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1 • Ii'LL ç)TjI°I 

The Devils Gate Acheme is part of the Tersey-Torth 

Hyd.roklectnic De7o10r155nt in Tasmania, which hac been briefly 

described by kdtthell and Paterson (Ref. i). The scheme 

corii'onises a ?751t, hfa'-h double curvature arch dam and. a 63 

power station. Mese  were investigated., designed and built by 

the rtgciro-sflectric Commission of Tasmania • The dimensions of 

the scheme are given in Table I. 

2 F-ITffTTOTT 

Ocvils Cote Vau ena koc er Station (Figure I ) are situated. 

17 uaice ffO5 k'can?ort an the North- vat Coast of Tasmania in 

the gorge tract of the liver Forth. At the site the river has 

cut through the basalt covered coastal plateau and is incised. 

in a sequence of Cambrian client, arrilTLaoeous chant and. 

siliceous argillite. The site lies within the disturbed zone 

'between two major wrench faults. 

3, hflK TYPM 

The rocks to 'ak a: the WON a belong to a Casfe nan 

o ed. Lisenteng coo wane e that grades from a pure chert 

(cryptoorystallJne silica, chalcedony) to argil.iaceors chant 

to siliceous argillite to argillite as the argillaceous content 

increases. The night abutment, the foundations and most of the 

left abutment are formed of chant. kLlieeous argill:Lte occurs 

in a fault block in the thrust block area of the upper left 

abutment and argillaceous client occurs in the '- o';;er station 

area, 

The chants are thuokt to be the scoulL of direct. 

precipitation of silica Nam a see r'i'rh in silica, and the cilIa 

Is thought to be of magmatic orgin for extensive deposits of 
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TPBLE I 

DITCIOPC 1) TT:ft3 i1T LC 

Type of Darn Concrete Arch 

kaxrLrnunl Height 275 ft. 

Crest Lenith L{JLO ft. 

Total Fill Volume )0,000 cubic yards 

ParapeL Level °SLL20 

Crest Level Lk00 

Taliwater Lvel CLi 75 

Taxirnum Flood Level 3L)1 6 

FoIl up:Dlg Level LD0 

dnirnurn Drawciown L cvel $L387 

;)torage at Full hupply Level 298 sq. aile ft. 

Peak Inflow at Taxirnun Flood. 72,000 cusecs 

Type of Spailvay Free Overflow - tepped 

Crest Levels of Cpailway .CL40Q 105 

Crest Lengths of Spillway 161 c3c 206 

Pooerhous $urface - Francis 

2atcj 0 0 63 : 

:ateci Discharge 3 40k cuseos 

Live fl orage 30 sq • P. ft. 

?0ated lOet Head 220 

Conduit  hort, Oteel Lined 0f; 

r o1 to ao:y1 I a ILarI 



The cherts range from thinly bided to massive and vary in 

colour from red to grey to black. The dark grey and light grey 

cherts are almost pure, as is shovrn by the chemical analyses 

given in Table II. These rocks have sillea percentages of 

936 and 955 respectively. from the point of view of stability, 

the most irnnorta.nt impu:cdty present in the cherts is graphite. 

In the black charts it is dis sereinat ci throughout and occurs 

free on bedUng planes and. joint surfaces The graphite content 

is 
of these cherts ranges unto 25 by volume of the rock. 

The cherts at Devils Gate are exorcuely bard rocks, which 

because of their composition, heiifg mostly comrposed of silica, 

are resistant to weathering, d.::c art alona'fau:Lt zones and major 

open joints, the effects of weathering are p::acrically non-rucactant 

The argillaceou.s cherts and siliceous argilli tea are moderately 

hard rocks that commonly have a fine TI osilitgr, They are weathered 

to a depth of C 6 ft, from the surface an& Annn fault zones, 

S 4.  ccci: -Y-OnPINT  Q, 

The density of the ehert raneed. from 158 to 176 lbs0/eu ft 

The values for the hod: lus of Elasticity listed. in Tables 111(a) and 

111(b) were obtained by carrying out"jack" tests in aciit ho I and 

by conducting a seismic survey around the ad:ts using a 3 - component 

Lions ml hoc Mier lipQ a o ab 

ubare free graphite is present on MORE anq joint planes, the 

mass was su'bj act to close study, Thus 

eat : ira a nH were corluoteri In the laboratory and in the 

:I:LolC to Atermine the ahear'in:', res utonee along :Lflc:irraeflt 

H The laboratory teats were pertoncd on rniciuens 



TALK II 

CH$JICAL \iILY$I S i2JJ0RTIJ 3P[r:TCi CH2T 

?K 1 CLSY CIF22 LIOFT CR2Y CF2T 

$102 93 95.50 

L1203 1.77 1,25 

F2O3 2.27 0,50 

Pc 0 0,35 0,26 

n 0 PIE. I'iI1 

TiO2 0.06 0.08 

P205 0,02 0,03 

Cs. 0 0.52 1,23 

) 0 0.45 0,29 

Ia20 0.07 0,14 

K20 0,24 0,11 

E20 0,20 NI]. 

I .00 075 

S 
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?IF III ('o) 

FCDLOJT OFTLFlfliT'Y 0 7-0123CT2D ?0010 

Values from es:eic Velocities 

Determinations y the Bureau of Fineral Resources, ceolo ana Geophysics (?ef. 2) 

VOlT 7TVOCITT TRJP VLOClTY°° P01020220 F.Tl0 FODLFL2 OF l2TID1TY Xl C • C .1. 

LX rTT0JJ L 11_ J_ ?0' LC 1I DO i: 2 202 0 1 

V2T2'1ITY 1pTny VfLOOlTY VIL)0iJ.Y 

Outcron on 7,  200 3,300 10,400 6,400 0,22 0e22 1 .5 

Fht 1.but:.e0. !,0D'D 12F2IT; 7,0 D 024 2.1 .. 

.Oit iso , 2 6,402) 3,300 -i 3,300 9,300 0.23 0.24- 1 .2 7.7 

Fault Zone 70ft, 
leslIe Omit To. 2 8,600 4,700 5,300 3,000 0.27 0.27 2.3 0.8 

Ocrareni Volocity: is the average velocity thuu:'h :ee2herei layer uni be0ruc2:, 

True Vcicii;y 7 is 2) cOrock vclocey. 



resistance alonc: chert - concrete interfaces are also d.etersa ned. 

in the laboratory and in the field. The laboratory tests were 

conducted on a prepared. chert - concrete specimen and in the field 

direct shear tests were cond.uoted on concrete blocks noureJ on the 

chert floor of tro adits (Mits 4 and. 5). The results of these 

tests are given in Table 17, 

In interpreting the data obtained consideration was fiven to 

the fact that there should be significant cohesion due to interlock 

and that in several parts of the foundation prestressing should 

help maintain this interlock. These factors were offset by the 

effect of a large rusher of parallel planes of wealmess in the chert. 

It was concluded that tan P = 0055 )  with zero cohesion, was a reason 

able vaJue, 0' 

The unconfined. comuressive strength of the rook ranged. from 

2 3 000 6 1 000 P.M. 

Because chert is generally subject to adverse reaction, with 

cement alkalis fresh and weathered samples were tested for 

reactivity with caustic soda in accordance with C 0128- 55, 

and. She cherts :-re voura to be a cc.kiy reactive • lirtar  bar 

tests of 'i year donation acre conducted in accordance with 2 C123-57 

using weathered c.nd unweathered chert and normal and low alkali 

crests Dcleri*;e osgregate was used for control bars, At the 

ucrolusion of the tests those bars made with dolenite showed a 

slight shrinkage, vihereas those made with chert showed slight 

ewoan don • The results are given in Table A It was concluded that 

was cafe to use chert with either of the cements used in the tests. 

'tO'lC' 'card between the 'Te:r and its 

she chert was eliminatea as a source 

of concrete aggrerate because, as a result of extremely close jointing, 

1'. breaks down imisr mechanical stresses to small particles with an 

oasotisfrcto:'r size diet nibution, 



TABLE IV 

RSIDUiJ STkIhSTiJ PiJ:Si.Si FiOlT DIRTC'7 TFSTS 

Shearing Cohesion Tangent Aemarks 
Surfaces Intercept of 

(S:ear Siren th Friction 
at Sore Tormci Angie 
Stress) 
1bs/on in 

Caaph±t±c 1 20 0.65 Laboratory Test 

S 
Shert 22 0.55 Sreci men s cut from 

TX Core 

55 063 Laboratory Test 
Specimen cut from 6" 
Ala, Core 

Concrete 0 O)i. Laboratory test on 
prepareA Chert 
Concrete succimen 

on 

Graphitic Chct 0 0.20 Innitu tests tCits L. 
anA 5. Concrete . Block cast on 

rahitic ch€u.... of 
aAit floor 



TXJE V 

XPIiI ON CF I,OFTA}BARC AFT 'A I YEAR 

Low Alkali i)olerit e 0.0014  

.1eathered. Cherc 0,0001 

S 
i.Lvi;he:f')a Oi1Ert ± 0,0009 

kkrmal DoLexii;e 

:kathered C}iert 

:p)}(y'l i.CCit 



A:veeate and sand for the project were 01) Lairioci from vrasheii river 

rrave1s from ferseylea on the Jlersej layer. Dolerite and quartzite 

fragments form the bulk of this deposit, 

5 . 
clJT•r: 

The damsite is located, in the intensely d.eforrced area hotvrecn 

two us or wrench faults (Fisure i), which trend. U.S. and have 

strike slip displacement of the ordr of 8,500 ft. The intensity 

of the deformation is such that almost all of the rock forming the 

damsite gorge has been brecciated and. recemenbed.. The two majo-.,­ 

0 
wrench faults controi the course of the 'diver Forth upstream and. 

d.oernstream of the dausith, uhereas jointing Is the eoorrollan; 

Influence within the d.amoite ::0lae. The fault line sca  
. 
rp of tIc 

upstream fault (Foult I, Fl ume II) forms the start of the sHe jorEe 

and is the upstream Limit of pood foundation and abutment uonciltlons 

crushed. zone 90 ft, aide occurs along this fault line and in it 

chert cnert breccia o:ci a çlllaceous abort occur in disorder. 

The ectesm of -;r a1l In. ' t DPOIr flats is 

to the system of faults orcouded by kod.r and Hill (TIef, 3)  as 

being essociated. ;s:Lih the On tcYireas fault; inCalifornia;  a 7011 

Noun WireILch fault • At Dovlle late 2nd ord.es  faults (Faults :n:, nI, 

TV rnQ , lauro III) cross oaTh abutment • faults IT and  A meet Q, 

the river bed and thus appear as one fault lath a semicircular trace, 

The weathered zone e lone These faults is un to 15 in, aide. We 

flraDinlac breccia is associated with fault IN and this 

Vt h- n Jla;;i sort to hard. Pocond and bh:Lla ordnr faults define a 

:Tsult block on the upper left abutment, anq abut those faults The 

O lola P107 In I of 'secTs flour , arcuisa an rock consisting of 

sisal sun Us. 11.11Th and kaolin Ito In ooual. proportions 

1sorial a value of tan was 

1' n: 5 ss sly wns it possible to deteruinc the 

1"'n  
1"' nt of ftn0r  out Kona the Paul-Us b ocause of tIe scasci1r of 
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Intense microf:uit, joint and incipient fracture patterns ewlot 

throu bout the rock. The micro-faults have thinly brec elated. .3ur2ac cc 

and numerous m:ali cavities. On the right abutment major stress 

relief cracking parallel to the river valley has occurred and large 

shells of roe): (Plate 2) have seperated from the valley walls. 

Major faulting corrunenced. in Cambrian time soon after deposition 

of the cherb. Turther major disturbances occurred durin7 the 

Devonian and. Tertiary. The main faults probably formed paths for 

the outpouring of Tertiary basalt, which covers the coastal plateau. 

There is no cviience of further faulting during historic time. 

6, iTibt ci :0211 

The initial surface mapping was fofl.ovded. by a limited tiruond. 

drill core programme, and, when this was completed the main 

strui'tural features of the site were apparent. These features, 

particular faults I and. II, were then investigated, further by 

diamond drilling, ado to and. trenches. Diamond drilling totalled. 

2,700 ft. ,  and 2 investigation actats and. 2 d,rainage acuL s totalled. 

1 1000 ft. in ley''ih. The aJits 'sore used to obtain in situ rock 

properties by meLno of i)L tests and seisabe (2e0;aiscnent  "OcaOoflC) 

observations. The left abutment was sluiced, clean of debris an-d 

the power station area was invostloated. by a seimalc survey and. 2 

core holes. 

At the design stage three dimensional persaex models were made 

of each abutment showing the structural features. These were bent 

up to date during construction end proved invaluable, for t]:ay 

enabled the design and construction engineers to fully appreciate 

the structural 1nI;ereotion of the dam and, its ''Cn atiana bar 

were also invaluable during the design of the ireinage and cr00 sing 

systems. 

)nring construction all cxcava±inno were mapped in detail, and. 



the site was repeatedly critically reemamined. Detailed geoloT 

was plottea d.irectly on to photo-theodolite prints in the fielcl 

and the mapping was comnleted. by the Commissaon' S Photogranaetrac 

Seeiion A hid P30 Photo-theodolite was ud in conjunction with 

a •Tiid A7 duto eraph loiter, and a iiJd. Ci 20 Cacuco-metric Camera 

was used with a Fild. 2140 Auto granh0 Collection of data continued, 

until the dam was completed., thus drain holes from the two drainage 

ad.its on the left abutment were cbeillod, to detail the fault comnien.. 

7, hiFDA TI ON ATCa 

S The Cam i'onndab:Lcn is situateA on a hard. bar of :L'resh black 

auhitic chart that lies between Fault I and Fault III (Fii.aee III 

The river bed falls away rapid.l downstream towards Fault IT and. a 

10 ft. deep pot hole is located. where Fault II crosses the river 

bed.. The foundations are crossed by a number of steeply dipping 

01:Lnor faults that have smooth undulasing su:ofac 00 0511 0000 associated 

with recemanted. graphitic breccia ra ;ing from 1 - 2 in, in thichooso 

No major slide planes are nresent, 

8 eT(T YVI • fCP 

S The lower right abutment is formed, by fresh, hard black graphitic 

cCrt, and the main structural feature rresont is Fault IT. At 

Can or leveL the niicn Lad. eroled. a norm aloe the fault line and. 

LAde end ordoh. h en a L fAn elsa L:oenL The cc you was backfifled with 

concrete and the backfill was sires seLl into the rock unstream of 

the abutment Cm the surface the Could crossed the abutment at 

hAl L17 and. dl. npocl st eoply (700)  into the abutment It lad. a smooth, 

oolc din .orauhide (i/i 6 in, eoo:cA surface and. a 6 :ft ci SLO soo..o of 

brecc:c ie ComiC idooji oneenulCa oe j::oru'hlu, Lnd 

och be:cirod down of t Jruri1:.rg :oocl was necessary as a result of' the 

-lose join hinf ana incipie-nt, Crate no isa it er'ii, This urob Cam was not 

.rcslractca to faulted. areas, bt:s encountered. over rn of of bot1 

Lutmonts, an0L in nary areas final cleo.n an' 7O3 coorie Led. by 



In the upper part of the abutment fresh, hard grey and Pam chert 

are dominant, but; considerable excavation was necessary 'between 

1200 and. tL10 to remove the upstream edge of a large "onion skin9  

shell of rock (Plate 2 and, 111aure III) that extended into the 

abutment area. The shell rests on a base 120 ft. long and is 

s':iperated from the valley walls by tension cracks that extend from 

river bed level at SL175  to tL31 0. Between %L200 and t1210 the 

shell has an averaso thickness of  30 ft. The tension cracks contain 

infl:Lings of orfece rster1ab) Diom to black plastic clay and rock 

chips up to 6 in, in thickness. ihlits 6 and. 7 (Pl[:ure TV) were 

S
driven along the crack at tLt00 and iL?L0 respectively to define 

the Went of the shell. these edits were subsequently driven into 

the abutment to investigate the nature of the country within the. 

;;biitment. The shell has been attributed (ief. 'd,) to stress relief 

cixc me; parallel t the valley. Alters (icC, 5) has stated that 

rock deformation due to unloading by natural excavation is far too 

,mall to form shells of this size. He explains such phenomena as 

b etna the result of ie:suera lure' chans',: S 

9 1 :.'ei: 

5 The lower newt of the left abutment is formed by fresh, hard 

black graphitic chart that is out by a number of steeply dipping 

saner faults. These faults commonly have a smear of graphite on 

the fault plane and up to I in, of recoetented. breccia. This 

nart of the .ebihaa'ant was in C on sively AMC for slip pianos, but 

it vies concluM that none of the faults wee of such extent ant in 

ouch an acbaers a direction to endanrnar the dam, 

"Q07 the abulao'C lies adjacent to a fault block 

(. !:. Ca 3) bounded by faults 7, fE and VII. The fault canes have 

Ui) to 3 in. of weathered braces a and up to 3 in. of rock c:Lour. 

The area was the subject of a stability analysis and as a result 

of thE a aeays'e mae tve drain: se syol, ma 'ass d..::siauei to :h.aare"re 



At IL 3t0, at thrust block level, the Um crosses  Wault 1, 

which is the boundary beloveen chest and siliceous argillite. U.s 

to 2 in. of silica rock flour is present along the fault zone, 

This chert -. argillite boundary was rurilo red. as depth during the 

construction stage, when the drainage holes from the drainage adits 

were core drilled.. The siliceous argillite in the thrust Ulsot area 

s partially weathered and. much 'orokori by minnr faults. It the level 

of the upper drainage adit it was fresh and moderately hard., but 

weathering and. rook - flour persisterl along the faults • This poet 

of the abutment was treated as an area of low modulus and a valve 

of 0.36 x 106 p,si, was used for design purposes As a result of 

the stability analysis the thrust block and its foundations were 

etabilised by thirty-seven 170 ton Strandus cab? as n.che rsI 

\rejoal]yr at cie•otjs of 80 - 100 ±d 

The selLvrny aprons sore tra-etressed. Is the rock dcuneL.:as. 

of hi-s On nod this has further assured the security of the d.zsri 

IL nf Its - hindred and sixty four Q freyssinet mono strand 

cables were used. The cables on the right hand apron paeed through 

0 the onion situ 0211 or rock 

ii m: 11k-lIlt: A lt) •th.T 1 

ho th the diversion tunnel arid tip no. 2r oorl'uk_t tunic! 

driven through sound, hard chert. The diversion tunnel encountered. 

Vault II n-er the s etroe:s PoTtal and We frill orcocra se  -s 

r:athsrc1. for It in. . -a: 0:1 ii aerfeules neon also 

but these presented no stability problems. The tunnel, however, 

a: Mn out by  nt-sn ale 

Ihults and small quantities (t  in.) or rock flour were present on 

W fault planes Uo sto'o.Llity problems were present, but the 

lee. thaI dl......... . .:H 
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examining the interior of the right abutment. 

12. ?C7BB. [1 CTIOIt 

The power station is sited on had ohert on the foot wail of 

the major fault that marks the d.omstraam limit of the chert mass 

that forms the right abutmcnt. The station was sited, so that most 

of the excavation took place in the soft siliceous argillite on the 

hanging wall of the fault, 

13 "fln Trp)rITThT3 

Th.e author is ind.ebted. to the Commissioner of the H.vd.ro 

ccth o Commission, hr. :;:i, iBsight, C.;:, c-., hh, B Co •  

I .h. ust,, for nermi osion to publis o h the irformn tion cntained. l  

in this paper, Br, 1.1, Colebatch, 0,1.1. lust,, is 

the Chief Civil CuBic ear M' the Coarlosion, 

Thanks are d.ue to I'. C-. 1,0.. halo, B • Cc., Chief Coologist, to 

Itcheli, B L I,, C-coup Ingineer, CLmO ana 3tructures, anti. 

to Li, J. Fid.ler, B B, , lection tn;ineer Cams I Section of the 

Commission for helpful d.iscua: on, ruB to Br, Ii, Johnson for the 

preparation of the figures, 
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rLAT. .3. ihe uper left abutment Juring excavation ShOWITIg the 

abutment slot ana the fault wed.ge  immed.±ately downstream 

of the abutment, 
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