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ABSTRACT

An engineering geological investigation has been carried out on the proposed

Cemetery site at Bundoora.

A geological survey was made to assess the sultability of the site, followed
by a geophysical survey to determine soil thickness over the cemetery area.
Trial excavations were then carried out to provide a lithological correlation

and reveal excavational problems.

The site is a marginal proposition for development as a cemecery as the
soLl cover is insufficient to allow the burial of two coffins in most areas.
Alternative excavation techniques involving the use of heavier machinery
and the possible creation of filled land would increase the area over which
the required depths can be achieved.




INTRODUCTION

Following a request by the Health Camnission of Victoria, Public Health Division,
investigational works have been carried out at the site for a proposed cemetery
at Bundoora, Victoria.

The area examined 1s south and west of the Plenty River and north of the Maroondah
Aqueduct, and comprises the eastern section of the Janefield Colony.

A general reconnaissance survey was carried out to locate the proposed boundaries
of the cemetery and to determine the geology of the rocks and soils of the

area. This was followed by detailed geophysical work and trial excavations

to determine the suitability of the site for burial purposes.

SITE LOCATION AND TERRAIN

The area is situated approximately 19 km N.N.E. of Melbcurne in the Parish

of Keelbundoora. It is bounded by tne Plenty River to the north and rast,

the Maroondah Aqueduct to the south an an unnamed tributary to the west. (See
Fig.l). The site covers approximately 97 ha of which 50 ha is cleared pasture-
land, with the remainder being moderately to densely timbered.

The site is undulating with the hill crests being 105m above sea level, dropping
40 m to the Plenty River. Approximately 60% of the site (59 ha) is regarded

as topographically suitable for the proposed cemetery, the remainder being
considered too steep.

Good drainage 1s provided by the Plenty River and two minor intermittent tributar-
ies. One of these tributaries forms the western boundary of the site, the

other drains the centre of the area. This central drainage is provided by

a subsurface concrete drain extending fram the southern boundary of the site

to the edge of the cleared area, where i1t feeds intc the natural creek. The
drain caters for the storm water drainage requirements of the adjacent residential

areéa.

The details of the site are shown in Figs. | and 2.
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SITE GEOLOGY

Silurian

Residual soills derived fram Silurian rocks cover most of the cemetery site.

~...rock consists of bedded claystones, mudstones, siltstones and sandstones
which are typically folded, well jointed and show minor faulting. Outcrops
occur along the sides of the Plenty River and its tributaries, as well as

1in small patches in the west and centre of the site.

The derived subsoll 1s typically mottled yellow-brown and orange, moderately
plastic, silty clay while the topsoil is generally brownish, friable, silty
clays or clayey silts; both the subsocil and topsoilil are classified as

CL soils on the unified Classification system.
Tertiary

Tertiary sediments camprising cemented sands and gravels occur 1in the
eastern and extreme western parts of the site. Typically, they consist

of sub-rounded, poorly sorted, campact, mottled crange and red, medium grained,
clayey sands, with minor quartz gravels. Layers of ironstone approximately

30 mm to 70 mm thick occur throughout the sands, as well as same iron cementrd
sand nodules. The Tertiary sands and gravels are visible in two small di<-
used sand pits, one on the western boundary and the other just outside

the south eastern boundary of the site.

Residual soils derived fram the Tertiary sediments are typically thin dark
brown silty sandy clays to silty clayey sands.

Quaternary

The Quaternary deposits camprise Pleistocene Newer Volcanics and river alluvium,
The Newer Volcanics outcrop as basalt outliers to the north and east of

the site forming a ridge of boulders above the Plenty River.

The river alluvium typically camprises sand, silt and gravel deposits along

the incised meanders of the Plenty River.

The site geology is shown 1n Fiqg.2.




INVESTIGATION PROGRAME

Geophysical Survey

A Refraction Seismic Survey was carried out using a "Bison" model 1570B

Signal Enhancement Seismograph. A total of 64 reversed seismic lines were
surveyed to determine the depth of soil and weathering. The topography
determined the location of traverses, as the Refraction Seismic method produces
erronecus results over steep slopes. The optimum length of the seismic

lines for efficient surveying was 30 m, thus producing spot-depths at 30 m

intervals along the traverses. (Fig.2).
Trial Excavations

A total of 24 trial excavations were carried out using a Massey Ferguson

212 Backhoe, with 660 mm bucket. The backhoe and operator were supplied

from the Fawkner Crematorium and Memorial Park. The excavations were carried
out to determine the ease or otherwise of excavation and to examine any

specific problems that may make the area unsuitable for burial purposes.

The test pits were located to determine the following two factors :-
Correlation with the geophysical work.

. The nature of the areas either not covered by the geophysical survey
or that of areas where the geophysical work produced meaningless results.

The test pit locations are shown in Figure 2.

RESULTS AND DISCUSSION
Geophysic!

The refraction seismic survey gave meaningful results only in the area covered
by the residual soils of the Silurian rocks. The Tertiary sands produced
erratic resuits, probably due to the thinness of the soil cover and the

presence of the ironstone bands.

Typical seismic profiles showed res:idual soils overlying weathered rock

with a transition down to fresh rock. The range of seismic velocities were :
1) Soil - 360 m/s to 450 nvs;

11) Weathered rock - 450 m/s to around 2000 n

L11) Fresh rock - around 2000 m/s up to 3500 m

[ -



Trial Excavation

Trial excavations on the seismic traverses indicated that the material not
able to be excavated by the backhoe had seismic velocities in excess of

800 m/s. Correlation between lithologies and seismic profiles showed that
the claystone/mudstone/siltstone beds had velocities of 1000 m/s to 1500 m/s
while the sandstone beds had higher velocities. The calculated depths of
material able to be excavated varied fram 0.7 m to 5.0 m, with most of the
results being less that 1.6 m.

The trial excavations showed that the ability of the backhoe to excavate

the weathered material depended largely on the attitude of the beds. Excavat-
1ons "across reef" (or at right angles to the strike), generally achieved

a greater-than-calculated depth, with the backhoe excavating 200 mm to 300 mm
deeper than expected fram the seismic profiles,” although with considerable
difficulty. However, as the estimates cannot take into account the attitude

of the beds (which is often unknown), the depths shown in Figure 2 refer to

the depth of material with calculated seismic velocities greater than 800 m/s.
From reverse seismic profiling at each location, these estimates are considered

to be correct to within 0.2 metres.

Excavations in the north western region of the site proved the easiest because
of the thickness of residual clay in the area, while those in the south
western corner of the site achieved greater than average depth because of

the extent of the weathering of Silurian sediments. The backhoe was generally
unable to excavate to a satisfactory depth in the Tertiary sands with refusal
occurring either on the ironstone bands or because of the density of the

material.

Excavation 1ogs are attached in Appendix T; and relevant locations

are shown in Fiqure 2.

Discussion with the backhoe operator disclosed the following specific

excavational problems that may be encountered in grave digging :

a) wall collapse between the grave being excavated and the adjacent existing
grave;

b) fetid groundwater scepage i1nto the excavation, from adjacent graves;

C) creation of a neat hole:




d) having to timber che sides of the excavation due to lack of cohesion
of the soil;

e) having suitable machinery access.

with regard to the Bundoora site, the soil and weathered rock is considered
cohesive enough to minimise the dangers of wall collapse within normal excav-
ational practise. Timbering of the excavati-n- would not be considered

necessary.

The natural water table in the proposed cemetery site is a* depth and would
not constitute ary problems. However, infiltration of surface waL'r into
existing graves could result in seepage into adjacent excavations (e.y. along
the joint planes of the weathered rock),although the excellent surface drain-

age should minimise this problem under normal climatic conditions.

Problems with machinery a~cess could be dealt with in the planning stages
~f the cemetery.

CONCLUSION

Jased on the minimum requirements stipulated by the Health Conmission for
barial purposes (Fig.3), the site is a marginal proposition for cemetery
development. Many of the trial excavations did not reach the required minimum
depth for the burial of two coffins and some failed to achieve the minimm
depth required for the burial of one coffin. The seismcC work indicates

that most of the site follows the same pattern.

Alternative excavation techniques such as jackhammering and blasting would
increase the depth achieved, but at considerable added cost. Larger excavators
would also increase the depths of the excavations, for example the large

"Kato" backhoes' vhich can be fitted with caompressed alr operated rock breakers.
However ,with such machinery ,access and cost would become formidable problems.

Another possible way of achieving greater depth would be to use excess grave-
site backfill material as campacted landfill. Although the types
of material would campact well with moderate campactive of fort, same settlement

can be expected with time and this may cause problems with the monumental

works,
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EXCAVATION LOGS
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ASSTRACT

An englneering geological investigation has been carried out on the proposed
cepetery site at Bundoora.

A geological survey was made to assess the suitability of the site, [ollowed
by a gecphysical survey to determine soil thickness over the cemetery area.
Trial excavations were then carried oot to provide a lithological correlation

and reveal excavational problems.

The site is a marginal pmguu.ltim for develomment as a cemetery as the
soll cover is insufficient to allow the burial of two coffins in most areas,
Altermative excavation techniques imvolving the use of heavier machinery
and the possible creation of filled land would increase the arsa ever which
tha réquired depths can be achieved.

P A ———

e T i

T ———

T T e

el s 5

o TR CT L

TR

s T S

_———— T e mr———




|
l_
i

INTRODUCTTON

Following a request by the Hoealth Comdission of Victoria, Public Health Division,
investigational works have baen carried out ac the site for a proposed cesetery
at Burdoora, Victoria.

The area sxamined is south and west of the Plenty River and north of tha Maroondah
Aaueduct, and comprises the eastern section of the Janefield Colony.

A general reccnnaissance survey was carried out to locate the proposed boundaries
of the cemetery and to determine the geclogy of the rocks and sails of the

area. This was followed by detalled geophysical work and trial excavations

to determine the suitability of the site for burial plrposes,

SITE LOCATION AND TERRAIM

The area is' situated aporoximately 19 Jm M.N.E. of Melbcorne in the Parish

of Keelbundoora. Tt is bounded by the Plenty River to the north and sast,

the Marcondsh Aquaduct to the south-an an unnssed tributary to the west. (See
Fig.l}, The site covers approximately 97 ha of which 50 ha is cleared pasture-
land, with the remainder being moderately to densaly timbered.

The site is undulating with the hill crests being 10% above sea level, dropping
40 m to the Plenty River. Approximately G60% of the aite (59 ha) is regarded

as topographically suitable for the proposed cemetery, the remainder baing

Good drainage is provided by the Plenty River and two minor intermittent tributar-
ies. Ore of these tributaries forms the western boundary of the site, the

other drains the centre of the area. This central drainage is provided by

o subsurface concrete drain extending from the southern beundary of the site

to the edge of the cleared area, where it feeds into the natural cresk. The
drain caters for the stom water drainsge requiresénts of the adjacent residential

araa.

The details of the site are shown in Figs. 1 and 2.
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SITE GEOLOCY
Silurian

Residyal soils derived from Silurian rocks cover mecat of the cemetery site.

w.orock consists of bedded claystones, madstones, siltstobes and sandstones
which are typically folded, well jointed and show minor faulting. Outcrops
occur along the sides of the Plenty River and its tributaries, as well as
in small patches in the west and centre of the site,

The derived subsoil is typlcally mottled yellow-brown and orange, moderately
plastic, silty clay while the topsoj]l is generally brownish, friable, silty
clays or clayey silts; both the subsoll and topsoil are classified as
CL soils on the unified Classification system.

Tertiary

Tertiary sediments comprising cemented sands and grovels oocur in the
eastern and extreme western parts of the site, Typically, they consist

of sub-rounded, poorly sorted, campact, mottled orange and red, medium grained,
clayey sands, with minor quartz gravela. Layers of ironstone approximately

30 sm te 70 ma thick ocour throwghout the sands, as well as some iron comentrd
sand nodules. The Tertiary sands and gravels are visible in two =mall dis-
used . gand pits, ona on the western boundary and the other just outside

the- south eastern boundary of the site.

Residual scils derived from the Tertiary sediments are typically thin dark
brown silty sandy clays to silty clayey sands.

Quaternary
The Quatemary deposits comprise Pleistocens Hewer Volcanics and river alluvium.
The Mewer Volcanics outcrop as basalt ocutliers to the north and east of

the site forming & ridge of boulders above the Plenty River.

The river alluvium typically comprises sand, silt and gravel deposits along
the incised meanders of the Plenty River.

The site geology is shown in Fig.2.
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INVESTIGATION PROGRAME
Gacphysical Survey

A Refraction Seismic Survey was carried out using @ "Bison" model 15708

Signal Enhancement Seispograph. A total of 64 reversed seismic lines were
surveysd to determine the depth of soil ard weathering. The topography
determined the location of traverses, as the Refraction Seismic method produces
erroneous results over steep slopes: The cptimm length of the seismic

lines for efficient surveying was 30 m, thus producing epot-depths at 30 m
intervals aleng the traverses. (Fig.2).

Trial Excavations

A total of 34 trial excavations were carriad oot using a Messey Ferguson
212 Backhoe, with 660 mm bucket. The backhos and opstator were supplied
from the Fawkner Crematorium and Memorial Park.  The excavations were carried
out to determine the ease or otherwise of excavation and to examine any
specific problems that may make the area unsuitable for burial purposes.

The test pits were located to determine the following two factors =
. Correlation with the gecphysical wark.
. ‘The nature of the areas cither not covered by the geophysical survey
or that of armas where the geophysical work produced meaningless results.
The test pit locations are shown in Figure 2.

RESIILTS AND DISOUSSION
Geophysics

The refraction seismic survey gave meaningful results only in the area covered
by the residual soils of the Silurian rocks. The Tertiary sands produced
erratic results, probably due to the thinnese of the soil cover and the
presence of the ironstore bands.

Typical seismic profiles showed residual seils overlying weathered rock

with a transition down to fresh rock. The range of seismic welocities were :
i) Soil - 360 m/s to 450 m/s;

il) eathered rock - 450 m/s to arcand 2000 m/s;

iii) Presh rock - arcond 2000 m/s up to 3500 m/s.
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Trial Excavation

Trial excavations on the seismic traverses indicated that the material not
able to be excavated by the backhoe had seismic velecities in excess of

800 m/s. Correlation between lithclogies and seismic profiles showed that
the claystone/mdstone/siltstone beds had velocities of 1000 mfs to 1500 m/s
while the sandstnn:g beds had higher velocities. The ealculated depthe of
material able to e excavated varied from 0.7 m to 5.0 m, with most of the
results being less that 1.6 m.

The trial excavations showed that. the ability of the backhoe to excavate

the weathered material depended largely on the attitude of the beds. Excavat-
ions "across reaf” (or at right angles to the strike), generally achieved

-a greater-than-caloulated depth, with the backhoe excavating 200 mm to 300 nm
desper than expected from the seismic profilesr althu;.ngli with considerable
difficulty. m, as the estimates cannot take into account the attitude

of the beds (which is often unknown), the depths shown in Figure 2 refer to

the depth of material with calculated seigmic velogities greater than B00 w/s.
From reverse seismic profiling at each location, these estimates are considered
to be correct to within 0.2 metres.

Excavations in the north western region of the site proved the easiest because
of the thickness of residual clay in the area, while those in the south
western corner of the site achieved greater than averago depth because of

the extent of the weathering of Silurian sediments. The baclthoe was generally
unable to excavate to a ‘satisfactory depth in the Tertiary sands with refusal
oocurring either on the ironstona bands or because of the density of the
matarial , F

Excavation legs are attached. in Appendix I; and relevant locations
are shown in Figure Z.

piscussion with the backhoe operator disclosed the following specific

excavational problems that may be efcountered in grave digging :

a) wall eollapse between the grave being excavated and the adjacent existing
grave;

b} Fetid groundwater seepage into thz excavation, from adjacent graves;

c) creaticn of a neat hole;
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d) having to timber the sides of the excavation due to lack of cchesion
of the soil;
e] having suitable machinery access,

with regard toc the Pundoora site, the soil and weathered rock is considered
cohenive encugh to minimise the dangers of wall collapse within normal excav-
ational practise. Tirbering of the axcavations would not be considered

RoCOSSAry .

The natural water table in the proposed cemetery site is =+ depth and would
not constitute any problems. However, infiltration of surface wniir into
existing graves could result in seepage into adjacent excavaticns (e.y. along
the joint planes of the weathered' pock), although the excellent surface drain—
age should minimise this problem urder normal climatic conditions.

Problems with machinery agoess eoild be dealt with in the planning stages

- of the cemetary.

CORCLUSTON

aased on the minimum requirements stipulated by the Mealth Comrission for
barial purposes (Fig.l), the site is a marginal proposition for cemetery
development. Mafy of the trial excavations did npot reach the required minimm
depth for the burial of two coffins and scme failed to achieve the minimum
depth required for the burial of one coffin. The seismic work indicates

that mast of the site follows the same pattern.

Altermative excavation techniques such as jackhasmering and blasting would
incroase the depth achieved, but at considerable added cost. Larger excavators
would mlso increage the depths of the excavations, for example the large

"Kato® backhoes' which can be firted with comressed air operated rock breakers.
However,with such machinery access and cost would becorme formmidoble probless.

another possible way of achieving greater depth would be to use EXCSSE graves
gite backfill material as compacted landfill. Mthough the types

of material would compact well with moderate ccnpactive effort, some sett]ement
can be expected with time and thumycmmnpmlmuithﬂnmuﬂmal

works,
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