastline
and road formation to Hanuabada. The ground condition is basically the road formation
and appears to be well-compacted gravelly sand of low to medium plasticity underlain by
cobbles and boulders. Sections of the road have proper retaining walls constructed while
others have boulders placed along the shorefront to protect the road. Mangrove swamp
deposit is common between the shoreline and road formation. The trial pits along this
section were terminated prematurely by tocal villagers. No dynamic cone penetrometer
{DCP) tests were carried out at these trial pit sites.

On the opposite side of the shoreline is the Baruni Limestonc dipping steeply into the
shoreline. Trial pit (TP) 3 was dug at the foot of the slope. The formation is modcrate to
highly weathered bedrock.

No groundwater was encountered during trial pit excavations because of their shallow
depths. The excavation condition along this seclion is classificd as Type BC.

B) Idubada Pumping Station
Field work - BH 6 Field Traverse

Borehole (BH) 6 was drilled to 10.45m depth at the proposed Idubada Pumping Station
Site. The ground condition there is soft to stiff sandy clay, whitish to bluish medium to
high plasticity. The site appears 10 on filled ground. Two SPT tests were carried out at
5m and 10m below ground level, and recorded N” values of 34 and 56 of respectively.
These values correlate to undrained shear strength  ranging  from 40 to 75 kPa (ref
no. 8). Corresponding allowable pressure are 50 -100kPa.

At the BH 6 water was measured at 1m below ground level after the drilling and may be
a residue of the water that was used for drilling . The BH site is 10 m from this shore
line and it is anticipated that the water level will be dictated by the tide. The excavation
condition is classified as Type C. ~

C)  Idubada (BH 6) to Gabi
_ (Fieldwork - Field Traverse)

This section has an estimated length of 200 m stretching along the shoreline in front of a
steep rock face (Baruni Formation- siliceous and calcarcous mudstone). The rock face is
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moderate to highly weathered and has close to widely spaced folds. Evidence presented

during the walkover is that this section is dry only when the tide is low and submerged
during high tides.

Constructing a trench along this seclion will require some form of blasting. There are
some anchor blocks along this section which suggest that an overland pipeline has been
previously built along here. The presence of rock al the surface also indicates that an
underground trench is uncconomical along this section. Excavation condition is classi-
fied as Type A

D)  Gabi through Hanuabada Village to Hubert Murray Stadium
{Fieldwork - BH 7, BH 8, TP 4 Ficld Traverse)

The ground formation along this section comprises beach deposits along the shoreline
(lower pipeline) and hillslope deposit along the upper line. The material is gravelly clay
and silty sand, light yellowish brown moist and some subangular to rounded gravel
(chert, shell fragments).

The DCP test at TP 4 recorded readings ranging from 7 to 13 blows per 100mm from the

base of the pits. The values correlate to an allowable bearing pressure ranging from 180 -
260 kPa.

The underlying bedrock is Baruni  Formation (siliceous and calcareous mudstone) and

is estimated to be aboutl 2m to 3 m betow ground level. The excavation condition is clas-
sified Type C.

E) Gabi Pumping Station
Fieldwork - BH 7

The ground condition is silty sand loose to medium dense, with tow plasticity and some
gravels from ground level to 6.0m below ground level. Between 6.0m to 10.0m the

ground conditions change to a silty sand and clay, moist, medium dense to dense and
high plasticity.

Two SPT tests were done at 5m and 10m  below ground level and the reading recorded
values that were 11 and 24 respectively. These correlate to loose to medium dense mate-
rial with an allowable bearing pressure ranges from 90 - 180 kPa.

F) Hanuabada Pumping Station
Fieldwork - BH 7

The ground conditions comprises silty sand, loose to medium dense, with low plasticity
and some gravels from ground level to the top of bedrock at 6.5m below ground level,

Between 6.5 to 8m the bedrock is of calcareous sediments of the Baruni Mudstone.
Moderate weathered with siliceous veins and weak veins up to 50mm wide.
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One SPT test was done at Sm below ground level and the reading after 10 blows the split
sampler rebound correlated to SPT refusal. Allowable bearing pressures are estimated to
be greater than IMPa.

Excavation condilion to 6.5m below ground level is classified type C, and below 6.5m is
type B. No groundwater is expected at this site.

G) Hanuabada through Hubert Murray Stadium to Revenue Haus Pumping
Station
Fieldwork - Field Traverse, TP 5

The pipeline traverses south through wel-compacted fill material (silty sand and gravel
overlying cobbles and boulders) at Sir Hubert Murray Stadium. At the corner of the
stadium, the road traverses south-southeast on well-compacted road base materials [fill;
consisting of silly sand and gravel, overlying cobbles and boulders, overlying Paga Beds]
to a pump station at Revenue Haus, Port Moresby.

The pipeline will traverse southeast from Hanuabada along the road to Sir Hubert Mur-
ray Stadium. This section of the route comprises well-compacted road base materials
(silty sand and gravel overlying cobbles and boulders (fill} overlying Paga Beds).

The depth of the road and filted geound is estimated to range from 2m to Sm. There are
several underground services along this section and before any excavation, the relevant
authorities must be consulted to confirm their location.

Almost 80 % of this route is along the Champion. The proposed route is about 1.0m off
the kerb and almost paralle] to the freeway. There is a concrete footpath along this
stretch. Excavation cost estimates along this section should include ripping up the foot-
path and restoring after the pipes are laid.

A trial pit (TP 5) was dug closer to the pumping station on a slope. The bedrock was
0.4m below ground level. The material was moderately weathered Paga Beds (calcareous
mudstone). Estimated Allowable bearing pressure is estimated to be 1.5MPa.

Excavation conditions for this section is classified type C. Groundwater is cxpected 2m
below ground level.

H)  Musgrave Street to Ela Beach
Fieldwork - Field traverse

The route lraverses south-southeast along the Musgrave Street over road base material
(silty sand and gravel) overlies Paga Beds to Ela Beach.  The route traverses southwest
from Ela Beach to Paga Point treatment plant.

‘The materials in this section of the route comprise well-compacted road construction
‘materials and sand, silt, gravel, cobbles and boulders overlying Paga Beds. Estimated
~ depths would range from 0.5m to 1.0m.



The cxcavation condition for this section is classified as type BC. No groundwater is
expecied here,

I) Paga Treatment Plant
Ficldwork - BH 9

Only one borehole was drilled out of the two proposed. The second site could not be

reached because the rig was too wide for the gates to the existing treatment plant and the
proposed site.

The borehole was drilled to 10m below ground level. The logs indicated that top 2.5m
was loose gravelly sand and cobbles with some clay. From 2.5m to 10m the borehole
was cored. The rockmass was highly to moderately weathered and there weak zone up to
200mm wide and closely spaced. This formation is part of the Paga Beds.

A drilling program was carried for the nearby Oceanarium back in the 1988. The logs
produced gave similar characteristics to that found at BH 9. Point Load test done on the
saniple taken from his investigation ranged from 3 - 10 MPa.

The excavation condition is classified as type BC.
5.3 Kilakila Scheme

A) Pari Pumping Station
Fieldwork -BH 1

The pumping is about 10 m from the shoreline. The ground condition comprises silty
sand of medium density and moist. Four SPT tests were done at 2m intervals in this
borehole: the N’ values of 7, 11, 10 and V7 were recorded at 2, 6, 8 and 10m respectively.
At the bottom of the pil the material is medium dense as indicated by the SPT N’ value.
Correlated allowable bearing pressures ranges from 80 to 200 kPa.

The groundwater level is dictated by the tidal fluctuation. When measured about 24 hrs
after the hole was bored the water level was recorded at 1.5m below ground level. The
excavation condition is classified as type C.

B) Pari Read
Ficld work - Field Traverse

The proposed pipeline for the Kilakila Scheme strikes northwest along the shoreline
from Pari village to the edge of Sabama and ends at Kilakila treatment plant. - The mate-
rials within this route comprise peaty soil (clay and silt) silt, sand, occasional clay and
cobbles (mangrove swamp deposits, beach deposits and valley floor deposits) in places
overlying Burns Peak Formation

Three trial pits (TP 10, TP 11 and TP 12} were pr0posed this route but the local vﬂlagera
did not altow field stafl to excavate the pits.
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A visual inspection of the route was made. ft is apparent that the overburden material is
well-compacted road construction material. The material comprises gravely sand and silt,
underlain by alluvial cobbles and sand and silt. Closer to the village the underlying for-
mation will change to calcareous mudstone. Estimated depths along this section will
range from 1.5m to 3.0m.

The excavation condition is classified as type C.  Groundwater may be encountered at
tm below ground level where the pipeline is at ower elevations adjacent to sea level.

C) Between Pari road and Sabama Pumping Station
Fieldwork - TP 9, Field Traverse

A trial pit was excavated close to the shoreline. The ground conditions indicate the
material is silty sand, very loose to loose fine to medium beach sand deposits with or-
ganic matter and clay. (Mangrove Swamp Deposit}.

The pit was excavated to 1.5m below ground level and at 0.9m below ground level
ground water was seeping into the pit.

The ficld staff did not carry out any DCP tests. The excavation condition along this sec-
tion is classified as type D.

D)  Sabama Pumping Station
Fieldwork - BH 2, Filed Traverse

The proposed pumping station is located about 6m from an open unlined drain. At the
time of the investigation the drain was filled with sewer water up o about 0.3m below
groung level. The ground condition comprises very soft pealy clay, with low plasticity
below ground level. From 5m to 10 m the condition changes to very soft white clay with
high plasticity.

Three SPT tests were carried out at 2m, 5m and 10 m below ground level; and the corre-
sponding N’ values recorded were 7, 12 and 19 which correlates to bearing pressures
ranging from 80 to 200 kPa. The excavation condition at this site is classified as type
D.

E) Sabama Pumping Station to Kilakila Treatment Plant
Fieldwork - Field Traverse

The ground conditions atong this section is partly mangrove swamp deposit with similar
conditions to that at BH 3. The other part is hillslope deposits with estimated depths
ranging from 1.0 to 2m overlying siliceous argillite bedrock.

The excavation condition along this section is classified as type D and type BC, as it ap-
proaches the Kilakila Treatment Plant.

F)  Kilakila Treatment Plant
_Fieldwork - BH 3, BH 4, field traverse
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Two boreholes were drilled at the proposed treatment plant.  The overburden material is
soft to firm gravelly sand and silt with medium plasticity, The estimated overburden
thickness is from 0.1 to 4.5m befow ground level. Below 4.5m depth the rock is ex-
tremely to moderately weathered siliceous argillite with weak seams up to 150mm wide
and widely spaced calcite veins. Hard chert layers to 0.5m thickness were also encoun-
tered. '

No SPT tests were carried oul in this borchole. Estimated allowable bearing pressure
ranges from 1 - 3.5 MPa. The excavation condition here is classified as type B and pos-
sibly type A. :

G) Badili Pumping Station to Sabama Pumping Station
Fieldwork - TP 6, TP 7, TP 8, Field Traverse

The proposed pipeline for sector C traverses southeast along the road from Badili to Ki-
lakila treatment plant through Sabama. The materials within this route comprise road
base material (silt, sand and gravel), fill (sand, gravel, cobbles), footslopes deposils
(clayey silt, sand and gravel, occasional cobbles) and valley floor deposits (clay and silt,
occasional sand and gravel) overlying Port Moresby Beds.

Three trial pits were dug along this section to 1.2m below ground level, From ground
level to 1.2 m below ground level the ground condition is predominantly colluvial silty
sand; loose to dense yellowish brown clay and sand.

A fair portion of this section is along Scratchley Road and it is expected that road base,
concrete kerbs and footpath will be excavated before the pipeline is laid. This should
included in the cost estimates.

DCP’s carried out on the base of the trial pits range from 1.3 - 8 blows per 100mm, indi-

cating relative density is very loose 1o loose. Based on the data the allowable bearing
pressure is estimated (o range from 50 - 180 kPa.  The excavation condition is classified
as type C and B.

H) Taikone Pumping Station
Fieldwork - BH 5, Field Traverse

This borehole about 50m away from the shoreline and some 10m above sea level.
Ground condition at the proposed pumping station comprise silty sand; loose to medium

dense dark grey to pink silty sand with minor organic matter from ground level to 10m
below ground level. -

Two SPT tests were carried out in this borehole at Sm and 10m below ground fevel. The
N’ values recorded were 30, and refusal after 10 blows respectively, The second SPT
was done on top of bedrock. These values indicate the relative density is dense to very
dense and allowable bearing range 320kPa for the dense sand and 1 Mpa for the bedrock.
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The excavation condition is classificd as type C.  In addition groundwater may be ex-
pectad at this site.

1) Vabukori to Kilakila
Fieldwork - Field Traverse

The Vabukori to Kilakila sector traverses southeast along the coastline from Taikone to
Vabukori and around Taina Nadeara then traverses northeast to Kilakila treatment plant.
The materials within this route comprise peaty materials (silt and clay of mangrove
swanp deposils) sand, occasional clay and cobbles (beach deposits) in places overlying
Port Moresby Beds.

The ground conditions along most of this section consist of soft to firm sandy gravelly
and silt, with medium plasticity similar to Kilakila pumping station site, with medium
plasticity. The depths of the overburden are estimated to range from ground level to 2 m
depth. The underlying bedrock is siliceous argillite.

This rock level falls steeply to the sea and forms a rocky coastline. The rock mass is
moderate to highly weathered 2nd the pipeline trench would require drilling and blasting.
A pipeline placed at the surface would be exposed to impact of waves breaking onto the
rock platform, pertaining at high tides. Unless the pipe is well anchored and/or covered it
may become unserviceable.

6. DESIGN CRITERIA
6.1 Excavation Condition

The majority of the materials assessed during the walkover survey fall into type C and
BC. The BC infers some of effort will be required to loosen the rocks before excavating.

The traverse was made to assess the materials for excavalion difficullies and to select
trial pit sites where changes in subsurface conditions are expected and to obtain a variely
of subsurface conditions. Details of the excavation condition and assessmeat are given
in Appendix 4.

A) Pipeline Trench

Table 1.1, presénted in Append.ix 4, indicates in detailed the expected excavation condi-
tions along the route.

In general, nearly 0% of the proposed pipeline trenches will be along roads ard high-
ways. It is expected that the top 1.0 - 1.5m below ground level will be well-compacted
road construction fill material (silty sand and gravel overlying cobbles and boulders).

At the surface, bitumen an.d some concrete kerbs and footpaths will be encounlered.

The cost of refurbishment should included when costing the project (excavating and re-
storing).
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Bedrock encountered along the proposcd ronte may not be any real problem. It is ex-
tremely to very highly weathered shoutd be can be rippable using tynes of a bulldozer or
reasonably sized rock breaker, depending on the size of the trench.

There are two sections that will require some drilling and blasting; the section mentioned
in parts 5.2. (C) (Idudaba to Gabi) and 5.3 (G) (Vabukori to Kilakila). An overand
pipeline will suit these sections but must comply with environment regulations. Total
estimated distance would be about 500m.

During the trial pit investigations, the pits were dug to a maximum of 1.5m and the side
walls were stable during the logging of the holes. It should be noted here that the dura-
tion of the opcration is between 20 to 435 minutes.

Despite the apparent stability it is recommended that for any trenches deeper than 1.2m,
the walls of the trenches must be supported where personnel will be working in them.

The section between Pari Road and Sabama Pumping Station is the only place where
groundwater was noticed and will cause some problems during construction.

It is essential that dewatering methods and durability of the pipe type be considered for
these sections of the pipeline.

B} Pumping Stations
It is understood that the pumping stations will be 8 - 10m below ground level.

Five of the six borcholes were drilled to 10m depth except for horehole BH 8, which
encountered bedrock at 6.5m and was terminated al 8m. Excavation conditions at these
sites are expected to be free digging (i.e. excavation type C).

At BH 8 the rock mass is highly weathered and has weak seams up or 150m thick and

closely spaced. This indicates the rock can be easily broken up using a rock breaker fol-
lowed by removal using mechanical means.

Groundwater was encountered at Pari, Sabama, Idubada and Gabi Pumping Stations. The
levels ranged from drill hole collar (Sabama) to 1.5m {Idubada) below ground level.
Apart from Sabama it is assumed that the water level in the above mentioned stations
were dictated by the tidal levels. There is however a possibility that the water levels
relate to residual drilling water in the borehole. '

Table 1.1 - Summary of 'Ground Condition and Water Level

1.1-12

Pump Station Soil Type Water Level Below Gl (M) + Reck - Excavation

. . Depth (M) Condition
Pari Sifiy SAND 1.5 N.A TYPEC
Sabama Peat and clay 0.1 NA TYPEC
Tatkone {Vahukori) Silty SAND N.A 10m TYPEC
Idubada Siliy CLAY 25 N.A TYPEC
Gabi (H/Bada) Silty SAND 2.5 N.A TYPEC

Hanuabada Silty SAND N.A 6.5 TYPECand B

N.A not applicable Excavation Condition refer to section 3.4




Regardless of the above, when designing any subsurface structures, all of them should be
treated as underwater structures because they are located less than 20m from the shore-
line. It is recommended that all excavation for these struciurcs must be fully supported.

C) Treatment Plants
Kilakila Treatment Plant

This site is located at the foot of the slopes of Kilakila Range (Figure 3), the estimated
gradient of the hill slopes is about 20 degrees steepening to 40-50 degrees on the upper
slopes. A narrow gently sloping coastal plain extends about 20-30m inland. The edge is
marked by an eroded terrace of fine sandy sediments. The shoreline at the site is at the
transition between mangrove swamp deposits on the northeast side and a coastal rock
platform on the southwest side. In order 10 prepare the site for the treatment plant it is
apparent that substantial cut and fill operations will be undertaken to level the site.

The underlying rock mass at this plant is moderate to extremely weathered siliceous ar-
gillite at less than 0.5m depth at the toe of the slope to 4.5m depth below mangrove de-
posits. If excavation extends more than 0.5m into the bedrock we anticipale a need to
drill and blast, based on the occurrence of siliceous/chert layers within the bedrock.
However we recommend that the configuration for the treatment plant layout be des-
igned to limit the amount of excavation in rock.

Filling over the coastal mangrove swamp deposits will involve up to about Sm of com-
pressible materials overlying rock. The compressible materials are organic, soft silty
clays which will consolidate under loading. It is recommended that the fitling does not
exceed 3m in order 10 limit overall seitlement to 60mm. Preloading of sites is recom-
mended in places where filling is to exceed 3m over the mangrove deposits ~ Settlement
should be monitored by survey on gauge poles embedded in the fill.  In order to it
the long term settlement to 10mm for structures built on the fill allowable bearing pres-
sures should not exceed 150kPa.

The investigation was bounded by the terms of reference to two boreholes and several

SPT tests in the boreholes. Furthermore it is understood that the limits of the proposed

site is only preliminary and the actual size of the treatment plant is not finalised (refer to

Figure 2 for locations of the boreholes). If the site development, including cutling and

filling exceeds about 4m in height then specific geotechnical advice should be sought in
~order to oplimise the design.

Paga Treatment Plant

The Paga Treatment Plant Site is adjacent to the coastal cliffs at Paga Point. It occupies
the rock platform overlain by variable thicknesses of saturated sand with coral fragments
and [rimging coral reef. The silty gravelly sand deposits are up to 1.5m thick, loose to
- medium dense, and grey in cotour, with about 10% grave! to boulder sized rock and coral
fragments. The coral is about 2m deep, adjacent to the existing Pump Station and is ex-
pected to thicken to 3m to 4m on the edge of the recf. It compriscs white, high to very
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high strength masses, with a sugary texture and cavities to 0.3m. The bedrock is mod-

crately to slightly weathered siliccous and calcarcous mudstone and chert with high
strength.

Drilling data from the Oceanarium study in 1979 and from this study concentrated on the
area adjacent to the existing pump station.  The bedrock profile undertying the sand and
coral units, is expected to be similar along the rock platform and reef to the west of the
pump station. Depth to bedrock ranges from 1.5m to 3m. - The assessment of founda-
tion conditions is expected be consistent over the full extent of the site.

Filling over the deposits will involve up to about 2m of compressible materials overlying
rock or coral. The compressible materials loose to medium dense silty gravelly sand
which will consolidate rapidly under loading. It is unlikely that filling will exceed 3m at
which overall settlement is expected to be 10mm. Pretoading of site is not necessary, In
order to limit the long term settlement to 10mm for structures built on the fill allowable
bearing pressures should not exceed 200kPa.

The ground water is estimated to be 1.0m below the ground level at low tide and at the
surface during high tide.

6.2 Assessment of Foundation Conditions for all sites

The treatment plant sites are located on coastal rock platforms with fringing reefs. The

foundations will comprise a combination of weathered sedimentary rock, a variable layer
of unconsolidated beach deposits and coral.

Foundation conditions in the unconsolidated sediments are assessed from the SPT data
and engincering judgement of the materials encountered.  For soils of very fine or silty
sand texture under saturated conditions, the equation is N= 15 + 0.5(N,, - 15) (Rel 4).
It is assumed that the foundation for all pumping stations will be below groundwater, as
nearly all of them are ncar the coastline.

The table below summarises the materials and tests carried out for the differcnt siles in-

vestigated for the project. The values of the allowable bearing pressure assumes 2m wide
footings.

Table 1.2- Summary of STP and Correlated Allowable Bearmg_Pressure

BH Location Soil Type Depth of N Ne Cor- Allowable Commenls

Test (m) | Value rected Bearing

Pressure
(kPa) o

] Pari Clay SAND 5 11 11 80 water level at 2.5m
1 Pari Clay SAND 10 - 17 - 16 150 . .
2 Sabama Clay SILT 5 12 12 80 Water level 0.lm
2 Sabama Clay SILT 10 i9 17 150 ° N
3 KiKila # | ‘ NT _ NT 1-3MPa Bedrock at 4.5m
4 KiKila § 2 ' ' NT NT "} ~$-3MPa Bedrock at 4,5m
S Taikone Silt SAND 5 ‘19 17 - 150 -
5 Taikone Silt SAND 16 15 ref 10 1-3Mpa | Tested on bedrock
6 Idubada Clay SILT 5 48 31.5 280 '
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6 dubada Clay SILT 10 56 35.5 350

7 Gabi Silt  SAND 5 24 19.5 180

8 Hbada Silk  SAND 8 10 ref 10 1 ~3IMPA | Tested onbedrock
9 Paga NT 3-10Mpa | Bedrock at 2.5m

*%

NT - No SPT test undgrtaken

1MPa=1,000KN/m? (kPa)

ref = refusal of SPT tests when N> 50 over 150mm or the haminer bounces hard rock or boulders
#% potimates  from Ref 6 :

6.3 Slope Stability

There were no apparent slope stability problem observed during (he site investigation,
apart from the Kilakila Treatment Plant Site which may require some geotechnical input.
Any cutting into the slopes should be designed as foliows:-

e cuttings in soil: batter at 2H : 1V for maximum height of 3m. Any cuts greater than
3m should have 2m wide benches between the batters.

e cuttings in rock face: batter at .5H : 1V for a maximum height of 3m. Any cuts
greater than 3m should have 2m wide benches between batters.

For the sewer pipelines we recommend that any trench depths greater than 1.2m below
ground level must be fully supported.

The pump stations will require excavation of up lo 8m and 10m at sites which are com-
monly confined between existing structures and roads. In order to avoid cutting back to a
stable batter angle it is recommended that the excavations in soil be fully supported prior
to placement of the pumping well. Excavations in rock are expected to stand unsupported
for short periods. For safety reasons, personnel should not enter any of the excavations,
whether in rock or soil unless they are fully supported.

7. CONSTRUCTION MONITORING

SMEC - Engineering Geology have suitably qualified personnel based in Port Moresby,
that can be consulted during the earthworks phase of the project. It is anticipated that
geotechnical engineers will be required at the pumping stations and the Kilakila Treat-
ment plant to assess the exposed bedrock for stability of the slopes and foundation prepa-
ration, If filled embankment are to be constructed to more than 4m in height special
design considerations are required for compaction and settlement analysis.

8. SUMMARY AND CONCLUSION

¢ The excavation conditions of the pipeline route is generally type C (readily excavated
by mechanical means), with some type B (combination of difficult mechanical exca-
vation, ripping, rock breaker and possibly blasting} and may be type A (drilling and
blasting over a total of 500m), depending upon allernative routes.

e The foundation conditions presented above suggests minimum bearing pressure of 80
kPa to be founded on silty sand and ctay and 1MPa for foundations in bedrock.

L1-15




bad

2,

3.

The treatment plant sites are underlain by siliccous to calcareous mudstone at depths
of up to 4.5m, underlying coastal sediments and/or coral reef. At the Kilakila site it is
expected that carthworks could involve culting to 3m and filling to 3m to 4m. De-
pending upon the size of the plant the site the works may be more extensive. Flllmg
over the unconsolidated sediments should include a period of preloading and moni-
toring (o assess rates of consolidation prior to placement of any structures. The Paga
site is on competent rock and coral at shallow depths and no such filling require-
menis would be necessary.

The pumping station sites were all within silty sand to silty clay soild, with the ex-
ception of the Sabama site in peaty clay and the Hanuabada site, which encountered
rock at 6.5m. Excavation conditions in soil should be dug by mechanical means. If
the Hanuabada site is to excavated below 6.5m blasting will be required.

All pumping stations investigated are close to the shoreline and it is cecommended all
substructures be treated as submerged.

All trenches deeper than 1.2m below ground level must be fully supported.
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SMEC ENGINEERING GEOLOGY _ BOREHOLELOG | sncettot 1 |BOREHOLE NO: 1
PROJEGT: PORY MORESEY SEWERAGE DRILL METHOD WASH BORING OATE COMMENCED (G-12-97 0B NG W56
JCLIENT : TOKYO ENGINEERING ORILL #MODEL FING OATE COMPLETED16-92-97 LOGGED: KT
L OCATION : PARI VILLAGE HOLE Si7E: 75cm JCASING S12Z€ Thcm JCO-ORDINATES CHECKFOD: KT
o DEPTH: 10 DEPTH.10m ) APPROVED KT
DONTRAGTOR. PHG DRILLERS ELEVATION: DATUM:
Laboratory lest resulls fiald lasis dopth {m), SOIL DESCRIPTION
%% fings | Alterberg Timits | maisturg]  other lesl water levels samphng L] USCloonsistency, oofor, moishure plaslicly structure. Secondary
“750m UL {%)] PH%} %3 results soif, COmponents and mindd sl components
[ SILTY SAND: Vary soft 1o soft, loose, oranga 1o white,
| maist sty fine 1 coarse sand and agpronmalaly 15-20%,
i subangulas 10 roundad, Bne 1o ecarse, whita and becwn
| gravel {ched, mudstone. limestong and shed fragnents)
: waler level
| 1997012119
| SPT 334 SILTY SAND: Softta trm and densa, oranga to white, maist
| N=7 silty, fing 1 coarsa $and with appeoximalely 10-20%, fing 1o
N coarse, subanguizr 1o rounded white and biown gravel {cherl,
- limestong, medsions and stelllragmanis)
| SANOY CLAY: Stff, brownish oranga moisl Sayey fina to
_ eoasa sand, medium piasticity Fnes with approximately 10%
| fing angurar gravel [chert and shef fragmants)
| B(s) ffjg
A
u -
-
- . |
_ o
= 6 CLAY: Wery stfl brown moist Cizy of high plasticity
= ST 2/5% CH  JwithWrace of fine sand
[ N-=11
B 7
2
- SPT 649 SANDY CLAY: Very slif orange moist fne 10 coarse sandy
= N=13 silly ciay of vaey high plasticity
| E}
- 10
| SPT &R0 CLAYEY SAND: Suft, dense, orange beown, ciayey fing 1o
B N=19 sand with apguoximately 15% fing angular mudsione gravel
HOLE TERMINATED AT 10.45m
sampling noles
8 buk sampia 1) Undisturbed samples advanced using SPT hammer.
O disturbesd samote (sample number in brackets) 2)USG = Unified soil classification
T tube samgha {sample number in dvackels} 3) Matedal sirergths sssesoment based onvisual inspecton and SPT results
T° £ recovery
field losts SPTNVYALUE
permeatility . {biows pet thigs
cons=constant head lengths o 150 mm
faltaling head . nbrackets) '
rise-rsing head test R=tampie reCovery
= Wates leval in borshola, and date.
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SMEC Engineering Geology

BOREHOLE LOG

| sreetior 1 |BOREHOLE NO: 2

~ROJECT: PORT MORESBY SEWCRAGE ORILL METHOD WASH BORING OATE COMMENCED: 1241297 JOBNO: 096
CUENT : TOKYO ENGINEERING DRRL MODEL: FMG DATE COMPLETED: 12412:57 LOGGED: KY
FLOCATION : PUMP STATION 2 HOLE SiZE: 75c0CASING SI1IZE-75cm JCQ-ORDINATES: CHECKED: KT
SABAMA SETTLEMENT DEPTH: 10m QEPTH:1Dm . : APPAQVED: KT
ICONTRACTCOR: PNG ORILLERS : ELEVATION: DATUM:
Laboratary test resulls fiekd tasts depih (), SOIL DESCRIPTION -

% tires | Atterberg s | moisture}  other test water levels sampling | log  JUSClronsistency, color, moisture plasticity, structure. Secondary

Fum L] Py ) (o resuhis ) $01, COmPONENTs a0d MINGE ot Components
L water level B.00 PEATY SILT: Very solt black organic clay o tow plasticity,
_ 19971219 wet
| MANGROVE SWAMP DEPOSITS.
: SPT 3134 D{6) PEATY GLAY. Very sofl, blackish grey, very high glasticity
| N=? oeaty ¢lay.
| MANGROVE SWAMP DEPQSITS
|: CLAYEY SILT: Very soft and white, very Figh prasticity
_ clayey sift . Possle imastone onigin
—
2 SPT 41377 et}
B N=12
- SPT &8/11 CLAYEY SILT: Stfl yoowish while low plastic tyclayey silt

N=19 with approximately 15-20% fire o coarse whita sand
HOLE TERMINATED AT 10.45m
sampling noles
3 buik sample 1) Undisturped samples advanced using SPT hammer,

D disterbed sample (samgie number in bracke!s)
T ke sample (sample number in brackets)
T" o rgcovery

2} USC = Unified soll classification
5} Material suengths assessment based on visual inspection and SPT results.

Fald tests SPTNVALUE
petreability {blews per thiea
conszoonstant head Tengths of 150 mm
faf=falling haadt in brackets)

Fisexpising Fead fegt A=-sample 1zoovery
=Water levelin borehole, and dale.
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SMEC ENGINEERING GEOLOGY __ BOREHOLE LOG

srestiot 1 |BOREHOLE NO: 3

D disturbed sample (sample pumbad in brackets)
T ke sample {sampla numbar i brackals)

T* mo reeovery :

fiotkd lests SPTNVALUE
permeability {Llows per three
eong=constant haad fengths of 150 mm
fafl=falling head inbrackets)

prse=rising head lest R=sampla recovery
= Water level in borehole, and date.

2}USC = Unified 50 classification

3) Materia! stengihs assessment Dased on visual inspaction and SPT esults.

4) CRAs tha Core Recovery Aalio, the percentage of core r core fragments

~ recoverad over 1he Yength of the interval diflied.

5) RO is the Rock Quality Designation, the total length of intact core gieces as a
percentage of the total core run drillzd.

FROJCCT: POAT MORESS\' SEWERAGE DRILL METHODWASH BORING DATE GOMMENCED: 13-12-97 J0B NO: SN
[CLIENT 1 TOKYO ENGINEERING DRILL MODEL: FMC QATE COMPLETED: 1B-12-97 LOGGEDKT:
LOCATIGHN | KILAKILA TREATMENT PUANT HOKE SIZE: 7 CASING S1ZE 750 CO-ORDINATES: CHECKED: KT
SABAMA SETTLEMENT DEPTH. &5m DEPTH S 5m APPRCVED: KT
ONTRACTOR. PNG DRILLERS ELEVATION DATUM:
Laboratory lest rasults field tests Jepih {m], SOIL DESCRIPTICN
% fnes | Atlerberg timits | moisture]  other test walar levels NUSCleonsistency, ootor, moislure plasticity,sructure. Sacondary
~75um LE (%} ] P (%) results $6il. corponents and minor $0& componants
SILTV CLAY: Soft white moist low plasticicty silty ciay with
Srifling method: oL |approximately 10-20% fine to c0aise brawa 5304
washbore 1o 4.5m
Core data
: deiling metid: I~ —| Gravelly clayey silt, ight grey-brown, low plasticity,
CRR= 25 {POcoring s = o sub-rounded to angular gravel frags to 30mm
AQ0=9 oen —
— -3
= SILICEGUS ARGHUTE: Grey'sh white, orange along joints,
— tractures and bedding piares {dua 1o oxidation).
i CRA= &5 — very ciosely spaced healed structures, brecciated in places.
RO0= 45 i highty to maderately weathered mainly along poils and
= A bedding planes, moderately stong
e T: E ; includes weak zanes of angular gravelly sity sand,
el up Yo 200mm wide, dipping at 20 deg, spaced S00mm
CRA=BO = 4 apart.
ROD=25 — Helow 7 5m cormpelent highly weathered Galcareous
= = argitive: intact rock with minde stzined caly infited join's
&8 — - Jipping at about 10 deg.
] BOREHOLE TERMNATED AT 8.9m
o]
19"
sampling notes
8 buksamgie . 1} Undisturbed sarmples advanced using SPT harmmner.
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SMEC ENGINEERING GEOLOGY 8OREHOLE LOG | sneai1r « |BOREHOLE MO: 4
fPROJECT: POAT MORESBY SEWERAGE DRILL METHOD.YYASH BORING DAYE COMMENGED: +7-12-97 338 MO J096
ICLIENT : TOKYD ENGINEERING DRILL MOOEL FMC DATE COMPLETED: 17-42-37 LOGGEOKT:
LOCATION : KHLAKILA TREATMENT PLANT HOLE SIZE: 75emCASING SZE75cm |CO-ORDINATES: [CHECKED: KT
on the stovgling OEFTH: Bm DEPTH S . L APPROVED: KT
LONTRACTOR: PNG DRILLERS ) ELEVATION: DATUM.
Laborstory testresults field tesls depth (m}, SOIL PESCRIPTION
% fines | Aftebergfimits | moistura ] olher ias) walerlavels samplirg oy |USC cdnsisiancy, color, moisture phasticly, strutture. Secondary
-Toum | LL{%) %) r2sulls o1 SO, eomponents and mingr soif components
| WH | SANDY CLAYEY SILT: Very soft black, dayey siloltow
= plasticily with some orpanic matter (Cerived from Mangrove
| Depesits)
=
=
N Cors data
| Deifing Method SIICEOUS ARGILUITE: Grayish green, mid brown motiles and
n CRR= 25 PO Coring nands, iron onide slained frachures and bedding planss.
| _ ROD=Q Exiremaly to highly weathieres alengicints, bacoming less
| weathard with depth.
| — Steeply dipping Tahation, joints at 10 1o 60 deg. sections
= :: - of the core totally fragmentsd.
| 5 —
- _ BOREHOLE TERMINATED AT £Om
| _ (due to security and safety reasons)
N 7]
B s _
- 5]
.. ]
HOLE TEAMINATED AY 10.45m
sampling Fno!es
B bu'k sampia 1} Undisturbed samples advanced using SPT hammer.
D dislubed sample (samgie number in brackets) 2) USEC = Unified soil classication ‘ .
T tube sample {sample aumber in brackels) 3} Material strengths assessment based on visuzl inspection and SPT results.
17 0o recovery 4} CRA is the Core Recovery Ratio, the percentage of core or core fragments
Feld tests SPTNVALUE recovered over $he length of iha interval drilled.
permreability {iows per ree 5)RQD is the Rock Qualty Designation, the total length of intact core pieces as a
cong=gonstant hesd lengths of 150 mm percerntage of the 1otal core run drilted.
fafl=fa%ng head in brackels)
<se -mising head test R=sample recovery
- =Walesloyalin bivehcle, and gata
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SMEC ENGINEERING GEOLOGY BOSEHOLE LOG

| sectiar 1 |BOREHOLE NO: 5

PROJECT: PORT MORESEY SEWERAGE DRILL METHOO WASH BORING DATE COMMENCED:. 17-12-97 10BN O
JOUIENT : ‘[OKYD ENGINEERING DRILL MOOEL FMC DATE COMPLETED: 17-12.97 LOGGEDKT:
LOCATION @ TAIKONE, VABUKORI HOLE S12€: TSCI;| CASING SIZE75cm [CO-ORMNATES: CHECKED. KT
SABAMA SETTLEMENT CEPTH:. 1045m |DEPTHIDALM AFPROVEDXKT
RCONTRAGTOR: PHG DRILLERS ELEVATION: DATUM:
Lsboratory te3! results field tests depth (M), SOIL DESCRIPTION

o fines | Atterberg fimits | moistura | oiher test waler levels sampling | tog  |USC{ronsistency, cotar, meisture, prasticity. structure. Secondary

-Thum [ LL (36} (%) resufls sail, components and minod 5ol COMponets
B 0 9| S JSILTY SAND: Loose, beoomining dense and very dense,
- _ dark greyish 1o pinkish, fine 10 medium calcarenus
N 1 sand with appreximately 10-15% fine to coarse, angular 1o
N ] subrounded calcareous gravel and trace of organics
X ]
- by _|
- 2:
B SPT 71218 545

3 ——

B 84|
. .
N 5]
B SPT 15132 bourcd  D{7)
- . :
N 7
B s
B 3]
: : LIMESTONE: Fine grained, modarately slrong white and oh-
N _ white al places, massive.
B 0| HOLE TERMNATED AT 10.45m

sampling notes

B bulcsample 1) Undisturbed samples advanced using SPT hammer.

T* o FeCcovery

D distubed sampte {sample number in beackets)
T tube sampie [sample number in brackets)

2JUSC = Unified sofl classificalion

fiald tasts
parmeability
cons=panslant head
falt=falling head
Iﬁse:risirg head test

SPINVALUE
{biows per ez
lengths of 150 @m
in brackets)
R=sample reccvery

wee = Water level in borehote, and dale.

%) Material strengths assessment based on visual inspection arwd SPT results.
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SMEC ENGINEERING GEOLOGY  BOREHOLE LOG

| steetiot 1 |BOREHOLE NO: 6

FROJECT: PORT MORESBY SEWERAGE CRILY, METHODWASH BORING DATE COMMENCED: 17-1287 JOB NQ. JO36
CLIENT : TOKYO ENGINEERING DRILL MODEL: FMG ) | |DATE COMPLETEC: 17-12-97 LOGGEDKT:
LOCATION : PUMP STATION & HOLE SIZE: 75cm|CASING SIZE:75:m [CO-ORDINATES: JCHECKED: KT
IDUBADA DEPTH: tOm DEFTH 10m . : APPROVED: KT
CONTRACTOR: PRG DRILLERS ELEVATION: ) DATUM:
Laboratory fes! resuhs field lesls depth (m}, SOIL DESCRIPTION

% fines | Anerberg bmits I maoisturz|  other test wates Wrels sampiing USCleonsistency, color, molsture plasticity strutture. Secondary

TS0 JLL (36) ] Pl &3] resulls ) $oit. eomponents and minds soi components
N [ CLAYEY SILT: Very 50ft and while, very high plasiticity
- chayey sit
N FiLL
[ seT CLAYEY SILTY: Very siff, white, very high plasiticity
| 11716727 ACH  [ciayey sit, possicly LMSF arigin
= KN=43
| 64 FILL
R ] CLAYEY SILTY: Very stiff yallowish white, low plasticity
| 10_ . SM  [olayey silt with approximately 15-20% fine Yo coarse sand.
B ] HOLE VERMINATED AT 10.45m

sampling notes

8 tulk sample

O dishwbhed samgle (sample aunber in brackets)
T tbe saxgple ($amphe numbes in bracksts)
T* o recovery

2} USC = Unded soil ciassification

field tests SPTNVALUE
permeatility {blows per threa
cons=0orsfant head lengihs of 150 mm
fal=fatting head in brackais)
rise=rising head test R=sampie recovery

— = Waler levelin Dorehole, and date.

1} Undishrbed s2mplcs advanced usindg SPT Rarmmer.

3} Makrial strengihs assesseent based oa visual inspeglion and SPT rasults.
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SMEC ENGINEERING GEOLOGY BOREHOLE LOG

sweetict s |BOREHOLE NO: 7

PROJECT: POAT MOAESBY SEWERAGE DRILL METHODWASH BORING DAYE COMMENCED: €-1-93 JO3 NQ: Jose
CLIENT : TOKYO ENGINEERNG ORILL MODEL: FMC DATE COMPLETED: &-1-98 LOGGED: 30
LGCATION | GAB! HOLE SIZE: 75emiCASING S1ZE:750m |[CO-ORDINATES: CHECKED: RG
HANUABADA QEPTH: 1Om DEPTH.t0m APPROVED. KT
ICONTRACTOR: PNG DRIELERS . ELEVATION: DATUM:
Laborstory test results fiekd tests depth {m), S0ILDESCRIPTION
% fines | Anerbedg limits | moisture] ofher test water levels sampling | log  |USCloensistency, color, moisture glasticity stutture. Sesandary
<750m | LL Ga | PI%) {%) results 30/, CoOmpongnts and mines soil components
_ Sifty SAND: soh 1o fita dense, orange to while fine ta coarse
[ ] sand approximately 15 - 20% .
| ] subanguiar 10 1ounded , fine to coarse and and brown gravel
n | {ched, mudstone , imeslone and shell fragments)
]
- ] M
- .
: SANDY CLAY : Very siiff fine 1o ccarse sandy sitty
3 clay of very high plasticity
: CH
B I
o EILT 1 PAod & peduoa
» N value > 30 5
- —
: : - Light brown moderalely weathered calcereous MUDSTONE
| a — sheared and brecciated veined by caicite
e s -
B 7~ —
B s |-
- 1
—

5 w0 BOREHOLE TERMINATED AT 100m

samgting noles

B bl sample 1) Undisturbed samples advarced using SPT hammer.

O disturbed sample {sample number in brackets)
T tabe sample [sampie number in brackets)
T 00 teoovery e

2JUSC = Unified soil classification

SPT N VALUE

Feld tesis
parmeabiity {clows per three
cons=constant head lengths ol 150 mm
fall=falkng head i brackats)

rise=rising head test R=samgia racovery
—— =Water level in borzhole, and date.

3) Material strengths assessment based on visual inspection and SPT resuilis.
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SMEC ENGINEERING GEOQOLOGY BOREHOLE LOG Shect1ot + |BOREHOLE NO: 8
rPﬂOJEC‘r' PORT MORESBY SEWERAGE DRIALL METHOD:WASH BORING DATE COM_!\’.'ENCE& 17-4297 JOB NO: JOsG
FALIENT : TOKYQ ENGINEERING ORALL MODEL: FMG DATE COMPLETED: 174297 LOGGEQKT;
L OCATION : PUMP STATION 2 HOLE SIZE: 75cm]CASING S12E:75%ca {CO-ORDINATES: CHECKED: KT
SABAMA SEYTLEMENT DEFPTIE 10m DEPTHA0m ) APPROVEDKT
JCONTRACTOR: PNG DRILERS ELEVATION: _ DATUM:
Laboratory tesi rasyits field kests Jepth (), : SOIL DESCRIPTION
% fires | Atterberg imits | moisture]  other test water lgvels sampling | tog  |USClconsistency, color, moisture. plaslicily structure. Secandary
-75um {LL (%) ) PR3o} (%} eslls soil. companents and minor 5ol compenenls
N | SM [Sity Sand, fight grey brown, kow plasticity, fing Io coarse,
R ] some gravel 1o 16mm,
1
u 2_]
B ]
— -1
- <]
t Oriif Core 5 ]
| Drilling method: . Silty-sandy gravel, pale brown ta cream, with dadk patches
| CRRA=55 PQ Coving ] ard bands, loose 1o madivm dense, vely low plasticity,
RQD=0 moist, sub-angular 1o anguiar gravel,  Gravel comosed of
-: : calcarecys argilite,
— 6—
: : Fire salcareous siltistone, [pale yelow grey, iron and
| 7_ mangangse oxide slaines on joints, some joints soil-
. CRR=80 _ fitled 10 30mm width. Very closely spacd fracturgs
| RQD=1] _ in placs
. o]
sampling notes
B butk sample 1) Undisturbed samples advanced uging SPY hammer,
D distobed sampfe (sampie nurnber inbrackals) 2)USEC = Unitiad soll dlassification
T tuba sampla {sample number in brackets) 3] Material strengths assessment based on visual Inspection and SPT fesuns
T* o recovery 4) CRR is the Core Recovery Ratio, the percentage ol core o core fragments
fiald tasts SPT N VALUE recovered over tha fength of the Intesval rified.
permeability foloas per bree 5} ROD is the Rock Quality Designation, the tolal fength of intact core pieces as a
cons=constant head fengths ol 150 mm perceniage of tha folal core run drifled.
20=1ating head in brackets)
ise=rising head test R=sample recovery
— = Waler level in borehole, and date.
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SMEC ENGINEERING GEOLOGY BOREHOLE LOG

| st |BOREHOLE NO: 9

PANJECT: PORT MORESBY SEWERAGE DRILL METHOD.WASH BORING DATE COMMENCED. 17-32:97 JOB NG JOX6
CLIENT ; TOKYO ENGINEERING DRILL MOODEL FMC DAYE COMPLETED: 17-12-97 LOGGEDKT:
 OCATION ; PUMP STATION 2 HOLE 8IZE; 75ce]CASING S17E-75em CO-ORDINATES: CHECKED: KT
SABAMA SETTLEMENT DEPTH: 10m DEPTHAOM APPROVEDKT
[COMTRACTOR: PNG DRRLERS ELEVATION: DATUM.
Laboratory test results field 1es1s Jeplh {m}, SOIL DESCRIPTION
% fines | Aterberg limits | maisture ] cther test walet levels samping | log  [USCloonsistency, color, maisture plasticy siructure. Seaondary
S75um LU (%) | PU%) {%h) Te5ults soif. comnponents and mindd scil components
| Orili methnd GP  |Sandy gravel. angular gragments of ched, argitta
- rock rolier Loose ko dense.
L Fitl
B Deill oire 1
- Drill rethod: Ge
» CAR=55 [PQ Coring Cobbles and gravel of highly sificeous. very high strengh
B RA0=0 Chart. Recoverad core fragment 200mem inj length, phs
| troken ragments W §0mvn size.
4 Filk
: CRR=55 Silty sandy gravel. anguizd 10 sub-rounded fragments o
A00=0 K] s0rnmn size, mid Drowa, fighi caloured motties and zones
: FRL
[ 8
B CRR=5S FILL a5 above
| ROC=0
B 5
[ Top of rack $.5m
| T fasgiline: highy 1o exdremely weathered, plae gray brown,
| - Law to very low strergth, very closely staced actures, with
B ] 6 | — soil s2ams 10 200mm, dip at 10 deg.
n _] Base ol hole comgletay fragmentad care.
| CHA=40 |
| RQO=0 _
- ]
n 5]
sampling notes
B butk sample 1) Urddisturbad samples advanced using SPT hammer.

17 _no recovery

D disturbed sample (sarrple nuaber in bracke!s)
T tube sample [sampie number in brackels)

fiold tests
genmeability
corg=corslant head
fafl=fatling head
Fise=rigng head test

SPT NVALUE
{blows per threa
leragths of 150 nn
i braskets)
A=samglz recovery

— = Waler levelin borghor, and dale

2YUSC = Unified soil classifeation

3) Material strengths assessment based on visual inspection and SPF results.

4) CAR is the Core Pecovery Raltivo, tha percentage of core or cora fragments
recovered over the tength of the interval drfied.

5} RQD is the Rock Quality Designation, the totat length of intact core pieces asa
pescentaga of the total cofe run drilied.
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Appendix 2

Geotechnical logs of Trial Pits



SMEC ENGINEERING GEOLOGY  TesTpiTLOG | stecrtar « JVEST PITNO: 1

D disiurbed samgie {sampie number in brackels)

* Yest pit excavation stopped to 0.9m due 10 prassura and theaths from local villagers

‘evel

DCP TEST
Not done

PROJECT: Por Moresby Seweraga Contractor, Varifonm DATE COMMENCED: 0601498 JOBNO: JO96
[CLIENT : Tokyo £nginearing Consultants Excavalion yps: JCB excavalac DATE CONMPLETED: (661123 LOGGED: SO
LOCATION © Tatana F{T S1ZE: DEFTH: CO-ORDINATES: CHECKED: RG
0.8m % 3m 3.9m APPROVED: RG
ELEVATION DATUM,
Laboratory lest results field tests depth tm), SOIL DESCRIPTION

% Tines | Atledbeng imits | moisture]  olhertest wate! levels sampting | fog | UST Jaongistency, oolor, meisture plasicity,structisa/particie shape.

-75um | LL (36} ) PY%) {70} resuits Secondary $01 componants and minar Soll components
| ] Gravely SAND; foose greyish, wel, medium to tow plasticily.
- ] madium to coarse sand, with coral fragrments and organics.
N _ Sarre cobbles minor boviders.
B _ IMANGAOVE SWAMP DEFOSIT]
. _ GM
B 05 |
: ] EGH @ 09
- i
- 15 |
- 2
- 251

sampling Aemarks:

8 buk sampie

* Bedrock shghtly deeper, approxmately Sa deaper based on visuaf eslimaies from beach {ionth rock

* o water encountesed 10 0 9m. However sea walar appear 10 have seeped thiough this sail layer.
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'SMEC ENGINEERING GEOLOGY _ TesvpiTion

Sheel 1 of 1 I‘I'EST PITNO: 2

PROJECT: Port Moresby Sewerage Contractor: Variform DATE COMMENCED. 05/01/58 JOB NGO JOS8
CLIENT ; Tokyo Engineering Consultants £ xcavation typa: JCB excavalor OATE COMPLETED: 06/ 1/35 LOGGED: SO -
LOCATION ; Kanud PIT SiZk: DEPTH. CO-ORDINATES: CHEGKED;
08mx 3m 0.6m ‘ S APPROVED.
ELEVATION: DATUM:
Laboratory lest results field les’s Septh {m). SOIL DESCRIPTION

% hnes | Atterberg Rmits Y maisture}  other test walet levels. sampling | tog | USC|consistency, color, mofsture,plasticity structure/particts shape.

JT5um fLL{%)} ] Pi%Y | {%) esults Seqondary sol components and minor 361 Components
- ] Sity GRAVER; Loose, dark greyish brown, wet, low 1o medium
| _ plasticity, coarse angular gravel with siome diay and cobblas,
- _ minoF organics race of boutder.
B 7] GM  |[SLOPE WASH/ BEACH DEPOSIT)
B 05 |
[~ B €0H @ 06m
= . :
- s
- ) :
B 25" |

sampling Rermarksy:

8 bufk sampie

O disturbed sample (samgls pumber in brackets)

DCP TEST
Mot done

* Test pit excavation siopped 10 0.6m dus 1 pressure and threaths from Jandowners.
* Bedrock sfightly deeper, approxmately 4 1o Sm deeper from beach fronth edge levels.
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SMEC ENGINEERING GEOLOGY TESTPITLOG

| seetionr |TESTPITNO:3

FROJECT: Port Moresby Sewerage Contracton Vanfom CATE COMMENCED: (6/01/58 JOB NO: JO5
CUIENT @ Tokyo Engineering Consuanls Excavalion type: JCB excavatyf DATE COMPLETED: 06/01/38 LOGGED: 80
LOCATION : idubada PIT SME: DEFTH: CO-ORDINATES: CHECKED: RG
DHmx 3N 2.7m APPROVED.RG
CLEVATION: DATUM.
Labaratory test results fieid tests Jegth {m), SOIL DESCRIPTION
% fines | Atierborglimits | moistura  otheriest waler lgvels sampling | Yog |USCoonsistency, color, moisiure plasticity structure ‘particis shape.
-750m | LL{%}) PI(%) %o} fesulis Secondary 591 COmponents and Mminor 5ol components
: : Sandy SILT; Loose 10 dense, greyish brown, dry, low to medium
| ] M3 {ptasticity silt with some angufar gravel fragments and 10015,
| ] minof cobbles trace of clay.
B ] {TOP SOIL]
: : Siftty GRAVEL; Dense, fight yellowish brown, dry, argudar graval
| ] GM | with some sand and cobbles
| 0%
» ] {COLLUVILIM]
: | Bed rock Exposed inbase of pit.
= _ EQOH @ 0.0m
- -
B 15" ]
n 2_
B 2.5 7
sampling Aamarks:
B bulk sample Exposure of bad rock at base of pil {EOH).

D distubed sample (sample number in brackets}

OCP TEST

sol type.

ot done due to the granutar nature of the
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SMEC ENGINEERING GEOLOGY TesTiTL0G

1§ sreattor1 |TESTPITNO: 4

PROJECT: Porl Moreshy Sewerage Contractor. Variform DAYE COMMENCED. 05/01/98 JOB NO: JO%
CLIEMT @ Tokyo Engincoriog Consulants £ xcavation type: JCB excavator DATE COMPLETED: DE/01/98 LOGGED: 50
LOCATION . Hunuabada PIT SiZ2E: DEPTH: CO-ORDINATES: CHECKED: RG
9.8m x3m 1.4m APPROVED.RG
ELEVATION: - DATUM.
Laboralory test resuits Field test depth (m}, SOIL DESCRIPTION
Aesulls sampiing { tog | USClconsistency, celor, moisture plasticity, structura/paricle shape.
' Secendany 50t compongnts and mindr $oil components
- 7] Gravely CLAY; Eirm, dark greyish black, dry . Jow 10 medium
N | CG  |plasticity, sfighily organic day with some sift and 1001s trace
- . of cobbies.
= | [OP S0
B ] Sty GRAVE L. Derse, ighl yehonish brown, dry, angular gravel
| . with some sand.
: 0‘5: [COLLUVIUM I HILLSLOPE DEPGSIT)
N 1 |
- i
B i £0H & 1.4m
- 15
[— —
2
— —
- 257
sampiing Remarks:
8 buksample

D dstubed sample (sample number inbrackets)

DCP TEST (blows per 100mm)
atEQOH =7,6,9,12,13,12
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SMEC ENGINEERING GEOLOGY 1£sTPITL0G

snestiol t JTEST PIT NO: S

D distuibed samp's {sample number in brackels}

DCP TEST

Not done as unsuitabla for this site.

FROJECT: Por Moreshy Sewerage Contractor: Variform DATE COMMENCE D 05/01/88 JOBNO: JORE
CLIENT @ Tokyd Engineadng Consuliants Excavation type: JCB excavator OATE COMPLETED: 0570158 LOGGED: 80
LOCATION : Paga Point T SIZE: DEPTH. CC-ORDINATES: CHECKED. RG
: 0.8m ¥ 3m 0.4m APFROVED ARG
. ELEVATION: DATUM:
Laboratory test results fiehd Lests Jogth {m}, SO0IL DESCRIPTION

% fines | Atterberg Tmits | moisture]  other test waler lgvels sampling | tog | USCleonsistency, oofor, moisture plasticity struclurepanticle shape.

-tsam JLLS) | PE%) (%) resulls Secordary S0l comPOnents ard ninar $0il SMpanents
: : Gravely SILT; loose, greyish trown, dry, sit, with anguiar slope
| | wash rock Iragments with rots and S0Me §rganics
| ] MG

[SLOPE DEBRIS]
: _ E0H onbed 1ock at 0.4m.
0S5

L 1
— -
B 5
- 2]
" -
— 257

sampling Remarks:

B bulk sample This was dug purposely to determine the colfuvium thickness that forms

the base of the slopes around this site.
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SMEC ENGINEERING GEOLOGY vestrITLOG

Seattot 1 |TESTPITNO: 6.

PROJECT: Pot Moreshy Sewerage Contractor. Variform DATE COMMENCED: 0501498 JOB NO: JOS6
CLIENT : Tokyo Engineering Consullants Excavation type: JCB excavalor QATE COMPLETED, {501/58 LOGGED: S0
LOCATION : Badili P SIZE: DEPTH: CO-OROINATES: CHECKED. RG
0.6m x 3m 12m ' APPROYED-RG
: ELEVATION: - DATUM.
Laboratacy test results ficld tests degth (), SOIL DESCRIPTION
% tines | Atterberg Brits | moisturg | other test water fevels samphing | tog |USClconsistency, oolor, moisture plasticity structure/pasticle shape.
SToum UL (%)) PU%) (%} resulls Secondany $oi oomponedts and minor soil components
: :. MG 1Gravely silty CLAY Looss to dense, Tght greyish brown, dry, low
| . CG |10 medium plasticy, shightly organic clay with some cobbles and
| ] 1o0ts
(TOP SOy
: : Sily SAND, Logse to derse, yellowish brown, dry, coarse sand
= ] with some graved.
05 SM ICOELUVIUM]
: : Silty gravefly CLAY: Firs, fight greyish brown, dry, low to medium
B ] plasticity ctay with some angular gravel Tragments minof cobbles
1 trace of boulder (<im}.

- - MG [COLLUYVIDM fHILLSLOPE DEFGSITY
B 15
B 2]
B 25 |

sampling Aernarks:

8 buk sampla

D dstabed sample (sample pember in brackets)

DCP TEST {biows per 160mm @ EQH}
10, 12, 11, 12,10
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SMEC ENGINEERING GEOLOGY TESTRITLOG | srectiar JrEST PIVNO: 7
{PROUECT: Pot Moreshy Sewerags Confractar: Vadfcrm DATE COMMENCED: 05/01/99 JOB NG: JO%6
CLIENT : Tokyo Engineerng Consuhants Excavabion ype: JCB excavalol DATE COMPLETED: 0540198 LOGGED: S0
LOCATION : Vabuhkor turn of PIT SIZE: DEPTH: CO-ORDINATES: CHECKED: RG

0.8m x 3m 1.2m . APPROVED BG
ELEVATION: DATUM:
Laboratory test resulls fietd tesls depth (m), SOIL DESCRIPTION
% fines | Aftesherg limits | moisture]  othar test waler levels sampling USC consistency, calar, moisture plasticily structure pariicie shape.
750w | LE (%)) PI%) {%) results Sgcondary 0l componants and minor soit companents
: : Gravely SILT; loose 1o dense, light greyish brown, dry, fow
- _ plasticity Silt with soma day, minof roots, trace of cobbles
B _ GM
[ TOP SOML|

B 0s_|

n | SHICEOUS MUDSTONE; Strong, dark yeligw, moderatety
| ] weaathered fragmented and interhedded with chen.

- ] PAGA BED ROCK])
u '
: EOH @ 1.2m
| ] Terminated in rock

B ]
— ]

- o

i 257

sampling Remarks:

B buik sample

0 distubed sample (sample fumber in brackets)

DCP TEST
Not done
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SMEC ENGINEERING GEOLOGY 7esTPim toa

sneetvof 1 |TEST PIT NO: 8

PROJECT: Pod Moreshy Sewerage Conlizclon Varform OATE COMMENGCED: 05°01/98 JGB NG: JO36
CUENT ; Tokyo Engineering Consubants Excavation lype: JCB excavalor DATE COMPLETED: 050 1,08 LOGGED: 50
LOCATION : KilaKila High School. PIT SiZe: DEPTH: CO-ORMINATES: CHECKED: RG
' 0.8m % 3m 1.2m : APPROVED AG
CONTRACTOR: ELEVATION: ) DATUM,
Laborntory lest results field {ests depth (m), S0t DESCRIPTION
% fines § Afterbeig fimils | moishre|  other test water levels sampling USCconsistency, cotor, molsture plasticity strocture/particle shape,
~75um FLL (%) | PY%) {%) regults Secondany 5ol pomponents and minor s0d components
: : Silty GRAVEL; Loosa 1o dense, compacied, dry, angular 1o 50b «
N | rounded graveld with soma angular cobbizs with sand, minor
| n wganics trace of metal fragmenls.
GM

B [£RL 2]
R o5 _|
— —
| . Silty CLAY; Stiff to fiern, dark greyish Back, low 1o medium
| ] plasticity shghtly orgariic clay with some sand.
: : [ COLLUVIUMJ VALLEY FLOOR DEPOSIT)
}— 1 ——
| ] MG
[ ECH @ 1.2m
— —
— sl
- —
b~ w—y
— 2"
|- 25 —

sampbng Remarks:

B buflc samgiz

D distuted sample {sampie number in brackels)

BCP TEST {(blows per 100mm at EOH)
3433244767

Compacted Tt directly overying 2xXsting 858 appears 1o be stadile.
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SMEC ENGINEERING GEOLOGY  ¥esTRITLOG [ snecttor [TESTHITNO:9

PAOJECT: Poit Moresby Sewerage Conlracion. Vasifom OATE COMMENCED: G5/01798 JO8 NO: J09%
CUENT @ Tokyo Engineenng Consultacts Excavation ype: JCB excavafor DATE COMPLETED; 5501108 LOGGED: S0
LOCATION :  Sabama beach{ronth. PIT SYZE: DEPTH! CO-CROINATES: CHECKED: G
0.8m 2 3m 1.5m AFPROVED: RG
ELEVATION: DATUM
Laboralory lest results field tests depth (m), S0iL. DESCRIPTION

% fines | Atterperg kmits | moisture | other test waler levels sampling { tog | USC loorsistency, ootor, moistere plasticity structure’panticle shape.

-Foum | LU (%) ] PI{%) (%) results Secondary soit componants and minor 5ol cormponents
: : Siity SAND, Woose 1o very boose, greyish brown, wel, fing 10
L _ medium beach sand with organics and day, Odour. Some gravel
. _] SM fcobbles, race of fogs.
[~ a (MANGRGYE SWAMP DEPOSIT)
B 0s_|
= ]
[ 15 ]
| ] ECGH @ 1.5m
| . _ Bugish fing beach sand encounted at this degith,
- 2]
|- 25"

sampling Remarks:

B bufk sample Test pit dug at this site 1o puposely focate the bed rack beneath the mangrove swamp and hence

0 disturbed sample {sample number in brackets)

DCP TEST

threaths.

determing the soil consistency Tor these conditions.

Backhoe could not go in deaper do 10 mobisity problam on this site and alse presence of landowners

Water seeping at approxmalaly 1 lires per secord from sea leve! Domer.

1.1-34







Appendix 3

Walkover Survey
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EXECUTIVE SUMMARY

This report summarizes the combines results of in-shore and marinc survey work, plus
the limited soil investigations that have been carried out to determine a route for the
proposed Vabukori scwerage outfall pipeline.

Further analysis of the results obtained is necessary to determine the most suitable route
to traverse the steep hillside shoreline arca and the fringing coral reef.  From 1,600m to
3,000m from shore the increasing water depth and 2 to 3m sediment thickness should
assist with placement of the pipeline, however the final route will be dependent upon the
pipeline flexibility.

INTROGDUCTION

C&D received an invitation to submit a quotation for the sewerage outfall survey and
ground investigation portions of the project on 08 October 1997, followed by further
clarification of specific project details on 14 October 1997.

‘The extent of survey work indicated in the Specification included with the invitation was
for a 40m wide corridor of the following anticipated lengihs:

SECTION ELEVATION(m) DISTANCE{m)
Land + Seashore +21t00 200
Coral Reef 0to-5 1,000
Reef Edge to Ocean Bed -5 to =30 100
Ocean Bed below -30 2,000

A submission was forwarded 20 October 1997 based on the above scope of work.

Following receipt of the order to proceed and subsequent inspection of the site, the
investigation work was carried out in two distinct portions, namely;
that which could be carried out using normal land based methods and equipment, and
the work that required speciatised marine survey methods.

This report covers the general results of both of the above operations, which are presented
using the same survey control datum so that the data can be directly compared.

LAND AND IN-SHORE SURVEY

Survey work was carried out during the last week in December 1997 and ecarly January
1998. '

Permanent survey marks, consisting of a length of galvanised steel pipe securely
concreted into the ground, were installed at each of the control points shown on the
drawings between the proposed treatment plant site and Station 7, from where the
 pipefine deviates seaward. The survey marks were Jinked to nearby permanent trig
stations so that they could be available in the future for use during further investigations
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and construction.  Coordinate data for these points is contained in the Digital Terrain
Moadet computer file included with this report.

Land based work was carried out by a surveyor plus two chainmen using Total Station
survey and data recording equipment.  Inshore work, where a series of sightings were
taken to points parallel with the shoreline, involved an additional two man boat crew.

A 900m long corridor was actually surveyed around the steep shale rock face that exists
from the proposed treatment plant site to Station 7. Due to the steepness of the terrain,
this resulted in levels along this section actually ranging from +30 to —2m.

Spot levels were taken along the seaward outfall line corridor for a distance of
approximately 750m south, or scaward, of Station 7. This altowed a good overlap with
the marine survey investigations for checking the correlation of results.

The resulting DTM survey plot is shown on Steros Pty Ltd Drawing Nos.  7057A and
70578, and the included electronic file.

MARINE SURVEY

The marine portion of the outfall is proposed to be within a 40m wide straight-line route
from Station 7 on the shore to the nominated end point.

A specialist marine survey firm was engaged for this work, Mapping and Hydrographic
Surveys Pty Ltd from Brisbane, Australia (MHS). Following mobilization the site work
was carried out during the period 15 fo 23 December 1997. '

Due to the prevailing tides, boat draft and submerged reef levels, the hydrographic survey
equipment was unable to approach to a distance of less than 400m from shore, however it

is considered that this still provided an adequate overlap with the land based in-shore
Survey.

The hydrographic survey extended to an ocean floor depth of -36m at a distance of
3,000m from shore, '

Upon completion of the marine survey, the equipment was demobilized and the data was
relayed to the M&HS Brisbane office for interpretation. A marker bouy was also firmly
anchored to the sea bed at the end of the surveyed section.

The resulting MHS report, drawings and electronic data fites are included with this
report.

SOIL INVESTIGATIONS

A barge was not available in Port Moresby for geotechnical driling/sampling at the time

of the investigations, nor was il possible to arrange hire of drilling equipment in the
limited time available. ‘

Alternatively two (2) soil samples were taken in-shore, plus a total of twelve (12) seabed
grab samples along the marine section.
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A. IN-SHORE :

As shown by the survey drawings and the site photographs, the shoreline from the
proposed treatment plant to in-shore Station 7 in bounded by a steep hillside face, with
shale rock outcrops. A Cat 219 excavator was used to dig test pits and take soil samples
at the base of the hillside along the shoreline.

Sample No.t was taken 20m south of Station 7. The trial pit was excavated to a depth
of Im whete a hard coral base was encountered. The scil sample obtained has been
classified as fine to coarse SAND.

Sample No.2 was taken at a point along the shore approximately midway between the
proposed treatment plant site and Station 7. In this case a hard rock/coral basc was
encountered at a depth of 1.5m.  The soil sample obtained has been classified as silty
sandy GRAVEL.

A copy of the laboratory material type classification and description for both samples is
included on the next page.

B. MARINE

During the hydrographic survey a series of seabed grab samples were taken within the
route corridor.  The locations of these samples is marked on the marine survey drawings.
The approximate tocations where samples were taken is as listed below.

Grab Approx. Distance from
Point In-Shore Station 7 (m)

1 2,755

2 2,615

3 2,495

4 2,325

5 2,195

6 1,995

7 1,885

8 1,715

9 1,575

i0 1,435

11 1,155

12 985

continued

In all cases the material recovered was light grey silty sand, with varying amounts of
coral and shell material, corrclating with the geological interpretation of sca floor
reflector results in the MHS report. The interpreted seismic results suggest that this
material is 2 to 3m thick.

Section 6.0 of the MHS report also includes a recommendation for further marine scismic
refraction profiling and drilling to obtain sub-bottom information below the fine grained

sediments, should this be considercd necessary.

ROUTE INVESTIGATION FINDINGS
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From the proposed treatment plant location to Station 7 the terrain is steep and rocky, and
the soil investigation test pits indicate that hard rock and corat is present close to the
surface atong the shoreline.

In order to locate the pipeline so as to minimize exposure 1o the elemems and to possible

vandalisim, it may be necessary lo further investigate the most suitable and cost-effective
route over this 900m length.

The longltudlml profile plot on the next page combmes the results of the in-shore and
marine survey results along the straight line from Station 7 to the end point.  Soil
investigation results suggest that the thickness of sediment for a distance of 1,000m from

Station 7 would be in the order of im, and that from 1,000m to 3,000m the sediment
thickness would be 2 to 3m

Further detailed examination of the survey data obtained is necessary to determine the
most suitable pipeline alignment.
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