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INTRODUCTION

The Devils Gate Scheme is part of the Hersey—ﬂsrth
Hydro~Tlectric Development in Tasmania, which has been briefly
described by litchell and Paterson (Ref. 1). The scheme
comprises a 275ft. high double curvature arch dam and a 63 i
power station. These were investigated, desigmed end built by

the Hydro-Electric Commission of Tasmania., The dimensions of

.

the scheme are given in Table I,

Devils Gate Dam and Power Station (Figure 1) are situated
17 miles from Devonport on the North-Vest Coast of Tasmania in

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

cut through the basalt covered coastal plateau and is incised

[t

in a sequence of Cambrian chert, argillaceous chert and
siliceous argillite. The site lies wivhin the disturbed zone

between two major wrench faulis.

ROCK TYPLS
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The rocks forming the damsite belong to & Cambrian
sedimentary sequence that grades from a pure chert

(cryptoorystalline silica, chalcedony) to argillaceous chert

Ay

to siliceous argillite to argillite as the argillaceous content
increases. The right abutment, the foundations and most of the
le?t abutment are formed of chert., 3Iiliceous argillite occurs

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

abutment and argillaceous chert occurs in the power station

ared.

The cherts are thousght to be the pesuli of direct
precipitation of silica from & sez rich in silica, znd the silica

= b
L)

is thought to be of magmatic orgin for cxtensive deposi

]

s of

volcanic rocks oceur throughsut the Cambrian rock seguence.



TABLE

DINENSIONS DEVILS

m

Amnp afphagnl
L ta i Y i b

Type of Dam

Naximum Height

Crest Length

Total Fill Volume

Parapet Level

C;est Level

- Pailwater Lavel

_ Maximum'Flooﬁ Level

Full Supply Level

Mnimum Drawdown Level
Storage at Full Supply Level
Peak Inflow at liaximum Flood
Type of Spillway

Crest Lévels of Spillway
Crest Lengths of Spillway
Powerhouse

Rated Output

Rated Discharge

Live Storage

Rated Net Head

Conduit

Concrete Arch
275 ‘T
O ft.
.40,600 cubic yards
#*SL420
SLLOO
SIA75
SL4A6
51,400
SL387
298 sq. mile £t.
72,000 cusecs
Free Overflow = Stepped
SLLOO & 105
161 & 2056
Surface - Francis
63 LW
3 &0l cusecs
30 sq. M. ft.

20

2

Short Steel Lined Shaft

*3L refers to Standard Level related tec Sea Level.




lie

The cherts range from thinly bedded to massive and vary in

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

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

given in Table II. These rocks have silica percentages of

93.67% and 9545% respectively, From the point of view of stability,

the most important impurity present dn the cherts is graphite,

In the black cherts it is disseminated throughout and occurs

free on bedding plenes and joint surfaces. The graphite content

of these cherts ranges up to 25% by volume of the rock,

The cherts at Devils Gate are extremely hard rocks, which

because of their composition, being mostly composed of silica,

are resistant to weathering, ZExcept along fault zones and major

open joints, the effects of weathering are practically non-existant.

The argillaceous cherts and siliceous argillites are moderately

St

hard rocks that commonly have a fine fimsility. They are weathered

to a depth of 5 - & ft. from the surface and along fault zones.

L&

ROCK BROPERTTRS

The density of the chert ranged from 158 %o 176 1bs./cu. ft.

The values for the lodulus of I Elasticity listed in Tables III(z) and

III(b) were obtained by carrying out "jack" tests in adit MNoe. 1 and
by conducting a seismic survey around the adits us ing a 3 - component

geophone.

In the foundations and the lower parts of both abutments,

e

where free graphite present on bedding and joint planes, the

resistance of the rock mass was subject to close study. Thus

direct shear tests were conducted in the laboratory and in the

field to determine the shearing resistence along incipient
g1 ic joints. The laboratory tests were performed on specimens
! |
o 7y s AT ") 0 ol P e P e E Lo SIS i = L Pt e
cut itrom NA (2,84 in,) and 6 in, diameter core. The shearing



TABLE II

e i

CHEWMICAL ANALYSIS - CAMBRIAN BARRINGTON CHRERT

DARK GREY CHERT LIGH? GREY CHERT
5102 93,667 954507
11,203 QST 125
Fe203 2427 0.50
Fe 0 0,38 0626
In 0O Nil Ml
1102 0.06 0.08
P205 0,02 0.03
Ca 0 0.52 128
g 0 0.45 0.29
Na20 0.07 Oc1l
K20 0,2} 0.11
H20~ 0.20 Nil
H20* 1.00 0.75



TABLE IIT (a)

JODULUS OF TBLASTICITY

In Situ Values obtained by RJACK' Tests in Adit No. e

et S s i

-

Range of Stress peSeie lodulus of Hlasticity X1C ° p.s.i.

K0 s T 200 BT
L5 - 400 R 1 .0l

10 - 800 . 2,30

©
!

1,200 2,22

L0 = 1,600 2l
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TABLE III (b) ’
ODULIIS OF ELASTICITY & POISSONS RATIO

Values from Seismic Veloecities

Determinations by the burpau of lfineral Resources, Geology and Geophysics (Ref. 2)

~
HODULUS OF FLASTICITY X100 2 DeSel.

LOCATION AFPPARFNT VELOC TRUE VELOCITY®® POTSSONS RATIO T
LONGITUDINAL TR 3 f BRSE LONGITUDINAL PRANE APP ‘.T'“ [ _r.' TRUE APPARTNT TR
'vlf ‘L it mpr‘[ J’Ih’ r':,pI’lY VFJL r}‘r‘; ITY V.;}L(}I.TI]-‘Y

Outecrop on 7,200 3,300 10, L00 6,400 0.2L Qa2 et Sl
Rizght Abutment 8,400 4,800 12,000 7,000 0.25 Oe2l 2adl Le3
35ft. Inside

dit Mo. 2 6,400 3,500 15,500 9,300 0.28 0.2l o Tinit
Fault Zone 70ft.

Inside Adit Mo, 2 B, 600 L, 700 5, 300 3,000 9] ?7 Qs 2 ¥ Zai 0.8

Apparent Veloeity™

True Velocity™*®

- 1 = 3 P T - 1
is the average velocity through weathered layer and bedrock.




resistance along chert - concrete interfaces was also determined
in the laboratory and in the field. The laboratory tesis were
conducted on a prepared chert - concrete specimen and in the field
direct shear tests were conducted on concrete blocks poured on the
chert floor of two adits (Adits 4 and 5). The results of these

tests are given in Table IV.

In interpreting the data obtained consideration was given 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 number of parallel planes of weakness in the chert.,
Tt was concluded that tan f =_G.55; with zero cohesion, was a reason;

; _
able value,. (_,,Qie'p,«;.-_/g.. - v -y

The unconfined compressive strength of the rock ranged from
& ] o

Z,OOO e G,OOO poS.il

Beceuse chexrt is generally subject to adverse reaction with
cement alkalis fresh and weathered samples were tested for
reactivity with caustic soda in accordance with CD - C128-55,
and the cherts were fournd to be weakly reactive. Hortar bar
tests of 1 year duration were conducted in accordance with C8%D = G123=57
using weathered and unweathered chert and normal and low alials]
cements, Dolerite aszgrezate was used for control bars. At the
conclusion of the tests those bars made with dolerite showed a
slight shrinkage, whereas those made with chert showed slight
expansion. The results are given in Table V. It was concluded that
it was safe to use chert with either of the cements used in the tests.
These conclusions were pertinent to the bond between the dam and its
foundations and zbutments, but the chert was eliminated as & source
of concrete aggregate because, as a result of exiremely close jointing,

to small particles with an



TABLE IV

RESIDUAL STRENGTH PARAMEIER FROM DIRECT SHEAR TRSTS

Shearing Cohesion Tangent Remarks
Surfaces Intercent of

(Shear Strength Friction

at Zero Normal Angle

Stress) ]

1bs/5q. ine

. Graphitic 120 0.65 Laboratory Test

Chert 22 0.55 ‘ Specimens cut from
; NZ Core

09 . 0.68 Leboratory Test
Spesimen cut from 6"
dia, Core

Concrete 0 04l Laboratory test on
prepared Chert -
Concrete specimen
on

Graphitic Chert (G 0.8C Insitu tests Adits &4
and 5. Concrete

. Block cast on
graphitic chert of

adit floor




EXPANSION OF MORTAR BARS AFTER 1 YEAR
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Teathered Chert

Unweathered Chert + 0,0009

Normal Dolerite - 0,005

Wieathered Chert ' + 0.0030°
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Unweathered Chert + 0.0047
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Aggregate and sand for the project were obtained from washed river
gravels from llerseylea on the lMersey River. Dolerite and quartzite

fragments form the bulk of this deposit,

STRUCTURE
The damsite is located in the intensely deformed area between
two major wrench foults (Figure I), which trend N.S. and have
]

strike slip displacement of the ordér of 8,500 £t, The intensity

of the deformation is such that almost all of the rock forming the
damsite gorge has been brecciated and recemented, The two ma jor
wrench faults control the course of the River Forth upstream and
downstream of the Aansite, whereas jointing is'the_contrqllinf
influence within the damsite zorges The fault - line scarp of the:
upstrean fault (Fault I, Firgure Ii) forms the start of the main gorge
and is the upstream limit of good foundation and abutment conditions.
A crushed zone 90 ft. wide occurs along this fault - line and in it

chert, chert breccia and argillaceous chert occur in discrder,

2

The pattern of subsidiary faulting at Devils Gate is similap
to the system of faults recorded by lioody and Hill (Ref. 3) as
being associated with the San Andreas Fault in California, a well

kmown wrench fault. At Devils Gate 2nd order faults (Faults U L1
IV and V, Figure III) cross each abubment, Faults IT and IV mest in
the river bed and thus appear as one fault with a semicircular trace.
The weathered zone a2long these faults is up to 15 in. wide. Some

2 in of graphitic breccis is associated with fault TIT and this
varies from sot't to hard. Seccond and third order faults defin

fault block on the upper left abutment, a

ot

ynical

EeAR

ine of

5
used for design purposes. lavely w2s it possible to debermine the
amolny of displacement along the Faults because of the scarcity of

. Yo o i B T A
mapker initormation.
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Intense micro-fault, Jjoint and incipient fracture patterns eiist
throuzhout the rock. The micro-faults have thinly brecciated surfaces
and numercus small cavities. On the right abutment major stress
relief cracking parallel to the river valley has occurred and large

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

Major faulting commenced in Canbrian time soon after deposition
£ the chert. Hurther major disturbances occurred durins the

Devonian and Tertiary. The main faults provably formed paths for

the outpouring

(o}

of Tertiary basalt, which covers the coastal plateau.

There is no evidence of further faulting during historic time.

METHOD OF INVSSTIGATTON

The initial surface mapping was followed by a limited Aiamond
drill core programne, and when this was completed the main
structural features of the site were apparent, These features,
particular faults I and II, were then investigated further by

diamond drilling, adits end trenches. Diamond drilling totalled

U\k

2,700 ft., and & investigation adits and 2 drainage adits totalled

w3

1,000 ft. in length. The adits were used to obtain in situ rock

properties by mesns of "JACK" tests and seismic (3~component szeophone)
observations. The left abutment was sluiced clean of «
the power station area was investigated by a seismic survey and

core holes.

At the design stage three dimensional perspex models were made
of each abutment showing the structural features. These were kept
up to date during construction and proved invaluzble, for they
enabled the design and construction engineers to fully appreciate

: : : 5 2 . LA .
structural intersction of the dam and its foundations. They

ok

(i)

were also invaluable during the desizn of She drzinage and grousing

systems.,

During construction all excavations were mapped in detail, and



=] 2w

the site was repeatedly critically re-examined. Detailed geology
was plotted directly on to photo-theodolite prints in the field
and the mapping was completed by the Commission's Photogrammetric
Section. A Vild P30 Photo-theodolite was used in conjunction with
a 7ild A7 Autograph Plotter, and a #Wild €120 Stereo-metric Camera
was used with a Wild AMO Autogravh. Collection of data continued
until the dam was completed, thus drain holes from the two drainage

adits on the left abutment were drilled to detail the fault complex.

FOUNDATION ARTA

The dam foundation is situated on a hard bar of fresh, black
graphitic chert thet lies between Fault I and Fault III (Figure III).
The river bed falls away rapidly dowmstream towards Fault II 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

minor faults that have smooth undulating surfaces and are associated
f= ]

. . LR, s s 1
with recemented graphitic breccia ranging from ¢ - 2 in. in thickness

No major slide planes are present.

RIGHT ABUTIZIT

restricted to faulted areas, but was encountered over most o

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

chert, and the main structural feature present is Pault TI. At

river level the river had eroded a cavern along the fault line and
this extended beneath the abutment. The cevern was backfilled with
concrete and thg backfill wes stressed into the rock upstream of
the abutment. On the surface the fault crossed the abutment at

QT =

& 2 o Ol Uz : -
S2187 and dipped steeply (70°) into the abutment. It had 2 smooth,

wdulating graphite (1/16 in.) coated surface and a 6 £t, wide zone of

rzcemented breccia, The fault itszlf vresented no

=

ajor problem,

much baring dovm of "drumay™ rock was necessayy &as result of the

ot

2}
o

close Jjointbing and incipient fracture pattern. This problem was nct

£

both
abutments, and in many sreas final "eclean up" was completed by

workmen equiped with geological hammers,



. In the upper part of the abutment fresh, hard grey and fawm chert
are dominant, but considerable excavation was necessary between
SL200 and SL310 to remove the upstrsam edge of a large "onion skin®
shell of rock (Plate 2 and Figure III) that extended into the
sbutment area., The shell rests on a base 120 ft. long and is
seperated from the valley walls by tension cracks that extend from
river bed level at SL175 to SL310. Between SL200 and SL240 the
shell has an aversge thiclmess of 30 ft. The tension cracks contain
infillings of surface material}bréwn to black plastic clay and rock
chips up o 6 in. in thichness. Adits 6 and 7 (Figure IV) were
driven along the crack at 35L200 and SL240 respectively to define
the extent of the shell. These adits were subsequently driven into
the abutment to investig;te the nature of the country within the
abutment. The shell has been attributed (Ref.'&) to stresg relief
cracking parallel to the valley. TWolters (Ref. 5) has stated th%t
rock deformation due to unloading by natural excavation is far too
small to form shells of this size., He explains such phenomena as

being the result of temperature changesSe

9. LEFT ABUILMENT ‘

. The lower part of the left abutment is formed by fresh, hard
black graphitic chert that is cut by a number of steeply dipping
minor faults. These faults commonly have a smear of graphite on
the fault plane and up to 1 in. of recemented breccia. This
part of the abuitment was intensively studied for slip planes, but
it was concluéed that none of the faults was of such extent and in
such an adverse direction to endanger the dam,

Above SL307 the abutment lies adjacent to a fault block

ey ~

1 2y 3 : i q T A B T ]
(:late 3) bounded by Faults V, VI and VII. The fault zenes have
)

uo to 3 in. of weathered breccia and up to 3 in. of rock flour.

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

s

3 .

of this a comprehensive drainege system was designed to improve

- de T 3 L Y -~ Taa y e -
e stability of this part of the abutment.
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At SL390, at thrust block level, the dam crosses Fault V,
which is the boundary between chert and siliceous argillite. Up
to 2 in. of silica rock flour is present along the fault zone.
This chert - argillite boundary was explcred at depth during the
construction stage, when the drainage holes from the drainage adits

were core drilled. The siliceous argillite in the thrust block srea

is partially weathered and much broken by minor faults. At the level
of the upper drainage adit it was fresh end moderately hard, but
weathering and rock - flour persigted along the faults. This part
of the abutment was treated as an arez of low modulus and a valve

of 0.36 x 106 PsSsls was used for design purposes. As a result of
the stability enalysis the thrust block and its foundations were

1A i q
stabalised by thirty=-seven 170 ton stressing cables anchored

vertically at depths of 80 ~ 100 fi.

SPILLVAY ‘Lﬁ')'“'

The spillway aprons were pre-stressed to the rock downstream

.

of the dam and this has further assured the security of the dam,

A total of three hundred and sixty four 63" Freyssinet monostrand

[t

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

the "onion" slkin shell of rock.

DIVERSTION TUNNEL AND POWAIR CONDUIT

Both the diversion tunnel and the power conduit tunnel were
driven through sound, hard chert. The diversion tunnel encountered
Fault IT near the upstream portal and the feult breccia wes
weathered for 12 in. 4 number of minor faults were also encountered,
but these presented no stability problems. The tunnel, however,

was lined for hydrauliec reasSons.

The power conduit tunnel was also cut by & number of minow
faults and small gquantities (- in.) nit rock flour were present on
the fault planes. DNo stability problems were present, but the

tunnel has a sueel liner, Both tunnels provided excellent mezns of

i L e}



12.

1he

-1 5_

examining the interior of the right sbutment.

POTER STATTON

The power station is sited on hard chert on the foot wall of
the major fault that marks the downstream limit of the chert mass
that forms the right abutment. The station was sited so that most
of the excavation took place in the soft siliceous argillite on the

hanging wall of the fault. ' f
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PLATE,1s Devils Gate Arch Dam, nearing completion,




"onion® skin shell of rock immediately downstream of the

dam and the slot cut to take the dam behind the shell.



The upper left abutment during excavation showing the

0g

abutment slot and the

of the abutment.
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