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ABSTf<:ACT 

An engineering geological investigation has 

cemetery site at Bw"rloora. 
<>n carr led au CJn th~ propo....c::ed 

A geological survey was made to assess the suitabil ity of the si e , followed 

by a geophysical survey to detennine soil thicl<ness over the cemetery area. 

Trial excavations ~re then carried out to provide a lithological oorrelation 
and r eveal excavational problans. 

The site is a marginal proposition for developnent as a ce:1ie:cery as the 

soi l cover is insufficient to allow the burial of two coffins in rrost areas . 

Al ternative excavation techniques involving the use f heavie r machi nery 

and the possible creation of filled land 'wUuld i ncrease the area over which 

the required depths can be achieve:} . 
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INTRODUCT ION 

Following a r eques by the Heal th Ccmnission of Victoria , Public lleal th Division , 

investigational works have n carried ou n th site for a prop:>scd t ry 

at Bundoora, Victoria . 

The area examined is south and west of the Pl nty Riv r and north of the ~1arooroah 

Aqueduct, and canprises t:he eastern section of the J~field Colony. 

A general reconnaissance survey was carried out to locate the prop:>sed boundaries 

of the cenetery and to determine the geology of the rocks and soils of the 

area. fhis was followed by detailed geophysical wor1< and trial excavations 

to detenni.ne the suitabil ity of the site for burial ~ses. 

SITE r.a::ATIOO AND TERRAIN 

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

of Keelbundo-,ra . It is bounded by tile Plenty River to the north and -ast, 

the Maroondah Aqueduct to the south an an unnamed tributary to the west. (Sec 

Fig .1). The site CCNers approximately 97 ha of which 50 ha i s cleared pasture

la.nd, with the remainder being rooderately to densely timbered. 

The site is undulating with the hill crests being lOn al:xJ1,1e sea level, dropping 

40 m to the Plenty River . Approximately 60% of the site (59 ha) is regarded 

as toµ:igraphically suitable for the proposed ce1etery, the remainder being 

considered too steeo. -
Good drainage is provided by tihe Plenty River and two minor intermittent tributar

ies. One of these tributaries fo1111s the western boundary of the site, the 

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

a subsurface cancret drain ex<;ending f ran the southern boundary of th si 

to the edge o the cleared area , "ihere it feeds i nto the natural creek. Th 

drain caters for the sto1'1ll water drainage requirements of the adjacent r esidential 

area • 

The details of the site are shON11 jn Fig;; . 1 and 2. 
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SJ'i'E GEOI.D:;Y 

Si lurian 

• 

2 

Residual soils derived fran Silurian rocl<s cover roost of he ccrret ty si+-e . 

i.:..._'.rock consists of bedded claystories, mudstones, s ll tsto11es and sandstones 

which are typically folded , well join ed and sho.v minor faulting . Outcrops 

occur along the sides of the Plenty Rive r and its tributaries , as 11 as 

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

The derived subsoil is typically roottled ';'ella,.r-brown and orange , rooderate ly 

plastic , 

clays or 

silty clay while the topsoil is generally brC11Nl'lish, friable , silty 

clayey silts; both the subsoil and topsoil are classified as 

CL soils on the unified Classification system . 

Tertiary sediments cx:rnprising cemented sands and gravels occur in the 

eastern and extreme western parts of the site . Typically, they consist 

of sub-rounded, poorly sorted, cx:rnpact, rrottled orange and red, medium grained, 

clayey sands, with minor quartz gravels. Layers of irons one approximately 

30 rrrn to 70 rrrn thick occur throughout the sands , as well as sane iron cernen F.<l 

sand nodules . The Tertiary sands and gra\·e ls are visible in t'WO small di•,

used sand pits, one on the western boundary and the other ju;,t outside 

the south eastern boundary of the site . 

Residual soils derived fran the Tertiary sed1Jlel1ts are typically thin dark 

brown silty sandy clays to silty clayey sands. 

Q..>aternary 

The Quaternary deposits carprise Pleistocene Newer Volcanics and ri er· alluvium. 

The Newer Volcanics outcrop as basalt ou liers to th north and east of 

the si e forming a ridge of boulders abov the Pl en y River . 

Tile river alluvium typica lly cx:rnpr1se5 sand , silt "lr.J gravel d 

the incised meanders of th Pl nt.y River . 

The si t geology is shON!l in Pig . 2. 
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INVESTIGATION PRCGRAME 

Geophysical Survey 

A Refraction Seismic Survey was 

Signal Enhancement Seismograph. 

3 

carried out using a "Bison" l 15708 

A total of 64 reversed seiSl"~c lines w re 

surveyed to determine the depth of soil and weath ring . Th tofX>9raphy 

determined the location of traverses , as the Refraction Seismic method produces 

erroneous results over steep slopes. The optimum length of the seismic 

lines for efficient surveyi ng was 30 m, thus produci ng 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 Bacl(hoe, wj.th 660 llll1 bucket. 'l.'he backhoe and o rator were supplied 

fran the Fawkner Crsnatorium and Merrorial Park . The excavatj ons were carried 

out to determine the ease or otherwise of excavati on and to examine any 

specific problens that may make the area unsuitabl e for burial purposes. 

The test pits were located to determine the following two factors :-

• Corre lation with the geophysical work . 

• The nat1rre of the areas ei the.r no covered by the geophysica l survey 

or that of areas where the geophysical worl( produced meaningless results. 

The test pit locationr, are shown in Figure 2. 

RESULTS AND DISCUSSION 

Geophysic. 

The refraction seismic survey gave ~ning \ll resul s only iri the area covered 

by the resi ua l soi ls of the S · l urian rocks . TIY' Tl'.' i ary sands produced 

erratic resu t s, probably due to he thinness of the soil cover and th 

presence of th,-- ironstO!'l ba.'1ds . 

Typical seismic profiles showed es1du l oils (IV r ly1ng ~a rock 

with a transition down to f resh k. Th rang of s ismic \'rloci i s wer 

i) soil - 360 m/s to 450 m/s; 

ii ) thered r k - 450 m/s o arcund 200 rr..,'c; ; 

i i L) Fresh rock - around 2000 m/ c; up o 3~00 s . 

• 
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• 
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Trial Excavation 

Trial excavations on th seismic traver=:es indica ed that th material not 

able to be excavated by the backhoe had seismic velocities in excess of 

800 nv's. Corre lation between lithologies <md se ismic profiles sho.ied that 

the claystone/mudstone/siltstone beds had velocities of 1000 nv's to 1500 nv's 

while the sandstone beds had higher veloci ties. The calculated depths of 

material able to 'oe excavated varied fran 0.7 m to 5 . 0 m, with most of the 

results being less that 1.6 m. 

The trial excavations sho.ied that the ability of the backhoe to excavate 

the weat.liered material depended largely on the attitude of the beds. Excavat

ions "across reef" (or at right angles to the strike) , generally achieved 

a greater-than-calculated depth , with the bacl<hoe excavat ing 200 rrm to JOO mn 

deeper than expected fran the seismic profiles ,- although with co11siderable 

difficulty . However , as the estimates cannot take into account the attitude 

of the bed.s (which is often unkno.,.rn) , the depths sho.,.m in Figure 2 refer to 

the depth of material with calculated seismic velociti es greater than 800 nv's . 

Fran reverse seismic profiling at each location , these estimates are considered 

to be corrPCt: 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, whi l e those in the s011th 

western corner of the site achieved greater than average de th because of 

the extent of the weathering of Si l urian sediments. 'I'he bacl<hoe was generally 

unable to excavate to a satisfactory depth in the Tertiary sands with refusal 

occurring e ither on the ironstone bands or because of the density of the 

material. 

Excavatiori logs are attached in Appendix J; 

are shCMn in Figure 2. 

and re l evant locations 

Discussion with the backhoe o rator d isclosed the follCM1n specific 

excavational problems that may encountered in rave digging : 

a) wall collapse betWC'en h<! grave being excavated and the nd jacent existing 

grave ; 

b ) f e i d grol1ndwa er s png int o the xc va ion , f ran djacen gra\.·es ; 

cJ creation o ( a neat hol e ; 

• 



• 

• 

dl having to timber ~he sides of the excavati on due t o lack of cohesion 

of the soil; 
el having suitable machinery access . 

With regard to the Bundoora site , the so.i.l and ....eathered rocl< is considered 

cohesive enough to minimise the dangers of w:ill collapse within normal excav

ational practise. Timbering of the excavatic n~ would not be considered 

necessary. 

The natural water table i the proposed cerretery site is a•· depth and would 
• 

not constitute ar.y problems . HoNever, infiltration of surface wr>. \. ' !" into 

existing graves could result in seepage into adjacent excavations(e .y . along 

the joint planes of the weathered rocl<) ,although the excellent surface drain

age should minimise this problen under normal climatic conditions . 

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

::if the canetery . 

COt:CWSION 

aased on the minimum requirements stipulated by the Health c:amUssion for 

burial purposes (Fig.3), the site is a marginal proposition for cemetery 

developrent . Many of the t rial excavations did not reach the required minimum 

depth for the burial of two coffins and sane failed to achieve the minimum 

depth required for the burial of one coffin. The seismic work indicates 

that IIDst of the s ite follows the sarre pattern . 

Alternative excavation techniques such as jackharnnering and blasting would 

increase the depth achieved , but at considerable added cost. Larger excavators 

would also increase the depths of the excavations, for -xampl e the large 
"Kato" bacl<hoes ' \-ihich can be fitted with canriressed air o rated rocl< breal<ers. 

However,with such machinery ,access and cost would becane formidable problE!l'lS. 

Another possible way of achieving greater depth <ilOuld o use exce s grave

l\l though the types site bacl<fill material as canpacted landfill. 
of material would canpact wel l with IIDd rate conpactive ef(ort , sa1e settlement 

can be expected wi h tl.m? and this may caus pro 1 wi h h rronumental 

works . 

I 
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M engineering gaoloqica~ inv9Sti<Jilticn lw been carried cut ·en tllO p<qXl5Ed 

otretery sJ. u at airdoora. 

· . 
A 9oologieal curvoy was llOdO to assess tho suitability of .the slte, foll°""" 

by & gccphysJ.cal - to deteDJline soil thickness aver the c:enetery are.•. 
Trial axcavations ...,,.., tbEn curled out to prOYide a lithological OOCTelalim 

and reveal CXC.'IVOtloraJ probl..,... 
" 

The site is a 1r&t9f.Ml pnipoelticn for clowlop11ent"' a ~y as the 

soil c:oYer is insufficient to ~llow ,the burial of -two coffins in :rmt areas. 
• ~ l .:- ' 

Altomatioc .<»;<:avati<in tec:Mlqu•s invOlvinq the ,use of hc.,vier 11111clll.nery 

' and tho' poSsible eraation 'o!' filled ' i'ancl ..,uia ·~cono the areo O\IQr ~ich 
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Following • requ<!.'lt by the Hool th CCnmisoiOn of .Victoria, Public Health Divlsion, 

investl90tional •<><i<B have bocn carried a.it at tho site for • pmposed ca>etery 

at Ow¥1oocA, Victoria. 

'll>e "':"" ClCMdn«l ia south Md ""5t of the Plenty River and north of tho w1r~ 

Aqueduct, and cx:npdses the eastern section of tho .Jlnefi.eld COlcny. 

I\ ~coo:r.ll recoMaiG.aah~ survey was carried out to locnte the prQposea t)oondaries 

of the <>eretery and to detcml.ne the 900lcqy of tho rool<s a.'¥! aolls of the 

ar'!". '.1h1s '°"' fol lo«d by detailed 9"(11)hysical .-~ and trio! e>OCa\'aticr.s 

. to detenaino the suitability of the site for burl.>! ~. . . . ' ·. . . ' ' . . ' 
;. 
.. 

The are i s· s i..t:.Otod approxi"'1tely 19 lml N.N.e:.''of Mo>lbalrne in the Parish 
•·. ,I. ' -· ~ -

of Ke<!l bJlidoQra .. It is boundad by tile Plenty Ri\u to the north and · >aSt, 

the Mluocnda." ~,to the ..,th an an W'l\Ol>Od tributary to tho we.rt. (Seo 

Pig. IJ. 1'10 ;ite Cooer. approximately 97 hll of ..m.ch so ha is cleared posture>- " 
' • l' '' , ~ • ' . I 

land, with ~ remal.""71' being inoderat'!ilY t;o densoly tillbcr<d. 

'nle site is undulating with' the hill cresw being IO!m al=.., ae.'l level, drcpping 
(' "'I. ·: • 

40 m to the fle:ity River . . "WroxilMtely GOi of the aitc (59 h&l io ra<;ordod 

as .topo<;<ophically suit.>b~e for tl1e pcq>oeOd ceoot.ery, the r"110indcr bo..ing 

caosidftncl too _lStiiep. 

Good drainage· is provided ~ til'e Plenty Rivor .• and thO minor intermit tent tributar

ies. one of t.- tri.butnrics facr.s the -tem bcunlozy of tho site; the 

other d<ains tho oentre .of the area. · 11\l.a central drainage is prwided by 

o sibsurfacc """=reto drnin· .... .ending frCJ11 tho ,sool:hem bollndo.ry of the sl te 

to the edg<! or the clearecl area, ••• it feeds into the natural creek. ,,,., 

drain caters_ fcx 'tho ~ water drainage mqaire:;)nts of the act;laoent residential 
area. 

11lc det..alla of the alte are si-t !n Fi<p. 1 and 2. 
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Residual soil s derived fraa Silurian rod<• a>ver CIOlt of the ~Y site. 

'· 
....:!rode consists of bedded cloysto[ies, nulstoncs, •llti_toiles and sa"'/stoncs 

which are typically folded , ...,11 jointed and "'"°"'minor faulting . · o.itcropo 

oc:cur along the sides of tho Plenty Rlwr and its trlbJt.Aries, as well u 

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

1'hc derived slDooil Is tl'Pically i:ottlod yellorbrol.:l and orange, l<lderalely 

plastic, silty clay ""1le the topSO!l i. ~lly bro.nish, friable, silty 

c l ays or clayey ail ts; . bOth the subsoll and topooU are. clusifi~ as 

CL soil• Oil'~ unified Clasaificatiat system. 

'll?rtiary sedi.i><:nta cxnprising cemented aands a:ld grnwls occur in the 

eastern a.'ld ~ ~ puu o! tho siM. 'JYPl.cslly, they cmsist 

oi sub-rourded, poorly sorted, ocnplct, fl¥)ttled or&n:}e and red, rredium <JT•ined, . 
· clayey unds, with miner quart% gravels. taycn; of i<onstanc awroximitaly 

30 ""' to 70 ""' thicl< occur tllrcu:)lwout tho sands, as ... 11 as SCIDO irtta Cl!lllllntl.d 

sand ~es. !he Tertiary wnds and gr&\'els are visible in b<> small di.o

used . &Md pits, one on tho """tern boundary ·anc1· the other junt outside · ' 

the south eastern boundary of the site. 

Resiclunl aoilo derived f rau the Tertiary oedilt<mts are tl'Pieally thin &rl< 

· bra.n ailty sandy clays to silty c layey sancis. 

The (luatenwY dopoo.i.ts ~ise Pleistocene '""""' Volcani.<:5 and riwr al lwhm. 
'i'tle Nl!wCl:r volcanica outcrop oa basalt o.atliers to the north Md east of 

the 11ito fonrr.ing a ridgQ of boulders 4bovo the Planty River. 

,,,., ri~ allwillll typically ca:ixi.ses Nnd, silt llf,d 9,.,,.,..,1 doposits along 

the lnclMld meanders o! tho Plenty Rivar . 

The site geology la stn.n in Pig.2. 
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lNllES'l'IGf\'.l'!ON PliOGIWIE 

coci:t>Ysical Survey 

l 

A Refraction S.if;mic Survoy was carried oot using a "Blson" troclel 15706 -

Signal Enhanccaent seisr:og.;"llh. A tot:nl of 64 revcr....S seimc Ii""" """" 

~ to detenalne the depth of soil am _.thor!..,. '!le t<lp09niJ'llY 

detemdnad the locati~ of trC1iverses, oa the Refraction Seisaic irethcd p~ 

orroneous results over at:eep sldpes. 'l'he opt.im.n lcnqth of the seismic 
lines for elfic!..,t surveyi"'1 ....,. 30 m, tl>Js prodUCing Spot-depths et 30 ,. 

inten .. ls along the t.ra""1'9e5. IPi9.2J • 

Trial Excavations 

A total of 24 trial excavations were carried out using a Y.assey Fet91JS011 

212 Bacl<l>oe, with 660 ""'bucl<ot .. 'lt>e bocld>oe and opitator ~ wpplied· 

frQo the Faw)cner Crematorium and fJ£fl'Otial PatSc. The excavations WQre earti ed 

out to detemine tho' m• or otherwise of e~ation end to e>CNn.ine a."T'j 

opoc!fic ~!-that nay mltc the area ~tabla for lxlrial ~· 

'l'he test pits were locatad to <letem!nc the following - factors :

Correlation with the 9'1C!'hysic.>l wor~. 

• 'Tile nature of the o:reas oithl!r rtt QCJllered by tho gecl\lhysi<»l survey 

or thot of areos •"-" the geophysical ""'"' protlucecl l!ean.!J191H• results. 

The test pit location.• are shown in Figure 2: 

AESlL'!S All> DJSCLSSIQI 

Goophysics 

The refrortlon aeis:nic survey 90'"' ...,n1"9ful moults only in tho area CO\lt[ed 

by the residua I soils of tho Silurian rocl<s. '!ho Tertiary sends ~ 

erratic r03Ulta, probably d"" to tl>O th!Moss of the ooil = ar<l the 

presence of th.1 1ronstorfe bends . 

'!ypleal se!Sllic: profiles - rMiduol soils a.erlyi"9 wrowred rod< 

with a tronsiticn c:b..ii to fresh roe-. "11-.e t'Clnge or scisnic vtdocit:ies -wero 
i) soil - 360 m/s to 4SO m/s ; 

ii J -thered rock - 450 II/• to around 2000 mis; 

U l) l'res.'1 rod< - around 2000 11/s ~'P to lSOO !l'/s. 
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Trial cxc.lv.:iti oos on · tM 'seismic tr-.:ive.rses i ndicated that the nnterial not 

~b~e to ~ ex.c.:tva~~ bY the bac1':~ had seisnic. velO:iti~s in excess of 

800 .,Vs. C6rrelati,oh between i it!iol09ics and seismic profil~ showed that 

the c layStooo/lllJClston<>/sil totonc beds hod vclocitico of. 1900 mis to 1500 ml• 

..nilo the. saiidstooe beds had higt.>r· veloc.lties. 'Jlo.e colculated depths of 

material able to: be excavated varied. frcrn o. 7 m to S.O rn, with ~ of ·the 

resul ts being less that 1.6 m. 

The ,tr-iol e>ceavations sl~ that: the ability of.. the boclchoe to "'"''""'te .· . 
the '1e<ithered nateria! . depended largely "' the. at ti tilde •of . the tieds; E><cavat-
ions ."across rOOt•! .(or at rig.ht angles to the strike), gO~ial ly aclucvcd · 

·• 9reater-th.n'-Clllc\ll•tec1 depth .. with the bal;khoe excavating ;,oo rn to Joo mn ·n 
deeper tl)On ~ed from~ scl511li.c . profiles.-al~· with consider~le fi . . . 
di fficulty. Hc11'>"eYer, as the . cstiJMtes CMnOt take into. a~t ·the att~tudC 
of the. bGds {which is of~en un&cno.-m), the depths .shcMn in Fi<J¥e 2 re!er . to 

the'«wE>th of .;,a..,;,ial with calculated ;.,isni~.·~1oc.lties greater than 800 111/s .. · 

Frarl rc:verse · sei;&nic profilir\g at e3ch location, these estjmates are oonsidercl 
to be oorrect t9 within 0 . 2 r.etres. 

EXCavatiOns ip th:c ·~ ~tc.rn IC9ion of the site proved the easiest because 

of t:he thickness c f residual Clay in the area, whi~e those in the socth 

western corn~r of the site achieved grenter than ~veraqo depth because of 

the eXie.nt of the weather:ing of Silurian sedir.ients. ,The b.'?clthoe was qe.nerally 

unabl e to excavate t<? a. ':;atisfacto:y depth in . the Tertiary sands .with refusal 

occurring either on the ironstone baOds or because cf thG density of the 

rrateri al . 

EXcavatioo logs are attach¢ in Appendix I; 

a.re shoWn in Figure 2. 
and rel evtlf\t lc:catior:is 

OisC'assion wi th the b.'lc:ithoe O(:crator disCl osed th~ following speci fic 

excavational proble:ns that may bl?' .eii'countered i n qrave. dig<Jing : 

a) wall ~llapse beb.~n. t~ 9r aV(? being excavated and the adj.ocent existing 

grave; 

b) . fet~d q-rotll"ldwat er seepaqe i nto th~ ex~vation, fran adjacent 9ca~s ; 

cl creation of a neat hole; 
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d) Mving to t.irnbci t:he sides of the C)OC4Vatioo due to lack of cohesion 

of the soil; 
el NlvU.9 suitable !Mdlinei:y accees. 

With regard to the a.rdoo<a site, the soll ~ -tl>er<d rocl< 1$ "°""ldor<!d 
coheoivc """"9h to llliniml.$• the dangers of l<.!11 collDpse •·ithin no.,,..1 e=v

ationol ptcictise. Tilrbcrin9 0£ the e>ecav~~JOns \oiOUld not be conoidcred 
nc.cc:;.sarv. :i' ' 

' 

. The notw:al water table in the p"'IJOll'ICl cer;etery oite is .,<- dt!pth &nd would 

not constitute aey problms . HoWewt", infiltrt'ltion of 'surface .J\\1.1'.r into 
' ,, .. .. 

existing graves could 'usult in •eepoge i nto adjaocnt e=votiona (e.~. ·a1009 

the )a.Int planes of the -- R>C!<I, olthough the eio:iellent surface drain-

090 should mnu.ise this prob! ... urder nomal cllntic oancliUcno. 

· ProblO!M with nachl nery a~s could be deal t wit h in tm plannin9 stages 

" <. · -0f the cemete..ry. 

13l:;Cd an the minim.Jn requirerenta atlpi°11at<d by the Health camli.asion for 

!luri•l l'lfpose$ (Pi9.JJ, the site is a """Jinal prop:isitioo for cemeter; 

dellel~· l'OJirj of the trial •>OC1M1tions did not reoicb thc ~ roin1mn 

depth for the burial bf two cofiinl and scrie failod to achiew tho Ninim:m 

depth required for the burial of one coffi n. 1"" saisuic work indicates 

that .,,.t of the site follows the 6'111<! pattorn. 

Alternative excavation ~· lNCll as jackho:lll!l"in'J and blaatin; ""'1ld 
inc:rCOSC the depth ac:tiieved, bot at coosi<ierabl• addocl cost. Lar'}er axcavatcn 

would nloo inereoco the depths of the excavations, for eXmtt:>le the lat"g4? 
"l<Ato" baclchoes • ,,ftich can be fitted. 11ith ~aod air operoted roi:!< breaker1. 

_,.,with &Uc:tl mclUnery ,acceso and oost """Id b!cal>e fom.idable P<cblB:G. 

Another (:l?SSible W4Y of achieving 9rcator depth W3J,.ld be to u!;O excess grave-

sltc boc/<fill JMtAlrl•I os carpacted londfill . Although the t ypes 

of mterial "'ould ~ct well with moderate cx:npctive effort, 1ore settlaaent 

can be eiq>ectcd vith tine ard tl'Ji• my cwso prd>lm; with tho ..,....,...,.., 

wor1<1. 
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