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SUMMARY

The Lower Warangoi Hydro-Electric Scheme was proposed to supply
the future electricity requirements of Rabaul and eventually of the whole
Gazelle Peninsula. The site of the proposed dam is at a narrow constriction
of the Lower Warangoi River through a major ridge which to the south forms a
narrow divide between the Warangoi and Siguie River systems. It is located
32 miles by road from Rabaul and about 13 river miles from the mouth of the
Warangoi River. To provide sufficient head and storage for a power station
capable of generating 10 megawatts it would need to be 120 feet high.

Preliminary geological investigation, followed by a programme of
diamond drilling, geophysical investigation, and soils mechanics testing
was carried out between 1964 and 1966.

The damsite consists of volcanic agglomerate overlain by lesser
deposgits of reef-coral limestone. The river channel at the damsite ig filled
with river alluvium to a depth of 150 feet.

Agglomerate forms both abutments of the damsite. In the right
abutment agglomerate extends for about 2600 feet from the river; it is
overlain on the downstream side by fine-grained sediments and coralline
limegtone, and is replaced laterally in the remainder of the ridge, to the
south-west,by fine-grained sediments which are interbedded with coarser-
grained deposits of sandstone and conglomerate. The remainder of the storage
area consists of fine-grained sediments, minor coralline limestone, and
superficial deposits of pumice.

A 120-foot high dam would be entirely founded on agglomerate and
river alluvium: agglomerate extends for a depth greater than that penetrated
by diamond drilling beneath the damsite. It is predominantly moderately
to highly weathered, corregpondingly weak, and moderately to highly permeable.
Alluvium in the river chamnel consigts of interbedded sand and gravel.

| The fine-grained sediments in the ridge forming the divide between
the Warangoi and Sigule drainages are soft to slightly indurated and, in the
terms of the Unified Soils Classification, belong to soil types CH and SC-CL.
The sandstone and conglomerate occur together in three layers within the
ridge, the lowest of which extends along the bage of the ridge immediately
below the proposed top storage level. The sandstone is loosely compacted and

= is of goil type SP=-SM: the conglomerate is a densely packed gravel and is of
soil type GP-GW. Both deposits are highly permeable,

g The proposed scheme is located in one of the most seismically
active regions of Papua and New Guinea, and all structures would have to be
ﬂ capable of withstanding high ground accelerations. The tributary rivers
2 carry a high bed load at times of high flow and the rate of siltation of the
reservoir is expected to be high. Any disruption of the land surface by a
major earthquake would increase the rate of siltation.

It is concluded that because of the combination of the weathered
condition and permeability of the agglomerate, the configuration of the river
chammel, the presence of highly permeable deposits in the divide between the
Warangoi and Sigule drainages, the high seismicity of the region, and the
likely high rate of siltation of the reservoir, it is extremely doubtful
whether the scheme is geologically and economically sound.



= "

It is recommended that further investigation be discontinued and
that a full analysis and comparison of costs of all alternative schemes be
carried out. Design investigation could only be justified if it were
proved beyond all reasonable doubt that the Lower Warangoi hydro-electric
scheme was the most economic project for providing electricity for Rabaul P
and,; eventually, the whole Gazelle Peninsula.

INTRODUCTION

General .

Following a decision to discard for geological reasons a previously
investigated site on the Towanokoko - Pondo River systems (Fisher, 1959; Carter,
1962; and Best, 1963), the Lower Warangoi hydro-electric scheme was proposed
to fulfil the future electricity requirements of Rabaul in the Gazelle
Peninsula of New Britain, Territory of New Guinea (Plate 1).

L

An initial inspection of two possible damsites on the Lower Warangoi
River was carried out in March, 1964. During the inspection it was found that
only one site was possibly suitable for a hydro-electric scheme and a
recommendation was made for a preliminary geological investigation of the
site (Carter & MacGregor, 1964). This survey was carried out between August
and October, 1964. During the course of the survey the proposed damsite
and reservoir area were geologically mapped and a programme of diamond drilling,
geophysical and soils testing recommended (Read, 1965).

Diamond drilling commenced in June, 1965 and, after the geophysical

and soils mechanics surveys had been undertaken between July and October, 1966
the recommended investigation was completed in October, 1966. x-

Outline of Scheme

The proposed hydro-electric scheme would involve the congtruction
of a 120-foot high dam to provide the necessary storage and head to develop
10 megawatts at a 50% annual load factor.

The power generated would supply Rabaul and would eventually
include a transmission link for the whole Gazelle Peninsula (Papua and
New Guinea Electricity Commission, 1966). -

Topography

The site for the proposed damsite is at a narrow constriction
of the Lower Warangoi River through a major ridge extending for several miles
to the south-west from high ground on the left bank of the river to form a
divide between the Warangoi and Sigule River systems (Plate 1). The con-
figuration of the ridge is given in greater detail in Read (1965).
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The high ground on the left bank of the river, which is pre-~
dominantly flat-lying, extends for several miles north of the damsite and
supports an intensive cocoa and coconut growing industry. South and south-
west of the damsite the countryside is dissected into a complex system of
ridgesand valleys. It is predominantly covered by natural bush and is
sparsely populated.

Between the damsite and the confluence of the Upper Warangoi
and Kavavas Rivers the Warangoi Valley is particularly wide and flat,
Upstream of the confluence the reservoir area is split into two parts
which follow the main river channels for a distance of about five miles
towards the headwaters of the catchment area.

Location and access

The proposed scheme is 32 miles by road from Rabaul (Plate 1).
The nearest township, Kokopo, is 13 miles by road from the damsite; the
last five miles of which are along private plantation roads maintained during
the investigation by the Commonwealth Department of Works, Rabaul.

The damgite ig situated about 13 river miles, or about eight air
miles, from the mouth of the Warangoi River, and approximately 2% river miles
downstream of the confluence of the tributary Upper Warangoi and Kavavas
Rivers.

Public roads are open to light and heavy traffic at all times but
plantation roads are accessible to light vehicles only during the wet season.

Mapping

Geological mapping of the main reservoir area was carried out
during traverses down the Kavavas and Upper and Lower Warangoi Rivers using
a base map drawn from aerial photographs of an approximate scale of one
inch to 4000 feet.

Geological mapping of outcrop in the area of the ridge formin§ the
divide between the Sigule and Warangoi River systems (the southern ridge

was carried out by tape, compass and abney level traverses. All itraverses were

subsequently tied to a surveyed line along the crest of the southern ridge
and were re-surveyed by the Commonwealth Department of Works.

Detailed geological mapping of the left and right abutments was
undertaken by plane table and tacheometric survey. Horizontal and vertical
control was provided by a damsite survey grid pegged at 50-foot intervals
by the Commonwealth Department of Works.



Diamond Drilling

The diamond drilling programme was carried out by drillers from
the Commonwealth Department of Works using two E1000 and one F15C Mindrill
rigs. All holes were drilled with either an NMLL or BMLU triple core
barrel with a stationary, split, inner tube:

In al),10 holes totalling 2186 feet were drilled: two, WD1 and
WD2 on the left abutment; two, WD3 and WD9 on the right abutment; three,
WD8, WDBA and WD4A in the foundations; and three, WD5, WD6 and WD10 along
the southern ridge.

WD8 became jammed in river gravels and was abandoned in favour
of WDBA which was drilled from the same location but at a steeper angle.

Owing to a lack of funds in the final stages of the investigation
drillholes WD10 and WD5 were stopped before their specified depths were
reached and a proposed hole on the southern ridge, WD7, was not proceeded
with.

Geological logs of core from tﬁe drill holes are contained in
Appendix 2.

Water Pressure Testing

Water pressure testing, generally at 20-foot intervals, was
undertaken in all drill holes except WD4A and WD5. Testing was carried
out usinga Coventry Climax fire-pump, AX casing, and either NX or BX
hydraulic and mechanical packers. Difficulties were experienced in obtaining
a good seal using hydraulic packers and, whenever possible, mechanical
packers were used.

Gauge pressures were corrected for hydrostatic head and friction
losses in the supply line and packer. Packer losses were calculated from
graphs determined from packer calibrations carried out at the site. The
corrected results were used to determine the permeability, in feet per year,
of each test section. The formula used to calculate permeability is one
derived by the Snowy Mountains Hydro-electric Authority. In deriving the
formula it was assumed that the rock in any test section has uniform
permeability. This condition does not hold in fractured rocks, therefore
the values obtained are useful only for comparison between test sections
and as a gross indication of the transmissability of the rock tested.

Geophysical Survey

A geophysical survey was carried out by a team from the Geophysical
Branch of the Bureau of Mineral Resources during July, September and October,
1966.

Ten seismic refraction profiles totalling about 15,200 feet were
carried out across and along the crest of the 5outhern}r'd y.in the damsite
area, and north of the left abutment, and two magnetic M e
were undertaken along the seismic profiles north of the left abutment.
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In addition, 11 representative samples of agglomerate core from drill holes
in the abutments were subjeéctéd o dasity, and sonic velocity measurements in
the laboratory.

A report on the survey and testing is contained in a separate
Bureau of Mineral Resources Record (Cifali, Milsom & Polak, in preparation).

Soils Investigation

Soil sampling and field permeability testing of sediments from the
southern ridge was carried out by the Commonwealth Department of Works Central
Testing and Research Laboratory during September and October, 1966.

The soil samples, which were classified and laboratory-tested for
permeability and saturated shear strength, were taken from exposures on
geveral traverses across the ridge, and from a costean and shaft excavated
on the reservoir side of the ridge north of survey peg 8a(Plate 4).

A report on the investigation is contained in a Technical Report
of the Central Testing and Research Laboratory (Blythe, 1967).

GEOLOGY

REGIONAL

The Gazelle Peninsula forms a prominent extension, of generally
low to moderate relief, to the north-eastern end of the Island of New Britain.
It consists of the Recent and Pleistocene volcanic complex of Blanche Bay
(Fisher, 1939) overlying Tertiary sediments and volcanics which, in the west,
abut unconformably against igneous and metamorphic rocks forming the central
spine of the Island.

The oldest rocks exposed in the Warangoi area are basic volcanic
agglomerate of probable Lower Tertiary age; at the damsite the agglomerate
is overlain by Upper Miocene coralline limestone. The remainder of the
stratigraphic sequence consists of claystone, siltstone, sandstone and
conglomerate. A sample taken from these sediments near the base of the southern
ridge was determined as Pliocene (Read, 1965).

All the sediments are flat-lying to gently dipping east or west.
A regional fault pattern can be detected on aerial photographs of the Peninsula
but no major fault lines were recognised on the ground.
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DAMSITE
ABUTMENTS
Stratigraphy

Rock in the abutments is principally of two types: volcanic
agglomerate; and coralline limestone.

Coralline limestone is draped unconformably in the form of a reef
over'ﬁge crest and on the downstream slopes of the left abutment, and also
oq/dEwnstream flank of the right abutment (Plate 2). In addition, a thin
lens of limestone was encouhtered at R.L. 60 feet in drill hole WD1 (Plate 3).
The limestone is a pale buff, moderately hard rock containing many small
(3 - 2 inch), cavities which are commonly infilled with calcareous debris.

Volcanic agglomerate forms the main bulk of the abutments,
extending below river level deeper than was penetrated by diamond drilling
(Plate 3). It is slightly to highly weathered and consists of medium to
coarse-grained fragments of augite basalt and andesite set in a fine to
medium-grained tuffaceous matrix.

Dykes and sills of augite basalt occur within the agglomerate
and several beds of medium-grained tuffaceous sandstone were mapped within
the agglomerate at the surface (Plate 2). The relationghip to the rest of
the sequence of the limestone encountered within the agglomerate in drill
hole WD1 is not clear. In the absence of evidence of faulting the limestone
is regarded as probably a continuation of the east-dipping bed of tuffaceous
sandstone exposed at river level on the upstream face of the left abutment.

Structure

All the coralling limestone, and the tuffaceous beds within the
agglomerate, dip between 10" and 35° to the east (Plate 2).

No regular jointing system is apparent at the surface or at depth
in either the coral or the agglomerate. Joints are widely spaced and
irregularly distributed, generally open, and coated with a thin layer of clay,
calcite or chlorite, zeolites, or other secondary minerals.

Three faults, F1, F2 and F3 intersect the left abutment (Plate
2). F1 and F2 are normal faults offsetting the same sequence of tuffaceous
sandstone, basalt flow and agglomerate in the upstream face of the abutment,
Fault F1 has a displacement of 20 feet, strikes 056° (magnetic) and dips
85° north-west: fault F2 has a displacement of at least six feet, strikes
100° (magnetic) and dips 70° north. No trace of fault F2 was found in
drill hole WD1.

Fault F3, on the downstream side of the abutment, strikes 065°
(magnetic). It is considered to be a normal fault upthrown to the south-
east, as coral overlying agglomerate on the western side of the fault does
‘not occur to the east. A possible extension of the fault into the right
abutment, suspected from surface mapping (Read, 1965), was not proven by
diamond drilling.

'i'j



RIVER CHANNEL

The minimum width of the river channel between the abutments is
300 feet. The river is only two or three feet deep at this point during
periods of low flow although it is up to 15 feet deep in places nearby.

Diamond drilling and geophysical investigation have demonstrated
that the river channel at the damsite is almost oblong in section and is
filled with river gravels and sand to a depth of 150 feet (Plate 3).

Because of this unexpected configuration, drill holes specified
to determine rock conditions beneath the channel could not be completed.
However, agglomerate occurs throughout WD8A, which extends 60 feet beneath
the base of the channel (Plate 3), and it appears that this rock type
extends for some considerable depth beneath the damsite.

The possibility of faulting between the abutments was not proved.
However, the exceptional depth of the river channel revealed indicates some
form of structural control and the possibility of faulting cannot be ruled
out.

STORAGE AREA -

SOUTHERN RIDGE

Stratigraphy

The southern ridge extends to the south and south-west from the
right abutment to form a divide between the Warangoi and Sigule River
systems. The ridge is narrow, although for most of its length it stands more
than 250 feet above river level at the damsite. Numerous creeks have been
incised into the flanks of the ridge and in several places headward erosion
by creeks has led to the formation of low-lying saddles in the crest of the
ridge.

Over a crest length of about 2600 feet the ridge is composed of
volcanic agglomerate flanked on the downstream side by a sequence of fine-
grained sediments and coralline limestone: these sediments also occur on the
upstream side of the ridge west of 018 (Plate 4).

Beyond 2600 feet the agglomerate and coralline limestone are
replaced laterally by a sequence consisting entirely of fine-grained sediments,
sandstone and conglomerate (Plate 4). The stratigraphic succession in this
part of the ridge is broadly summarised below:-
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Bed Thickness (feet)

Silty and sandy claystone. CL¥ (?) 100
Sandstone and conglomergte. SP-SM,GP-GW 10 - 22

' Blue mudstone. CH. 10 - 55
Sandstone and conglomerate.SP-SM, GP-GW. 8 - 50
Blue mudstone. CH. 28 - 60
Shell bed. X o 8
Blue mudstone. CH. 60
Sandstone and conglomerate. SP-SM, GP-GW 25
Blue-mudstone. CH. ﬁhknown.

% Unified Soils Classification

The uppermost bed of silty and sandy claystone, visually classified
as CL, extends along the length of the ridge except in the low-lying saddle
areas between 41 and &« 3 and a6 to a9. It is underlain by three beds of
sandstone and conglomerate each of which is separated by a bed of blue
mudstone. A thin bed of grey, silty claystone containing an abundant Pliocene
fauna (Read, 1965) is located within the blue mudstone between the middle and
lower sandstone and conglomerate bed.

The sandstone consists of loosely compacted, uncemented, medium-
grained sand which generally forms a layer about 10 feet thick above the
conglomerate but in places occurs as thin layers within the upper 15 feet
of the conglomerate. The sediment is poorly graded, contains minor amounts
of gilt and has been classified as SP-SM (Blythe, 1967). The conglomerate,
classified as GP-GW (Blythe, 1967), consists of densely packed gravels
containing variable quantities of fines, mostly clay.

The blue mudstone, which ranges in colour from blue where fresh
to brown where weathered, has been classified as CH (Blythe, 1967). It is
soft to slightly indurated and contains numerous bands of silty sand and
silty clay (SC-CL, Blythe, 1967) egpecially near the upper and lower limits
of the sandstone and conglomerate beds.

The thickness and vertical levels of the sandstone and conglomerate
beds vary throughout the length of the ridge.. The base of the upper bed rises
from R.L. 275 feet at A37 to R.L. 350 feet at L34, from where it lenses out
towards the agglomerate section of the ridge. The base of the middle bed
increases considerably in thickness towards the east: at & 37 the top of
the deposit is located immediately below the shell bed at R.L. 204 feet
but in the shaft has fallen to R.L. 170 feet. The extent of this lowermost
sandstone and conglomerate bed east of the shaft is unknown but it probably
continues at least to the agglomerate section of the ridge.
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Structure

The sediments and the coralline limestone in the ridge are
predominantly massive and poorly Jjointed. Bedding is essentially flat-
lying with local variations east and west. Fore-set bedding and micro-
bedding occur in the fine..grained sediments, and cross-bedding and graded-
bedding occur in the sandstone.

Three minor faults were mapped in the ridge (Read, 1965). Two
are in the agglomerate, strike east across the ridge and have vertical
fault planes., The third is in the gsediments north of . 33; it strikes
east, hag a vertical fault plane and shows a maximum displacement of two
feet.

MATN RESFRVOIR

The reservoir area is underlain almost entirely by a succession
of flat=-lying, soft to moderately indurated silty claystone, fine-grained
sandstone and rare conglomerate.

Isolated outcrops of coralline limestone occur on the left bank
of the river immediately upstream of the damsite, Coral was also located by
geophysical methods north of the left abutment but the extent of the
deposits was not determined-{(Cifali et al., in preparation).

Minor deposits of pumice occur as surface coverings over the
sediments, and extensive banks of river gravel and sand up to 100 feet thick
occur along the margins of the Kavavas River.

ENGINEERING GEOLOGY

DAMSITE

ABUTMENTS

The abutments of a storage dam with a crest height of 120 feet
would be founded entirely in agglomerate (Plate 2), and the coralline
limestone is therefore disregarded in consideration of the geological
suitability of the abutments.

After surface mapping had been carried out in the preliminary
geological investigation it was considered (Read, 1965) that the agglomerate
would probably be fresh, hard and strong at depth. This has been proved
incorrect, however, as diamond drilling located little fresh agglomerate
in the abutments.
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In drill holes WD%, WD2, WD3 and WD9 only 9% of the core
recovered was fresh to slightly weathered; 47% was slightly to moderately
weathered and 23% moderately to highly weathered. The degree of weathering
is reflected in the tuffaceous matrix of the rock. Fresh agglomerate has
a satisfactory bond between the matrix and the volcanic rock fragments making
up the rest of the rock. As the degree-of w2athering increases the matrix
becomes progressively pitted and friable, losing cohesion and strength
so that a moderately weathered core sample can be broken across the rock fabric
by hand. The approximate value of the overall compressive strength of the
agglomerate in the abutments, determined from sonic wave velocities, was
5000 pes.i. (Cifali et al., in preparation).

The fracture density per 10-foct of core obtained from the abutments
is shown on histograms in Figures 1 and 2. It is considered that a large
proportion of the fractures, which are numerous, was caused by breaking of
weak rock during drilling, rather than by jointing. Generally the joints
were widely and irregularly spaced, although nearly all joint faces were
stained and coated with clay and secondary minerals indicating that they
were open and directly contributing to the moderate to high permeability
of the agglomerate.

The results of the water pressure tests carried out in drill holes
WD1 WD2, WD3, and WD9 (Appendix III) are summarised in Figures 1 and 2.
Permeabilities were lowest in WD?1 and WD3 which have respective figures of
230 and 650 feet per year. The average in WD9 is 3700 feet per year and
in WD2 5400 feet per year. The average value in WD2 may be slightly high due
to two seemingly anomalously high values of 100,000 feet per year in the
results.

The overall results of the water pressure testing indicate that
water losses through ungrouted abutments would be high. They further indicate
that the quantity of grout required to seal the abutments would be extremely

high.

. The suspected continuations of faults F2 and F3 (Read, 1965)
were not proven and no major additional structures which could add to the
known weakness of the abutments were discovered, either by diamond drilling

or by geophysical investigation.

RIVER CHANNEL

The most unexpected feature discovered at the damsite was the
depth of the alluvium-filled river channel beiween the abutments.

Results of diamond drilling in the area are summarised in Figure
3. Drill hole WD8 broke into the river chamnel after omly T4 feet of
drilling in moderately to highly weathered agglomerate. Drill hole WD4A,
drilled vertically through the alluvium, penetrated 109 feet of river
gravel and sand before jamming and final confirmation of the configuration
of the channel was not forthcoming until the completion of the geophysical
investigation (Cifali et al.,ia preparation).
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Core recovered from WDBA was slightly to moderately weathered
and correspondingly weak: fracturing of the core during drilling was
extensive. Water pressure tests showed a moderate to high loss, the average
permeability for the hole being 1400 feet per year.

No information was gained as to the possibility of faulting
beneath the channel. However, as already mentioned,the configuration of
the channel indicates some form of structural control and the possibility
of faulting cannot be ruled out.

STORAGE AREA

SOUTHERN RIDGE

The agglomerate, which forms the southern ridge over a crest
length of about 2600 feet from the right abutment, is identical with
that at the damsite. The rock is of low quality and 82% of the agglomerate
retrieved from drill hole WD10 was moderately to highly weathered, soft,
friable and weak: core breakage during drilling was high (Figure 4).

The limestone on the downstream flank of the agglomerate is
coralline, moderately hard and strong but exhibits numerous small open
cavities typical of coral deposits. The possibility that this limestone
is connected beneath the surface with identical deposits occurring west of
518 (Read, 1965) was not proven.

Classification and consolidated undrained shear tests of
sediments in the southern ridge were carried out by the Commonwealth
Department of Works' Central Testing and Research Laboratory, Melbourne.

Samples tested triaxially included three of the four main soil
types in the ridge: CH; SC-CL: and SP-SM. The calculated ranges of saturated
ghear strength were as follows (after Blythe, 1967, Table 4):-

Soil Type gY, Buid. g
CH 1-6 44-52°
SC-CL 0-1 36-41°
SM-SP 1-2.5 35-40°
GW-GP Not tested but considered g ! would not be less

than 45° and the gravel has some cohesion.

As the sediments tested are typical of all those in the southern
ridge these values would be representative for calculations of slope
stability factors along the ridge.

Water losses during pressure testing of the agglomerate in the
ridge were moderate to high, the average permeability being 1400 feet per
year (Figure 4 and Appendix 3). The sediments were water-pressure-tested
in drill hole WD6 (Figure 4 and Appendix 3) and field and laboratory
permeability tests were carried out on selected samples by the Commonwealth
Department of Works Central Testing and Research Laboratory.

Results of the tests on the various soil types were as follows:-
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Pregsure Testing, Drill Hole WD6

Reduced Level feet) Soil Type Range of Permeability, Feet/Year
216-196 CH 180-2000
196-176 CL 750-2200
176-166 GP-GW & SP-~-SM 350-~3300
166-156 GP-GW 400,000
Permeability Testing (after Blythe, Table 4, 1967)

Sample Soil Type Range of Permeability. Feet/Year
11-0-2, 11-0-6 CH 1-10 '
11-0-7, 11-0-11 SC-CL 1210
11-0-1, 11-0-12 SM-SP 1-10

and 11-0~26
11-0-9 GW 10~1000
19-0-10 GP 1000-10,000

The discrepancy between the pressure testing and the permeability
testing results has not been satisfactorily explained. It is clear, however,
that the permeability of the silty and clayey sediments (CH,CL and SC) is
considerably lower than that of the sandstone and conglomerate beds (SP~SM
and GP-GW) which, although showing variable results, have an extremely high
permeability. When pressure testing the GP-GW layer between R.L. 166 feet and
R.L. 156 feet in drill hole WD6 a very high rate of flow (74 gallons per
minute) occurred, and it was possible only to produce sufficient pressure
to counteract pressure losses caused by friction in the supply line and packer.
Even if the range of permeabilities calculated by the Central Testing and
Research Laboratory for the sandstone and conglomerate beds is accepted
as the more reliable, the total volume of water likely to be lost through
the lowermost sandstone and conglomerate bed, which is 55 feet thick and extends
immediately below top water line (R.L. 220 feet) over a distance of at least
8000 feet around the base of the ridge, is impressive.

MAIN RESERVOIR

The sediments in the remainder of the reservoir are similar
to those in the southern ridge and values of saturated shear strength
and internal friction calculated from samples from the ridge should be
valid for any calculations of slope stability factors.

No other major leakage paths were proven. The distribution of
coral limestone north of the left abutment was not clarified by geophysical
investigation and the likelihood of leakage in this area remains unknown.
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SEISMICITY

The proposed hydro-electric scheme is located in one of the
most seismically active regions of the Territory of New Guinea: an
average of four earthquakes of intensity IX on the Modified Mercalli
Scale can be expected to occur in a 25-year period (Brooks, 1965).

The strongest series of earth tremors felt in the Gazelle
Peninsula for some years occurred on August 14, 1967. The two largest
shocks, which occurred in the morning, were of magnitude 6.2 and 6.4
as measured in Port Moresby on the Richter Scale. Over 150 aftershocks
were recorded at Rabaul on the 14th, and subsequent days. The largest
of these was of magnitude 5.6 on the Richter Scale.

A1l the shocks originated at a shallow depth (i.e., less than
33 kilometres from the surface) and were centred between two and four
miles south-east of Kokopo (Plate 1). The maximum felt intensities
recorded were IX on the Modified Mercalli Scale, Wooden frame buildings
were shifted off their foundations and masonry of category D was destroyed.
However; most of this damage resulted because the methods of founding the
buildings were completely inadequate and no attempt had been made to ensure
that a building acted as a whole in resisting horizontal forces.

An aerial inspection of the Gazelle Peninsula was carried out
shortly after the disturbances had ceased. In the epicentral area
extensive but superficial movement of cultivated slopes, embankments
and placed fill had taken place. Many of the high, overhanging cuts in
volcanic ash along the Kokopo - Rabaul road collapsed but no signs of
earth movement were seen in a close inspection of the damsite, reservoir
and catchment areas.

SILTATION

The Lower Warangoi River and the tributary Upper Warangoi and
Kavavas Riverg carry a heavy bed load at times of high flow., During
the preliminary geological investigation it was noticed (Read, 1965)that
rapid increase in load took place after only moderate rainfall in the
catchment area. The rate of siltation in the reservoir is therefore
expected to be high, especially in the wet season.

Slope failure induced by earthquake activity would increase the
rate of siltation. Although no landslides were observed in the Warangoi
district following the Kokopo earthquakes in August, 1967, the extent of
earth movements, even though only superficial, which took place in the
Kokopo area underlines the likely reaction of potentially unstable
slopes to a strong seismic shock with an epicentre located in the vicinity
of the catchment or reservoir area.
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“CONCLUSIONS

Topographically, the proposed damsite and reservoir area on the
Lower Warangoi River are suitable for the development of a hydro-~electric
scheme. However, there are unfavourable geological features which restrict
congiderably the usefulnegs of the site. Thesge arg:-

1. The weathered condition of -the. volcanic .agglomerate. A high
proportion of the agglomerate recovered from the damsite and the southern

ridge by diamond drilling is moderately to highly weathered.and correspondingly
weak, Although more detailed strength testing of selected samples would

be required for design purposes the overall weakness of the abutments

indicates that either an earth~-fill or rock-fill dam rather than a concrete
structure would be required.

2. The configuration of the river channel between the abutments,
The river channel is 300 feet wide at the narrowest point between the
abutments, is approximately square-shaped, and is filled with river gravel
and sand to a depth of 150 feet. Any structure would therefore require the
use of river gravel and sand as a foundation which would again limit the
choice to either an earth- Or rock-fill dam, Problems associated with any
design would include the likelihood of differential settlement between the
river alluvium in the channel and the agglomerate in the abutments, and the
provigsion of a suitable cut-off wall in the alluvium beneath the dam. To
make the most effective use of the site a particularly sophisticated, and
probably expensive, design would be necessary.

2 The permeability of the agglomerate. Jointing and weathering
of the agglomerate has produced a body of rock at the damsite and along

the southern ridge which has proved during water-pressure testing to be
moderately to highly permeable., Prevention of further.deterioration in rock
condition due to water seepage, and loss of water through the abutments and
the agglomerate sections of the southern ridge, would require extensive
grouting. Although test holes would be necessary to estimate reliably the
quantity of grout required per hole permeabilities indicate that the con-
sumption would be high. As grout protection would be required over a total
" horizontal distance in excess of 3000 feet and to an average depth of at
least 200 feet, the cost would be extremely high.

4. The presence of highly permeable sandstone and conglomerate beds
in the southern ridge. The lowermost sandstone and conglomerate bed in the
southern ridge is 55 feet thick and extends for a distance of at least 8000
feet around the base of the ridge immediately below the proposed top storage
level., As water-pressure testing in drill hole WD6 and field permeability
testing carried out by the Commonwealth Department of Works Central Testing
and Research Laboratory has demonstrated the permeability of these beds to be
extremely high, the potential water loss from the reservoir into the Sigule
River drainage system is of serious proportions. In addition to the hazard
of loss of water from the reservoir the possible long term effect of
pressurised water seepage on the strength of the deposits should also be
considered. Any failure in these beds could lead directly to increased
leakage and eventual failure of the surrounding fine-grained sediments in
the ridge. To ensure the safety and long life of the reservoir it would
therefore be necessary to ensure that the lowermost sandstone and conglomerate
bed was effectively sealed - an undertaking which, because of the extent

and location of the bed, may be impracticable.

‘g
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e Seismicity. The location of the proposed scheme in an area
of high seismicity poses several problems, which can be summarised as
follows:-

(1) Any design would be complicated by the need to found the dam on two
materials- agglomerate and river sand and gravel - which would have
markedly different responses to seismic shocks. Also more detailed
investigation would be required to determine the particle velocity and
acceleration developed in the sand and gravel foundation and the possible
momentary loss of load-bearing capacity due to liquification or partial
liquification of water-saturated sand.

(i1i) The cut-off wall in the river alluvium beneath the damsite, which
would be a deep structure, would need to be flexible or self-healing to
withstand high ground accelerations.

(iii) In addition to allowing for high accelerations in the design of the
dam it would also be necessary to give full consideration to the effect of
regular, moderate to high seismic activity in the storage area. Any
tendency towards slope instability, especially during the wet season, may
be exaggerated by direct seismic impact on the sediments in the storage
area, or by the erosive action of earthquake-induced waves in the reservoir.

(iv) The dam would have to have sufficient freeboard to avoid overtopping
by waves induced directly by seismic waves or by major landslide activity.

6. Siltation., The Lower Warangoi River and its tributaries carry

a heavy silt load at times of high flow which would be reinforced following
any disruption of the land surface by a major earthquake., In order to
determine the probable useful life of the storage area it would be desirable
to undertake an intensive programme of measurement of the bed load movement.

Overall, it is concluded that the Lower Warangoi hydro-
electric scheme is, geologically, a doubtful proposition requiring further
selective and expensive investigation before a structurally sound design
could be specified. Although further investigation would probably provide
sufficient information to enable the scheme to be implemented, it is
considered that the cost would prove prohibitive.

RECOMMENDATIONS

Further investigation of the Lower Warangoi hydro-electric scheme
should be discontinued until all other alternative methods of producing
the power required to supply Rabaul and eventually the Gazelle Peninsula
have been fully investigated. Design investigation could only be justified
if studies of alternative schemes proved beyond reasonable doubt that the
Lower Warangoi Scheme was the most economic proposition.
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APPENDIX 1

DEFINITIONS OF SEMT-QUANTITATIVE DESCRIPTIVE TERMS

The following terms have been used in this report:

Grade Scale.

Coarse~grained
Medium-grained
Fine--grained

Weathering
Fresh

Slightly weathered

Moderately weathered

Completely weathered

m to % mm in diameter

é:mm to 1 mm in diameter
% mn to g mm in diameter

Rock shows no discolouration, loss of
strength nor any other defect due to
weathering.

Rock is slightly discoloured, but not
noticeably lower in strength than the
fresh rock.

Rock is usually discoloured and weakened

to such an extent that a 2-inch drill

core can be broken up readily by hand across
the rock fabric. Wet strength usually much
lower than dry strength.

The rock is discoloured and is entirely
changed to a soil, but the original fabric

is mostly preserved. The properties of the
goil depend upon the composition and structure
of the parent rock.



APPENDIX 2

Geological Logs of Diamond Drill Holes
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APPENDIX 3

Water Pressure Test Computation Sheets
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