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1, n-tm 2 sub-Par.-z- a) to (3) aro ;o with, 

The upez' bench levels at the 7orth oteriy end of the qyiarx'y from  
'he NV (haulage rost entrance) quarry limit to about 700' to the 
o t aet lie within aerie 2 and 3 rooke of vtrying quality. 

M-  €30' from the 'r7 quarry lixnit, all of bench level 815' is 
ciP sprios2 rd 3 rocks, About 3/4 of bo!lch lovol 700' 

id 1/2 oL 74 ook 1evel cao f 
rocks. 

At 340I from te quarry lict, tli of hunch ievci 3 15 1 a: 
houl ho in oerieo 2 ar 3 rooks with 2/3 of the 70,01 bo:oh 

IOV?. 2fl1 it o 1cvcI the anna sequence. 

rocks, whore followed  dovn 
ring the courue of quarry develpont have been seen to improve 

n qahity, with depth, though thin sexpa of soft argillaceous rock 
)3 : Ip arontly haphasordly, 

kore seen on originally expos,-,d surfaceo nearer the ?atural 
r'oe, the rock is of varying quality and not all unuseable, 

rill hole results have generally proved the Series 2 rooks to 
improve in hardnos9, with depth. Recent new expocurea of series 
2 and 3 rocks in the orth West quarry area due to the reduction 
in surface level of haulage roads have uncovered very bard series 
2 o:oi 3 rooks, 

It is reasonable to assume that about 50 of the series 2 and 
3 rocks should be useable no sour roeftf ill mteriall  but extraction 

J.:urolve soing problems. 

48

t around 720' frou the Tortk .ost haulage entrance end of the 
ry limits, the quarry, apart frixq about half of bench level 

5' lies within acceptable series 4 quartzites and the bottoi 
congloaerteo. Thuo to this point, the limit of acceptable rook 
transgresses the bench levels oblieuoly in a South 1aetorly 
direction ron about 4°' from the North West quarry limit. 



-2— 

: r ;oriy 

r)OLt 53' 24 rj the L35 bench level lies ;!thin oiio 
., none of which, hero, appears suitblo for use. 

e 35'  and  $15' bench levels in this area, also show up on 
the quarxy plan ao lying partly within series 3 rock, !Towovor, 
to the Northo'ly dip of the beds and the depths of the benches 
oation to the boundary of the acceptable rocks  only about 1/4 

the 115" bench level and none at all of the 815' bench love]. sh 
- 'ctPc .creptabie series 3 rocks. 

5. The nouth  Westerly assumed limit of good rook on the quarry plan, 
lies £rou 30' to 50' to the South V!ost of the 11: it of good rock 
as based onaurface appin '. 

An area of roughly 75' by 250'  of the 675' bench level lies 
within Csmbrian quartzites  and also 50' x 280' of the 640' bench 
level and 25' x 380' of the 605' bench level. 

Ho fever, this may not all be mnsted nzid the quarry limits 
ea1i justified in being taken this far backs  as the results of 

Hole 5521 have proven thati-. 

The oonglterate can be hrrd, sound rock right to the 
contact with the grante. 

After an initial 4' to 6' of softer rock at the boundar, 
the granitized Cambrian quartzites at this depth below 
the surface (750 are reasonably hard, sound rocks, but 
a ain this may involve sorting problems, 

(o) The Cambrian quartzite in the Dolcoath granite contact 
area nay not be so highly mineralized as anticipated and 
the quartzite in T)H 5521 remains sound to within 2 feel 
of the granite. 

(a) The granite, in DXI 5521, has a 75013T dipping contact 
with the Cabbrian quartzite and so should interfere even 
lose than previously assumed with quarrying operations. 

Drill Hole 5523, proving the !oIm Sandstone quartzite/Eola 
c :1. erate/Dolcoath granite boundaries, has yet to be compl 
ut so far has shown sound, hard rock for the majority of tho 
usrtzIte (all of series 4) and the conglomerate. 

"hum, the South Western limit of the quarry seems eatiofac 
a resent and indications fron DII 5521 suggest that the quarry 
lImits could be moved even further South West to ike use of th 
1anbr1an eunrtzltes at denth in this area. 



At the South Eastern extremity of the quarry, very hard, 
sou1 rocks extend on up the guly in a South Easterly direction 
and this area would serve well as a poesible cuarry extension 
thouh the MII slopes steepen up here considezbly 
however, the o:r'ibility of fau1tin Un the gully. 

As mentioned in the rotno, the strippin estimates are conservative, 
especially with regard to the eo.lorcrto and lower beds of the 
- :oi.!la IIndstonn,  auartsiteE3, 
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ind±SEY-EODTH POWER DEVESOPMEET 
N.R.H. Godfrey 

CETItAHA SCHEI'h 

CETHANA QUARRY 

Cethana quarry site lies on the Vies,` of Tin Spur about 1/3rd  of a mile 
upstrei of the dam site on the right br he spur is steep sided and falls 
away on either side to two creeks. 

The geological structure of the spur, is broadly as follows:- At the South 
Eastern limits of the quarry the rock beds dip from 50 to 60 degrees Northwards, 
with a general trend of 100 to 125 degrees. As they are followed North West along 

the spur, the dip becomes less steep (10-20
, 
 ) in the vicinity of a synclinal axis 

and dips of 40 to 60 degrees occur on the Northern limb. 

At the North West end of the spur the beds are folded to form, in auccc5auo1J 
an anticline, a syncline and another anticline, all largely asymmetric, with limbs 
dipping from 45 to 70 degrees. The axes of these asymmetric folds anpear to trend 
nom 110 degrees to 130 degrees at the Western side of the spur and swing round to 

110 degrees as they go East, less competent beds of the 
dine probably undergo minor buckling within the syncline its 

ically the spur is composed of five readily discernable rock 
bovonian granite which intrudes discordantly across the South West corner o--L'' Tin 

Spur; poor quartzites of probable Cambrian age lying between the granite and the 
conglomerate of the Roland Conglomerate which, then, lies above the Cambrian quartzite. 
Above these i±C rocks of the i/Ioina Sandstone, in which the quarry is mainly placed, 
and these consist, in the main, of fresh, but generally closely jointed quartzites 
and soft decomposed and weathered argillaceous rocks which. a ac:e ce.:n an 
originally been quartzites and in others a silty sandstone. 

Mineralization of mainly quartz, iron, chlorite and lend_ ajapenes to nave found 
its way into areas of the rock along planes of weakness, and its haphazard 
distribution could account for the erratic occurence of the badly decomposed and 
weathered patches. 

The Moina Sandstone quartzites show alternate series of fresh and decomposed 
and weathered beds. Where the asymmetric folds occur at the North Western end of 

e spur, thee decomposed and weathered series are repeated. Also, due to the 

S :lding, the jointing is more intense in the fresher quartzite, allowing much more 
eathering to take place along these joint planes. These two factors combined, 
coduce a largely decomposed and, weathered mass of rock in the areas occupied by 

nile folding. A heavy, dashed line on the accompanying map demarks this area. 

Method of Working 

Details of rocks exposed along dozer trenches, the top working face or batter, 
dee haulage/access road batter and rock outcrops on the spurside, where not covered 
y spoil and talus, were taken. Hold-ups in the progress of the mapping were 

encountered, especially when working on the Haulage/Access road batter, due to the 
narge accumulations of spoil which had to be shovelled out of the way each day 

H-n bed ::r•P: chich was to be in se-noted wee reached. The mcii. f:cecueutly 
thy weathca., 

ncounte::T 

- d:de n -- -hia ColpoCC-ci aen 
mibra, hern1m'.lcin 
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Series 1 

A number of soft, silty, completely decomposed and weathered, white, red, grey, 
-en and black siltetones, with intercalating clay bands, forming the top series 
the quarry. They a

ge seen on the Northern side of the top (900 ft) working 
iter, dipping N35 -45 . As the beds are followed Northwards they become less 
e8ly dip8ing, 'Ui a synclinal axis is reached and then begin to dip Southwards, 
5 to 15 at first,gradually steepening to dips of from 30 to 50 degrees. 

us, they run in a troughlike fomation, back up the spur line on a trend of 
1k) to 115 degrees. They are about 30 ft to 45 ft thick, individual beds seldom 
exceeding 18" in thickness. They crush easily to a Line, arillaceous spoil under 
repeated passes of the D9 'dozer tracks. 

Series 2 

The majority of this series is exposed in the Haulage/Access road batter. 
Although this series is shown as fresh quartzite on the reap, it is, in fact, 
quite variable. An outline of the surface variations seen will be given as the 
Scales 2 beds are described, first as seen in the top (9001 ) working batter, and 
then in the Haulage/Access road batter. 

In the top (9001 ) working batter the Series 2 beds occur as a number of 
.:sive, well jointed, light creamy grey cjuartzites and siltstones. The quartzites 
re a sugary texture and breek down under repeated passings of the D9 dozer tracks 
white 1" to 6" nuggets in a sandy rntrix. The silistones, which occur in 
calized patches, break up in the hand. to a fine, silty sand. Thin ironstaining 
:ourcolong the joints, which are open in many cases, thomab this b; mey he a 

taiko ia ko 
ccoon, become less rippable by a PT dozer aLter 100 Tb, The rock becomes 
1iarcr, bu±'f coloured and more closely jointed with thinly ironstained, discon- 
tinuous joints. 'Within the next 50 ft in the same direction, the dip of the beds 
decreases, the quartzites become massive in beds of 4 ft to 12 ft thickness, light 
grey blue in colour, harder and mineralized with purple Vaematite and small quartz 
crystals in occasional " diameter vugs. The rock is still closely jointed with 
thin, ironstained joints, but thebe are tight and under the D9 'dozer tracks the 
rock tends to break across virgin quartzite just as much as along joint planes. 
','Then broken up it reaches sizes of from 3  to 18 inches diameter with occasional 
larger blocks of up to 36" diameter. 

This type of rock continues as the beds are followed North kestward 'til the 

s 

.therri end of the main Haulage/Access road batter is reached. Here, a number 
varying rock types occur within the Series 2 beds. These are due to lateral 

ailges of fresh to decomposed and weathered rock within the smile horizon. 

The general pattern of the Series 2 beds seen in this exposure is as follows:- 
Iloving down the road in a North westerly direction the hard, fresh quartzites at th.e 
top of the road become decomposed as the beds are followed through. The top 20 ft 
to 30 ft of the batter is composed of quartzite which is severely weathered on the 
surface of joint planes and not intrinsically decomposed. The beds can be seen to 
shallow out and form the bottom of a syncline before steepening up to dips of between 
8 and 20 degrees South,about 150 ft from the 848 ft Survey Hark. Here the decomposed 
beds change to hard, fresh, light blue, massive quartzites. These sweep up at dips 
of from 40 to 55 degrees to the crest of an anticline just to the South of the corner 
of the Haulage/Access road. Here the joints become very ironstained and the rock 
more closely jointed and less massive, though it is still fresh when broken. 
The last two quartzites are the hardest of alle so far encountered in the beds of 
Series 2 'epeated 0000eo eli hoe t9 easer tracks c:cu.:J lee, thee —H-11,  difficulty 
to sizes of 6" to 3011. 



iorn5in Iidh o: hse anticiine, the eries 2 beds are s.. 
.ne1 s' oc r I Is '  

..) the Series 2 beds loIn massive but partially decomposed quartzites, light grey 
oiour, argillaceous and crushing easily under hanmier blows to a fine, silty white 
d. 

Series 3_ 

These beds range from A partially decomposed argillaceous civartzite (or 
partially metamorphosed siltstone) to sandstones. The argillaceous quartzites 
and siltstones are light grey to light brownish purple in colour, in beds of 12 to 
24 inches in thickness. They are evenly jointed, soft and crush easily under 
hammer blows, to a fine, damp, clayey sand. The sandstones are soft, olive green, 
white, red, and purple, often blotched and streaked with yellow and brown ironstaining 
and in 6 to 36 inch thick beds with seams of intercalating white and buff clay up to 
1 ft thick. 

They are exposed on the South side of the top (9001 ) batter, again at the top 
of the Haulage/Access road and finally reappear in the form of an anticline on -the 
Haulage/Access road corner. They are sorile 50 ft to 60 ft thick at their Southern 
nd and reduce in thickness to about 25 ft to 35 ft thick in the Horth. They are 
ineralized at their Northern end in thin seams up to j:" thick ) of galena, \!hlCh is 
ften decomposed, and in quartz veins up to 211  thick, which lie in the bedding plans 

Series 4 

These beds are o -. . . . . -. 

:ace decomposition, i1Oi.L d.) s 5t3, 9u4, 5uS, smu 5559 iiisic:ue the 
so ibility of weathering down to 40 ft in the case of D.H. 5506 and 25 ft of 

bedding thickness in the others. AIiH. 5506 traverses an anticlinel fold this 
slay account for the greater depth ofLrock  met with. 

Series 4 beds are seen on the Southern edge of the 900' working bench and form 
the slopes down to the ne:ot temporary bench, again in the D.H. 5505 dozer trench 
and once more as a small exposure in the case of the enticline on the Haulage/Access 
road coiner round, about S.L. 7551 . 

The top most beds of the series consist of a 2 ft to 3 ft thick bed of da' 
compact, massive, fresh uartzite, with very 

iscontinuous, tight joints. 

o is composed of a oo1oe-raiaod, l:Lht eurnis 
.J5 OS:51cCt joints massive, very hard and freshi; is on-!. j,  u

- . a with difficulty by repeated passes of a D.9 'dozer to 911  to 24" sizr 

In the D.H. 5505 dozer trench it grades into a hard, fine grained, 
translucent, light c..irty-vihite quartzite before ineetill[Jith Se-;_-Jos 5  bar 

Seri 8 

These series have only been observed in the one exposure and their boundaries 
extrapolated from here. Series 6 and 8 show fresh quartzite. Series 5 and 7, 
°ecomposed and weathered material. The latter two series have not been identified 

T± is ., -f' m-' 'IS - e'1 IT  - 

17' thick series of soft, yellow and light grey, decomposed siltstones in 
- 15" bands with 1" 1 4" thick bands of sometimes very argillaceous and 

'ometimes hard quartzite as partings. A distinct planar mineralization is ijresent 
thin planes, of probable chlorite and haeaaiite. Iron stainiji lso oscars 

in veins and occasional " diam, haematite filled vugs as well. 

"aics 7  
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:1 to 41  thick beds wi :k 1--txc7 fl i'TVrfl -h- • 

:tared susrtzith a' 

Lig! ign. cg La. :'.t cI 
than seen in Series 4 quartzites. Localized patches of sugary tex-tured roc';,.:-
probably due to the closeness of the natural surface (5_1t i~t this oirt sad 
subseouentiv more severe weathering. The ser: 
as the I 

COkCkUSI 

The 
of decomposed and weathered rock. The series 3 bed 
decomposed and weathered or partially decomposed rc 

Series 4 to 8 beds, where seen, apart from $ deric 7 
eeper in is doubtful and whose thickness is not great compared to the thicka . f the whole span of Series 4 to B in a1gTCsee show fre' madsive ntsi±e 
ccurrin in the lower lev 

nnin' SeH 

w 
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THE HYDRO-ELECTRIC COMMISSION 

SUBJECT II FROM 

e(}7. oi - 

2d Aiut, 196 

Due to the probable realignment of the Cethana quarry to 
S.side of Tin Spur some of the nrevious investigation is no longer pertinent. 
Of the total footae of 2896' drilled for the quarry investiation only 10  
will now lie within the potential quarry and of that some 320' lies in 
Series 5  roch which it is intended to dunn to waste unless of a hi,,.- her 
quality than anticipated. Consenuently only 1600' of effective drilliri 
has been completed on the quarry site. Further investi -ation to prove 
required quantity of suitable rock will be needed as follows:- 

300' hole to be drilled from the site of D.H. 5515 in a direction 
2200  at 600  angle to ascertain the quality of the Series 4-8 
civartzite and the conglomerate (see attached plan). 

100' hole at E412,0317/T890.2382 to investigate the quality of the 
cuartzite close to the granite contact. 

400' hole at 8412.1277/P890.2590 in a direction 2000  at 600  angle 
;o investigate the quality of the Series 4-8 quartzite and the IV 
onglonerate in view of the possible E. extension of the quarry. 

300' vertical hole at E412.10/IT80.2376 to investigate the S.E. 
part of the possible B extension. 

5. A further 100' angled hole cited to investigate the series 3 quartzite 
to allow for a possmle iT.E. widening of the quarry. 

It is suggested that this drilling should be treated 
as urgent so that full infon-intion ::ar he gained on t'.:e reali:ed cuarr 
as soon as possible. 

cnT. 
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N.  BOUHTON 

15th June, 1967. 
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The Getiiaaa rocki'Ul quarry was inspected with geologist 
G. Rawlings on fth and 9th June, 1967. All rook 0xp08ur0t3 
produced by the Construction forces in their current operations 
waxe examined with the local geologists, S. Patterson and 
N. Godfrey, and with the construction ongineere G. Kennedy and 
B, Chalmers. 

Excavations in the quarry area to date Lave corflrmed the 
exploratory drilling in showing poorer rock near the top of the 
knoll and down the crest of the spur parallel to Tin Spur Greek. 
Elsewhere, dozer trenching has been stopped at a few feet below 
the ground surface by sound rock. On part of a diagonal trench 
from about SL 390 on the south side of the quarry, to about SL 790 
on the crest of the spur, sound rock had to be blasted for the 
trench and a 1)9 bulldozer was producing sound rock-fill from the 
side of the branch. . 3. In the light of the quality of the poor material excavated to 
date, Mr. Kennedy is rightly asking whether the quarry as at present 
laid out represents the optimum development. ia indicated by the 
exploratory work the nose of the spur parallel to Tin Spur Creek 
is an anticlinal structure, containing closely jointed and 
occasionally decomposed rock. Generally sounder rock should be 
obtained by re-adjusting the quarry boundaries to obtain more rock 
from the southern section and less from beneath the nose of the 
spur. 

Almost all excavation to date has been done using 1)9 dozers. 
Near the surface all Joints, even in otherwise fresh quartztte 
are weathered, so that the dozers can rip or remove with the 
blade tips, blocks of very coepetarxt quartatte. Consequently, in 
this quarry, rock uhich can be ripped is not necessarily 
unsuitable for use in the dam. 

because significant quantities of quartzite which is somewhat 
weathered may be found in the quarry, particularly in the upper levels, 

is 
it may be well to reconsider the specification requirements to 
ensure that the wastage of such rock is justified. The basic 
requirements of the various rockflll zones are listed below: 

5.1 Zone 2 fateria, should be: 

capable of being spread and trimmed to a neat surface 

well graded down to fine sand sizes to reduce the rate 
ol leakage from any crack. 

durable under' the high water pressure gradients resulting 
from a crack 
trLe during exposure prior to face concreting. 

5.2 one 3L4 atariai which forms the main suporting rockfili 
should be: 

(1) 'when placed and compacted,, of minimum settlement under 
'water load 

(ii) sufficiently pervious to freely drain any face leakage, 
and to present no moisture control problems in placement 



(lit) Permanently durable 

lets that beoewo of the natum wxt directions of the self 
wetbt &rd water ioae1  btI.3h zbekr zitroxth is not, in ttadt, a 
reirseat for this material. 

IWO 

(i) tree dr_iit'{ for stability eaiiat Surisco 'UIUMPIng  

(it) durable amiit exposure 

(iii) of suitable grading at the toe Zer the Canveniftit pleosment 
of protective mesh. 

6. In relottng the above reç.ttreeento to the R*triAi (U'rOti7 
being e avatod in the quarr, the toUowtg points are modes 

?=2- Z Wdngl it is considered walkely that the gr4din of a 
."resh qnutatte quexri.d material will meet the reqniresmnts of 
5.1 (ii). Fresh fins greinod quartzites eaIdAn have aigntficant tudim 

S
and coaro swid sios in quarry tm* material. 

: the other ha, the il1 ;tiyusatnerod anteriel s1xeay expo*i1 
in tho qt2ar!7 does break doza to pruoe more well graded fines ed nay 
prove to be 'Usnt material for hone 2. &fticiszit quantities of 
this type of material may occur an the nose of the ridgs at eli isTels 
in the quarry. 

4go Jjt.rJ4  a the prim requirement for this meterial in 
tnimu attietioit, ltborutory confined compriean ton tests on matnz'tai 

of gradin4s ocnled from the res'zlta of fie1i trials will give a 
quantitative izicatian of itabLlity. TI*, slihtl A,iered quartzite 
All bread cow sore unter handling wA rolling, and 411 pibab1y have a 
better pxding >Abaugh lower particle strongth ,than frenki rock.  
Consequently it may well he that the aettlenczt obareateriaties of the 
iltht1y, veatered rocktU are as good an tose of the fresh xcftll. 

TR 'rfl "ads of sliattIl Weathered -y - 
quartsita have  

40 *=1d wall marat tio reqairoxenta I"t4d in pexagrao 5*3, 

Dam Ii file 
eoLogit Li Chi 

Oe 
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THE HYDRO-ELECTRIC COMMISSION 

To SUBJECT FROM 
5TQr IT-I FlU_1J FY G .h. hFfIT 

een coclucted and indications are that suUicien 
cHi'jll suitable for the Cethana Dam are availabl 

The site lies on the western extremity of Tin Spur some 
p nam of Cethana Damsite (see plan No.A14022). The ground  

steeply away to the river to the west and the topographic limit 
to the investigations was TrI y,U 

 

th+ to the north and south 

-eologically the site a is 21-151 tsites aliS eor.pionsrut'u a 
is Ordovician Roland Conglomerate and Moina Sandstone formations 

These rocks are intruded by a granite of Devonian/Carboniferous 
age which cuts discordantly across the south-west corner of Tin 
Spur. Poor quartzites of doubtful Cambrian age lie beneath the 

Conglomerate. 

tructurally the quarry site lies on the south limb of a 
FLinorium whose axis probably lies approximately along Tin Spur 

reek. The structure is not entirely clear and folds lower in 
the structure appear to be thrust out at the higher levels. A 
major fault (Fault I) runs  along the north side of the spur 
cutting across it at -the 700' 1ev1. This fault brings poor rock 
to the north against good rock to the south and has an associated 
mineralized zone. This may possibly he the extension of Tin Spur 
mapped by the Mines Department higher on Tin Spur. 

Investigations consisted of extensive bulldozer trenching and 
2,520' of diamond drilling. Quartzite and quartz and quartzite 
conglomerate are the dominant rock types but thin shales and 
interbedded shales and quartzite also appear in the sequence. 
Apart from those holes drilled from the north side of the spur 
good fresh rock was obtained although many holes showed weathered 
joints down to 232' (see Sections A-F). The rock itself was not 
nscommonly found to be strongly weathered or partially decomposed 
lown to 201  often giving the general characteristics of a hard 
uandstone. Poorer than average rock was encountered in DH5506 
iown to 205' and  DM5504 down to 48' but in both ne tU re-F 
iay possibly be marginally suitable for rockfiU 

The rock is generally closely jointed and ii;; seen iniinal; 
that joint blocks greater than 2' in diameter will be obtained from 
that part of the quarry above the water table whe:se the joints are 
weathered. Joint planes rather than bedding planes seem to be the 
dominant weaknesses and are likely to determine the break-up of 
the rock utilized. 

Detailed investigations were made in the vicinity of Fault I 
to ascertain its position and the onality of the rock on the down-
stream side. Up to the 700' level the fault is well defined and 
separates unsuitable rock to the north from massive and well-bedded 
rock to the south. Above this level thick quartzite hands appear 



Lie n.ortj ç W1.

or 

ad aitilougl oi.it: 

present the large proportion of weathered, decoaposed and v. 

L5osely jointed rock makes that part of the cuarry unsuitable fe 
eveiopment. The degree of jointing makes it impossible to 
etermine the strucL - 

oath at 65_70L. 

is thus consini:; 6 ii 

be obtained is defined by the limit of the conglomerat, 

uterop to the south and Fault I to the north as shown on 
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;INUThS (P DESIGN CONFFR1NCE ON CETH&NA DA 

22M3 

1 E3EiT 

1 
1udioi T 

ii conference ad bn oailod to review ivoIorrt  in -Ie  
design of the dam since the design conference on 10th September 
1965, when it was decided to retain the plan position of the dai, 
but excavate further into the left abutiint to obtain adequate 
stability against sliding of the foundation. 

I. 3 Mr. Fitzpatrick reported that a new,dee'per foundation profile had 
been determined using arch reactions from an arch shell on the 
original foundation profile. A new arch shell bad been designed 
to suit the new profile, and stresses vmre acceptable at all points. 

Hcrever, a check on foundation stability with reaction from the new 
aroh shell had. given factors of safety uieh leas than the value of 
2.0 required for foundation stability. 

Contributing factors to this low factor of safety were increased 
subtended angles of the darn arches for the new (and deeper) profi10 
with reactions consequently closer to the direction of failure, 
and re-distribution of arch abutment ioar h a.nso of the chaie 
the shape of the foundation profile 

It was agreed that the stability si uatL on s little hottcr than 
at the last conference, and that it was unlikely that significant 
improvement :oti. rolt 'ri a Ourthr -1eepanlvp of tho four!datiox.t 
oxoavati on. 

The rollaring proposals for re-deigu of the dam were cussed 

Igo 

J 'titiii. Foundation: Q.LIII noted that the reactions 
ni the siel gave satisfactory stability with 

Ws present excavation line. This could be achieved in 
vwaotice by terminating the shell at the original profile 
and excavating and placing an artificial abutment in 
concrete. However, the additional cost could be of the 
order of £500,000. 

L,2 lotation of Present Shell: Mr. Fitzpatrick reported that 
stability galoulitions had been made for the  present shell 
rotated 10 (upstream on loft bank, downstream on right bank). 

ever, this rotation had been insufficient to give the 
oquired factor of safety on the left abutment. 

. C,E. noted that the 20°  rotation discussed at the previous 
conference had been satisfactory for stability,  and asked 

other it should be re-considered, 

III and Mr. Fitzpatrick recalled that ecne difficulty 
could be expected with obtaining acceptable stresses on the 
right abutment because of the long flat profile at the top, 
ani that the darn could interfere With the power station. 

3 Flatter shell with some Rotation: Mr. Boughton described a 
19,youE in which the upper ar;bi; of the shell were flattened 
w increasing the radii. Such a shell could be located so 
that it was in nazob the same position as the present shell on 
the right bank, but significantly further upstream on the 
left bank. A rotation of as much as 20 on the left bank 
ight be possible WithcMt significant change to the rig `t ha 



2 

bether or not this proposal is feasible would be 
demonstrated by stress analyses at present in procres 

COCLE. asked whether this layout would affect the onfferckn 
or diversion tunnel. In reply it was noted that the 
present cofferdam location was some distarne from the main 
dem, being determined by the location of suitable abutments. 
The cofferdam was therefore likely to be unaffected. 
The extent to which the diversion tunnel would be affected 
oould only be determined after the dam bad been laic nit, 
'l-at the recent shift of the tuimol 11 y havo boor ennuh to 
assure adequate cover. 

Addition of Deadweiftht to FouMation: Mr. Fitzpatrick 
oted that smie improvement of &actor of safety could be 

obtained by filling in gullies below the left abutment 
cliffs with concrete, lightly prestressed to the rack if 
'nocessary, Use of heavy aggregate rar also ntord 
although cost might be excessive, 

L3 Prestressing the Fouationt G.E,III asked whether a 
criterion such as 1,5 factor of safety without 
)rtr3Ing; 2.0 factor of aafo1r -orith prestressing 

would be acceptable. 

,C.E. and F.C.D. reaffirred that the c1sm should be designed 
to stand by itself if at all possible and that foundation 
prestressing should only be considered as a last resort, 

but 
)$ ernoval of the bo&U plans shears was raised,/it 

réàthat the extent to which tbTh would be noesary 
would make it a formidable operation 

ookfill dam: This alternative was ra1.so br 

it was agreed that construction pre rd;i ro 
far advanced to consider it further, 

5, The delay to the design programs caused by this iopont 
the discussed, Mr. Fitzpatrick estimated that it could be at 
least 6 weeks before a satisfactory shell is developed. G.E. III 
noted that we have advised the U, S B .R, that we will have data 
reey for trial-load analyses at the end of January, and that they 
should be infornBd that we will be late. 

It was also noted that the Elliot 503 computer would not be 
available for some weeks after mid-January, when the extra store 
is due to be installed. Arrangerente would have to be made to 
have proramrea run on the 803 computer in Melbourne or perhaps 
or a O3 L fyr 

'o twt- itt-lc wthr cu1' tved at the 
cnferanoe. Work is to proceed on the most promising of the 
proposals listed in para. 14, namely, 14.1, 14.3 and LL. SOM  
combination of these may provide the best solution. 

Notes prepared by N Ohoughon 
22 • 12, 65, 
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THE SEISMIC DETERMINATION OF YOUNG' S MODULUS AND 

POISSON'S RATIO FOR CETHANA DAM-SITE 

I. INTRODUCTION. 

A seismic survey was conducted in IJay 1965 to determine Young's modulus 

and Poisson's ratio at the proposed site of Cethana dam. The seismic 'spreads 
were restricted to the adits because of the difficulty and danger of working 
on the steep sides of the valley. Also the work will provide a comparison 
between the dynamic elastic moduli obtained by the seismic method and the 
static elastic moduli from jacking tests in the adits. Further this 
information, and the geological'mapping' of the adits, will enable the 
expensive jacking tests to be sited to best advantage. 

Additional information was obtained by measuring the travel time of 
seismic waves from and from 'surface-to-adit'. In tuis way 
larger blocks of rock, less disturbed by the blasting necessary to drive the 
adits, Qould be investigated. Also the travel paths of seismic waves could 
be selected to investigate the anisotropy -  of the rock. 

0 IL GEOLOGY. 

The geological investigation report (644-Ceth-1) by G.E. Hale 
accompanied by plans: A111539  383499  C49919  describes the geology of 
Cethana damsite and environs. Especial attention is drawn to the section 
VI Engineering Geology which describes the conditions of the fault zones and 
joints that traverse the site. At the damsite Ordovician quartzites and 
conglomerates of the Roland Conglomerate beds are encountered. Generally, 
these beds are massive and dip upsüe m at a shallow angle. There are 
hcwever zones of shearing associated with some of the faults which contain 
broken fragments separated by rock f'lcur,or chlorite, or chlorite weathered 
to clay. Apart from these the effect of weathering on the rocks is 
slight. However considerable relaxation of joints close to the surface is 
attributed to physical weathering and stress relief' due to erosion of the 
river valley. 

III PRINCIPLES. 

Elastic theory establishes the following relations among Poisson's - 
ratio ,,: 

2 Young's Modulus E, the compressional and shear velocities in 
and ,- and the density 

fi) 
- 

where - j, and are in ft. - lb.-sec. units and E is in lb/sq.in. 
Poisson's ratio is seen to depend only on the ratio of the seismic velocities. 
Evison discusses the importance of determining Poisson's ratio, rather than 
assuming a value for it to obtain a reliable estimate of Yoflg  Modulus. 
For compact rocks, such as those at Cethana, variation in ratio 
has little effect on the value of E but it was thought necessary to determine 
the value of for differing rock conditions at this dam-site. 



It is difficult to evaluate the density of the in—situ rock through 

which the elastic wave has passed. Kudo et al describes •a back-scattering 
gamma-ray density meter. The values of 7 measured this way were found to be 
10-15/ smaller than those measured on corresponding cores from the same part 
of the rock. At present one density determination has been made on conglomer-
ate and one on quartzite cores from Cethana dam-site. Except for the 
weathered shear-zones these values and published density determinations for 
quartzite are quite representative, when reduced by 15b, of the in-situ 
density. 

INSTRPiBILTATIOin 

The S.I.E. - Dresser seismic refraction equipment and the M.D.I.shallow 

-. seismic equipment were both used to measure the travel times of sEismic 
waves. The use of a travelling microscope enabled the seismic records from the 
former equipment to be read to of a millisecond  or better and the M.D.I. 

- can measure to of a millisecond. 

The S.I,E. equipment was used almost exclusively, however, because the 
signal to noise ratio could be controlled and all the arrivals of seismic 
waves at each geophonc could be recorded and preserved on photographic paper. 
Also 3-component goophonos that record ground motion in three mutually 

of 
perpendicular directions could be used with this apparatus. 

Compressional and shear waves were produced by an explosive 
but at two locations a swinying-weight source was used to produce directional 
shear waves. 

RESULTS. 

The measured velocities of seismic waves for travel paths, alonq the 
adits (see Plan) and the corresponding elastic moduli are shown together for 
each adit worked. 

ADIT 7. 

For3)to_Bond in Adit (G6) 10,000 ft/sec. 

Quartzite w. open joints = 0.33 (estimated) 

= 155 lbs/cu.ft. E = 2.26 x 106lbs/sq.in. 

Bend in Adit (03) to U2 = 9,000 ft/sec. 

Quartzite:sheared1 wiih chlorite /3 = 4,300 ft/sec. 

and clay between blocks, = 0.36 

= 145 lbs/cu.ft. E = 1.5 x 106  lbs/sq.in. 

G2 to end of adit. 

U.Conglomerate w.closed joints- -,< = 162000 ft/sec. 

= 150 lbs/cu.ft. 2J /  E = 7.0 x 
10 

lbs/ sq,1in. 

ALIT 6. 

Portal to bend in adit(G3) 

Quartzite with open joints 

= 155 lbs/cu.ft. 

G3 to end of adit; 

Quartzite with closed joints 

= 155 lbs/cu.ft. 

= 6,200 ft/sec. 

= 0.33 (est.) 

iE = 0.87 x 106lbs/sq.in. 

= 16,000 ft/sec. 

= 0.24 (est.) 

B = 7.3 x 106  lbs/sq.in. 
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ADIT 5. 

Portal to bend in adit; = 71 500 ft/sec. 

Quartzite w.open joints near portal /? = 39800 ft/sec. 

= 155 lbs/cu. t. = 0.33 

B = 1.3 x i6 lbs/sq.in. 

Bend in adit to end of adit; = 9,500 ft/sec. 

Bedding planes in quartzite, = 0.33 (est.) 
open or a1yfilled in parts - 

145 lbs/u.ft. B = 1.9 x 106 lbs/sq.in. 

ADIT 4. 

Portal to_@8(20'inside = 51000 it/sec. . Lower 
Cong1oerate, \vu °C 0.33 (cot.) 

1/ 155 lbs/cu.ft. B = 0.57 x 106 lbs/sq.in 

GOto_bend in adit  = 8,000 ft/sec. 
Lower Con: lomerate ,jointed and faulted. 

(est.) = 0.33 

= 155 lbs/cu.ft. B = 1.45 x 106lbs/se,in. 

Bend in adit to end of adit = 15,000 ft/sec. 

Mainly conglomerate wth closed joints. = .24 (cci,) 

= 155 lbs/cu.ft. B = 6.4 x 10 lbs/sq/in. 

ALIT 3. Power Station Area. = 10,000 ft/sec. 

Lower coe:lomerate,jointed & faulted. . 5,  5,000 ft/sec. 

= 155 lbs/cu.ft. /e= 0.33 

P = 2.26 x 
10 

lbs/sq.in  

ADIT 3: 0-1 to @12. 

@1 to @8: = 122000 ft/sec. 
Lower Conglomerate witl.i closed joints. 

= 0.29 from comparison of 
travel times of compressional and 

155 lbs/cu.ft. shear waves over length of spread 

B = 3.65 x 106lbs/sq.in  

@8 to @12; 99000 ft/sec. 
Quarteite, sheared 8 jointed. 

= 0,29 

= 155 lbs.cu.ft. P = 2.3 x lo6lbs/sq.in. 

ALIT 3. offshoot = 10,000 ft/sec 

Quartzite,oheared J. jointed. 
/ - 0.33 (est.) 

7/ = 6 155 lbs/cu.ft. B = 2.26 x 10 lbs/sq.in. 
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The velocities of compressional waves, and in some cases shear waves 
for travel paths through relatively rock from 'adit 
to surface' and from ladit to adit' are also shown on Plan . All 
travel paths have been projected to the horizontal plane so a different 
convention has been adopted to distinguish these 'travel paths' from the 
'travel paths' along the adits. 

It is not valid to average the compressional wave velocities recorded 
in each 'block' because of the large range of the velocities. The range, 
for each 'block', of compressional wave velocity and the corresponding range 
of Young's Modulus have been calculated. 

ADIT 1 to ADIT 7. 
155 lbs/cu.ft. ..... 10,000 - 11 9600 ft/sec. 

Upper Conglomerate in part; 11 ..... 268 - 3.62 x 100  lbs/sq.in. 
Mainly Quartzite = 0.27 (calculated). 

ALIT 6 to ALIT 7. 

In part Upper Conglomerate, - 10,800 6 ft/sec. 
mainly juurtzite.:., 11 ......1.36 - 2.61 x 10 lbs/sq.in. 

150 lbs/cu.ft. /C = 0.33 (cci.) 

Surface at 11.11.5443 to Adit 6. 

Mainly Quartzite, ..0.08,700 - 11,300 ft/sec. 

11 .....1.82-3.08 x 10  lbs/sq.in. 
155 lbs/cu.ft. = 0.31 (calculated). 

Surface D.H,5449 to Adit 5. 

Mainly Quartzite a- .0.4.59800 - 82 1006ft/sec. 
partly Upper Conglomeaatc E .....0.76-1.5 x 10 lbs/sq.in. 

155 lbs/cu.ft. /;!= 0.33 (calculated). 

Surface at D.H. 5442 to Adit 5. 

40 Mainly Quartzite o< .....5,700 - 10,300 ft/sec. 

155 lbs/cu.ft. F .....0.78 - 2.54 x 
10  

lbs/sq.in. 

0.31 (est.) 

ALIT 3 teADIT  4. 

Mainly Lower 10,200 f/scc. 
Conglomerate F .....2.04 - 2.74 x 10 lbs/sq.in. 

155 lbs/cu.ft, = 0.27 (est.) 

Surface at D.H.5442 to Adit 4. 

Mainly Lower a-< ..,.,9.59 100 - 8,000 ft/sec. 
Conglomerate a ...... 0.59 - 1.45 x 10 lbs/sq.in. 

155 lbs/cu.ft. Q,33 (est.) 



VI. CONCLUSIONS, 

It is clear from the seismic velocities that the major factors 
influencing the variation in seismic wave velocity are 'jointing' and 
lshearing of the rocks. Laboratory work on rock specimens by 
M.R.J. Wyllie, A.R. Gregory and L.W. Gardner, confirms the statement 
that poor couplidg of cracks in materials can cause great decreases in 
velocities. Open dry joints must persist to 20 it. from the surface 
in Adit 4 and 30 ft. from the surface in Adit 6 because the low 
velocities of 5,000 ft/sec and 6,000 ft/sec were recorded. Closed 
joints and joints filled with clay or water are expected to be the 
cause of velocities between 8,000 and 12,000 ft/sec. Only in a few 
places was the laboratory determined value of 17,500 ft/sec.(which 
is also the expected velocity of seismic waves through fresh unfrac 
tured quartzite) recorded. 

The extensive 'zones of shearing' in the Quartzite of Adits 49 5 
and 7 have velocities between 7,500 and 9,500  ft/sec. - the clay and 
chlorite must provide seismic coupling between the blocks of quartzite. 
In the other areas of investigation geological faults appear to have 
little influence on seismic wave velocity. 

The elastic moduli determined in this work are 'dynamic moduli 
for rock subjected to very small stresses and elastc deformation. 
It is expected that static tests that cover joints opened by 'blasting' 
of 'Physical weathering' will yield low values of F initially through 
inelastic deformation but approach the dynamic values of F as these 
joints are closed. 
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Details' :..  

abutments of Cethana Damsite to determine the location, e:: 
importance of the bedding plane shears and vertical joint systems 
known to be present. The work has entailed a re-examination of drs 
sores, adits and surface exposures. Notes on the right abutment arc 

oreparation an -1 will be submitted sbortly. 

1LT AEUTL . 

:leddini Plane Shears. 

: Bedding plane shears of three types have been maoped at the 
;rface. Type (c/) — major shears showing > 2" rock flour, 
ragmented rock and sheared quartzite. Type 00 — minor, 

4 ears showing < 2" rock flour, fragcented rock and shearw 
artzite. Type () showing small amounts of - 

d occasionally rock flour, planes generally opr 

ntinuous exposure allows some of these shears uses 
orn the surface outcrop into the adits. In the unwee 
hate the shears are seen to be thicker and to contais 
-eater percentage of rock flour than their expressio 
e surface indicates. Consequently it may be anticipah 
at shears contain up to 111  of rock flour and iragmes 

2 depth, shears at least this amount and 
> 611 . The ( shears are particularly variable in 
ss and may separate into two or more 
alesce further along the bedding plae 

less drilled with mud, poor recovery ierLJ i. t 
eared zones has been obtained. hoticeahie core loss 'u 
tamed when drilli1 6,  through shears, and some ira' 
d sheared rock was occasionally recovered e.g. (DH54 

Only sheared r-nfl */1 

rough 73 and ' shear. 

s zones of shearins.  

and Z2 on the accompanying plan. ZI extends from thc 
se of the higher Conglomerate (ci&)) approximately 50' 
ho Quartzite Z2 extends froii the base o 

of the unberlying lower Co glomerate(Or. 

s average shear plane spacing of one/4'. 
Her shears have been mapped and are persistent throug 

one. IJost  

.lified in 

tows only .-. . . 

D1.15443 aud sn5420. .1he roan is prsdoeinanc L 1y gr 
colour and closer jointed than in Zi. The average ........ 
ra scin :in ono/1Q' in adit 6 nlore snears 
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the left abutment but locally for lengths up to 601  the 
lay be considered to he so. e.g. Between DH5438 and a 
joint 20' S. of adit 7 the heddina is uniform at 141°S.1 
.nd shows only minor variations. idinor undulations 0CCc 

hiroughout the sheared zones but only in the oh 
00@111Y the B ohearo also, are these nema1...ly 

hedding plane shears in Zone 1 are developed to 
;hat it appears reasonable to assume failure wiP . 
.;trength equal to that of the filling material. They n. 

e regarded as planar critical sections of the da 
oundation. Although slight ofiset may occur as the rc c.  

ef minor faulting, the shear plo 
.1 to reduce the risk of failure. 

or planar failure in Zone 1 e n 
otweeri rock flour 
atrix can he assuen-. 

'l comparison with do: e 1 occw ing olnuo shears in Zoic 
. 00rZy developed, It is considered that the shear stren 
ssunied for the shears in this zone should be .creater tha' 
be filling material for the following' reasons: du.lation 
P greater amplitude than the thickness of the sheared 
oar general planarity; wide spacing of the shec 
ffsets due to disturbance by faults, veining e 

or planar failure in Zone 2 a shear value inter 

'tical Join 

"to sets o . . 

how o  greater than 25°  difference in strike and 15 
ariation in dip between them. At the surface these n' 

-re generally open and are filled by mud or surface deb:r'i 

P depth they are generally tight although they usually 
Stow discolouration due to percolating water. dowever dri 
ores and adit 7 show that rock flour may locally be presel 
long these joint planes. The thickness of such rock 

'p to cl. ' OflE'1OV ml 
= bour.  

.nes. 
ewe been ice Un, one j' i,  in adi..t '/ cuei 'c 

'cher in the vicinity of DH5447 (also found at 130' in 
'.115433). It is possible the cliff ign on the left ab 
ray he related to the fault in adit 7, Such faults shou 
Stat movement has occurred in the direction of the verti 
cints and it is possible further faults may exist; rn' 

nmri r'd cnn outcrop 'i,,:° O 'C '. ' 

a. SIL i [n Q•' Ic t turn; -u 'navn 0 un. 

i 
0 

i 
0
g 

ti..thin limlts of 15-20 n strike and 15 ii dip, the. 
l•IOW considerable variation. Continuous planar joint 
races of 30' are rare. However although a fault such 
tat located in adit 7 could theoretically be planar  
nnit plane as seen in recent excavetions s'ows a 'r 

ati0' in die, 



ji'MIZAaAcy of  eLUi,I joint  

though generally the vertical joint sets 
nofficiently planar, continuous or consistently OP  

constitute failure surfaces with low shear stren 
it is considered that there may he individual con 
names of weakness through the system. It can he 
::eumed that the vertical joint system has a shea 

ength equal to that of solid rock and that the 
lts have a shear strength at least equal to that 
gmented rock. It is unlikely other vertical fail 

2. 

wlin 
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'hutment and althounh tue genera1 pattern is 50di1ar )the 
recise location of the o  shears differs fran those on 
f -1 butment. The zonation  

lied to the right ahutmu 

shows three major'' she 
outcrop than their counterparts on tue left abu'ue 

d it may be assumed that in consequence they are tli 
1; depth. The lowest of these three shears has been I 
s the base of Zone 1. Immediately downstream of the foi 
ation the uspermost of these shears appears at the uppe 

b onglollerate/Quartzite  boundary. As these shears are trac 
'estwards, down the limb of the anticline, they decreane 
utcrop thickness. Most bedding planes in. Zone 1 contain, 

one/i 

r rock flour and rock fragments separated by thin beds c 
aartzite. The individual shears Wltn±iL the main shear 

"'!ickeu up or coalesce with each other. The
,,d shears c 

ory variable in thickness and may locally slow up to 2' 
cock flour with few included rock frrsnts The 
no ear as thin seams of bro •• 

rid chlorite up to l  thick 

(o In the crest of the fold the c: is lusoly joi:nbed an 
is traversed by several minor faults. These faults ofte 
contain rock flour, rock fragments, civartz and chlorite 
and where they intersect the bedding plane shears the in.: 
re seen to thicken up and increase in rock flour content. 
his is well exemplified in adit 8 but also in DHs5430, 543 
436. The interaction of the faults (both normal and thru 
nd the bedding plane shears has resulted in a closely 
ock of comparatively low compressive strength especi:'.?, 

the area between adit 8 and fault IF. 

(e) Due to their position on the fold (the left abutment 
situated on the upstream flank of the anticline, the r 
abutment higher on the flank and on the crest) the hedd 
plane shears are less planar than those on the left abut 
!i gradual swing in strike and reduction in dip of the bedl 
1ane shears occurs towards the t,-, p of the dam foundation 

in addition flexures of approximately 25' wavelength and 1' 
ampitude are characteristic of that area. However, hedP l. 

is locally reasonably planar for distances of '. " 
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recu n places, e ecieVVLVJe veicre Vtne 0JI5e is of 
2cr of  

Shear 

e2sho V 

ha t ed than Zone 2 on the ledt abuVuiieuu. !iovlevei fH541-O 
)WS badly fra.;merrbed and 'veined rock for 40' above the 
'er conglosierte  

2d dip.in t1V L,
V

V 
V V 

V 

nific-, 

iding plane shears ie 
Vt it appears possible to asesa,e 5jfly 

:'ength intermediate between that of rock flour and 
gmented. rock. However it is considered unlikely t V V 

2 iing plane shears are generally sufficiently uniform 2 

J.tude or contin V 

me shear failur 

ding plane snears ill 2cn' 2 arc po - . 2 'VSVLOpel: ar 

asideration of the various -factors involved sugests 
planar failure the shear strength assumed for the 

u1d he greater than the shear strength of the filli 
'erial i.e. a shear strength of at least fragmented 

be assumed  

V /ii-. V •. 'V 

VHV VVVh Joints, 

tical i: 
present on the right ahuVbment.  They are generally op 
the surface but are seen to be tight at depth. Sug'e 
rock flour have been seen in the adits and drill 00 V 

ovnr tV r _J gVirV 
devnl 

()flVV 1Y Vt Aithouh t 

VVtWOI i JCCLVL iong a 0 
V 

V 

•htcates 
that movement may have ocm .• V 

V 

eral planarity is poor except for 
!, As on the left bank the • V 

eacate each other or die o 

- 

V or 

V to the thin, discontinuous /:.bsent -±iliri and over 
of planarity a shear value higher than the flui 

banal can be assumed for planar shear failure along 
V .tical joint system on the right abutment. As a resi.  

V 

spacing  and intersection. of the joints it is poscl V 

-failure could occur Other than by planar shear, Lill)  

lure by a sthp-wise shear must be considered as 

 

'hapis II, 
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I ABSTRACT. 

i his repo:e C ante ne tic xe ant ix a the inea iia t ion s -t;ag e 

geological examination of the Cethana Scheme area, These results 

were obtained by field mapping9  24 diamond drill holes9  2 adits, 

12 trenches and sluicing of the dam abutment area. 

It is proposed to build a 350 ft. arch type darn and an 

underground power station close to it. The very narrow gorge an
d 

competent rocks make this site suitable for the proposed structur
es. 

The rocks in this area are Ordovician quartzites and 

quartzite conglomerate of the Roland Conglomerate and quartzites,
 

conglomerates, slates etc., of the Moina Sandstone Formation. 
The 

Cambrianmetasediments which lie unconformably below these do not 

crop out but were reached by drilling. Talus, scree and soil mantle 

these rock types but have been removed from the abutments by slui
cing. 

The rocks occur in an anticlinal structure striking obliquely 

across the river and plunging to the west. The structure has be
en 

modified by thrust and normal faults, but the darn has been locate
d to 

avoid the main fault zones. 

Jointing dominates the other geological features and although 

the joints are open at the surface, they are normally tight a few
 feet 

from the surface. Very little clay material has been found in t
hem, 

but they are 1Lrnonite-coated as far as drilling has penetrated an
d it 

must be assumed that some leakage will occur along them. 

Weathering has had little effect beyond weakening the bonds 

across joints near the surface and loosening the inter-grain bond
s 

in the surface skin of the quartzites. 

The conglomerates of the Roland and Moina beds have been 

suggested as aggregate and, if required, basalt could be obtained
 at 

ID  
several places downstream of the area. 

II. IhTR0DUCTI0N. 

1, General: 

110 
This report contains the results of the field mapping, 

drilling, sluicing, adit driving and trenching on the Cethana 

Damsite on the Forth River. 

This dam is part of the ]Tersey-.Forth Power Development. A 

thin arch dam 350 feet in height with an adjacent underground 

power station is proposed for this site. 

2. Location and Access: 

The damsite is located a little over 3 miles along the Lorinna 

Road from the Cethana Road junction, but vehicular access to the 

site is by a further 11  miles of jeep track along the old Lorinna 

Road and down Tin Spur. Access may be gained to the camp down-

stream of the dam by means of the Cradle Mountain and Forestry 

Roads and a jeep track via Wilmot which is approximately eleven 

miles from the site. 

3, Previous Work: 

There have been no previous geological reports on the dam-

site, but several Department of Mines publications have covered 

the cegional geology and the area to the west has been re-mapped 

by Mr. S.J. Paterson, H.E.C. geologist, as part of the investig-

ation of the ,Tilrnot Scheme. 
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Previous Work (contd.) 

The latest Department of Mines publication covering the site 
is the regional map published in 1959 and designated - Geological 
Atlas, CiTe Mile Series, Zone 7, Sheet No.37, Sheffield. The other 
publications are listed under references. 

Method of Work:  

Geology was plotted either directly onto photo-theodolite 
photographs or the plans produced from them. Sub-surf au invest-
igation was carried out by means of 24 diamond drill holes, 
ciuicic.'ig, trenching, and 2 adits. A geophysical seismic survey 
to determine rock constants proved unsuccessful because of equip-
LLTC ci failure. 

i fu:ether programme of investigation of the dam and power 
station location is in progress by means of a further 17 drill 
holes and 5 adits. 

This information is shown on plans A1153, B8349 and  04991. 

II 0 

ia1iion 

The iaije is located in 
Coastal Surface (Davies 1959) 
Plateau boundary, 

the youthfully dissected Higher 
just to the north of the Central 

Ucture of the River System: 

The River Forth is an actively degrading river flowing in a 
fairly straight course from south to north and superimposed on 
folded Precambrian and Lower Palaeozoic rocks, which have a 
predoon rtly east—west structural trend. 

The :ciuer in the dens locality shows an overall valley—in—
valley structure with a youthful stream indicated by a steep, 
V-shaped section, fairly straight course, overlapping spurs, shoals, 
rapids, and a predominantly bedrock channel cut in a wider valley. 
The course of the river in this section is joint controlled. 

40  There is no evidence of glacial activity in the Forth Valley 
near she dcci, except for isolated pockets of gravels and sands 
which nay be outwash material. Some of this type of material may 
be seen on the left bank opposite the mouth of Tin Spur Creek,and 
in thu upper valley on the left bank half a mile downstream of the 
dam. It also occurred as pockets which were sluiced off the 
bedrock on the right abutment area. The bedrock up to about 
100 feet above present river level shows a stream-polished surface 
prccerved by this lightly consolidated material. 

In this gorge the rapid down-cutting by the river has out-
stripped its tributaries, all of which flow over waterfalls or 
steep rapids to reach the main stream. 

At the damsite g Ze the river has cut through the axis of 
a faulted anticlinal ubructure that strikes obliquely across the 
river. The rocks are Palaeozoic quartzites, sandstones and 
slates, 
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Stream Flow: 

The average flow in the Forth at this point is 798 cusecs, 
The river at the site rises and falls rapidly in response to the 
rainfall on the Plateau, 

Physiographic History: 

The present River Forth has developed since the extrusion of 
the Tertiary basalts which split an older river system into two 
courses ( the Mersey and the Forth ) superimposed on the under-
lying folded rocks. 

By the onset of the Pleistocene glaciation the River Forth at 
Cethana was entrenched to within less than a hundred feet of its 
present bed. There is no evidence of glaciation extending north- 
ward beyond Lorimea but the degree of mulling of the river by 
outwash material is unknown. There are no thick deposits such as 
are found in the Mersey Valley until the Paloona area is reached. 
It is possible that the river channel was filled completely and 
that the upper wide valley was cut by a meandering stream before 
the deeper narrow channel was exhumed, 

is not 
aie.ount of downcutting in bedrock since the glaciation is 

not known but from the evidence from other areas it would seem 
reasonable to expect a deepening of rather less than one hundred 
feet. 

IV. STRATIG-BJ\2HY. 

10 General: 

Ihe dam eie is located on lower Ordovician rocks, Moina 
Sandstone and Roland Conglomerate, but Cambrian metamorphic rocks 
were reached by drilling and occur in the storage upstream of the 
Devonian Lolcoath Granite. All these rocks are lightly covered by 
Recent scree and talus and perhaps some Pleistocene drift. 

The proposed inm foundation is located entirely on the Roland 
Conglomerate, and the thin scree and talus (up to a maximum of about 
eight feet) has been removed by sluicing. 

2, 

Rocks considered to be of Cambrian age (Burns 1961, 
Jennings 1963)  outcrop to the north of the dam area 9  near the 
Cethana camp site, and upstream of the Dolcoath Granite, Drilling 
in D.H.5407, 5411 and 5419 penetrated to these rocks under the dam 
area. 

The downstream outcrop occurs as the upper plate of a thrust 
block and is entirely chert. As far as can be determined on poor 
exposures it lies unconformably below the Roland Conglomerate. 

Upstream of the granite the Cambrian rocks are mainly 
porphyries, oherts, greywackes, silistones, sandstones, conglomerates, 
and quartzi-tes,and have been assigned by the authors quoted to 
either the Lorinna Gre iacke (Jennings 1963) or the Bull Creek 
Formation (Burns 1961 9  Jennings 1963). 

The drill cores contain dark grey to black greywacke silt-
stones, quartzites, quartzose conglomerates and quartz-chlorite 
rocks. All show a strongly developed cleavage parallel to the 
bedding. The rocks are often sheared parallel to the cleavage 
and the shear zones filled with chlorite, carbonates and pyrite. 
Pyrite and quartz veining are common throughout. The pebbles in 
the conglomerates are predominantly quartz, but some schist pebbles 
were noted. 
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2 Cambrian (contd.) 

In tILe cores these rocks are found to be unconformably below 
the Roland Conglomerate, for the bedding in the younger rocks is 
nearly horizontal at the drill hole sites and the compositional 
banding of the Cambrian dips at 600  - 65°. However, in D,H.5411 
the contact has been sheared and recemented by silica. Correlation 

with the formations cited above does not appear to be possible with 
the data available 

The rocks are fresh and the cores reveal no features likely 
to adversely affect the dam foundation. They occur at depths of 
165 feet in DJ1.54079  225 feet in D,H,5411  and 257 feet in D.H.54190 

3. Ordovician: 

(i) Roland Conglomerate 

As described by Jennings (1958  and  1963),  this Formation is 
ua  dense recrystullised quartz conglomerate2  generally but 
not invariably coloured pink2  composed of sub-rounded frag-
ments of quaiG2., quartzite and quartz-schist in a fine- 
grained siliceous rcatrix Usually the matrix is sub- 
ordinate and individual pebbles are in contact. The bedding 
is massive and ready noticeable2  fossils are absent, and no 
grading is apparent. It is regarded as a terrestrial deposit. 

Although the Roland Conglomerate is predominantly coarse-
grained with few quartzite beds2  at Cethana 120 feet in the 
middle of the Formation is quartzite. Individual boulders up 
to about 2 feet in diameter can be seen but they are usually 
less than one foot in diameter with a preponderance of them 
about one inch in diameter. The pebbles show no regular 
variation in size but in the lower parts of the Formation 
more pebbles de---iv--d from the underlying Cambrian rocks occur 
e.g. at the bottom of the Conglomerate in D.H.5919 

The colour of the rocks is variable2  being reddish to purple 
where haematite occurs in the matrix and has penetrated into 
pebbles9  and lighter-coloured where quartz-veining2  pyrite, 
carbonate and chlorite predominate. Many red-coloured pebbles 
are seen but are not always as significant (as a colouring 

ID agent' i - b in *h- L-nid: 1 mb 
crops 

At th J i itt' bode ar nppo-oxisI LOI 5Gb feel5 thick and 
have three distinct members: 

160' Upper Conglomerate 
120' Quartzite and Conglomerate 
200', Lower Conglomerate 

Because of the folding accurate thicknesses have not been 
measured, but because of local variations in thickness thin 
is of little importance. 

The bottom of the tower Conglomerate is not exposed in this 
area9  but clsewlmi: the contact is unconformable9  as it 
appears to be in the bottom of holes 54077  5411 and. 5419. 
However, the contact in all cases shows signs of shearing, 
and Jecolienen-t action between the two rock types is suspee Lcd 

These beds are well emmosed on the dam abutments and river 
banks in the cliff-  faces rising from the water surfaces They 
are massively bedded coarse conglomerates showing little 
matrix. 
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(ii) ':'.Oina Sandstone (coutd.) 

Many of the beds at all levels contain fubicolar casts which 

are considered to be fossilised worm burrows. 

4. Quaternary: 

Scree and Talus 

As mentioned above the conglomerates usually occur in cliff  

faces or in steep faces covered with boulders of angular 

shape. The quartzites have flatter slopes with a thin 

sandy soil covermog and fewer angular boulders. Large blocks 

of rock up to 20 feet across have fallen from the cliffs into 

these deposits or the river bed. 

Trenching and sluicing have shown these deposits to be 

normally less than five feet in depth and unconsolidated. 

Deeper deposits of sores consisting of loose, angular blocks 
of indigenous rock types up to about 1 foot across occur 

in 

the following places: 

R.H.S. the gullies above D.H. 5914, above 3.1,1.2577, 

and above Adit 5. 

L.E.S. - the gully behind the rock face above survey 

point 216 and along the river bank between 

D..110  5412 arq D.H. 5419. 

All the gullies following faults contain some of this type 

of deposit. 

The depression occupied by Fault IV has been sluiced but 

examination of trenches and observations during sluicing 

indicated depths of up to 10 feet of talus containing sub--

rounded boulders rather than scree. Above the sluiced area 

the material remaining is a typical scree deposit. 

It is possible that the lower and thicker parts of this 

deposit were loin down by river action and that this deposit, 

like the semicoieoolidated gravels occurring in pockets o
n 

W the polishet bedrock in the right abutment area, may be 

much older than the scree and talus overlying them. 

Similar deposits occur in the vicinity of point XXIVB, 

5. Igneous Rocks: 

Dolcoath_Granite 

This granite )ccurs about mile upstream of the dam area 

and is of lie-,le importance from engineering considerations. 

It is usually cream to pink in colour and composed of 

plagioclace, cnthoclase quartz and biotite. It is too 

deeply weathered to be considered as a source of aggregate
. 

It has produced oh,,  baking effects in the Moina Sandstones 

and is the rams robab1e source of minor mineralisation in 

the dam area. Tourmaline, dolomite, haematite, pyrite, 

arsenopyrite and some chalcopyrite have been introduced in
to 

both Cambrian and Ordovician rocks at the dam site. 

Gold, tin, molybdenite bisrauthinite and wolframite have 

been found in the locality. 
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5. Igneous Rocks 

Dolcoath Granite (contd) 

The granite has been intruded, as a stock about 1 mile by 
1 miles in extent. Its boundary upstream is against 
Cambrian rocks and downstream against the Ordovician Moina 
Sandstone 

Dr. I. McDougall, of the I\Tational University, Conberra, 
has assigned it an Upper Cambrian to Lower Ordovician age 
on the basis of laboratory determinations, but the field 
evidence clearly indicates that it is of Devonian age. 

V. STRUCTURE, 

The whole of the dam area is in that part of the Round 
Mountain Syncliaaorium (Jennings 958) called the Cockatoo Ridge 
Anticlinorium, a second order fold with a width of about 2000 feet, 

There are differences in detail. from the scheme proposed by Jennings 
but they are not important from the engineering aspect. This 
anticlinorium lies between a thrust fault that crosses the Forth River 

in the old Cethana camp area,aud the Dolcoath Granite. 

The thrust fault dips at about 30°  northwards and has carried 
W the Cambrian cherts and Lo-_-."r Conglomerate bed of the Roland Conglom-

erate over the grey tubicolar sandstone which is the highest bed of 
the Moina Sandstones present in the area. 

Immediately south of this the Moina Sandstones are folded 
into 6 tight folds. Upstream of these the folds become wider as 

lower beds are exposed and the lowermost beds (the Roland Conglomerate) 

show the widest folds. Towonds the granite the lower beds are again 

exposed and the folds become tighter. The folding is all of the 

inequant -type and is broken by faulting and thrusting. The thrusting 

in the area may arise from a 'ourtace of decoliement between the 
Cambrian and younger iOCkO Dat this cannot be proved. 

The main construction area lies between survey points Fl and 
XXVII A, and the structure of this area only will be discussed in 
detail. 

Between these two points, -the Roland Conglomerate is folded 
into an anticline. But the simple anticlinal picture is upset by 
the disturbance called Fault I which is a thrust carrying the Upper 
Conglomerate bed and part of the Quartzite Member over the rest of the 

Quartzite and the Lower Conglomerate Member, This produces the effect 
of two anticlinal crests, one truncated below and the other truncated 
above the zone designated as Fault I. 

Because of lack of exposure, it has not been possible to 
measure the displacement on Fault I but it does not seem to be more 
than ions of feet. It follows that the original structure was an 
asymmetrical anticline with a steep limb on the northern side. The 

thrust towards the south carried the crest of the fold back over the 
lower beds giving the finai ap-pearance of two cres-bal zones, The 
drag caused by the movement stespenod the upstream limb of the upper 
plate but left the lower -- 'ate practically unchanged on the northern 
limb. In the lower plo the beds at the axis of -the fold and 
southwards of it have been oi'ertarned towards the south. This is 
T clearly seen near F.M 2(id and in the Moina beds above point 
VV7TTT A 1X VIII 

The alternatin c coIn-b ion that the upper plate has been thrust 
from a fold beyond a syncline to U-ic north eliminating the syncline 
seems unlikely on p:Descni evideac e. 
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STRUCTUEE (coritd.) 

Faults III and IV are normal faults neither of which has been 
traced into the upper plate, although there is sufficient breakage in 
that plate to fit them in a number of places The overturning in the 
Moina beds above point XXVIII t, i.e. in the downthrown block of Fault 
IV, demonstrates that Fault I postdates Fault IV. The trace of Fault 
II shown on A11153 has been developed geometrically. There is 
sufficient field evidence to justify the location shown but its 
relationship to Fault I has not been established. 

The folding le predominantly parallel and slippage has occurred 
on bedding planes, especially in the quartzite where bedding planes 
have been extensively sliekensided. These movements may be traced as 
small fault zones following the bedding until they break through a 
bed to a higher bedding plane by means of thrusts with a displacement 
of about a foot or less. This movement displaces the higher bed 
towards the anticlinal crest. Jointing9  particularly that at right 
angles to the fold axes7  i.e very noticeable as it controls the river 
course and the direction and aryle of cliff faces. Longitudinal, 
transverse and diagonal joints oesicctenW with folded rocks are all 
represented as well as other systems comalementary to the faults, 

Although cleavage is well develoieed in the underlying 
Cambrian rocks, none is dcv eloped in the conglomerates or quartzites 
except near fault zones. In such places the shearing is indicated 
by chlorite—filled shears in the matrix of the conglomerates nest 
shearing and chlorite relacersent in the quartzites. 

Eb'TGIXEFTIitG dE3I0C-Y. 

The clam has been located to avoid the surface trace of the 
known faults. The tosography of the site is acceptable and an 
advantage is that scoot of the foundation is cm the southern limb of 
the main ontioline. 

1. Condition of Fault Tones 

(±) Fault I 

she dip and rock conditions vary considerably along this 
thrust, Theis it crosses the river the dip is nearly 

W vertical and the zone is represented by two recemenied crush 
cones in a closely jointed zone about 20 feet wide. The 
007ce:ru octejeen vIce broken rock suagmenco is chlorite, and 
whore the chlorIte is unweathered there is a weak but water— 
ti -ht hand present. In some places e.g. near D.H.5415 the 
chlordke has weathered to yield a very thin clay slick along 
The fault zoicc 

The dip of the fault zone flattens as it rises towards 
-L11u south along the abutment areas, and although the fault 
cone can be seen in a few places only, especially on the 
left hank, the rock breakage aicicearo  to be confined to a 
fairly neuron zone and the chlorite cement is mostly un—
woa-chered, 

The undergrc. condition of this fault is unimown, 

(it) fault Ii 

In Adit 2 this fault appears as a thin zone of rock 
flour dipping towards the river at 400 and varying from 
about jV to 2 in width. The rock flour is damp 9  stained 

'- _L L__ licionite and is almost entirely silt—sized quartz 
particles; ii has virtually no clay mineral and no coberencc 
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(ii) Fault IT (contd) 

The rock between the fault and the adit portal is extensively 
Jointed and carries water. The jointing to some extent is 
related to the fault but the general relaxation may be due 
also to the gorge-.cutting process and release of stress. The 
joints below the irult plane are tight and dry for some distance 
heycud the fault, 

(iii )Feult III 

This fault occupies a scree-filled gully on the right bank. 
As far as can be reen the -fault is vertical and has a down 
throw to the north of about 40 feet, The fault has been 
re.-cenented mainly by quartz and appears to be tight. It has 
not been examined on the left bank or by any sub-surface 
5x)orr:rLorn, 

(e•) i'riit::v 

ThIs fault has been revealed by sluicing from FY10 to FY K, 
bet its trace has not yet been exposed on the left bank, It . is a roar vertical normal fault downthrowing to the north. 
The lack of marker beds makes it difficult to measure the 
throw bat it seems to be in the order of 150 feet. 

The- fault zone is made up of about 30 feet of closely 
jointed sound rock, with a zone of rock flour about 2 - 4 
wide following a fairly straight trace up the depression 
revealed by sluicing. However, the rock flour is not always 
confined to the one plane but follows braunhing and parallel 
zonee In a few places. 

On the river barLk the fault was revealed by brecciated 
rock f:ayeents recernented by silica. When the surface was 
broken the underlying rock flour, composed almost entirely 
of quartz, was found to be friable and easily dispersed by 
water 

The dj woo moved downstream to avoid this fault but the 
Intake Structure and the upstream Coffer Dam are located on 
or area itt. 

v) Faults StiTliJar to Fault II have been revealed in Adit 4 
but progress to date is not sufficient to describe them. 
Iike 1:1 their surface expression is negligible, but they 
contoen shin bands of wet rock flour and are associated wzith 
considerable relaxation of the surface rocks As far as can 
be seer 1ey do not cut any major part of the engineering 
etruerirme, 

(vi) Becidire Plane Faults 

These faults initiated during folding are hardly distiing-
uishrble troni the bedding or from jointing but there has been 
demon.:irable movement in some places and slickensided surfaces 
are common along ony beds. 

The breaks are revealed as platy areas especially common 
in the Quartzite kember of the Roland Conglomerate. The 
plates are rock fragments cemented by chlorite material which 
breaks down to a clayey paste. In this weathered condition 
the bond between the particles is extremely weak and breaks 
down comuletely on wetting. This in turn, leads to a blocky 
disintepratton of the Quartzite beds as a whole. 
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(v±) Eeddin.t Plane FaUU, (could ) 

These breaks car be seen clearly on the right abutment 
bet-,,,,Teen FYA and the Quartzite boundary at FY17 and in many 
pacts of the same had along the whole of this abutment. 

The corresponding beds on the left bank are broken in 
the eaeo eianr.e.' the boundary between the Upper Conglomerate 
and the Quartsi-ue is paralleled by a chlorite—cemented shear 
zone iron knult III to Fault IV, but weathering is fairly 
limited as far as ccci be seen and the zone is only a few 
in(.iies thicicc 

A broken zone revealed in Adit 1 between the Lower 
Conicae.rate and the Quartzite, is sheared but quite hard 
in onic:rop 9  but hi the adit in a wet condition it breaks 
down to rock fresients of small dimensions (2 x 211  x hi) 

in a ecc: clay ma6rme9  which is easily scraped out by a 
geological liaasecc Hhcre it was cut by the adit it is 

about 2 lIce th ts, but it becomes narrower along the drive 
in the dnnstraecc dIrection. This break follows the strike 
and 1.1. aIIm beds and will be cut vice by the Diversion . Tumnel., but thin should not cause much difficulty; the alit 
is standing rnsi:.pperted and there has been no excessive 
ovLrereak on thi :le.ult since it was opened up. 

hirlier adi-ta cal. drilling have been planned to examine 
these Inults ccc Ic. foundation level on both banks. 

(v±i )Faui i.ttht:tht-zk 

lIe major iaul-b h a been located parallel to the xiuTIP 15 
in Ike lcd. L),H05Qi4 has been drilled to exploe this 
posinb:Jiiy but, a'1 16  ough the car is broken, me major break 
was detected. However 9  the nature of the core is such that 
a eusuer of small luccaks could be poti Continuous 
rock baa a a any - tacos in the river bed and the general 
correlation Lj  beds iron one bark to the other also suggests 
thaI nu :uaj or Ikull sine lice in the river bed. 

2 Condition cc 

IcinLial is anmeersal and has determined the river course 7  
and the oh cc cat orie:atasion of the cliff faces. It can be seen 
from the lic of directions and the stereograms on Flan 
C4991 that a wine cli.slrinub:Lon of strikes and dips are present, 

Many joIsts at hi surface are open and are filled with rock 
fragmeu±s art coil supar t:ing a henry vegetation 9  and gaps several 
feet in witch are visible. However 9  trill holes and the adits 
show thin this is a sriace phenomenon and that underground the 
joints ccc thIn 9  lisicnite-stained 9  and usually tight, containing 
no clay or rock flour ad are rough. But there are also many 
joints 9  :lactione cc :s inch in viidth which carry water and whcs 
open nala Ce i5 iilh I by tao presence of crystal faces on 
querl a a I pa: c __-c se-on throughout the Ordovician and 
same extart I 0cc jul tea Caishnian rocks. 
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2. Condition of Joints (conid.) 

No harmful fillings have been seen in these joints and it is 
considered that normal washing out and grouting will be effective 
in preventing leakage through them. 

Adits 2 and 4 show a considerable relaxation of the rock 

near the portals but this may be due in part to the faults revealed 

in them. Ad-̀Cs 1 3 and 5 and most cliff faces show little surfaoc 
relaxation on the joints. 

In Alit 5 jointirie in the Quartzite9  and approximately parallol 

to the river and pare] Pd to the bedding is most pronounced near 
the portal but becomes less in the Conglomerate. At the Power 
Station sits only a Pew widely spaced heads parallel to the river 
are noticoeble, VJidely oraced mineralised zones nearly at right-
angles to the adli 2  and dipping mostly but not all away from the 

portal 2  arc located towards the power station location. These arc 
up to ! ihds, Ilear she portal the joints are wet and iron-
stained but order gi' a:ter cver most joint faces are dry and 
covered by pyrite. However, even at the greatest cover some 
joints carry water and deposit limonito on the adit walls. 

40 3. Grounclwetcc: 

The ccc1.rrence of groonJovater is controlled by the joint and 
fault pa bieriT, Pater andes pTss scare is still flowing from 

D,H,5409 2  5'h0 and 540g. bhi vinier has deposited limonite at 
the surface but analysis ned. concrete test blocks placed in the 
flow from P H. 5C9 have rove sled. no deleterious constituents or 
effec-Ls, 

It is non.--J-&-el that leakage at all depths under the dam 
will be possible and that cor;rol of '],is by grouPing and drainags 
will be necessary and that come joints will lead water into the 
excave.ricn Pee an arid e:rgrouni pOeTer station. 

eTater preseunc tests arc being carried out on the drilling 
now in progress, TIc one hole oceerlet;ed (D.H.5429) showed very 

little water loss. 

The ediJci of neotlanriat is slight. Except for the chlorite 
along P auli that breaks deem to a clayey residue 2  the rocks have 
only a very thin weathered skin in which the quarizose matrix has 
been vjeakmcd leaving the reck with a rough2  sandy surface. 
Pyrite in km rocks has been elbered to limonite and leached frori 
the exossd sarfacec mcd (iosTT:';Jod in the joints. 

Physical wealher:Lng has :-,,s-alted in a general relaxation of 
the joints close to the ourinse arid this has caused a blocky 
condition in the first few Poet of the rocks over most of the area 
The adete show that this does not persist at depth. The thin soil 
produced by wenthering has been removed from the abutments by 
slicing noC', it is ce'ncidered that when the rock is excavated PC 
dam  foimdliion level the blocky sr:cface will have been removed. 
en ir clv 

Iicwavee 2  some effect of tee weathering of the chlorite-filled 
bedding pine faults mey persist and this is being investigated 
by the drilling and the allis sun in progress. 

Adit 3  ci dc-, foundation level shows sound jointed 
conolom cause rim Pc alt a1oci-atained joints and bedding planes. 
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5- Landslides: 

Despite the very steep side slopes along the Forth and its 

tributaries near Cethana7  there is little sign of landelipping 

either on natural slopes or those influenced by road cuts or other 

excavations. Therefore except for the danger of occasional rock 

falls of small dimensions no difficulty in siting roads is expected 

In the vicinity of the darn there are many large blocks of rock 

up to 20 feet across that have fallen from cliff faces and are 

now more or less embedded in the talus and scree on the river 

banks. Sluicing has obown that these are not always easily dis-

placed but they can easily be removed by the use of small amounts 

of explosives. It is thought that such boulders and the scree 

and talus will generally be removed during the early construction 

stages and will be no permanent threat to construction. 

A greater problem is posed by large blocks of rock several 

tons in size which remain on the high cliffs above the site. 

These appear to be semi-detached from the main rock mass by 

joints and bedding planes. 

Because of the cleen nature of both joints and bedding planes 

it is not considered likely that these blocks will slip in the 

same manner as dolcrite fails. However, some of them may be 

potentially dangerous. No satisfactory methods of determining 

which are dangerous have been developed and it seems that either 

none or a great many of the cliff faces should be scaled down 

before commencing construction. Because of the difficulty of 

reaching potential rock fails7  and the uncertainty as to whether 

the removal of some blocks using explosives actually improves the 

overall safety of the cliffs or causes further deterioration9  

scaling down could become excessively expensive with no real gain 

in safety. 

Attempts to remove small blocks of this kind above the portal 
of Adit 2 proved futile despite the use of explosives and all but 

a few superficial pieces are still in their original position. 

6. Physical Properties of the Rock: 

io The following data7  determined by the Testing Engineer7  

are all that are available at present. They were determined on 

diamond drill cores, 

No. Density have Velocity Resonant Dynamic Modulus lb/tn2 

lb/cu.--ft. ft/sec. Jireouency Lx 10 
- 

Longit. ITransv. ASTM Method Jap.Methoo 

CD] 168 17500 14760 15080 11.0 1 8.5 

CD2 182 17500 1 14500 92 

CD1 is Conglomer te and CD2 is Quartzite from the Roland 

Conglomerates. 
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7 Materials for _Construction- 

It has been considered that a large part of the aggregate 

needed would he produced from the dam foundation excavation which 
is in the Roland Conlornerate and testing of this material has 
commenced, J2yrite, and difficulty in sorting out the chlorite-
rich zones in the Quartzite Member, may prove troublesome in this, 

Basalt is available near Cethana Village and along the valley 

sides south of the site but has not been examined. 

Other areas of Roland Conglomerate and quartzite and con-

glomerate beds of the Moina Sandstone outcrop nearby and have been 

suggested a3 quarry sites,  

The massive pyroclastics of the Cambrian strata,and the 

Dolcoath Granite occur nearby but have not been examined seriously. 

The granite particularly is deeply weathered. 

As fr coffer dams are concrete structures no search for 

clays hs been carried out. Thin talus deposits, weathered 
granite and basalt are likely sources for such materials. 

8 Locatior Of Engineering Structures: 

As drilling end aditing now in progress will reveal the 
actual conditions at foundation level, no comment beyond that 

already made is of value at present i.e, the dam is located 
clear of all known faults and on the Roland Conglomerate 
where it occurs dipping to the south on the upstream limb of 
the main nnticl:ine Of the area, It is anticipated that the 
eieeeZaoe weathering effects will have disappeared at the 

pronosed founda-Lion level, 

Rock bars with no obvious faults cross the river at about 
the proposed location. A few large fallen blocks of rock, 

some thin gravel and few potholes or deep spots may be found 
but no deep buried channel is anticipated in the river bed, 

(ii) flnhArDrn?s, 

Glee upstream coffer darn is located on the Roland 
Conglomerate on the left bank and a quartzite member of the 
Moina Sandstone on the right bank. Continuous outcrop 
across the river bed can be seen except where a few boulders 
obscure it. Honorer, Fault IV crosses the river here and 
will be under the darn at about the centre of the river. 
iDente.l treatment will be needed on the crush zone associated 
with this fault- 

The lower ccii er dam abuts onto the Lower Conglomerate 
on both banks and this should be satisfactory. The river 
bed is covered by boulders, logs and gravel in this locality 
and has not been examined. However, it is thought that rock 
bars present nea by indicate sound rock conditions generally 
in the area. 

i)Diversicn_Tunnel, 

This is locatod in the Roland Conglomerate and no great 
difficulty is considered likely because, except for the 
extensions of the bedding plane fault seen in Adit 1, the 
tunnel will be located in sound rock similar to that seen 
in Adits 1 and 3. The thin talus at the inlet portal should 
he removed before tunnelling is commenced. Hydraulic 
conditions call for the lining of this tunnel, but no support 
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(iii)Diversion_Tunnel (contd0) 

should be necessary except perhaps rock bolts where the 
fault is encountered. 

Intake Shaft. 

This is located in the blocky ground in the jointed 
fault zone along Fault IV, Further consideration of its 

location is needed following more drilling and field mapping. 

At present, it seems that the ground will be sound but broken 

in blocks a few inches across and that at least rock bolt and 

mesh9  or perhaps greater support, will be needed during the 

excavation. A permanent lining of some kind will be 

necessary to keep the blocky rock in place and prevent the 

removal oF fault gouge if this is encountered. D,H5430 

drilled eovzn the shalt location shows decomposed quartzite 

between 66 and 86 Feet 

I3owen Siation 

Adit 3 has reached the crown of the proposed power station 

but has not been logged. Indications are that the effect of 

jointing on the shape of the adit is slight; the rock appears 

to be a hard 7  sound, homogeneous conglomerate and shoots to 

good shape with no ovenbreak. Some widely spaced;  near 

vertical joints cut diagonally across the power station axis 

but are clean and tight. The adit is at present dry but 
sume joints close to the power station constantly drip water 
and deposit limonite. 

It seems that the power station when excavated will be 
subject to groundwater but it is possible that pre-excavation 
orouting might prevent this if the expense of drilling can 
be justified. 

ini trace Tunnel, 

This tunnel is in the same rock type 9  the Lower 

Conglomerat, as the power station and no difficulty in 

driving and supporting this tunnel is anticipated.. 

' (vii) Ho ad Access Tunnel. 

This tunnel passes through the Roland Conglomerate and 

the reck should be sound. However, it crosses Faults III 
and II and passes close to Fault I, and although Fault III is 
recementect shoal l ca: so little concern, the rocks near 
Faults II and; I are closely jointed. The joints have opened 
near the surface so that more overbreak is expected and more 

supper: may be ruu:Lred in this tunnel than in the others. 
The rock conditions in Adji 2 indicate that this should not 
be excessive and that a safe tunnel can be constructed in the 
location shovin. 

VII. WORK IN FeOGRESS. 

Adits and drill I les now in progress are designed to ascertain: 

::f the dam is faicurably located with regard to Fault IV and 
the bedding plane Faults, 

if the intake sh::ft should he re-located because of the 
broken noel: associated with Fault IV, 

in the poaca station has a favourable orientation \rTith 

regard to the jointing pattern, 

the rock conditions at depth in the proposed location of the 
T  ain structure. 
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WORK IN PROGRESS (contd.) 

(v) water losses under water pressure testing. 

VIII, CONCLUSIONS 

1 The foundation rocks E. Diana :ro ThcuThe to cerrp the 

struciures proposcd 

2 In general the engineering layout is satisfactorily located 

with regard to the rock structures as far as they have been 

1ev stigated, and it is thought unlikely that, except for the 

intake shaft, a major change will be required in the present 

proposals 

No reservoir problems are foreseen. 

No major landslide problems seem likely in the reservoir or 

construction area. Local rock falls are likely. 

IX. RKCOS1MEITDATIONS. 

Further investigation of the actual rock conditions particularly 

ct the location of the subsidiary structures is still required 

for desisu details, 

Further determination of rock properties by geophysics, in situ 

and laboratory testing, is desirable. 

3, Further investigation of materials for construction is required 
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23rd i&igust, 1967 

C3thTailrace Minutes etir 2511/67 

The following coienta are made using the paragraph 
nuber3 of the reference. 

The levels at out in Table I are eonfirad. 

ll spoil dopoted in the river bed nut be roroved over the 
length of the river improvements nd 803 feet beyond. 

The head loss in Cethana Spillway cbnte has been calculated 
as 29 ft. Subtracting this from head available between 
reservoir auxcharge level and jet impact position gives an 
available potential head of 333 fte ai4 an impact velocity of 
146 ft. per see. A recomez$atioi baa already been made in 
the Cethana Dam aptUvr Model Studies that part of the river 
wall in the jot impact area be triaed off in order to expose 
sound rock if possible, end to facilitate the passage of the 
water in getting away cleanly and with the least amount of 
splash. When this material is removed there will still be 50 
ft. of rook, measured horizontally, between the rook face at 
the toe of the cut and the projection of the outside edge of 
the access road. (See Figure 1 sttaihed)o with this in mind 
and providing the uncovered rock face ieipod unweathered 
material it is considered that no concrete protection will be 
needed in this area. It the material is found to be badly 
weathered or friable then a skin of concrete should cover it. 
If it is jointed but not weathered then rack bolting is suggested 
between river bed level and S.L.425 over the area outlined in 
Figure 1. 

This is not clearly defined by the mdel studies because of 
surface tension effects. However, from a study of where drops 
of water did land it the model it would seem that the areas 
shown, batched on the accompanying Figure 2 could be thoroughly 
drnchcd by spray during the operation of the spillway at high 
disc res, o installatiois susceptible to toieture thold 
be pieced in this erect attention should be given alao to 
puvi7t: first ce ci lnee of the eeoc rued in this ai'ss 

bunk fe c 1ci.neU. clis S.- 
:es1d b s.ci f'rsn this &sri te j ernt its 

rrsn veiLw further danstree Th that Ld 
2 csatc 
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n I ctio b acie of the exposed rock etIond 

in ere I above to decide what protection it naedod 

zau.iaing of the area shown on FiCare 2 cramshatclwd sh7uld 
u &ae down to t cd ct the river 

It Is rot ecooiic to line the ttiroce tune1 irrert The coat 

of lining Is atnt 12,3).D ed we cau afford to pay oiy 6,O3O 

for th.18 work ot ele of heth gaineth 

;ioefer, ateriei cay 2' cizo and w4do.r will b erded nd AL 
cucc minor prob1eac Iz thc inproved river until the first flocd 
oirc It in decirable to grade the floor only for aintonaL:e: 
9-lri*ms not hydraulic  considerations. 

0. C. 
Ienatocks 

Gatea  md. Vlv 
W.F 1 Navin 
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No. 3407 

INSPECTION REPORT 

Name of Structure ............: 

Date . . . . . . . . . . . . . . . . . . . . . . . . 

Inspection By ................: 

Field Engineers Present ......: 

Pu.rpose ......................: 

Items Inspected:- 

 

 

CETHANA DAM 

23rd and 24th April, 1968. 

N. 0. Boughton, G.E.A. Hale. 

G. Bolt, S. Patterson, F. Sarno. 
Inspection. 

Spillway excavation below S.L.610. 

Remarks by Inspecting Engineer:- 

(1) Poor rock in face of bench at S.L.591 is caused by 
intersections of diagonal faults and horizontal 
fault. Excavation below S.L. 605 to be adjusted to 
allow for concreting whole face if necessary with 
strips 10 ft. high, stressing cables 1W 8' c/o 
horizontally. 

Immediate action is to cut present bench to S.L.589, 
with wall batter set back about 6 ft • so that 2 ft. 
thick concrete will lie behind 3H:10V line from 
chute floor corner. (Sketch supplied, drawing to 
follow). Depending on nature of rock exposed, 
concreting on this berm may be required to be about 
15 ft. and forms should be ordered accordingly. 

t±enP.equire4i— Full concrete and stressing treatment required on 
face above S.L.589 between spillway chainages 752 
and 897. Between spillway chute and ch. 752, 
badly faulted rock to be excavated by hand and 
covered with 1 ft. minimum thickness concrete, and 
bolted to sound rock adjacent. 

Geologists to map as much as possible of area while 
concreting and stressing in progress, as advance 
information. Treatment at each level to be decided 
after inspection by Designs. 

Mortar pads to be set on vertical joints above 
excavation to check on movements. 

11.  Bouhton 

26/4/8 



No. 3408 

INSPECTION REPORT 

Name of Structure •...,.........: 

Date . . . . . . S • S S • • • I I S S I • I S S I S S S 

Inspection By ..................: 

Field Engineers Present ........: 

Purpose  

Items Inspected:- (1) 

 

 

GET HANA DAM. 

24th April, 1968. 

N. Boughton, G. Hale. 

G. Bolt. 

Inspection. 

Dam plinth foundation adjacent to blocks 
19 p1, 19 p2. 

Remarks by Inspecting Engineer:- 

(1) Field proposal to place concrete, upstream of 
plinth, in order to retain the road, is approved, 
provided the concrete does not encroach on the 
plinth foundation. 

Plinth foundation in this area is quite sound, 
and extension of plinth to provide longer leakage 
path would not be required. 

N. Bouhton, 

26/4/68. 
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No. 65 

INSPECTION REPORT  

Name of Structure ..... .... .......: Parangana Dam. 

Date ....ss....00....e.ss..e.s...• 24th April 1968. 

Inspection By •...................: N. Boughton, G.E.A. Hale. 

Field Engineers Present ..........: T. Lee. 

Purpose ..........................: 

Items Inspected:- (1) 

 

 

Inspection. 

Riprap on dam ombaikment. 

Spillway downstream from lined section 
of chute. 

Remarks by Inspection Engineer:- 

Present method of placing riprap by placing large 
rocks in contact and then chinking voids with 
smaller particles is very good. 
If it is not possible to obtain enough broken rock 
within specification size by selection from adjacent 
rockfifl or other sources, it is preferable to use 
+4fl rounded cobbles (aggregate reject) than _311 
broken rock for chinking. 

Apart from a small area adjacent to the chute cut-
off, no rock downstream from the chute could be 
ripped. Schist appears hard and tight. Some 
erosion of the left channel wall could occur, but 
floor and right wall erosion should be slight. 

No requirement for concrete lining downstream from 
the end of the lined chute. 
However trench for cut-off wall below chute floor 
should be taken down as far as possible without 
explosives.' 

N. Boughton. 

26/4/68 
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