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It is not proposed in this report to give a. 
complete account of the principles of groundWater 
hydrology but it is desirable that the general cl,ssi.fica­
tion of I'roundwater and the broader aspects of its 
movements in limestone areas should be discussed briefly. 

Classification of grollndwaters. 
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The following types of groundw!lte,' mlLy be I,re,;ent 
in any area:-

A. Sol1 .... ter. This is limited to the so 11 
layer and is within the reach of roots. 
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B. Pellicular water. This is the water 

a,)he ring to rock surfaces in the zone 
of i..eration. It is not lT,oved b', gruvity 
but may be abstracted by evaporution and 
transpiration. 

O. Gravity or vadose water. This is the 
main body of water moving through the 
material above the permanent water 
table. It moves downward under the 
influence of gravity. 

D. Perched water, This occurs locally in 
the vanose zone above an impervious layer. 

All these waters occur above the permanent water 
table and are known as suspended waters, occurring in the 
vadose zone (sometimes called the under-satur, ted zone or 
the zone of aeration). 

The following types of groundwater may occur 
below the permanent water table in the saturated zonel-

A. Free water. This occurs below the 
water table and is bound by the first 
effective confining stratum • 

• B. Confined water. Occurs beneath a confin­
ing stratum. 

c. Fixed groundwater. Occurs in sub-capil­
lary openings and 111 not moved by gravity. 

D. Cormate water. Th1ll is water whtch was 
ontrapped In the sediments at the time of 
their f01'lllll.tion. 

Of all these it is only the vue.ose "'liter, the 
perched water, and the free wter which 9,-re important in 
this area. The perched water ",ay be important where permeable 
layers, pockets, or lenses occur in the resIdual clays or 
in the limestone. Once the impermeable substrHtum is 
pierced by excaVations, erosion or drillinr., the perched 
wuter immediately begins to descend Iilong uny avuila~le 
openings to the permanent water table. 

If the lenses whioh contain this perched water 
are of highly permeable material then the flows from them 
muy be high initially, although the total volume of water 
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in thea is limited by their size. At Railton such lenses 
may occur in the 014 cave fillings! the limestone and the 
talus aCCWIIUlations. Their size 11' 11 therefore be extremely 
variable and unpredictable. Generally the cave fillings 
consist of gravels with a clayey matrix which probably has 
a low permeability. However, more open gravels could 
well occur along the old courses of the underground 
streams. 

Perched water may occur in cavities in the 
limestone if the outlets from these have become choked. 
If they we"e intersected such bodies of water c0uld 
produce vel'y high flows Into excavations. The vhdose ' r 
gravity water is that which, finds its way underground 
through cavities, .1,:Jints ",nd fiSl!ures in the rocks and 
superficial deposits. under the influence of gravity. 
It is this water.which is most effective in dissolving 
awuy the limestone. At Ranton many small streams of 
vudose water occur at various parts of the quarry. 

The free water is that which occurs in the 
super-capillary openings below the gro1U1dwater table. 
The movement of this water is controlled by the slope 
of the water table. It is not necessarily static 01' 
nearly so. Under favourable conditions where t';e water 
table gradient is steep. free water may move at compara~.ively 
high velocities, particularly in limestone country. 
Variations in geological structure. confining strata une' 
the height of the area above sea level all have signif \ c,.nt 
effects upon the shape and slope of the water tahle surface. 
Some limestone districts have enormous underground storages 
of ,,-roundwater, whilst in others the groundwater escapes 
readily and little underground storage is available. In 
some limestone districts the water table is almost flat 
and very low whilst in other d1stricts it is highly 
irregular. ~UCh va.riations reflect the extent of under­
ground solution, the total quantity of water available 
to the groundwater system. ti,e tor,ogra>hy and the geolo­
gical structure. 

No~lly the movement of groundwater through 
rocks is controlled by D'Arcy's Law but this is not 
applicable to rocks ru>ving openings of large size. The 
cUfficulty in limestone areas is that tile openinr,s 
available for tne movement of groundwater are so larr.e 
that turbulent flow is likely. SOH of the large"t springs 
in the ;',orld are found in limestone areas. 

The aqu.iters are solution conduits an,] c«verns 
formed along fractures and joint s. stems and are connected 
to the surface by sink holes. Solution channels at and 
below the water-table discharge water-table stre,ms or 
confined flow from sub-water-tahle conduits. The underground 
drainage may be considered as a sub-surfuce ,'tream system, 
or if the conduit is below the water-table, as sUb-water­
table flow. As an indicatir'n of the kind of flows which 
do occur in 11aestone areas, the following list shows data 
obtained from major springs in ltaestone countryl-

1. The Vaucluse Spring in southern France. -
After heavy rains this is probably the 
largest ,round-water stream in existence 
but it fluctuates markedly with climatic 
conditions. The spring has reached a 
volume of ovpr 4,000 cusecs. 
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2. The Silver Spring, Florida - D1schRrge 
500 to 800 cusecs. 

3. The Blue Spring, Florida - Discharge 300 to 
700 cusecs. 

4. Wakulla. Spring, Florida - Dlsch;.rge 300 to 
850 cusecs. 

(l cusec. ~ 1. cubic foot rer second) 

These springs, of course, oocur 1.n r"'rions having 
an enormously larger catchment and intake araa t"an 1s 
possible '.n Tasmania. It is not suggested that springs 
apl)roaching these magnitudes would be enoountered in the 
Ha1lton district. The figures are cited merely to illustrate 
the capacity of limestone to transport immens", volumes 
of water along solution openings. 

There is a general d1fferenc", in the groundwater 
encDul,tered in flat lying, impervious limestone 1;() that 
enc'Junterad whera the beds are inclined. In th", incl1ned, 
impervions limestones, such as at Hailton, the vwlose 
water is not held above impermeable barriers but sinks 
straight to the water-table or moves down the inclined beds 
to the saturated zone. Iii thin the limestone the fi.rst 
important burrier is the water-table and at this l(wel 
c,Werns are dissolved out regard'less of the dip of the 
beds. The stoppage and sndden drainage ()f Stich opentnr,s may 
produce flows of stored water of destructive churacter. 
An example quoted recordsl- 'there is every indicatiun that 
when the flood left the cave it did so with violence, 
tel ring nown loosened rockJ hurling stalactites to the 
ground &.nd felling huge columns like trees In a tornado's 
path' • 

Solutitln is possible to considera,ble depths below 
the water-table. Rapid tlow in openings below t',e water­
thlJle bri ngs quantities of under-saturated water ; nto 
cont"ct with the limestone and solution thus proceeds, en­
larging the fractures. 

Openings in limestone country may deflect aU 
the surface water underground, to be stored in solution 
openinr.s and to be ultimately discharged by perched, 
underground streams, 1Iy w .. ter-tl.ble rivers or by flows 
from sub-water-table conduits. 

am INVESTIGATIOI!S 

INVESTIGATIONS TO D/,TBI-

Although some years of normal development can 
be eXl'ected from the present quarry it is 'clear th ... t at 
some future date, a decision IlUst be made between further 
developments of this quarry and opening up a new quarry. 
Just how soon this decisi"n must be made should al'pear 
during the Q(>urse of the forthcoming inventigatlons. On 
a long term view the present quarry sufters restrictions 
due to the proximity of the works, the rQilwaYI old dumps, 
roads, rising ground and houses. These latera rostrictions 
... lso tend to limit the ecollomic depth of the prnsent cut 
if reasonable access is to be maintained. A more definite 



restriction may be the depth of the permanent water table. 
From these facto •• it is clearly wlse policy "t this stage 
to consider the long term development so that the company's 
actlvities may proceed without Interruption. 

With the exception of.the work. and possibly the 
railway line none of the above restrictions is necessarily 
prohibitive. The problem is simply to provide sufficient 
tnformation so that the manage.ent can decide whether it 
is mor~ economical to plan for extension of the pI'"sent 
quarry or to open a new quarry. With this in view a dril­
ling programme, at 3 points north of the works, was car­
ried out to determine the depth of limestone beneuth the 
surf"ce and Its grade. The existence of limestone ol·tcrops 
at tho surface in that area encoura:·ed the view that tile 
bedrock would be found at no great dist&.nce beneuth the 
surfa~e. However, this drilling has shown that conditions 
likely to be encountered there would be similar to, or worse, 
than those encountered during the early development of the 
present quarry. The following points became clear after 
a study of this drilling and of the present qUhrry &.real-

1. 

2. 

4. 

6. 

7. 

Small, surface outcrop. of limestone do not 
necessarily indicate the presence of extensive 
masses of stone at shallow depths in the near 
vicinity. 

Everywhere the sub-surface interface between 
the limestone and clay is very complicated. 

A number of drill holes are needed in each 
area to detel'Jlline the configuration of' the 
top of the ltaestone and its physical structure. 

Clay seus, and thfllr accompanying solution 
openings, exist to considerable depths below 
the surface (at least 150 ft. and poss1bly 
more than 200 ft.) 

The 11mestone is always co"ered by the fol­
lwwinr. fOl'Jllations (al a soil layerl (b) a 
gravel laver, and (3) a layer of m xed residual 
clay and gravel. 
• in 
The conditionB faced lopen' ng up a new quarry 
are likely to be the same or worse 111an those 
encountered in opening up the '·resent quarry. 

Diamond drilling to determine, 1n detail, such 
a complic~ted profile as the top of the lime­
stone may bs economically prohib1tive. 

It was decided to approach the Bureau of Mineral 
Hesources regarding the possibility of attempting geophysical 
surveys, chiefly seismic refzactiont to obta1n more quickly 
and economically, a wider picture of the bedrock con91tions. 
In doing so it was realised that the problem presented 
some difficulties to a seismic approach and that it may not 
be possible to confidently interpret the results obtained. 
The Bureau however, after consideration ot the problem, 
has agreed to carry out seislllio and resistivity surveys In 
the coming summer. They have requested that certain 
sampling fLfid testing be carried out in preparat10n for these 
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aurve:rl, and this work is in hand. 

In eonjuaction w1th these schemes the author 
commenced a geological _1'pi11l progl'8Jllll8 to record all the 
exposed structurel. Whilst such an approach 1s unl1kely 
to provide any detailed information as to possible future 
quarr;r sites 1t does give us a more complete picture of the 
geological cOndltions and weathering pattern than was 
previously available. This stud:r will provide a usetul back­
ground against which further investigations can proceed. 
The geological mapping has been undertaken along three 
_in linell 

(1) AnalY8is of the regional mapa of a wide area 
surrounding Railton to gain a better under­
standing ot the tecton1c .etting. 

(2) A stadia survey of tha quarr;r area and the 
li.astone outcrops in this Vicinity, as tar a. BleDl<lrllrn'. quarr;r. Levelling of known 
outcrop. and drill holes. This will enable 
us to produce geometrically constructed 
sectlonl lncorporiLUIII all the avaHable out­
crop data with a v1ew to determlning the overall 
thickness of the 11mestone, the shape of the 
toldl, the minor structure. and the grade of 
stone at various looalitie •• 

(3) Mr. Matthews has made a detailed stadia surve:r 
of the .1nor structurel in the quarr;r. This 
plan 1s useful for reeord purposes and to 
provide information tor pOlsible quarr;r 
extenslons. In conjunction with this we have 
studied the lilllestone and its superficial 
depos1ta in some deta11 to obtain & better 
understanding of their genesis, age and 
space relationshi~s. 

!his stud:r 1s almost finished 
and as much of this information as possible 
has beeD incorporated into the geologieal 
section of this report, which is subm1tted in 
$0 •• detail so as to prov1de a backgroundtor 
tueute wOrkerA and to g1ve a reasobably co.plete 
geologieel picture for the Bureau's geophysi­
cists. As more 1nformation becomes a~ilable 
further reports will be made. 

A d1a.oad drilling programme is now 1n progress 
1n the present querr:r to teat the quality and condition of 
the stone at depth and to enable a study of the permanent 
water table to be carried out. 

FURTHER IMJESTIgATIOIS EROGBh!!' 
Broa41:r Speaki11l, thei,roble. here is to 

whether to (a) plan for .xt.nsions of the existing 
or (b) plan on opening up a new quarr;r. 

decide 
quarr;r' 

It il therefore ne •••• ary to carr;y out such 
investigations as w111 enable us to detar.ine which of 
these propo.1tions will provide UI with the required quantity 
of high grade 11lllestone at the cheapest rate, in some years' 
time. It 1, alao desirable to design the.e investigations 
in .uch a ..a:r thatl-

1. '!he prograDe eaa be earried out wi thin the 



time and economio resources available to 
the cOlllpall7. 

2. As much relevant information as possible 
on the selected site. is obtained to aid 
in future detailed planning of quarry 
operations. 

3. the final selection will provide sufficient 
quantity of It.estone to allow long range 
planning of works areas and dumping grourlds, 
etc., to proOfed unhindered. 

4. They will add appreciably to the general fund. 
of knowledge concerning the structure and 
grade Of the 11mestone 1n this d1strict 
generally. 

5. The groundwater hydrololl1 w111 be thoroughly 
underetoad and groundwater will present no 
maJor hazard in the future. 

By careful planning therefore, It should be 
possible to use each drill hoie to obt~in information 
concerning three or four aspects of the over,"ll problem. 

POSSIBLE llEJELOPMENTS OF Tlili PRESENT f,:WiliRY 

The follOWing develop.ents of this quarry as 
a long term proJect see. rea.ible. 

1. Development at de!'th, with lateral extension 
to the south-west aero •• the Railton-Works road. 
The obvious proble.s iavalved in this arel-

a. aealignment of the road. 

b. Removal Of some dump material. 

c. Possibility Of encountering the permanent 
_ter table. 

d. Ponibly endangerillg OM or more of the 
company'. staff houses. 

2. Devel,p.ent at depth aDd eastwards aoross 
the rall_y 11ne. Thb in'tolve .. -

a. r~ lUlll/or .upport, or realignment 
ot the railway line. 

b. aemoval of sOllie dump IIII!.terial. 

o. Po •• ibilit1 Of encountering the permanent 
_tel' tallle. 

3. Developa.nt at depth and towards Railton. 
rhb involves.-

a. The removal of extensive dnaps. this 
1s almost cer\a1nly uneconomic. 

b. Po •• ibility of encountering the permanent 
'IIIl tier ta 1I1e • 

4. Developaent at depth cOlllbtaed with underground 
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mining from selected sites in the present quarry. 

The major factor in this is the cost of 
underground mining. This is probably prohibitive. 
However, a quick comparison of probable mining 
costs would easily ,'etermine whether this 
scll&me is competitive with the other developments 
suggested. If this scheme were competitive 
tl,en the overall problem would be rev9l'sed. 
We should be f",ced with the pI'ospect of search­
ing for a clay pit instead of ~ limestone 
q ual'ry. 

Assuming that (4) is ruled out after a comparison of 
mining costs ... od that development (3) is uneconomical, the 
other alterootlves have many problems in common. These 
u.re: -

". TtL ground vlater t",ble. This may well be the 
005ic problem in any extensions plL-nned for the present 
quarry. In all possible extensions it would obviously be 
desirable to proceed to a greater de"th with the existing cut. 
ic dl'ill hole put down from No.4 Lench indicates tl1bt either 
the limestone is almost completely impermeable or 0l5e the 
level of the pel'manent wateX' table lies just below the surface 
of 1;0. 4 ·bench. Furthel' drilling ",nd me6.surements of the 
water' table, together with a search 1'01' cL,venls at depth 
will be """de to determine positively the depth of the ~rnund 
w8.tel' to.ble under the present quarry floor. If it can be 
sho,m to lie close beneath the 'luarry floor, then it would 
be unwise to consider development to greater depths because 
of tlw ever present risk of encount", ring caverns. 

Lelow the p'rmanent ,Iatel' table a single c&.ve, similar 
to those exposed in the present quarry, if encountered 
unex;"ectedly, could produce uncontrollable flows of water 
into tilt) lower benches. By carrying out ,~,etailed investigations 
during <,uaI'l'ying it may be possible to minimise such a 
risl, but it;.IOuld ",lways be present. Thus, a basic step 
necesaary 1.>ofors any other decision is possible, is to determine 
the level of the water table and to begin regularly recording 
any fluctuations in this level. 

Whil~t the problem of the vermanent water to.ble may 
af,pear to be formidable e;.nd to involve the company in some 
dant:er ",nd 8Xj1enSe due to the incursion of underground wE-tel' 
on the quarry, it is likely tho.t in the long run this study 
will prove or "dvantage to the compa.ny. The limestone has 
been shown by dl'illing and qlkrrying to cont",in fairly 
large undel'ground cave systems and if these were encountered 
i~elow tlle level of the wate"' tc.ble they would certainly 
drain embarrassingly large quanti ties of underground water 
into the cut. By the same token, if it can be shown that 
the 'Illter tc.lJle lies some dist&nce beneath No.4 bench then 
there is every reason to expect that surface water could than 
1:,e drL-ined ... ,.'",y into c,,-vernous ground. Thus, it is possible 
that the drilling costs involved in this hydrological study 
will, OVer a period of years, be repaid in tile saving on 
~umping charges. The search for caves bene",th Ho. 4 bench 
is an urgent lJb.rt of any future investigation programme. 
Before ~r~ l~rge scale drainage takes place it will first 
be necessa1'Y to ensure that no domestic gruund water SUI,plies 
would be in d<>.ngeI' of pollution. 

l:l. The spoil heaps. l<ost of the alternatives of 
future development of t he quarry seem to reliuire the 
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r8moval of at least some dump material. It is therefore 
necess8.ry, at an early st,,[;e, to determine the qucmtity of 
m, .. terial which must be moved to allow develorment to proceed 
in any given dir-.ctioD. To do this it will be necessary 
to i repare a detailed contour map over such rarts of the 

dump areas as may be involved in any projected development. 
2ilC contour interval should be of the order of 5ft. If 
the company officers consider that parts of these dumps 
which are to be moved may contain workable pockets of clay, 
:it would be desirable to sample these areas with ec,.rth 
"ugers. It would certainly be unwise to plan on redumping 
material which may be usable in the works. 

C. Topographic surveys. It is suggested that 
similar contour plans be prepared for areas which al'e beyond 
the dumps and which are likely to be included in future 
developments or in new quarries. 

D. Grade of the limestone. The core from all drill 
lJnles should be tested for grade. Provided we can demonstrate 
til-t the grade is consistent ~long the various limestone beds 
"Ie can, within limits, predict the grades which w11l be 
cl1c(untered at depth and at various places around the quarry. 
an invectigation then, of the consta.ncy of grttde in the 
pr8sent quarry is warranted. As a 'genera1isation it can be 
said that if the grade is constant, extensions of the quarry 
,.lnng the axis of the main syncline (1.e. to N.N.W. or 8.S.:<:.) 
'.'!i 11 enc(,unter stone of similar grade to that now showing 
in the quarry. To the west the lower grade stone encountered 
on No". 1 and 2 benches Vlill descend and new untested stone 
\'IiL appear in the upper benches. To the east the high 
gr[de stone will persist, and stone of the grade encountered 
in the 200 ft. bore from No, 4 bench will appear at depth and 
in the eastern benches. 

E. Quarry design. A ba1ancei deSi.:~n for the 
proposed quarry should be prepared. Company records probably 
i nillcute the percentage of usable clay :lilxJdltln<=J<!x'!mcmcJxJo/ 
in the overburden to date. As investigations proceed it 
should be possible to determine the shape and depth of a 
balanced face of the quarry so that the correct proportions 
of limestone and cl"y will be .-<on as the quarry advances. 
[,'or the time being we can assume that the proportion ,of 
uCLible clay in the overburden in all directions around the 
"Harry is roughly cimilar to that which has been encountered 
llP to the present. 

At the sume time it would be useful to compare 
thp. compar,"tive costs of a balanced design as above, against 
trw cost of developing a l'redominantly limestone quarry 
'.'1ith '·xternal clay sources. Consideration may also be given 
to tmc value of sampling the overburden in likely areas to 
test the percelltuge of usable clay present and to design 
sk. ble batters for the proposed excavations. 

F. Overburden. It is essential in this area 
to determine as accurately as possible the depth a.nd 
confIguration of the clay/limestone interface at selected 
.• ites u.round the quarry. To do this drilling and geophysical 
~.8tbod,; must be employed. At this stage it is impossible 
to 0ssess the vu1ue of the proposed geophysical survey; 
c, t the best, the results obtained will solve this problem 

i' 
! 

I 
I 



I r r r 

54-' 
-9-

completely, or at the worst we may get no worthwhile 
results at all. However, it is reasonable to expect that 
we should at least get an overall picture of the level Of the 
sound bedrock surface over a reasonably 'vide area. If 
some drill hole information is available to 'tie' in the 
geophysical results, so much the better. The more drilling 
civailable, the more accurate the geop:.ysic&l work is likely 
to be. 

At present several possible areas of intex'est 
could well be investigated in the work proposed for this 
summc r. I feel that it would be better to concentrate on 
one, or at the most, two, areas rather than to attempt to 
carry out a limited amount of this work in several areas. 
With this in mind some effort should be made to analyse 
the engineering and geological problems involved in the 
various proposals so that ;Ie can concentrate this work upon 
what seems to be the most promising area. 

The Bureau would probably be able to indicate 
how long the geophysical team will be available in this 
area and what length of traverse could be expected in the 
time available. This will enable us to decide whether it 
is worthwhile dividing this effort among two areas or whether 
to concentrate on a single site. 

In providing drilling information for correlation 
by the geophysicists the object would simply be to locate 
the depth of the bedrock. This could probably be done much 
more quickly and economically with a percussion plant than with 
a diamond drill, and at the same time it may well provide more 
information on the nature of the overburden. Such percussion 
drilling will not, of course, give any indication of the 
grade or structure of the bedrock but the grade can be 
predicted generally from the known geology and the seismic 
Vlork Vlould give an indication of the soundness of the bedrock. 

DEVELOPMENT OF THE PRESENT QUARRY ACROSS THE RAILWAY LINE 

From a purely topographic point of view, assuming 
the bedrock condi tiol'll to be similar eve rywhere, the most 
attractive development of the quarry seems to be towards the 
cast across the present railway line. However, it has generally 
been held that such development would be uneconomic on account 
of the cost involveci. in moving the line. It therefore seems 
promising to consider the alternative of crossing the line 
by either (1) a bridge over the railway line with a high 
level road to the worlcs, (2) a tunnel im"ediately under the 
railway }ine, probably in clay (provision would need to be 
mo.cle for support of the Une) or (3) a low level tunnel from 
the bottom economic limit of the present quarry. 

The choice of the scheme to be followed is very 
largely an engineering consideration. 

The proposal involves virtually a new quarry. 
The first proposition leads to consideration of the stable 
slopes which must be left on either side of the railw!iY line 
as well as the possibility of moving a limited amount of 
dump material. The second will Involve much the same problems, 
r:onstructing a relatively cheap tunnel (or two) in the clay and 
providing sUI'port for the railway line. The third alternative 
involves a tunnel two or three hundred yards long in limestone 
but would eliminate the necessity for p<lrmanent support of 
the line or for bridging. If this VlBre donG the tunnel could 
be connected by a rise to the upper bendhes of the quarry 
and the stone handled to this ore pass by bull dozers. In 

, "'" 
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order to bring any of these proposals into acth'n, careful 
planning would be necessary to balance the clay/limestone 
requirements of the works over a period of SOme years 
during the transition from one quarry to another. The 
estimation of clay and limestone requirements over the 
time involved in this transition is an integral part of 
this plan. 

The advantages of the alternatives above, provided 
that solid limestone can be proved in that direction, are:-

1. It is the nearest new quarry site to the 
existing works. 

2. As it is virtually an e~tension of the present 
quarry fewer assumptions regarding conditions of 
groundwater, structure and grade need be made. 

3. Geological information at present available 
suggests that high grade stone will be present 
in that direction. An analysis of the core from 
the deep hole from No. 4 bench will provide further 
evidence of the grade tn t hat direction. 

4. Abundant dumping areas are available. 

Disadvantages which are evident in these proposals 
at present are:-

1. The cost of bridging or supporting the 
railway line. 

2. The limestone at the point closest to the 
line is cavernous and unstable. It wo"ld therefore 
be necessary to investigate the tunnelling and lor 
support conditions most carefully. However, this 
may not be the most desirable point or depth to 
effect the tunnelling when the present quarry is 
fully developed. It remains to be seen if these 
unstable conditions extend further to the east. and 
south and to depth. ' 

3. stable ground must be left for some distance 
on either side of the line. 

FACTORS INFLUENCING THE DEVELOPMElIT OF A NEW QUARRY 

A new quarry (apart from that outlined above) will 
involve new groundwater conditions) longel' haulage, high 
initial development costs and some uncertainty as to grade 
and structure of the stone available. Experience suggests that 
even wHh the most careful investigation it is difficul.t to 
Tlredtct completely all new conditions which l'Iill be fouLd 
Ilnde rground. 

However, it is necessary to assess carefully the 
costs likely to be involved in a new area and to balance 
these against the costs uf further developments around the 
",resent quarn'. Only by doing this, by assessing carefully 
all the costs' af each proposal, by allowing for the extra 
c&rtage, the increased overburden ratio, the removal of old 
dumps and the many other factors, cem we be in a r·osition to 
weigh the relative meri ts of each proposa!. Some of these 
factors are geological, some hydrological Qnd others engineer­
ing. There are economic factors and there ere doubtless 
other factors of which the company offiCials alone are aware. 
All of them should be included in the final analysis. 

The following are the mCijor problems which the 

I 
I: 
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writer envisages in opening up a new quarry away from 
the known ground:-

1. '!'he... Overburden: - This is the most important 
factor and investigations as to the depth 
and composition Of the overburden must be 
undertaken similar to those discussed 
earlier with reference to extensions of 

2. 

3· 

the present quarry. That is, we must 
employ some diamond drilling, perhaps 
percussion drilling, and geophysical surveys 
to give us as complete a picture as possible 
of the underground topography. 

Groundwater conditions:- As with the present 
quarry an investigation of this problem is 
desirable. The water table investigatinns 
which will be carried out in the present 
quarry, together with such other information 
as can be accumulated, will doubtless serve 
as a guide to the groundwater conditions in 
other areas provided that they are not too 
remote from the works. ObvioUsly the permanent 
water table is initially not so important 
in a new quarry since it would not be encount­
ered in the early stages of development. 
However, it is necessary to learn as mueh as 
possible about the underground water behaviour 
in all possible areas so as to plan for 
underground drainage at ~n early stage. In 
a new area some attention should be paid to 
the possibility of encountering appreciable 
quantities of water in perched water tables 
in the overburden. In the geological report 
I have discussed the occurrence of ancient 
cave fillings in the residual clay. These, 
and the tongues of talus which e'xtend down 
from the higher ground to the west may well 
contain considerable bodies of such underground 
water. It is anticipated that we should be 
able to drain off this water into the under­
lying limestone through drill holes and that 
no heavy pumping costs should be involved, 
but it is desirable to know of the existence 
of any considerable body of such water in 
advance, so that drainage will be available 
where and when it is required. 

Grade:'- In any new quarry site advance know­
ledge concerning the grade of stone is essential. 
Thus the cores from the three holes put down 
last year should be sampled and all fUture 
drilling should be similarly tested as a 
routine measure. As mentioned earlier, it 
should be possible to make general predictions 
of grade in advance but to do this we need 
to accumulate all possible evidence from 
drilling and to investigate for significant 
changes of grade along the strike of the lime­
stone beds. 

4. Transition:- As mentioned earlier it is 
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desirable to prepare such information as 
would be necessary to plan for the transition 
from one quarry to another and thus perhaps 
avoid unnecessary dumping and rehandling of 
clay. Accurate contours of the bedrock surface, 
a working estimate of the limestone/clay require­
ments some years ahead, an estimate of the 
ultimate life of the present quarry, and 
sampling of the overburden tor the new quarry, 
are all inherent in this study. 

5. Cartage: - To truly compare any new quarry 
site with the present one we must determine 
the economic limits of cartage and debit the 
extra haulage against the new quarry site. The 
areal extent of the investigations to be 
carried out in the ,search for new quarry sites 
will be governed by this factor. It is desirable 
to establish new the maximum distance for 
economic carting to the works. 

FUTURE DRILLING PROGRAMMR 
• 

The cost of diamond drilling is ~ very important 
part of any investigation and the prcg~ should by care­
fully studied to assure that the maximum amount of informa­
tion is obtained from each hole. It would, of courset be 
quite simple to lay down a grid of holes over areas or 
possible interest but such a rigid programme may not produce 
the most useful results for the cost involved. 

For this reason I think that it would be wiser 
policy to car9fully consider all aspects of the ~verall 
investigations as each hole is planned. There must be no 
question of the driller being held up for want of a new 
drill site, but at the same time it should be possible to 
retain the utmost flexibility without causing any delays 
of that kind. 

The present drill hole from the quarry floor will 
give information on:-

(a) the depth of the water table. 

(b) the structure and grade of the limestone. 

(c) the physical condition of the stone at 
depth and to the east, 

(d) the tunnelling conditions at depth under 
the railway line. 

(e) caverns into which the quarry drainage 
may be diverted. 

Thus, even if this drilling shows that development 
of the quarry to depth is undesirable, the holes will provide 
information which will be needed to assess the possibility 
of quarry extensions on the present level, towards or across 
the railway line. 

The present programme should be continued to 
establish and explore the water table and to search, if it 
nroves practicable, for drainage sites. After this, when 
the engineering aspects have been studied, drilling could 
ne diverted to the a~ which appears to be most promising 
for either a new quarry or for extensions of the present 
quarry. 

i , 

i 
I 

I 

fl d ... 



T 
-13-

SUMMARY OF REQUIRED INVESTIGATIONS 

(1) GEOLOGICAL INVESTIGATIONS 

(a) Complete present mapping programme and 
construct geological cross sections of 
the area. 

(b) Map the boundaries of the main areas of 
doleri te talus. 

(c) Record all grades available and test 
for variation of grade along the strike 
of the limestone beds. 

(d) Estimate the cost of underground mining 
of limestone on a large scale. 

(e) Record all caves located in drilling 
to date, and in future drilling, for 
possible uses as drainage holes. 

(2) HYDROLOGICAL INvESTIGATIONS 

(a) Establish the depth of the permanent 
water table below the present quarry. 

(b) Provide facilities and initiate a 
system of regular recording of fluctuations 
in this level. 

(c) Investigate the problems of perched 
water tables in the overburden. 

(d) Search departmental bore records for 
information regarding groundwater levels 
in the Railton district generally. 

(3) DRILLING INVESTIGATIONS 

(a) Test for cavernous ground in north-east 
of No. 4 bench, for foundation conditions 
under railway and as possible site 
for drainage holes. 

(b) Drill holes in quarry floor for hydro­
logical survey. 

(c) Drill test holes for investigation of 
depth of overburden and for grade and 
condition of limestone beneath proposed 
extensions of present quarry and at 
proposed site or sites for new quarry. 
These are also to be used as control 
for the geophysicists. 

(d) Check the desirability and availability 
of percussion plants for testing the depth 
and nature of the overburden and for 
control holes for the geophysicists. 

(e) Further holes as may be required for 
drainage. 

(f) Augering of dumps for samples if necessary. 

, I 
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(4) GEOf'BYSICAL SURVEY 

(a) F.equest an estimate of the probable 
coverage to be expected from this 
se1smic work, stressing that the 
company desires as much as possible 
within the tiMe available to the 
Burea.u. 

(b) Enquire as to the compltcutions likely 
to be encountered in seismic work over 
the dump areas, 

(c) Enquire as to the possibility of 
establishing the perm.ment groundwater 
profile by geophysio&l methods as a 
check on 2 (b). 

(d) Arrange for the necessary surveying, 

(5') TOPOGRAPJ.lIC !'UHVEXS 

( 6) 

(a) Contour all 
the {lUL1PS~ 

or selected" reas of 

(b) Contour areas of projected quarry 
extension", 

(0) Contour possi hIe new quarry s1te, 

H.E.C. TEpTING 

(a) In situ sonic tests Df rock and clay. 

(b) Tri-axtal shear tests of undisturbed 
residual clays, remoulded residual 
clays and if necessary, of dump 
material. 

(7) ENGINEEliING .nm;STIG;,l'IONS 

(al From 5' (a) calculate volume of dumps 
to be ,"Dyed. 

(b) EstiJll&te removal cost 0r dumps 

(0) Investigate whether the material 
to be aoved is wDrthwhile sampling 
for clay. 

(d) Consider the advisability of testing 
the overburden in ;,roJlosed areas in 
advb.nce - by meo.no "f "arth augers, 
and/or percussion ~rl1ling, 

(e) Investigate the most economical 
quarry d ... ign. 

(t) Investigate the relative merits of 
a balanced cla7/limestone quarry 
against a predoainantly limestone 
quarry with independent clay pits. 

(g) Bs1:1.1oe the relative costs in crossing 
the ra1lwa7 by the various methods 
suggested, or by any other 11kely 
methOds. 
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(h) Est~t~ t.he costs of road re-loeation 
if the preael,t qUl.l.r1'7 is exhnded to ' 
the south-we~t across the Railton road. 

(i) Prepare a working estimate of the 
clay/li"8~one requirements over the 
next ~-lO , ... rs. 

(j) Esti~te the dumping areas likely to 
be required over a long period for 
(i) extension of the present quarry. 

(11)a new long term quarry. 

(k) Est lmate the increase in haulage costs 
of stone.brouch~ trom new quarry sites 
ana detel"lll1ne an economic limit for 
cartage. 

(1) From the above considerations attempt 
to make un e,"rly assessment of the 
most promising urea or areas so that 
tile ~eislllic !fork ce n be concentl"'ated 
there. 

The full laplol4entatiun of the foreeoing investi­
gation progl"aJlUlle ."ill obviuusly take ~O"I" "tim .. &nd callnot 
be .completed before the projected geophysical survey 
this S1l11U1ler. It i8 therefore nace ,sary to plA.n t ili!: 
progr .... e ·in stages one. t o determipe rou,;hly the prioritIes 
for ttle v .. rious i nv" 5t ip,<ltJ.cns. H;: lI("ll.d t .. realised 
ho·,yever, thut whilst sllch "l'iGI'i t1es c ..... ba a"tablished 
fairly well .. t this si;,,-.~e. ~S j.nvos t il';at1uns proceed 
various aspects \/111 allSWll" 1.1Ore i:lr 1es8 importance and 
thE> J' rol\ ·'''~lIJne c .. n thus jy, " mended accordingly. 

SWI 1. To be c',m[J leted 'before ·the commencement 
of tho geophya cal ~ rotramme. 

g.olOKY., 

fl~d~o~0i1. 

j,lr:l.lUIli 

ii!2~'(ll81cs 

Sia~ aDd Rook 

(a.) 

(a) • (b) , (d) • 

(a) t (b) , «\) , (e). 

(a) , (b) , (c) t (d). 

~ests (a) • 

.~ake a careful and preliminary 
a~ prcis"l of a ll t hese po1nts 
as f~~ R~ p~ssib1e. to guide 
the siting of the geophysical 
progr=e. 

§~Ie 2. To be cORlJlenced immediately, 1nde!,endent 
of the leop .lea1 work. 

O,o10lY (0), (d) , (8) • 

IU~ll..1m: (0), (t). (g). 

'f'oppcmphls surv,y. (a) • 

~"l !D~ §ock ~!!Sl (b) • 
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BndD!eI'1ng (e), (d), (e ) , (fl, (g), (hl, 
(1), (j), (k). 

Stage 3. To t'ollow the geophysica l survey. 

The rema1ning it •••• 

Th18 programme ,,111 enable the company to make 
a cUlcnJ.' ·.ted decisIon >;.5 to future quarryIng pra . t1ces. 
It """0' '.)~ f ntmo tt'n t !lnt all of this "01'1< is necessary. 
For instr;.nce, if 1 t 1.5 .!'m;n<, that the re rrrHnent groundwater 
t &hl. c ll.·~s ol.os~ to the l~vel ot' No.4 bench then it would 
be fruitless to continue investIgations concerned with 
the development ~f t ho pres~nt quarry to depth. Likewise, 
drilling and g",ol'hysi.c(l ] work ma~ .~ho' .• a 1'e'-5 where the 
overburden el!tend~ to prohibItive nej·ths 8.n<l further 
e7. i,lorc. t1on th91'eforo tp''' ::l~ 'h~ comq unnl'!ce s slJ. ry. 

Tt.e prl)rronm~ sht'luld be flexible enough to 
take advantaF.e or £'.1'. !lA" int'ornation as it becollles 
available , Con~tn nt ~l.1 r: crvIsl"n, collection Eo.nO r " corcUng 
ot' all <lata as it '!O'lle s to h:mel Is eSfoentIc,l to the s l' ccess 
of this kind of invo~t i!!atlon nrngre.lJU!.e. 

(r.H. JennIngs) 

RRGIO~~~~~IST 


