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SUMMARY

" A proposal to excavate a 4a-mile-long tunnel for a sewer to
service the northern suburbs-of Canberra is being considered, The
tunnel would begin near the-Commonwealth Avenue-~Parkes Way traffic
interchange, and would run in a general westerly direction to a point
near Coppins Crossing. Geological mapping and diamond drilling indicate
that the tunnel would be in Ordovician and Lower Silurian. sedlmentary
rocks between Commonwealth Avenue and Black Mountain Creek, -and in
Upper Silurian volcanic rocks between Black Mountain Creek and the
outlet portal; the boundary between the sediments and the volcanics
is formed by the Deakin,Fault., The sediments.consist;infolded beds

of sandstone, eiltstone, shale, siliceous shale and chert; they.are
cut by several faults. Sandstone occurs under Black Mountain; . the

other sedimentary rock types are mainly east of Sullivans Creek,
Some interbedded sandstone, siltstone, shale and chert occur
immediately east of the Deakin}Fault on the western slope of Black

Mountain,

Diamond drilling and seismic iefraction surveys indicate
that in arees of shallow cover the tunnel would be in weathered rock
which Would require support ranging from rock bolts to steel sets,
, Under Black Mountain and the elevated area west of the. Deakln Fault
the tunnel would be in hard, . strong, fresh rock in which little or
no support would be required, Across Sullivans Creek, where tunnelling
conditions are expected to be difficult, it is proposed to place the
sewer in a trench. Almost . the entire tunnel will be beiow.the water
table and slight to moderate water inflows can be expected. Overbreak
in the tunnel will be minimal in fresh rock but some overbreak can be
expected where the rock is weathered. Investigationsxte select the site
of the outlet portal, near Coppins Creek, indicate that suitable rock
occurs at tunnel level at about chainage 800 feet, A suitable location
for the portal west of Sullivans Creek is indicated at about .chainage
17700 feet. East of Sullivans Creek it is recommended that the trench
be extended east to about chainage 19700 feet where suitable rock for
the portal is indicated., The three shaft sites'between.d%mmcnmealth.
Avenue and Sullivans.Creek aievconsidered‘satisfactopy; all. would be
in weathered siltstone., It is recommended that the proposed. shaft et
Black Mountain Creek be located in the dacite tuff at the site of drill
hole D.D, 2,



INTRODUCTION

In October, 1966, a request was received from. the Commonwealth
Department of Works for geological information on a proposed 4%—milef
long tunnel for‘an_outfall sewer to service the nérthernlsuburbs of.
Canberra, The proposed route started near the junction of Commonwealth
Avenue and London Circuit, and followed a line beneath.the Australian
National University and the southern part of Black Mountain.to a point
near Coppins Crossing (see Figure 1 and Plate 1). West of Black Mountain

"~ two alterﬁative routes were considered, one running neafly.west and the

other south-west,.

A geological investigation (Henderson, 1968) was .carried. out
during April and May, 1967. It indicated that difficult . tunnelling
conditions could be expeéted in areas of low cover beneath Sullivans
Creek,at Black Mountain Creek, and near the Hbtel.ActOn.; Bach of the
two proposed alternative routes west of Black Mountain appeared
practicable, Augering, diamond drilling and seismic refraction work .

were recommended to provide more information on tunnelling conditions,

To reduce the difficulties indicated in the geological
investigation, and to avoid cultural features such as roads, .the.
tunnel route was amended to that shown on Plate 1 of this report,

The tunnel would begin at a point immediately east of Commonwealth
Avenue, near the Commonwealth Avenue - Parkes Way traffic interchange
and would emerge at a point about £ of a mile east of Coppins Grossing,
From the end of the tunnel the sewer would follow a surface route to

a treatment works located downstream from Coppins Crossing.

a
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INVESTIGATION METHODS

GEOLOGICAL MAPPING

The mapping that was done during the preliminary. investigation
(Henderson, 1968) was extended to provide further information aiong the
amended route, In addition, a plane table survey was carried.oub-in the
outlet portal area, and a tape and compass survey onnBléck.Mountain.
Trenches on the east slope of Black Mountain and east of the Hotel Acton,

and cuttings along the new hospital road were also mapped,

SEISMIC INVESTIGATIONS

Seismic refraction surveys were carried out along:the tunnel
1ine-to determine the depth pf weathering in areas of low cover,
Initial surveys during 1968, by P.E, Mann of the Geophysical.Branch of
the Bureau, consisted of one traverse in the outlet portal area, four
at Black Mountain Creek and one on the east slope of Black:Mountain
(traverses KK', FF', GG', HH', JJ' and I&', Plates 2 to 4). In April,
1969, F.J. Taylor, of the Geophysical Branch of the Bureau, made five
traverses at the outlet portal to test possible alternative alignments
of the tunnel in this area (traverses AA', BB', CC", DD' and EB',
Plate 2), In July, 1969, a private organizatioﬁ, Soil Mechanics Ltd,
of Huntingdale, Victoria, made several traverses between the east slope

of Black Mountain and Commonwealth Avenue,

DIAMOND DRILLING

Diamond drilling was carried out from May to July, 1969,
by a drilling team from the Snowy Mountains Hydro-Electric Authority.,
Two drilling.rigs were used, with NMIC size triple tube core bharrels
and split inner tubes for maximum core recovery. Twelve holes were
drilled, each to a depfh of about five feet below the lowest practicable
invert level of the proposed tumel. Holes were drilled to-test
proposed portal and shaft locations and to give an indication of tunnell-
ing conditions, Water pressure testing, to determine the permeability

of bedrock, was carried out in all except one of the holes, The drill
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core was examined.and described as drilling proceeded; - drill logs

are included in Appendix 2. The core was photographed in the split
core barrel in the undisturbed state; it was also photographed -
later in the core boxes. The core is held at the Department of Works

store at- Kingston, A.C.T.

AUGERING

During June-July, 1969, twenty-two auger holes were drilled
along the tunnel line, five in the outlet portal area, two at Black
Mountain Creek, and fifteen between the ‘east slope of Black Mountain
and Commonwealth Avenue; a Gemco power auger was employed for the work.
Each hole was drilled to refusal, and samples were taken at ten-foot
intervals. The holes were logged by an officer of the Department of

Works.

PHOTOGEOLOGICAL ANALYSIS

“Simpson (1968) carried out a photogeoloéical analysis of the
area crossed by the tunnel route to identify the positions of any

fracture zones and significant directions of weakness.

PHYSTOGRAPHY

The proposed'tunnel will be driven through an area which can
be divided into three topographically distinct units. West of Black
Mountain the country is undulating, and slopes are gentle to moderate
(Piate 1). On Black Mountain slopes are steep, and the elevation rises
to about 500 feet above the general level of the surrounding countryside.

East of Black'Mountain the land surface is flat to gently undulating.

The Molonglo River (partly flooded by Lake Burley Griffin)
drains the entire area shown on Plate 1. From a mature stage upstream
'”from'the;Cénbérra City area the river becomes increasingly entrenched
westward towards its confluence with the Murrumbidgee River about five
miles downstream from Coppins Croésing° ‘The main tributaries shown on
the map are Coppins Creek, Black Mountain Creek and.Sullivans Creek.

The straight course of Black Mountain Creek is due to structural control
by the Deakin Fault. Lake Burley Griffin is a man-made lake.formed by
the Scrivener Dam;‘iff:}loods the former river valley to an R.L. of 1825

feeto



REGIONAL GEOLOGY -

The regional geology, shown on Plate 1, is mainly as interpreted
"

- by Opik (1958). The following paragraphs give a brief description of t

‘the stratigraphy and structure of the rock units to be crossed by the

proposed tunnel. Notes on weathering and groundwater are included.

STRATIGRAPHY

Lower Ordovician

‘The oldest rock unit in the area is thought to be the Black
Mountain Sandstone. No direct fossil evidence for its age has been
obtained; howevér, it appears to be older than the Pittman Fofmation
.whose age has.been-esfablished by fossils as Middle Ordovician. The
Black Mountain Sandstone is therefore assigned to the Lower Ordovician

but méy possibly be older.

The unit consists of beds of fine-grained, quartzosé sandstono
up to 5 feet thlck with occasional shale 1nterbeds not more than 6 inches
thick; it crops out exten51vely on Black Mountaln and is exposed in
cuttiugs along the Black Mountain road. On the south—east slope of Black
Mountain a trench exposed two beds of laminated shale, each with a vis-
ible thickness of 50 feet, stratigraphically below the main sandstone
body. This shale had prev1ously been mapped as State Circle Shale of

Lower Silurian age.

" The proposed tunnel line passes through the Black Mountain Sand-
stone between the South.Black Mountain Fault and the Black Mountain
. Fault. A diamond drill hole, D.D.10, on the east slope of Black Mountain,
penetréted Black Mountain Sandstone (see Plate h for locatioh of drill

hole and Appendix 2 for geological log).

Middle Ordovician

Between the Black Mountain Fault and the Deakin Fault the proposed
tunnel line passes through the Pittman Formation which is of Middle Ordo-
vician age. The Pittman Formation consists of interbedded sandstone, silt~
stone, shale and chert, individual beds are up to 4 feet thick, but thick-

nesses of up to 200 feet of one rocﬁm%ay occur as, for example, in the
Belconnen area. Outcrops occur along the tunnel line immediately west of
the Black Mountain Fault (see Plate 3). The Pittman Formation was pene-
trated by diamond drill hole D.D.3. ' '
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Upper Ordovician

The tunnel line passes through the Uﬁper Ordovician Acton
Shale between Sullivans Creek and the Acton Fault. The rock which
crops out immediately-east of Sullivans Creek is a lamfﬁgted slaty
siliceous shale; it was penetrated in diamon. drill holes D.D.6 and
D.D.12 (Plates 4 and 5). Interbedded siltstone and shale were found
in diamond drill hole D.D.11 (Plate 4); they appear to éverlie the

siliceous shale, probably conformably.

Lower Silurian

East of the Acton Fault the tunnel line crosses the Lower
Silurian Riverside Formation (Plate 5). Three diamond drill holes,
(D.D.7; D.D.8, and D.D.9) penetrated clayey siltstone in beds up to
one foot thick. This rock is exposed in cuttings along the new hospital
road and was mapped in trenches cast. of the Hotel Acton. In one cutting
along the new hospital road there is some limestone. West of the Acton
Fault, Lower Silurian State Circle Shale was observed by 8pik in the
foundations of University House. He interprets this occurrence as part
of a small wedge that rests unconformably on Ordovician rocks; it is

bounded on the east by the University Fault.

Upper Silurian

Outcrops of the Upper Silurian Mount Painter Porphyry occur between
the outlet portal and the Deakin Fault. Spik interpreted this unit as an
intrusive sill but recent petrological work indicates that it is, at least
in part, a welded crystal tuff of extrusive origin. The rock is massive,
dark grey or green-grey, and coarse-grained; it is of dacitic composition
and consists of crystal grains of quartz, feldspar and minor amounts of

altered mafic minerals in a matrix of devitrified glass.

Quaternary

Collnvium, probably mainly of Pleistocene age; covers the lower
slopes of Black Mountain. It consists of soft, poorly consolidated silty
clay containing angular to sub-rounded fragments of sandstone. A diamond
drill hole, D.D.5, on the east side of Black Mountain penetrated 63 feet of
this material before reaching bedrock. Most sandstone fragments are a few
inches or less in diameter, but one block encountered in D.D.5 was one

foot nine inches across.
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Alluvium occurs along the tunnel line at Black Mountain
Creek and at Sullivans Creek. Along Black Mountain the alluvium
consists of silty clay containing varying proportions of gravel; it
appears to be up to about 30 or 40 feet thick. The alluvium at
Sullivans Creek consists of silty clay possibly with some gravelly

horizons at depth.

STRUCTURE

‘The rocks along the tunnel route are folded and faulted. An
interpretation of the structure is shown in cross section on Plate 6.
The following paragraphs describe the nature of the folding and

faulting. Notes on jointing are included,

Folding

Bedding attitudes in the Black Mountain Sandstone show consider-
AaBle local variations in strike; dips are generally less than 45 degrees.
There appear to be no well defined fold axes which can be located on
the map although a complex s§hcline is indicated. A stereographic ﬁlot
of poles to bedding suggests a fold system with axes plunging east-north-
east. A minor anticliné was exposed in a trench close to diamond drill
hole D.D.10.

Beds of thesfgfﬁgan Formation immediately to the west of the
Black Mountain Fault/north-south and dip about 45 degrees to the east
(Plate 3). Towards the Deakin Fault bedrock is covered by soil and scree
and the attitude of the bedding is not known. No structural information
was found thgt would either confirm or disprove a supposed anticline which

" .
Opik (1958) shows between the Deakin and Black Mountain Faults.

The Upper Ordovician between Sullivans Creek and the Acton Fault
is exposed only near diamond drill hole D.D.6 (Plate 4), where it dips
steeply south-east. The structure of this area is not evident on the
surface. Bpik's map shows a syncline and an anticline, both complicated

by drag folding; his information was presumably derived from excavations.

East of the Acton Fault, in the Riverside Formation, opposing dips
in exposures along the new hospitalw&oad suggest an anticline plunging
south; its axis would pass through the tunnel line close to diamond drill

hole D.D.? (Plate 5). Trenches east of the Hotel Acton revealed bedding
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of very variable attitude. The predominant strike islslightly west

of north, and the dip to the east suggests that this area is on the
i ’

eastern limb of Opik's Acton Anticline. The diverging attitudes

probably.occur on minor folds, subsidiary to the main structures.

Faulting:

Several major faults crass the tunnel line and separate rocks
of different ‘geological ages (Plate 1). The Deakin Fault, east of
Black Mountain, separates Upper Silurian Volcénics from Ofdovician
and Lower Silurian rocks. The western block has a downthrow of at
least 4000 feet. The fault islconcealed by soil and scree in the area

of the tunnel line.

On the western slope of Black Mountain the Black Mountain
Fault separates the Pittman Formation from the older Black Mountéin
Sandstone. Another fault, the South Black Mountain Fault, forming the
south-eastern limit of the Black Mountain Sandstone, is thought to occur
bétween Sullivans Creek and diamorid drill hole D.D.5. The.eastern‘side

of the fault is downthrown.

Separating the Riverside Formation from the Acton Shale is the
Acton Fault which forms the eastern boundary of the Black Mountain Horst;
the downthrow to the east is about 3000 feet. The University Fault
Branches from the Acton Fault near University House. The downthrow is

to the west and the displacement is probably about 500 feet.

Other minor faults probably cross the tunnel line; however, they

are not expected to affect significantly the overall structural picture.

Jointing

All rocks along.the tunnel line are jointed. In the Black Mount-
ain Sandstone 282 joints were measured along the Black Mountain Road. A
stereographic plot of the results (Henderson, 1968) shows that, apart

from bedding plane joints, there are two principal joint directions,
. )
one averaging about 1070/7005 and the other about 0320/750E.

* That is, strikel 107° true, dip 70° south. All bearings in this report

are true bearings.
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Joint spacing, except in shear zones, is generally greater
than six inches, and ranges up to more than three feet. Some joint
orientations in the other formations were measured, but no predominant
joint directions can be predicted because insufficient readings were

taken to provide statistically significant results.

Joint spacing in the bedded sediﬁentary rocks is related to the
thickness of bedding. Sandstone generally exhibits more widely spaced
joints than finer grained, thinner bedded siltstone and shale. In the
siliceous shale of the Acton Shale the bedding plane joints are at few
places more than 1% inches apart and generally give the appearance of a

slaty cleavage.

Joint directions in the volcanics between the outlet and Black

. Mountain Creek are probably nearly random, taken overall, but principal
directions would occuf at any particular placef This supposition is
based on joint measurements in volcanics in the Belconnen area. A near-
vertical system, striking slightly west of north, is apparent in the
vicinity of the proposed outlet portal. Measurements of joint spacing
in outcrops along the tunnel line and in the drill core indicate that,
except in shear zones, joints are probably spaced between six inches and
two feet apart; however, in places they could be more widely spaced, as

seen in outcrops near Coppins Crossing.

WEATHERING

Weathering occurs in all rocks along the tunnel line; the nature
and depth of the weathering‘depend mainly on the particular type of rock.
The degree of weathering of the bedrock, as determined by drilling,
augering and seismic refractioh, is shown in cross section on Plates 7,

8, and 9.

In the area underlain by volcanic rocks, soil and completely
weathered bedrock extend to about 5 feet, and highly weathergd rock td a
maximum depth of about 40 feet. The completely weathered rock consists
of graiﬁs of quartz in a matrix of brown clay; it has the mechanical
properties of a soil. The highly weathered rock consists of quartz grains

in a brown soft and weak matrix of decomposed feldspar and other minerals.



"'10- :

Below the highly weathered zone the rock is moderately
‘weathered. Grains of quartz and white feldspar are visible and occur
in a brown matrix; the rock is moderately hard and strong. Below a
depth of about 90 feet the rock is no more than slightly weathered
except near faults such as the Deakin Fault where the seismic results

indicate weathering down to a maximum depth of 140 feet.

Within the weathered zone the degree of weathering may not be
uniform. In places residual masses of less weathered and even fresh
rock are surrounded and underlain by moderately to completelj weathered
rock. The residuals range in size from boulders to masses several feet

across; some of them appear at the surface as outcrops and tors.

The observed depth»of:weathering in the sandstone and shale on
Black Mountain ranges from 46 feet in diamond drill hole D.D.3 to more
than 100 feet in D.D.10. The depth of weathering in interbedded sand-
stone and shale, as determined by seismic refraction methods, is not as
predictable as it is in the more homogeneous volcanicfrocks, and there

is no close correlation between drilling and seismic results.

The siliceous shale is resistant to weathering and commonly
appears to be only slightly weathered at the surface, such as near
diamond drill hole D.D.6. However, open joints in this rock have allowed
access of groundwater, and slight to moderate weathering is observed to
the bottom of D.D.6 (60 feet 4 inchss).

The depth of weathering in the siltstone of the Riverside Forma-
tion is not known, as the seismic refraction survey did not pick up a
deep refractor in the area. The drilling indicates that moderately to

highly weathered rock extends to at least 70 feet.

GROUNDWATER

Below a level, which varies in depth from place to place, all
intergranular spaces and open joints are filled with groundwater. This
level is known as the water table. The intergranular porosity of the
fresh rocks is low.to extremely low in all rocks, consequentiy the spec-
ific volume of groundwater stored is a function of fracturing and weath-

ering.
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The position of the water table along the tunnel line is
‘indicated at several plaées'ffom the water level measurements made
in the diamond drill holes. Between Commonwealth -Avenue and diamond
drill hole D.D.10 the water table ranges from about 25 to 50 feet
(R.L. 1825 to 1855 feet) above tunnel level (see Plate 9). The watef.
table is high élong most of this section of the tunnel route because
joints are sealed with clay, preventing lateral percolation of water:
to lower levels. In the opeﬁ-jointed sandstone west of the South
Black Mountain Fault, and in the siliceous shale immediately west of
the Acton Fault, the water table is at a greater depth below the surface.
In the siliceous shale immediately east of Sullivans Creek the depth to
the water tablé is small because it is controlled by the level of Lake
Burley Griffin. '

The watér table under Black Mountaln Creek is about 30 to 60 feet
above tunnel level (R.L. 1825 to 1855 feet, see€ Plate 8). In the outlet
portal érea (Plate 7) the proposed tunnel is at or above the level of the
water table for a short section in from the portal; however, the water

table rises above tunnel level to the east.

Between the outlet and Black Mountain Creek and under Black
Mountain-there is no direct information on the position of the water table.
However, general groundwater conditions in the area (Burton, 1967) suggest

that the water table would be approximately as shown on Plate 6.

ENGINEERING GECLOGY

TUNNELLING CONDITIONS

Rock Strength

" The strength of the rock material depends oﬁ the roék type and
the degree of weathering or other alteration. Definitions of terms used
in reference to rock strength and rock weathering are given in Appendii 1.
The depths of weathering in areas of shallow cover along the tunnel line
are shown in Plates 7, 8, and 9. The strength of the rock.mass as a Whole
depends on a combination of rock type, weathering and the presence of-

structural discontinuities such as joints, faults and shear zones.
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The dacite crystal tuff which occurs west of the Deakin
Fault is very.hard and strong where fresh to slightly weathéred.

To excavate it close drilling and blasting would be required.
Moderately weathered dacite tuff can be excavated by light drilling
and blasting, and finishing done with pneumatic power tools. Highly
weathered rock can generally be excavated by earth-moving equipment
such'as a back-hoe. The éompletely weathered rock has the properties
of a soil. | )

The drilling indicates that most of the dacite tuff at tunnel
level is fresh;»weafhered tuff occurs in areas of low cover near the
outlet portal and the Deakin Fault. Joints are generally moderately
to widely spaced. Any wide shear zones that may be present and which
would seriously reduce the strength of the rock mass, are not exposed
in outcrop. Some shearing and quartz veining, which may be associated
with faulting, is evident in outcfops at about chainage 8000 feet; thé
exposed Bedrock, though alfered, remains hard. Seismic results’
indicate an increase in the depth of weathering near the Deakin Fault;
there, the rock is probably strongly sheared, closely jointed and

seamed with clay.

The massively bedded sandstone under Black Mountain is probably
fresh and very hard; it would need to be broken from the tunnel face by
.close drilling and.blasting. The thickness of the sandstone beds:
generally ranges from about one to five feet, with occaéional thinner -
beds., Joints are moderately to widely spaced from, say one to five
feet. Minor shears a few inches wide were observed at several local-
ities. The strength of the rock mass would be reduced slightly by thin

shale interbeds which are known to occur throughout.

Interbedded sedimentary roeks occur in two places along the
tunnel line: siltstone, sandstone, shale and chert between the Deakin
and the Black Mountain Fault on the_western_slope of Black Mountain,-
and siltstone and shale-betweennSullivans Creek and-the Acton Fault.
Their strength is reduced by-the occurrence of weak beds, and of thin

and closely jointed beds within the harder and thicker strata.

The rocks between the Deakin and the Black Mountain Faults are
expected to be unweathered at tunnel level -except for a short section
near the Deakin Fault. Drilling and blasting will be required to break
the rpck.v The shale beds are compératively soft and many beds are thin
and closely jointed; these two factors should result in a higher drilling

rate, and smaller explosive charges than in the dacite tuff and Black
Mountain Sandstone.



TABLE 1, Tunnelling conditions, based on tumnel inwert at R.I. 1770 feet at outlet portal

of poor tunnelling conditions).

(This #able. gives the conditions to be expected generally., In all sections structural defects msy produce nmerrov zonescf

ROCK TYPE AND DZGRER ROCE STREIGTE OVERBREAK SUPPORT INITIAL GROWDVATR LIFLOY
Record 1970/61. OF VZATEERING
Ch., 00 - 800 feet DACITE CRYSTAL TUFF, Soft, weak Bottonm of trench at or above
(Trench) moderately to highly water table
weathered
Ch, 800 = 1000 feet DACITE CRYSTAL TUFF, Moderately hard and Slight to moderate Steel sets Slight to noderate, up to zbout
slightly to moderately strong 4 grll/min. per 10C-foot lengik
weathered of tunnel initiel inflow. Rapid
. decline, with temporary increasse
efter heevy rain
Ch. 1000 ~ 2100 feet DACITE CEYSTAL TUFF, Hard, strong Mostly slight Rock bolts, a few steel Moderete up to about 3C gell/min.
fresh to slightly weathered sets locelly per 100~foot lencth of tumnel
Ch. 2100 - 9600 feet DACITE CZYSTAL TUFF, . Hard, strong Kostly slight No surzort except for Hoderate, about 20-60 gall/min. ver
possibly & srell emount a few rock bolts locally 100-foot length of tunnel
of rhyolite, fresh
Ch. 9600 ~ 10400 feet DACITE CEYSTAL TTFF, Eard, strong Mostly slight Rock bolts, a few steel toderate, about 18 gell/min. per

fresh to slightly weathered

sets locelly, psrticularly
ckainaze 10,200 - 10,4CC

10C~foot length of tunzel

10400 -~ 10920 feet

Ch. DACITE CRYSTAL TUFF, FKoderately soft and Moderate Steel sets Koderate, about 18 gall/nmin. ver
nodere tely weathered wezk to moderately 10C-foot length of tunnel
Fault zone at sbout herd and sirong
chaifage 10920 feet

Ch. 10929 - 11000 feet INTERBEDDED SLNDSTONS, Hoderately hard and Moderate Steel sets Hoderate, about 8 gell/min. per

SIITSTCLZ, SHALE AND
CHZRT, moderately
weathered

strong; soft, weak
shele beds

10C~fcot lergth of tunnel

Ch.11,006-12580 feet

INTERBZTDED SANDSTORE,
SILTSTOHZ, SHALE AND
CEERT, fresh.

Feult gone at about
¢hainege 12580 feet

¥oderately herd and

strong to herd, strong

Slight to moderzte

Rock bolts, possibly no
supprort in places

Hoderate, about 8-12 gall/min. per
1CC-foot length of tumnel

Ch.

125680 « 17400 feet

SANDSTCHE with a few thin
skale interbeds, fresh

Herd, strong

Hostly slight

Fo support except for e
few rock bolts loecally

Foderate, about 10-20 gell/min,. per
100-foot length of tunnel

Ch.

17400 ~ 17800 feet

SANDSTONE ARND SEALS,
slightly to moderately
weathered

¥oderately hard end
strong

Slight to moderste

Steel sets, possitly only
rock bolts towesrds Ch. 17400

Hoderate, about 10 gall/min. per
100-foot length of tunnel



*
1 s
TABLE 1 (cont.
ROCK TYPS AND DEGREE ROCK STRENGTH OQVERBREAK §WO§T DNITIAL GROUMDUATTE INFLOW
Rec.1970/61 OF YEATEERING
Ch, 17800 ~ 18330 feet SOIL iND SCREE Soft, weak; scree is Protably slight
(Trench, of tunnel ). veakly cemented and
: stends in high vertiz-l
faces
Ch. 18330 - 18810 feet ALLIUVITE Soft, week Full side-support of Unknown
(Trench} trench
Ch, 18810 - 19220 feet SITIZZCTE ZHALE, “oderately hard, wesk loderate Steel sets, mesh if 3light to moderate
(Punnel or Trench} slightly to moderately tunnelled
wezthereé (2t tunnel
level}
Ch, 19220 -~ 19680 feet IIRIEBEZDIZD SIITITCHE Soft, wesk Foderate Steel sets if tunnelled, Siight, less tkan i gz1l/zin. per
(Purnel or Trench) AND SFALE, poderately 20'-30' of unconsalidated 100-foot length of tunnel
: wezthered (et tunnel level) materizl would need
- to be btettered
Ch, 19680 - 19850 feet DNTSRBILDED SILTSTONS Hoderately hard and Moderate Steel sets or rock bolts Slight, less than 1 gell/amin. ver
. AKD SHALE, fresh to strong 100-foot length of tunnel
slightly westhered

Ch. 19850 - 20770 feet LiIPZRBEDPDED SITTSTONE Foderately soft and Foderate Steel sets Slight, lecs then 1 gell/min. per

. AND SHALE, slightly to week 100-foot length of tunnel
poderately weathered.
Fault Zone at about
cheinage 20770 feet.

Ch, 20770 ~ 20970 feet SILICZCUS SEALE, Foderately hard, week Hoderate Steel sets, mesh -Hoderate, sbout 12 g2ll/min. per
slightly to moderately 100-foot length of tunnel
weathered

Ch, 20970 =~ 21290 feet SILICSCUE SEALE, Esrd, week Hoderate Steel sets, mesh Koderate, about 7 gall/min. per
frech to slightly wezthered 1C0~foot length of tunnel
Feult Zore at ebout ¢hainzge
21290 feet .

Ch. 21290 ~ 24218 feet SILT3TCIZ, moderately to Soft, weak; so0il-like Moderate Steel sets, possible need Slight, less than 1 gall/min. per

highly weethered

in place- east of DD 9

for forepoling and spiling
east of DD 9

100-foot lengtk of tumnel
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The siltstone which occurs east of the Acton Fault is expected
to be very weak throughout because of deep weathering,close jointing
and numerous clay seams. Tunnelling could probably be done by means
of pneumatic tools or mechanical equipment that can excavate soft

rock. Light blasting may be needed in some places.

The siliceous shale east of Sullivans Creek is slightly to
moderately weathered; it is moderately hard, broken by closely spaced
joints and tends to split easily along the laminations to form slaty
fragments., The siliceous shale west of the Acton Fault is mainly fresh

to slightly weathered at tunnel level; it is hard but closely jointed.

The siliceous shale is expected to act as a fairly hard rock in drilling,
and the drill may tend to be jammed frequently by broken fragments.
Breaking out of the rock in blasting will be facilitated by the close

jointing.

:OVerbreak

Overbreak depends on the strength of the rock and on the orient-
ations of bedding planes, joints and other planar defects. it would be
a minimum in fresh, tight-jointed or unjointed rock where the strikes of
the planes of parting are nearly at right angles to the tunnel line.
However, where intersecting joints and bedding run parallel 6r'near
parallel to the tunnel line, some overbreak could be expected, even in

fresh rock.

A photogeological analysis of lineations in the dacite tuff
(Simpson, 1968) suggests a prominent joint direction south of the tunnel
line ranging in strike from70 to 100 degrees; north of the tunnel line no
preferred joint direction is evident. The prominent joint directions
south of the tuﬂnel line would be nearly parallel to the tunnel, and, if
encountered in the tunnel, may cause some overbreak. However, the
moderate to wide spacing of joints indicates that overall there should

be little overbreak in the dacite tuff.

In the Black Mountain Sandstone the photogeological analysis
shows no preferred trend of lineations. However, measurement of joint
directions in cuttings along the Black Mountain Road indicates preferred
directions of about 107°/70°S and 032°/75°E. Bedding attitudes vary

widely and in some places the strike is parallel to the tunnel line.



_&nd mesh will probably be needed to prevent small:frééménts falliﬁ§;i ﬂf*
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The direction of the tunnel line through most of the Black Mountain
Sandstone is 090 degrees which is close to the joint direction
striking at 107°degrees. Therefore in some places the directions
of bedding, jointiﬁg and the tunnel may be similar, and some over-

break can be expected.

In the sedimentary rocks west of the Black Mountain

Fault there is no indication of preferred joint directions. Bedding

- strikes almost at right angles to the tunnel line; dips are commohly

less than 60°.

Overbreak in rocks weakened by weathering will be
greater than in the fresh rock. This will particularly be the case
in the weathered rock which occurs at tunnel level east of Sﬁllivans
Creek. Overbreak will be greater in rocks which part readily along
bedding or joint planes. In the brittle siliceous shale, bedding and
joint planes are closely spaced and tend to be open; overbreak is

expected to occur in this rock.

Support '

Support would be required for tﬁe tunnel where rock is
liable to fall from the roof or walls. In general fresh rock would
not require support unless the orientation and-spacing of joints and
bedding planes were such that unstable or poorly_Supported blocks were
present in the tunnel roof; in this case réckbbolts would be needed.
Steel suﬁports would probably be needed in closely sheared zones. In
the fresh dacite tuff, @nd probably in the fresh Black Mountain Sand-
stone, little, if any, support will bé needed in the tumnel, other than

in fault and shear zonés. In the closely joiﬁted_si;;céous.shale bolts

S

}vffygg,the roof.

- Slightly weathered rock would_békalmOSt as‘hard.and_
strong as the fresh rock. Where it is verging on moderately weathered
its stréngth, though reduced, would be sufficient ta ensure stéble
walls and roof in the absence of structural breaks. However, in most
types of rock, weéthering givés rise to clay minerals which - tend to
coat, or form the walls of joints; faults and. shears. Tgiévdecreéses
the frictional resistance-and diminishes the support of biocks of rock

in the walls and roof that are bounded by joints, faults or shears.
Weathering also tends to reduce the cohesive strength across bedding
planes. As a result increased support is needed by way of rock bolting,
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and locally of steel sets. Clay is likely to form or accumulate in
joints in the weathered bedrock except where very siliceous types of
rock, such as the Black Mountain Sandstone and the siliceous Acton

Shale, occur,

Moderately to highly weathered rock would probably

need steel supports throughout.

7 The length of tunnel which would require support has
been estimated from the rock conditions indicated by the drilling and
seismic work. About 25% of the tunnel would require full steel
support and about 20% would need rock bolts and perhaps a few steel
sets locally. The remainder would be in hard, strong rock which
would require no support except possibly some local rock bolting. The
sections of tunnel where support would be required are near the outlet
pcrtal, under Black Mountain Creek, near the portal on the west side of
Sul.ivans Creek, the whole tunnel between Sullivans Creek. and Common-
wealth Avenue, and locally elsewhere where structural defects have
produced narrow zones of rock or unstable groﬁnd at tunnel level. A

summary of probable support requirements is given in Table 1.

Inflow of Groundwater

Except for a short section near the outlet portal the
tunnel will be below the water table throughout, and wet conditions can
be expected. Estimated inflows from place to place along the tunnel
line are summarized in Table 1. The rate of water inflow will depend
on the height of the water table above the tunnel and on the permeabil-
ity of bedrock. The total inflow.will depend on the amount of water
stored in joints above tunnel level. - The rate of inflow will tend to
diminish as the reservoir is drained. Water pressure testing of drill
holes was carried out to give an indication of bedrock permeabilities;
the results are shown in Appendix 3 and on Plate 10. In the several
types of bedrock along the tunnel line, the rock material is virtually
impermeable; the observed permeability is due to fractures in the rock
mass. Permeabilities in ten-foot intervals of drill hole range from

zero to more than 500 feet per year (40 lugeons).
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In the Canberra area, in a normal season, groundwater
levels are highest in October-November and lowest in June-July.
Consequently inflows into the tunnel would tend to be greatest about
September-January and least in the early winter. As the level of the
water table varies only a few feet in the course of the year the
seasonal. affect would be most marked where the water table is only a
few feet above tunnel level. In these areas, also, the decline of
inflow from the initial inflow will tend to be greatest; on the other
hand inflow into those sections of tunnel with low cover will tend to

be most sensitive to heavy rain.

In those drill holes where relativel%?ﬁéfer losses occurred
it appears that there are a few open joints, represented by broken
zones in the drill core, along which most‘pf the water loss took place.
The rate of water inflow could be reduced, if necessary, by grouting

the joints.

Estimates of volumes of water flowing into the tunnel are
derived from water pressure test results by a method explained in
Appendix 3. Table 2 shows the estimated inflows into a 100-foot length
of tunnel near those drill holes where considerable water losses

occurred.

Table 2.Estimates of flow of water into tunnel where water

‘water loss was high in drill hole.

Estimated flow of water into  Approximate height of water
100-foot length of tunnel in  table above tunnel in feet,

Drill Hole gallons per minute, for R.L. as measured immediately after
of tunnel as shown in plans. drilling.
D.D.2 18 60
D.D.3 8 30
D.DJk4 19 20
D.D.10 12 25
D.D.12 12 25

In other drill holes tested, but not shown on the table, the indicated
water inflows are less than one gallon per minute for a 100-foot length of
tunnel. The water table at D.D.1 is below tunnel level; if it were say 30
feet above tunnel level the inflow into a 100-foot length of tunnel would

be 3 gallons per minute.
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The greatest inflows are expected to occur where the water
table rises to a maximum height above the tunnel. This occurs between
the outlet portal and Black Mountain Creek where the wate~ table is
estimated to rise to 140 feet above the tunnel at the highest point.
The bedrock along this section is dacite crystal tuff similar to that
in diamond drill holes D.D.1, D.D.2, and D.D.4. From the water inflows
calculated for these three drill holes, at the respective heights of
the water table above tunnel level, it is estimated that the initial
water inflow, where the wate: table is 140 feet above tunnel level,
will be between 40 and 100 gallons per minute, for a 100-foot length

of tunnel.

Under Black Mountain the water table is not expected to rise
more than about 40 feet above tunnel level. From the water inflow
estimate for the tunnel near drill hole D.D.10, which is in Black Moun-
tain Sandstone, it is estimated that the maximum water inflow into a
100=foot length of tunnel under Black Mountain would be about 20 gallons

per minute.

Water losses in drill holes D.D.6 and D.D.11 east of Sullivans
Creek were negligible. However, only one 10-foot section in D.D.6 and
twaub.D.11 Were tested vhich is probably insufficient for a reasonably
accurate.indication of likely water flows in this section. Moderate
water losses occurred in D.D.12 in the Acton Shale near Liversidée Street,
and an estimated 12 gallons per minute would flow into the tunnel at this

point.

East of the Acton Fault there is a possibility of encountering
limestone which may be cavernous. In this case a large inflow of water
could occur. However, water losses in the siltstone encountered in
drill holes D.D.7, D.D.8, and D.D.9 were small, and, unless limestone is
present, they ghhuld be indicative of water inflow to be expected in this
section. Cavernous limestone was encountered inthe foundations for the
Secretariat Building, near the National Library, and limestone occurs
in the Canberra Hospital peninsula. (See Plate 1). The nearest exposure
of limestone to the tunnel line occurs in a cutting along the new hospital
road. This limestone does not show any signs of solution and its project-
ion along the strike of bedding does not cross the tunnel line. There

may, however, be other concealed ~imestone lenses along the tunnel line.
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PORTALS

As well as an outlet portal for the tunnel near Coppins Creek
a portal will be needed each side of Sullivans Creek, where it is
proposed to place the sewer in a trench. The following paragraphs

describe the bedrock conditions at the portal sites.

Qutlet Portal

The proposals for the tunnel provide for an outlet portal at
about the centre of the area shown on Plate 2. At the present (December,
1969) gtage of ‘planning, a tolerance of about 20 feet, between R.L. 1760
and R.L. 1780 feet, is permissible in the invert level. Investigations
undertaken to select the site included two diamond drill holes, five
auger holes and six seismic refraction traverses. ‘The proposegwgggnel
line follows seismic traﬁerse AA': traverses BB', -CC' éﬂdﬂKKTMWere rlaced

along possible alternative routes.

The site for the. portal was selected so that, on the one hand
there is sufficient cover of sound bedrock east of it in the tunnel,and on
the other hand there is a minimum depth of cover west of it where the
sewer would be placed in a trench. Bedrock in the portal area is dacite
crystal tuff; Plate 7 shows in vertical section an interpretation of
weathering .zones along the progbsed route. A suggested elevation of the
tunnel is shown with a portal at about chainage 800 feet. The exact
location of the portal would dépend on cenditions revealed by the excava-
tion but, it is expected, shculd be somewhere between the positions of

auger hole A.23 and diamond drill hole D.D.1.

Auger hole A.27 was put down to test tﬁe site of a possible

" alternative location for the portal. The tunnel line for this portal
site would follow traverse CC' and join the original tunnel line at the
intersection of traverses CC' and AA'. No advantagé is seen in this
alignment however; the auger hole penetrated to 47 feet in\weathered
bedrock, and the seismic traverse CC' indicates that fresh bedrock is

no closer to the surface than along the originally proposed tunnel route.

Portal West of Sullivans Creek

Diamond drill hole D.D.5 was sited east of Clunies Ross Street,
where it was hoped to be able to locate the portal so that no diversion

of the roadway would be necessary. However, D.D.5 penetrated soil and scree
to a depﬁhfdﬁ 63 feet, and soft highly altered mudstone for a further 3
feet; -this indicated that a portal east of the road would be in unconsol-

idated material.
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Another drill hole, D.D.10, was then drilled west of the road;
it penetrated interbedded sandstone and shale beneath only a thin over-
burden of soil. The bedrock is soft down to about 35 feet; below this
most of the core is moderately hard and strong, although there are
several intervals of soft rock, generally shale. The change to harder
rock at 35 feet agrees with the results of a seismic travérse along the
tunnel line. The seismic results indicate that the depth to hard bedrock
increases -to the east and that the hard bedrock surface approaches tunnel
level at about chainage 17700 feet. To have a portal in reasonably hard
bedrock it would therefore be necessary to place it at, or west of, chain-

age 17700 feet.

Portal East of Sullivans Creek

Diamond drill hole D.D.6 was drilled at the intended location of
the portal east of Sullivans Creek. However, drilling revealed very
broken siliceous shale in which it would probably be difficult and costly

to establish a portal.

An alternative scheme was suggested by the Department of Works
engineers in which the trench would continue across the flat south of the
Research School of Physical Sciences, and a portal would be established in
the slope south of the Department of Geophysics and Geochemistry. The
trench would follow a line slightly south of the originally proposed tunnel

route.

Drill hole D.D.11 was put down to test the alternative portal site.
It revealed siltstone and shale weathered to a depth of 53 feet. The
drilling and the results of a seismic traverse indicate that a portal could
probably established near D.D.11 or up to 50 feet west of it; a portal at

this locality would be in stronger rock than one near D.D.6.

SHAFTS

It is proposed to put down several shafts along the tunnel line,
to provide access, and later ventilation, along the sewer line. Present
proposals envisage'three shafts between Sullivans Creek and Commonwealth
Avenue, one near Black Mountain Creek and possibly one about half way

between Black Mountain Creek and the outlet portal.
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Between Sullivans Creek and Commonwealth Avenue diamond
drill holes D.D.7, D.D.8 and D.D.9 were put down at proposed shaft
sites; all revealed moderately to highly weathered siltstone. Excav-
ation at each site can probably be accomplished without blasting.
D.D.7 and D.D.8 both encountered very soft réck; in D.D.9 the drill core
is harder and there is less clay along joints. The walls of the shafts

will need to be supported.

' The tunnel line near drill hole D.D.?7 is not the one that was
originally chosen., The original site for a shaft and for D.D.7 was

in the middle of a deposit of fill covered by dense shrubbery. The
drill hole and shaft site, and the tunnel line were consequently moved

to the north.

Diamond drill holes D.D.2 and D.D.3 were sited at two possible
locations for a shaft near Black Mountain Creek. D.D.2, west of the
creek, encountered dacite crystal tuff; and D.D.3, east of the creek,
encountered interbedded sandstone and shale of the Pittman Formation.
The dacite tuff in D.D.2 is weathered to a'depth of 76 feet (for log
see Appendix 2). The walls of a shaft would probably need support down
_to at least 45 feet., Close drilling and blasting would be needed in
the fresh rock below 76 feet. |

At D.D.3 bedrock is covered by soil and scree to a depth of 28
feet; below the overburden soft siltstone and shale occur down to 80 feet.
A shaft here would require support down to at least 80 feet. Conditions
for a shaft therefore appear better at the site of drillhole D.D.Z2.
Further, the depth to tunnel level at this site is 20 feet less than at
D.De3. Possibly an access ramp will be constructed instead of a shaft.
For this purpose rock conditions, topography and location of water-

courses are more favourable at D.D.2.

A shaft half way between Black Mountain Creek and the outlet
portal would be in dacite crystal tuff. On geological grounds the loca-
tion of the shaft is not critical. Bedrock is probably not weathered
below the depth of about 90 feet indicated by the seismic traverses &
the outlet portal,l Support would probably be needed down to about 4
feet as at D.D.2. The fresh rock below 90 feet would require close

drilling and blasting.
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TRENCH ACROSS SULLIVANS CREEK

Across Sullivans Creek (Plate 4), where tunnelling conditions
are expected to be difficult, it is proposed to place the sewer in a
trench. The length of trench depends on the location of the portals.
On the western side of'the creek the portal would be either in bedrock
at about chainage 17700 feet or in soil and scree at some point to the
east. On the eastern side the portal would be either near drill hole

D.D.6 or farther to the east near drill hole D.D.11 (see "Portals'").

The western part of the trench would be in soil and scree which
consists of soft, poorly consolidated silty clay containing angular to
sub-rounded fragments of sandstone. In drill hole D.D.5 the base of the
soil and scree is 63 feet below the surface (R.L. 1885 feet). West of
the drill hole the soil and scree becomes thinnér, and the bottom of the
trench for a short section near the portal would be in interbedded sand-

stone and shale (Plate 9).

Under the creék the trench will be in alluvium. The position
of the boundary between the soil and scree, and the alluvium is not
known accurately; the inferred position is shown on Plates 4 and 9. The
alluvium consists of silty clay with possibly some gravelly horizons at
depth, as indicated by auger holes put down some years ago further up the

creek.

Where the trench crosses the creek a coffer dam will be needed
each side of it. The banks should consist of impermeable material to

keep water leakage into the trench to a minimum.

If the trench is extended east of the creek it will be in silic-
eous shale between about chainages 18800 and 19200 feet. Between chainage
» 19200 feet and a portal at about 19680 feet the bedrock is probably mod-
e}ateij'?to highly weathered siltstone and shale overlain by up to about

20 feet of soil which is at least partly alluvium and fill.

Exavation of the trench will be possible with earth moving equip-
ment in the soil and scree, and in the alluvium. Some light blasting
will probably be needed where bedrock occurs. The trench will be up to
70 feet deep and supports will be needed to prevent collapse, particularly

in the soil and scree, and in the alluvium.
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Water inflows will probably be slight in the soil and scree,
and in the siltstone and shale. Moderate water inflows may occur in

the siliceous shale and if gravel beds occur in the alluvium.

SEISMICITY

Seismic activity in the region is fairly common but is of low
magnitude, not exceeding 32 on the Richter scale and generally much lower.
(Cleary, 1967). The ground accelerations éssociated with the recorded
shocks would not be sufficient to affect the tunﬁel and 1ﬂ§@portals .

None of the faults crossed by the tuhnel line has been‘acti§é in recent

times, and any.future movement is considered extremely unlikely.

USE OF EXCAVATED MATERIAL

Fresh dacite crystal tuff excavated from the tunnel would be a
source of high grade concrete aggregaté for lining the tunnel and shafts,
provided that it could be suitébly Crnéhgg and screened. The rock is
extremely hard and strong, and is not knéWﬁ to contain any minerals
deleterious to concretelsThe sandstone from under Black Mountain could
also be used for aggregate provided that it does‘not contain an undue

proportion of shale.
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CONCLUSIONS AND RECOMMENDATIONS

1. The investigations carried out indicate that, on geological
grounds, proposed route for the tunnel is suitable. The route incorporates
some minor alterations to the tunnel alignment made desirable by the

results of drilling and surface investigations.

2. It is estimatéd from the drilling and seismic refraction
results that about 55% of the tunnel would be in hard, strong, fresh

rock where little or no support of the tunnel roof would be needed.

3 Abvout 25% of the tunnel would be in rock softened and weakened
by weathering in which the roof of the tunnel would need to be supported
by steel sets. Another 20% of the tunnel would need rock bolts and

possibly some steel sets for support.

4, Overbreak in the tunnel would be minimal in fresh rock where
joints and bedding planes are at a high angle to the tunnel. Some
overbreak can be expected in rock softened and weakened by weathering.
In places intersecting planar defects such as bedding'and faults joints

striking parallel to the tunnel may give rise to some overbreak.

5. Close drilling and blasting would be needed to excavate fresh
rock. Where the rock is highly weathered excavation without blasting
will generally be possible; some forepoling may be needed in the worst -

ground. Moderately weathered rock will fequire light blasting.

6. Almost the entire length of the tunnel will be below the

water table and consequently wet c@%@itions can be expected., Water-
pressure testing of drill holes indicates that water flows into 100-foot
lengths of tunnel will range from almost zero to about1bQ_gallons per

minute,

7. A suitable location for the outlet portal is indicated at
about chainage 800 feet for a recommended tunnel invert level of 1770
feet.



2k,

8. For the portal west of Sullivans Creek suitable bedrock at

tunnel level is indicated at about chainage 17700 feet.

9. Bast of Sullivans Creek it is recommended that the trench

be extended east along the alternative alignment which passes through
drill hole D.D.11. Suitable bedrock for the location of the portal is
indicated at about chainage 19700 feet. '

ST

10. The three shaft sites at drill holes*DiD.7, D.D.8 and D.D.9

are considered satisfactory from a geological viewpbint.

1. It is recommended that the shaft at Black Mountain Creek be
located at the site of drill hole D.D.2 rather than at D.D.3.
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APPENDIX 1
DEFINITIONS OF SEMI-QUANTITATIVE

DESCRIPTIVE TERMS

Grain Size

Coarse-grained -1 mm to 4 mm in diameter
Medium-grained - -+ mm to 1 mm in diameter
Fine-grained - Less than 7 mm in diameter
Bedding . ' .
Laminated - Less thaﬁyio mm thick
Thinly bedded - 10 mm to 100 mm thick
Thickly bedded - More than 100 mm thick
Hardness
Hard to very hard - impossible to scratch with knife
blade
Moderately hard - Shallow scratches with knife blade
Soft - deep scratches with knife blade

Percussive strength

Strong to very strong -~ cannot be broken by repeated blows with
‘ & hammer
Moderately strong - rock breaks after 3 or 4 heavy blows
with hammer '
Yeak - rock breaks after one blow with
hammer (includes brittle, fissile,
friable, plastic and flaky rocks)

Joint Spacing

Closely spaced - joints sPaééi~less than 6 inches
apart |

Moderately spaced - joints spaced between 6 inches at
3 feet apart

Widely spaced ~ joints spaced more than 3 feet apart



Weathering

V Fresh

Slightly weathered

Moderately weathered

Highly weathered

Completely weathered

II.

rock‘shoﬁgthkgiscolouration or

loss of strégéth

rock is slightly discoloured but

not noticeably lower in strength than
the fresh rock

rock is discoloured and noticeably
weakened but a 2-inch diameter drill
core cannot usually be broken by
hand across the rock fabric

rock is discoloured and weakened to
such an extent that a 2-inch .
diameter core can be broken readily
by hand across the rock fabric

rock is discoloured, decomposed and
easily crumbles, but the fabric of
the rock is mostly preserved. Rock
has the engineéring properties of a

soil.
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GEOLOGICAL LOGS OF DIAMOND DRILL HOLES
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CORE. . [recover s T I ;;L?
|4 3
. e NYX 4 %]
Soil and siliceouvs casin pa%s E
N . Z
shale fragments o 450 zl
A V.
SILICEOWS Brown 4o pale grey NHL e 2
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I.

APPENDIX 3
WATER PRESSURE TESTING

Water pressure testing, whereby water is intiédﬁggd under
pressure into a section -of drill hole and the water loss measured,
was carried out in all drill holes except D.D.5. Testing was
carried out at 10-foot intervals down from the highest level that the
packer would seal in each hole. D.D.5 was not tested because the
packer would not seal in that hole. In all drill holes, ex“c“i__a@g D.D.7,
D.D.11 and D.D.12, pressure in the test sections was meintained by a
mindrill pump capable of delivering water at a maximum pressure of
150 pounds per square inch. 1In the drill holes where the pump was not
used the éupply'line was connected to the nearest water main. All

testing was done with a mechanical pécker.

In the computation sheets the field results are reduced to
give water losses in gallons per minute per foot of drill hole, and to
give the effective pressures in the test sections. Rock permeabilities

are also calculated,

The water loss(t,, in géllons per minute per foot of drill

hole, is obtained by the formula:

#4
[}

kh
i _ -
where k = a conversion factor, theoretically derived, which allows for
leakage paths at the ends of tést sections different from
those at the centre of: téﬁ%asectlons.
h = the leakage rate in gallons per minute

the length of the test section. in feet

The effective test pressure (s), in pounds per square inch,

is obtained from the formula:

s=d+p-q-r1
where d = the gauge pressure
p = the water column pressure
g = the loss of pressure in the supply line
r = the loss of pressure in the packer



II.

The water column pressure (p) depends on the slope depth in
feet to the water table (1) in relation to the slope depth to the test

section (a).

If 1<¢ athe formula used is
0.44 sin ¢ (1+m)

p:
where 6 = the slope of the drill hole in degrees
m = the slope height from the collar of the drill hole to the

pressure gauge

If  1>athe formula used is
‘ﬁéi?@éo'44 sinen

where n = the length of the supply line.

The pressure losses in the supply line and packer depend on
the rate of water. loss.in the test section. To obtain these pressure
losses graphs derived from calibration tests carried out at Corin Damsite
(Best, 1969) were used. | |

The water losses at the respective effective pressures were
used to calculate the joint permeability »f the rock in each 10-foot
section. The joint permeability (U), in feet per year, obtainc<d from
the formula derived by engineers of the Snowy Mountains Hydro-Electric

Authority,is:

U

1 16200 (1 + 0.825 log ,

i)
g 1 (\*R

- where h = the flow out of the test section in gallons per minute

8 = the effective pressure in the test section in pounds per
square inch ,
i = the length of the test section in feet

R = the radius of the drill hole in inches

To use the test data from an NX size drill hole to compute the
approximate leakage due to groundwater into a 10-foot diameter tunnel,

located below the water;ﬁg@;e, the following procedure is adopted,



III

The leakage per foot of drill hole at the effective pressure
in the test section is converted to thevleakage that would occur at the
groundwater'pressure at the roof of the tunnel. It is then multiplied
by a factor of 1.6 which,ina10-foot diameter tunnel, gives the leakage
per foot of tunnel for a 100-foot long section of tunnel, 1In estimating
the flow of water into the tunnel the average rate of water loss in the

drili_hole at a given pressure is taken,



BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS

WATER PRESSURE TESTS
REDUCTION OF FIELD RESULTS

erovecr _NORTH _ _MOLONGLO _ _OUTFALL SEWER  rearuse ___0'_01'_1.51'__ _&_BIQL o HOLE NO.
anoLe From HorizontaL (014§ oimecTion Q&J_{(I&Q)_, riofcortarn__ VRIS fszeorwoe MMLC Dol
eacer Tvee _ M €ch anical

LOCATION _l_2_5_7_0_5_)_ uesonN

DRILL LOG REF.

e |sneerd ol

SECTION TESTED |1iMe oFf cauGe | WATER METER READINGS] WATER | LEAKAGE |LENGTH iconverston] sLoPE | suope wT| LENGTH || WATER | FRICTION LOSSES |EFFECTIVE | waTER REMARKS
oaTE [erow | To | TEST pRESSURE[ sranr | Fisk | Loss | mare | criest | roioRjosetro joaine tolasie of | COLUMR. sunpy Toacken [pnasyme | LOSS | seaune eaoveanes,waren sur
(£2.)- (ft.) (min) | (p.sil) (golls.} (galts.) (galls.) {g.p.m.) (1) NX hote) | WATER(]  (11) LINE (p.s.i.) |LINE(psi) (psi.) (p.s.i.) (g.pm.per ff)| TYPE & CAPACITY OF PUMP,ETC.
a b c d e t f-e =g 9% =h b-azi k¥ t m n p* q* r d+p-gq-r Kx Vi

3:6:69|59°'49” [ 69'4"| 5 1o 0:0 Q-0 0-0 | 0.0 |lo-0] 0-8 1252 ! D 60' Il g0 oo lo-0 |.18-0 ©-0 Good. Seal
5 i o 0-0 0-o 0-0 o-o Nrod C.-0 0-0 ) &0 o-0
5 20 o-o 3125 3-128| 0-625 0-0 o-o 280 ©-056
5 |20 3925| 625 | 3-125] o625 0-0 |00 |28-0 |o-a856 | Peemeahlily
g 30 00 4-5 4-5 |o-9 0-9 0.9 |382-0 |0-08)
5 |30 | 4-5 £-875| 4-375| 0815 0o |00 |3280 |0 019 k_lugeons
5 |20 0-0 325 | 326|065 0.0 |00 |2g8-0 |0-059
5 20 3-25 65 325 | 0o-685 0-0 0-0 220 0-059
5 10 0-0 2125 | 2-125| 0-428 0:-0 0-0 120 _| 0038
5 lo 2-125| 425 225 0425 0-0 o-0 18-0 10038

69'4" | 79'4"| 5 |20 0-0 /-0 10 |o2z |100l0-9[07?]| 0 |70 | 00| 00 |00 |200 |0-0/8 Good Seal
s |20 | 10 2.0 /-0 0-2 rod d-0 |00 lz20-0 |0-0i¢
5 |30 | 0-0 3-125| 3-125| 0-62 00 | oo | 300 |oose | Permeability
5 |30 | 3125 £:315| 8-25| 065 00 | 00 [30-0 |0-056 50 f+yr
s |20 |00 | #2.75| ¢+-75]| 096 0.0 | 00 |ko-0 |oosge k lugeons
5 |40 | 475 | 12-8 4-75 | 0-85 0.0 0o |4ko0.0 0086 -
5 20 00 /-5 -5 ¢-3 0-0 00 20-0 |o-g27
5 20 /-5 3-0 [-5 03 0-0 Q-0 20.-0 |o-027
5 30 o-c 325 3:-25 0-685 0-0 0-0 30 -0 10055
5 30 325 65 3-25 0 65 0-0 0-0 30-0 |0-0589
79'4" |g8'0"l 5 |30 | 0.0 2125 | 2125 | 0425 | 87 |g-gs | k9P| Q |&o' | |5-0]| 00 C:0o | hS-0 | 0.043 Good Seal

5 30 2-125 | 4:25 | 2:125 | 0-425 M rad 0-0 0.0 | S5 -0 | 0-043
g 40 0-0 2-5 2-5 6-5 » 0-0 oo | 855.0 |0o-05 .
5 l4ao |25 ‘5-0 2.5 0.5 00| 0.0 | 55-0 |0-as Permeabilr
5 50 |o.o 3-125 | 3125 | 0-625 00 00 | H4%.0 |@-063 25 il-‘+./yr
s 50 3125 | £:3715 | 3-25 0-65 .0-0 0.0 85 .0 | 0-065 2 ugeons
5 40 o0 2:628| 2:625| 0-525 o-o 0.0 85 -0 | 0.a%13
S 4.0 2:625 | 5-25 2:625| 0.525 0-0 0.0 S€ .0 | 0053 i
5 30 | O0-c 2125 2-135| 04285 a0 0-o 4S.0 | 0-043
5 3o 2:1258 | 4:25 2-125|0-425 o-0 0-0 45 .0 | 0.043

» Values are read from appropriate correction graphs. Reg. |q7olu +1f L <a,p:044.sin8. (E+m); if L>a, p=044.sin6.n. FILE No. _,155/9'5/572 M(Pf) 107
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(ft.) (#t) | (min) | (psi) | - (gatis) {galls.) (galls.)) (g.p.m.) (1) NX hote) | water(m| () LINE {p.s.i.) [LINE{psi){ (psi) (p.si.) (g.pm.per ft)| TYPE & CAPACITY OF PUMP,ETC.
a b c . d e f f-e=g 9% =h b-a=i K* 4 m n ot q* r* d+p-g-r kx i
28:5-69162'5" |72's" | § o | o0 L:O 1-0 02 |100| 09} 92 | O 70’ b-o| oo 0.0 | Ih-0 | c-0s8 Good Saal
‘ 5 10 _(-o 2.0 | 1-0 0-2 . ,ﬁLra;l' ~ |1 0. -0 4 .o o-018
5 290 0-0 2:6258 2:625 | 0525 o.-0. a-0 25 0 0-047
Js |20 |2425 |5-25 |2.025 0525 00 | 0.0 | 260 | 0.047] Permeahility |
S |30 | oo (3625|3625 0:725 00 | n-o | -0 | 0065 50 f+/yr
5 130 3425 (7925 |35 |07 00 | 0.0 | Z¥-0 | 0063 I lvagons |
s 20 00 2-75 2-78 (0-55 0-0 o0 | 2o | 0050 S
5 20 215 £-5 2-18 a-.5.5 0-0 0.0 2L -0 00S50
s 1o 0-a /-5 -5 6.3 0-a o0 -0 | 6:027
5 10 5 3.0 [-5 a.3 0.0 0.0 o | 0027
-5-690 725" | §2'57 |5 2o | o0 29-0 290 |58 |00j09 |277 |.0 | 8 li20 |os | o | 31-0 |o522
20 |2z8-0 56-5 272.5 | 5:5 N rod o-% | 0.5 [ 30 0495
§ |40 |00 |47-25 |47.25|9.45 1-0 1.5 495|085 i
5 40 (47-25 94-75 |47 -5 95 - -0 i-5 1495 0855 Perm‘ Bl'u
‘5 55 o0 §57-5 |575 |u-s (-8 | 25 (¢3Q 1/-03§ : t Jyr
' 5 55 |571-5  Jo5-125%|47-625 9525 1o | 1-5 |648 0-857 S Xb lusnns_
5 49 o0 9725 97:25 | 9-45 -0 -8 4958 |o-851
5 |40 |47-25 |949-5 [47:25 |3.45 o | IS 1495 1095/ —
5 20 2.0 3900 30-0 |60 0-8 2.5 | 3-0 0-54
. 20 |30-0 60 -0 30 -0 |60 a-5 g9-5 310 o054
29:5-49]22'0" |92'0" | 5 | 25 |o-0 1:375 113715 o278 |00 |09 |27%]| © 9 [ 120 | 00 | 0.0 |371-:0 | 0025 Good Saal
5 25 11-375 275 1-3715 lo0-275 . N rod | o0 0-0 |37 0 0025
5 So 0-0 3125 | 3125 |0-625 0-o 0.0 |62 -0 0056
5 so 3125 | 625 3125 loe2s o0 00 -0 0-056 Egzmeg,b}h‘k’ 7
5 15 | o0-0 4-375 | 4-315 | 0-815 00 c-0 |810 o079 25 {t/gr
5 15 (4325 | 875 |4-3715 |og715 S a-o0 0.0 870 0-019 2 "’3‘9"5
5 5o 0.0 3:125 | 3325 |0-625 00 0.0 620 O 056 _
5 25 | 0.0 (-5 i'5 - lo-.3 00 | 0.0 2710 |0-027 '
29-5-49192'0" [(02'0" | § |25 0.0 0-0 0:0’ o0 _|t100loa 277 ({ 0O loo’ 12:0 | 0.0 o-0 370 9.0 Gooot Ssal
s 25 a-0 0:-0 9.0 8.0 Nrod 0.0 0-0 1370 0.0 : .
5 50 9.0 ©-625 | 0625 |0-125 0.0 0-0 |62-0 001t - ]
5 |50 | 0625 | 0875 | 025 |o.05 0.0 | n.0lé2.0 0-00s5 | Permeabilily
5 |15 0.0 0625 | 0-625 |0.175 0.0 0.0 (870 0-01l "% | lugeon
5 15 0625 1-350 | 07125 |0-145 0-0 0:0 (87-0 Q-0(3 -
R 5 50 0-0 0.0 (01X ¢) 00 S 0.0 0 -0 61. o o_-0
Y 25 0-0 0-0 o) ©:0 0-0 o -0 0-0

] > n R " A 0. n B
» Yu ues dee read from'upproprlo.te correction graphs. Rec. 1970[bt +1f L <a,p=044.5in6. (E+m); if L>a, p=0-44.sin8.n. FILE No. _IS.SL’UU&B (' of 2 M{Pf) 107 .,
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BUREAU OF MINERAL RESOURCES,GEOLOGY AND GEOPHYSICS provect _ _NORTH_ MproNGLo _ OuTFALL_ SEWER rearvre _PROPOSED _ SBAFT HOLE NO.
WATER PRESSURE TESTS ANGLE FROM HORIZONTAL (e)__B_O:._ DIRECTION __ _____ _______ miofcoan_ | 883 _'____I SIZE OF HOLE __’_‘_J__,_. __ _|{DD?
REDUCTION OF FIELD RESULTS rocation _ 21840 E , 13100 _  _  packen Tvee _MBQhQB_LCBL__ e _ _ORILWOGREF . ___ __ |gueer2 oFr2
SECTION TESTED |vyme off cauce | WATER METER READINGS| WATER | LEAKAGE |LENGTH lconvemrston| stope | siope wT| LENGTH WATER FRICTION LOSSES EF;Eg;IVE WATER REMARKS
DATE FROM 10 TEST [PRESSURE] sSTART FINISH LOSS * RATE :;Jﬁx (::‘::27 gi:;:":: G::SEA? aihzfpff PRF'-:-gSU'RE SUPPLY | PACKER |pReSSURE LOSS SEALING PROPERTIES, WATER SUPPLY]
(ft) (t.) {min) | (p.si) (golis.) (galls.) (galis.) (g.p.m.) (1) NX hote) | WATER () (1) LINE (p.s.i.) [LINE{psi)| (psi) (p.s.i) (g.pm.per f1)| TYPE & CAPACITY OF PUMP,ETC.
a b c d e f f-e=g % =h b-a=i k* t m n p* q* [ d+p-q-r % x Vi
12:6:69]102'0" | l6'0" | 5 | 25 0-0 o5 o-s oI t4 | 0951277 | o |vip' J12-:0 | 00| 0.0 |37°0 | 0007 Geod Seal
Y 25 o-5 ) 0-S ol N rod 0-0 e | 37-0 Q-0071 _
- 5 5o o -0 ) - Q Q-2 0-0 0:0 | 62-0 a-014] Pel-meabn_lo'b’n
§ 5o -0 2-0 1.0 0-2 0-0| 00 | 62:0 | 0-014 r4mm
5 190 0.0 1-25 1-28 | o0-25 o0l oollo2-0 | 0017 .
5 90 1-25 2-5 125 025 0.0 Q-0 |l02-0 0.-011
5 §o 0.0 -0 L0 0:2 o-0 00| 620 | 0-014
§ 25 0.0 0-5 -5 o-l a-o 0 -0 37-0' | 0-007

-

» Volues are read from appropriate correction grophs. Ree. |q1olb| +1f Lt <0,p=044.5in6. (L+m); if L>a, p=0-44.sin6,n. FILE No. _ISS/_H_H»/_&I3 (2__ gf'_z_-) M{Pf) 107



BUREAU OF MINERAL RESOURCES,GEOLOGY AND GEOPHYSICS - prosect_ NORTH _ MOLONGLO _ ODTFALL _SEWEM  ccarvee ___PROPOSED _ShppT | nmoweno
WATER PRESSURE TESTS ANGLE FROM quzouuue)_&o‘____ DIRECTION ___ R.L.OF COLLAR_'Q_OZ_'____. ¢ 5126 oF woLE _N _____ Dp3
REDUCTION OF FIELD RESULTS LOCATION 12530_5_,_43269_/&)____ eacker Tvee __MEcHAMEenr ORILLLOG REF. ___ __ _ _ ___ ______ __ sneer ) or 2
SECTION TESTED iyme of] cauGe | WATER METER READINGS| WATER | LEAKAGE | LENGTH toN| SLOPE |siore WT | LEnGTH It WATER | FRICTION LOSSES |EFFECTIVE | waTER . REMARKS
DATE FROM TO TEST [PRESSURE| START FINISH LOSS RATE ::JYE;L (::?:?: Z::r:;u:g G::SEA? BE:UZPEP&F ggég%%b: SUPPLY | PACKER PREISESSJRE LOSS SEALING PROPERTIES, WATER SUPPLY,
(ft.) (ft) (min) | .(p.s.i.) {golls.) (gails.) (galis.} (g.p.m.} (e NX hola) | WATER(M) (1) LINE (p.s.i) |UINE(psi) (psi)) (p.s.i) (g.pm.perft)| TYPE & CAPACITY OF PUMP,ETC.
a b c d e f f-e=g Y% =h b-a=zi k* (4 m n p* q® ¥ d+p-q-r Kx i
10-6-63|87'0" | 97 0"] 5 25 0.0 16-0 k-0 3:2 10-0 |o-a_| 5b7? 0|90’ ] 280 o-0 o0 5C -0 0.288 Fair  Seal
5 25 | 1p-0 3175 | 15-75 | 3-15_ N rod 0-0 9-¢6 | L0-0 | 0284
5 50 0-0 23-125 | 23125 | 4-625 0.5 0-S -0 0-416 .
5 |50 |23125 |46-75 |23625]4-725 0§ | 05 | 740 [0425 | Permeablity
5 115 | o0 |27-0 | 270 |54 05 o5 | 9.0 |o48¢ 150 #r /g
5 175 |2770 |59.0 | 270 |54 05 | 0-X | 990 |o4se | {2 lugdons |
5 50 2-0 22-5 22-5 |4-%§ 05 0-S %0 |o0-4908
5 25 00 150 15-0 | 3-0 0.0 -0 500 0.2
N-6-69187°0" 167 02"| 5 |25 |00 -5 -5 |23 |lweoelos9s |77 o |i1oo’ | 30 | ©0-0 0-0 | §90 [0-207 | lioed Seal
5 |25 [u-s 230 -5 123 N rocl . a0 0.0 | 8§90 l0o-207
5 50 |lo.o 15-375 | 15-315 [ 3075 o-0 ©:0 260 lo0.277 .
S |50 [15:315 |31-4125 {1515 |31§ 00 | 00 | 40 |0 284 Permeability
5 |75 oo 22:.5 |225 [4-5 oS | o0& |00 |0405 100 $1/yw
5 |75 [225 |44-75 | 22-25 |4-45 o5 | 05 |1080 |0.40; 8 lugeong
5 |50 0o 17-5 175 |35 0-0 00 g0 10315
5 25 oo 12-5 125 |2-5 0-0 0.0 §90 |p-225
12-6-69]107 0" 170" | & 25 0-0 8:125 8125 |1-625 ljo.0o | 0.9 | 77% o _luo’ I60 ! 0.0 | 0-0 590 |o-146 ood _Seal
5 25 _|9425 |i6-0 7-815 | 1-575 - A rod 9-a a-a 59-0 0137
5 60 0-0 12-25 | 12-25 12-45 a9-0 0.0 | 4qh-0 0:.22/ _
5 60 112-25 2425 | (2:0 [2-4 0:0 0-0 |Ak0 0-2:6 Permedﬁlli;___
5 20 0-0 31-25 | 31-25 |4-25 0-% i-0 [122-S_ | 0-se) 125 1 /9r
5 20_131'25 lé2-50 | 31-25 | 6-25 0-S |-0 (1225 | 6-5e1 10 lugeons
5 %o | 0-0 25-625| 25-625| 5-128 05 o-5 |93-0 o461 -
5 25 | 0:0 15:0 15 -0 3-0 a0 00 | 5906 |027
-6-8ln7'0" | 127°0"| 8 25 0-0 10-125 | 10-128 | 2026 |10-0 | 0-9 172 o l120' || 540 0-0 -0 Sq.0 8z
5 25 lio-125 (1925 | 9.125 | 1-825 Nrod g-0 00 | %59.0 |0-144
5 |60 |00 [27425|27125 5425 05 | 05 |93-0 | 0-460 Permeability
5 60 127-125 | 55-375|2825 |5-65 o-S 0-S | 93:0 | 9509 150 _fr/yr.
5 90 0-0 349-75 |34-75 | 6:95 1-0¢ -0 1122 -0 0:626 12 lusgnns__
S5 90 34.75 69.5 34-75 6:95 \ -0 -0 [122-0 0-626
s 60 0-0 29.375 |29.375_| 5-815 0-S o-§ 1 9%.0 a-529
5 25 0-0 18:15_|(8-75 | 3-725 0.0 0-5 | 98-5 0-338
# Volues are read from appropriate correction grophs.. Re€. |Q1olb +1f £ €£a,p=0-44.5in8. (L+m); if L>0, p:=0-44.sin6.n. FILE No. _ISElHJb/bZlf _(‘ Qf..z‘) e M{Pf) 107



BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS " oroveer _NOATH ___ MotomaLo _ _ OoTFALL  SEWERL _  reature __Proposepn _ Suwmer_ HOLE no.
WATER PRESSURE TESTS ANGLE FROM HORIZONTAL(S)_.Q_Q_O___ OIRECTION _.__ ___ . RLOF COLLAR__'S_O_Z_"_____.__’SIZE OF HOLE ________ DD?3
REDUCTION OF FIELD RESULTS LOCATION _2&939*5_)_l3_2_6_0_ﬂ__ PACKER TYPE _Mj_cﬁ_ﬁlim&jz_______ ORILL LOG REF. __ __ _ - sHEET 2 oF 2 |
SECTION TESTED |mme GAUGE, | WATER METER READINGS| WATER | LEAKAGE CONVERSION | SLOPE LenoTe || WATER | FRICTION LOSSES EF]EE(s:;WE WATER REMARKS
DATE FROM 10 TEST [PRESSURE| START | FINISH LOSS RATE (::(;YT: z::_:;:":g ailuz:pf: ggé_g%;\;s SUPPLY | PACKER |[presSURE LOSS SEALING PROPERTIES, WATER SUPPLY|
(£t (1) {min) | (p.si) (galls.) (galls.) (galls.) (g.p.m.) NX hole) | WATER (#1) LINE (p.s.i.) |LINE{psi}| (psi) (ps.i) |{gpm.perff)] TYPE a CAPACITY OF PUMP ETC!
. a b c T od e - f . f-e=g. Y =h k* t n p* q* r* dvp-gq-r ) kx Vi - .
8-6-63 127'0"1372°0"l 5 |25 | o-0 0875 | 0875 | 0:115 o9 | 77 130" | 340 0-0 | po |59:0 |0 0i6| Hole closed op:
5 25 0815 1.5 0:625 | 125 | - : rod |l L 00 g-o | §9 -6 | o-0is at” 60psi
5 | so 0-0. | 00 00 00 - 00 00 | 9%-0 | 0-0 _
5 160 | 0.0 | 0.0 00 0.0 00 | oo | M0 | 00 Permeability
5 |90 0.0 (o0 0.0 00 00 | 00 ||2%-0| 0o < 1 lugeon
5 |20 | 60 0.0 o) 0.0 00 0o |1240Q | 0.0 : -
5 6o | 00 0-0 0-a 00 00 | 6o | Q| 00 '
5 25 00 0.0 c-0 0.0 -0 0-0 59.0 a-a .
20-6:69] 135'8"145'8"| § |25 | 0o [3125 |3125 |0625 9 | 177 140" | 340 | 0-0.| o0-0 | 59:0 | a-o0s6 — .
_|'s {25 13925 625 | 325 o628 Nred| -~ [0 o | 00 [%5a.0 [00se | Permeability
S |eo |00 [4:425 4125 |o82s 9:0 | 00| 9.0 |0014 2S tr/yr
5 60 |4-125 | 8.25 | 4125 |o-825 0.0 o0-0 | Q-0 | 0014 2 lugeons
5 9¢ | 00 575 | 5§75 |15 00 -0 | 124.0 | 6104 -
5 |90 |5-75 | 1'5 §£:75 |18 Qo 00 | 124.0 | 004 i Bla
1 60 |00 275 | 375 |oas 0.0 | g0l 9.0 | 0048 -
s |25 09 2-5 2-5 05 0-a 0-0 | 590 | ».po4s
kel -
5
© % Values. are read from appropriote correc?ior-I graphs. Ree. |Q,‘Iol5| +1t L < 0,p= 0:44. sin 9 (L+m); if L>a, p=044.sin6.n. FILE No. _I_S_Slﬂlblb_']['_* 2_ gf_z,)____ _ M(Pf) 107 .



- SN
BUREAU OF MINERAL RESOURCES,GEOLOGY AND GEOPHYSICS pamzcr_LIL&IH__U_OL_OAQQ___O_QIE&L_S_E_’!_E& FEATURE _ﬁgﬁ_ _Qf_LQ_W_\Cg_\Iﬂl___ HOLE NoO.
S WATER PRESSURE TESTS ANGLE FROM HORIZONTAL(S)+Q_O_iﬂ DIRECTION __ R.LAOFCOLLAR__LZ_él___,_____"SlZE oF MOLE'_’\_/__',____"__ DD4
REDUCTION . OF FIELD RESULTS . wocarion _13360E | 11820 - exxenvvee MEchancal oRILL LoG REF__ —— _ |eueert or3
SECTION TESTED [rime off 6auce | WATER METER READINGS| "wATER | LEAKAGE |LENGTH- |comversion| siope |[sioeewr| Lenerw || waTER |FRICTION LOSSES [EFFECTIVE | waTer ' REMARKS
O4TE |“rmow | To | TEST puEssuRE| sramt | Fwisw | Loss | mate. | 1T | mron oo |amues Yolasie o COLMA 1 ony Toacker [pndssupe | LOSS | seauno onoscares,waren usny
(ft.) (ft.) (min)} | (p.si) (galis) | (galls.) (galis.) {g.p.m.) (1t) NX hole) | WATER(m) (1) Line || (p.si) [LINE(psi) (psi.) (ps.i.) (g.pm.per ft)| TYPE & CAPACITY OF PUMP,ETC.
0. b c d e t f-e =g Y% =h b-azi {* k¥ 4 m n’ et q* r* d+p-q-r kx Vi
9-6-63| 30'0"[40'0" | § 10 0:-0 15-625 | !'5-625 | 3-125 | 100] 09 |57 o bo'l 20 | 0-0 00 | 120 |©O-28] Good Seal
lo _|15-625 1| 3)-25 | t5-625| 3°/15 Nrod 1 00 0.0 12:0 | 0-28] '
20 o0-0 - 295 29.5 5-9 0.0 0-% 215 | 0.531 ] )
20 129:5 | 59:0 1235 |5:9 00 | 0§ [ 216|053/ | Permeability -
30 |oo 449-0 | 44-0 | 8-8 o5 | I'5 320 |0-792 .S Ft]yr
S0 |440 | 8%-0 | 4a.0 | g8 o5 | 15 | %00 |o792 58 lugeons
20 0-0 34-25 | 34-25 | 6°85 0-5 1-0 20:5 | 0617 :
20 |34-28 68:315134-125| 6-815 ‘0-G 1-0 205 | o614 -
1o 0.0 19:25 | 19.25 | 3-85 o-0 o-S 11 -5 | 0-347
to |i9-2§ 385 19-25 | 3-85 00 | o% 1 -5 | 0:397
{10-6-63/40'0" |50°0" | 5 |20 0.0 | 215 21-s {4-3 j10.0l0-9 |14?2]| 0 | g0’ b-0 | oc0o | 05 | 255 10387 Good. _Seal
; 20 |25 430 205 [ 4-3 : 4 Nrod c-0 | 0-§ | 255 |0-3817
30 |o-o 31-0 3720 | 1-4 05 10 | 34h-S | 0666
30 |37.0 1425 | 37-125|7-425 0-S 10 | 38 o668
40 |00 37-125| 37.125| 7-425 05| 10| k-5 |00662 Permeability
40 131115 75-25 | 38-125[7-6425 08 | 1-0 | &5 |0686 L05+ /yr
90 1715-28 |log-25| 33-0 | 66 oS | 1-0 | k'S [0534 23 Jugeons
30 0-0 31-0 31-0 |62 ‘o0-g 0o-g 35-0 |osse | ) - 5 -
30 i31-0 6r-175] 30-15|6°LS 0's | o§ | B5-0 |o-554 '
30 |6t-75 | 91-5 | 29-15|5-95 0-$ 0§ | 380 |lo-53¢
20 -0 21 -0 2)-0 |42 -0 0-S 25 -5 10-378
20 121.0 42-0 | 21-0 14-2 0 -0 0-8 25§ |0-318
l0-6-69{50' 0" [ 600" | 5 |20 0 -0 4-75 1 9175 lo-85 |1000|0-9 14?2 | © o' h-o| 00 00 2b-0 |oc-086 Gogel S 2al
_l20 4.75 |. 9.5 4-15 | 0-85 Nrad oo 0.0 | 260 l00re
30 |o-0o - 10-25 | 10-25 | 2:05 o-0 0-0 340 (0185
30 _lio-2s 205 j0-25 | 205 0-0 o-0 Ibo |lo-igs
40 |o0-0 (1,s [ies 2.3 00 | 0.0 | bho [0201 Permeshilidy
40 |u-s 230 | 1§ |23 00 | 0:0.{ bht [0:207 . 125 4+ ]yr.
30 (0.0 90 9-0 1-8 - 0:0 0-0 | 340 lot62 .10 Juqeons.
30 ]9:-0 18-0 9.0 -8 0-0 | 00 | b0 jol62 | S -
20 |00 6'5 6-5 -3 . g0 | 0-0 2b-0 (0117 .
20 l6-5 (3-0 65 1-3 0:0 0.0 -0 |07

®» Values are read from appropriate correction graphs. RCC- |q1o—lb| +I1f £ €£a,p=044.5n6. (L+m); if L>0a, p=0-44.5in6.n. FILE No. IS_SI_H_‘G/_&:’S _(J_gf‘3) ) M(Pf) 107



BUREAU OF MINERAL RESOURCES,GEOLOGY AND GEOPHYSICS pmscr_MOATH__M,OLOJic\L.g_.__Dg_F&L__SE«_ rearore _ARER ot Low Cevegn | MorE No.
’ WATER PRESSURE TESTS ANGLE FROM HORIZONTAL (6)___ 90 _ - OWRECTION __ ___ __ R.L.OF COLLAR ‘3_5L’___ 4 size or um.e_fi_.,____-.__ DD4 :
REDUCTION OF FIELD RESULTS ocation _V3 360E __\8_10__&1___,_ PACKER TYPE _ﬂecﬂﬂﬂ_m&____‘ DRILL LOG REF.___ J— -
SECTION TESTED I1iMe oF] GAUGE | WATER METER READINGS] WATER | LEAKAGE | LENGTH IGONVERSION| SLOPE | SLOPE HT | LENGTH || WATER | FRICTION "LOSSES | EFFECTIVE WATER REMARKS
DATE FROM TO TEST [PRESSURE| START FINISH . LOSS RATE ::gﬁz; (::‘;1::7 _gs:;:l;: G:gf;? assl::?f: lgg'E_gSMU,;E SUPPLY | PACKER PRgSESSJRE' LOSS SEALING PROPERTIES, WATER SUPPLY]
) (ft) (ft.) (min) | (p.sil) (galis.) (golis.) (golls.y (g.p.m.} (re) NX hole) | WATER(I)] (11} LINE (p.s.i.) |LINE(psi) (psi.) . (ps.i.) (g.pmn.per f1)| TYPE @& CAPACITY OF PUMP,ETC.
a b - ¢ d e f | f-e=g- | %=n b-azi] k¥ t m o ot q* r* d+p-q-r | .kxVi .
1-6-69] 60'0" | 70'0" | 5 30 | oo t-o 1-0 02 100/.0.9 | 0?| o |70’ 00} 00| 0.0 | 600 |0-0:ie Good Seal
s 30 -0 2°0 1-0 0-2 ' [N rod 00 ©-0 | 300|008 i
5 40 oo | 15 s 0-3 ) ' - 0.0 | 40-0 |0027
5 40 15 3.0 -5 o-3 ‘0.0 00 Lo-0 0.027
5 |50 | 0o 20 2.0 0-4 0:0 | 0.0 |§0-0 |0036 | Parmeghh'h
5 50 | 2.0 -|.4-9 2-0 0-4 0.0 | oo |06 |0036 | - 25 fr/yp.
5 |60 00 2:815| 2-875| 0-515 00 | oo | bo-0o 0052 | 2 luag’o‘ns ‘
5 60 | 2:815 | 5-15 | 2:815| 0575 0 0 00 | bp:0 | 0052 U
S 60 5-1s 8-625| 2-815| 0-518 00 0-0 00 0052 '
5 30 | 00 Lo o | oz ¢ 00| 00 | 300 |0 Org
5 30 o 2:0 -0 0:2 0-0 | 60 300 0018
112-6-¢69 7n' 0" | 0’0" | 5 30 ©-0 5-0 5-0 j-0 100! 09 | 09 Q g0’ | 00 2 Re) oo | 300 | 009 Goed. Seal
15 |30 | 5-0 100 |5 0 Lo . N red 0o | 00 | 390 | 009
5 40 0-0 6625 | 6-625 | 1-325 ' 0-0 0:6 | 40.0 |0-119
£ |40 6:625 | 13-25 | 6-625 | ;-325S 00 g-0 | k0.0 |0-1)9 )
5 | 5o o0 10-625| 10-625 | 2-125 00 | o-6 | 500 |pn19) Permeabihily
5 50 110625 1-25 | 10625} 2125 00 | 0:0 | 50:0 |0-191 [~ 100 £c/gr.
5 40 00 §-3715| 8-315 | {615 0-0 oo 4o-0 | 0-15)
5 40 | 8-375| 16:75 | 8.315 | 1615 2:0 0-0 40.0 | 0451
§ |30 | 0o 625 | b-25 | 1-25 o0 | 00 | 00 | o113 _
- 5 30 6285 12-5 6:25 1-25 0-0 o0 | 30-0 | 0-113 )
| 12:6:649/80'0" |90"0" | 5§ | 25 o0 | 280 |280.]15¢ 10:0/ 0-9| 1472 o |90’} b0 ]| 05 05 | 300 | 0544 Good Seal |
: : 5 |26 [.28:0 | 50-0 [ 22-0 | 4.4 . Nred| 0:S | 05 | 30-0 |0-396 | ‘ -
5 |28 1220 | a4.0 | 22-0 | 4.-4- ’ 05 | 0.5 30:0 |0-396 | - :
5 S0 2-0 40-615 | 40 -625| §:128 J4:0 1-0 Sy | 0729 Pen—m'eghil'ntf
5 |50 |40-625| 2/-25 | 40-425| 8-125 L0 (-0 | S0 | 6733 | . IS frfyp.
5 |15 | o0-0 50.0_| 500 |i0.0 L5 20 | 87509 R 28_h|5ms_
5 25 |50-0 100-0 | 50-0 | 10:0 1-S 2-0| 815 | 0-9
5 50 0-o 40-0.| 400 | g.0 L-0 1-0 S4.-0 | 0-12 L
5 5o 140-9 §0.0 | 90 -0 g0 1-0 -0 S0 | 012 .5‘
5 25 Q-0 22:0 | 22.-0 | 4-4 0-S 0S| Boe ! 0396 .
5 25 | 22-0 44 -0 22:0 | 4-4 o5 o-S 30-0]| 6396

» Values are read from appropriote correction graphs. Rec. l‘r’o,bl +1f £ <a,p:=0.44.5in 0. (E+m); if L>a, p=044.5inO.n. Fll;E No. Isslﬁ_[bjb_‘ls (2 Qf‘_s_) : M(Pf) 107



BUREAU OF MINERAL RESOURCES,GEOLOGY AND GEOPHYSICS Cerosecr _NORTH _MotomerLd _ QUTEALL _SEWER  rearune _AREA _of Low_ _Cauer | “oE e
WATER PRESSURE TESTS ANGLE FROM HORIZONTAL (e)_.Q.Qo____ OIRECTION __ _______ mLorcoan__1 862 R ey woee (N D D4
REDUCTION OF FIELD RESULTS LOCATION _L3_3.6_2§_, 11 820N eacxertvee _MECHANICOL DRILL LOG REF.___ __ __ sHEET S oF 3.
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5 50 |[26-25 | sa-s 2825 | 565 . 0-S o5 79-0 0§09 _ 170 -ff/yr
s 15 |60 425 | 42-5 | a5 1-0 | ;-8 1025 o765 | 't I lugeons_|
' S5 15 | 418 8560 42.§ £s -0 -8 | 5025 | 60-765 | - ) >
s s0 | 64g 2¢-26 | 26-25 | 5258 0-S8 05 | 190 0-413
s . l2s [owe 200 200 | 40 oS | a8 | 5k-0 | 03¢
19-7-63[90°0" |wo'0* | 5 | 25 | 0-0 12-:375 | 12.3716 | 2415 | 100l 09 | bJ?| o (90’ 300 | 00 | 0-0 | 550 |0223
5 25 |12-315 |25-25 | 133152675 =7 Nrod | == o-D 0-0 | 560 |0-24] S
5 | s0 | 0-0 485 | 485 |9-] ‘ -0 | 15 | 275 O-B_LB__,EMEAMDI%__
5 50 1485 95625 | 47-12519:425 1-G -5 | 7175 | 0-848 | . 270 ft/yr
5 | 75 | oo 56-2s | 56°25 [n-2s (-8 2-5 lie1-0 | (-1 22 lugeons |
5 115 |x¢25 |uz-$§ |s6-25 [1f-25 15 26 |i01-0 | t-0! - —
5 §o 0-0 48 -0 48 -0 96 i-0 -9 11-5 0-864 !
5 125 (00 Z6'a | 260 |s52 .05 | o5 |549-0 | 0468

# Values are read from appropricte correction grophs. Rec. 1970/b1 +1f ! <o,p=044.5in 6. (L+m); if L>0, p=044.5in 6. n. FILE No. _I.SS_/ﬂJ_hl bgO _(_z__ ~°£ 3) _____ M(Pf} 107



BUREAU OF MINERAL RESOURCES,GEOLOGY AND GEOPHYSICS provect _NORTH__ MOLONGLO __QUTFALL  _SEWE _ rearvre _(RaoPogen _ foarhe HoLE wo.
: WATER PRESSURE TESTS ANGLE FROM HORIZONTAL (8)__J O f’__ DIRECTION ___ re.of coar__ 185 S -I______lsnzs oF HOLE__.N__.__.___ DD 1
REDUCTION OF FIELD RESULTS weaton 30940 € (1900N ke tvee _MEctpviear DRILL LOG REF__ __ sneer L or t
SECTION TESTED |riMe oFf GAUGE { WATER METER READINGS| WATER |LEAKAGE |LENGTH Jconverston| siope | siope r| Lewste | WATER | FRICTION LOSSES |EFFECTIVE| waTER REMARKS
DATE FROM T0 TEST [PRESSURE START FINISH LOSS RATE :;Jﬁ‘;; (::‘::27 25:;3.;2 G:SEEA? ai'uz:P&F gIgEL;JS'TJ,;E SUPPLY | PACKER PRgSESsJRE LOSS | SEALING PROPERTIES, WATER SUPPLY]
(£1) (f1.) (min) | (p.sil (galls.) (galls.) (galis.) (g.p.m.) ) NX hole) | waTER()| (1) LINE (p.s.i.) |LINE(psi) | . (psi) (psi) |{gpm.perff) [ TvPe a capaciTy OF PumP,ETC.
a b c d e t f-e=g Ye=h b-gzi k* t m n pt q* r* de+p-q-r Kk x Vi
24-14¢9|48'0" |s8'0" | s 1S 0-0 ) 0-0 0-0 100|069 | 80|20 |50 | +-4 oo | 0o 19 -9 oo Seed  Sea)
5 lws | oo | 00 | 000 | 00|, Nrod 00| 00 ["19:24| 0-0
5 |28 | o0 | 00 o0 | oo 00| 00| 294 00 Permeablity
s 25 o-0 o0 0o o- 0 o-0 0-0 29-4 -0 zero
5 5 00 o-0 (M) oo a0 -0 49 -9 -0
s 45 o0 o0 o-6 o o ©-0 o-o0 49 -4 o-0
25-1-e9lss's" |¢s's" | & |18 o-0 -0 o.o | 06coliccolo9 |g0|45|60'|ss | 00| 0.9 zo0-s| €-0
s ) 0-0 4.a 6 0 0.0 Nrod 0-0 o-0| z0.5 | 00
s |25 00 0.0 00 0o o0 | oo | 30-s| 00 P ih
Cs 25 0.0 0.0 o0 o0 d-0 0.0 30 -5 Q-0 zero
Ly 50 0-0 o-0 o0 o0 0.0 0.0 | §§-§ 00 -
1l s 5o o -g 00 0.0 =N} 0-0 00 | 555 0-0

.

Values a ad from @ iat cti R < = 0. i < =0- i
» u re re r ppropriote correction graphs. Reg. IQ'IO,Bl +1f L £a,p=044.sin6. (E+m); if L>a, p=044.sin6.n. FILE No. _ISSl_HJB,/bgl e M(Pf) 107




BUREAU OF MINERAL RESOURCES,GEOLOGY AND GEOPHYSICS provect _ NORTH _MOLONGLO  quTFALL.  SewWEerR  reatere - HOLE NO.

: WATER PRESSURE. TESTS ) ANGLE FROM nomzou'm.w)____‘}_ﬁf__'_, omzcnon___O_gQ_'_[Jl“Q R.L.OF COLLAR___lg_a_S‘.,___.__.iSIZE OFMWOLE __ PpDi12
REDUCTION OF FIELD RESULTS S weation PACKER TYPE __ . DRILLLOG REF. - |gugerl or.3
SECTION TESTED |rime of| GauGe | WATER METER READINGS| WATER | LEAKAGE | LENGTH lcowersion)] swope |siopewt| Lewetw | wATER | FRICTION LOSSES JEFFECTWE [ waTer REMARKS

DATE | frrom - 1d | TEST IPRESSURE| START | FINISH LOSS RATE ::;ZL (::?‘:': ::::‘:‘:g G:gff;o ass'::pf: Sgé;’s“ff;g SUPPLY | PACKER PRgsEsSJRE LOSS SEALING PROPERTIES, WATER suwuﬂ
(ft) (ft.) {min) | (p.si) (golts.) {galls.) (galis.) (g.p.m.} (e NX hote) | water(m|  (e1) LINE (p.6.i.) LINE(psi.) (ps.i.) (p.s.i.) {g.pm.per ft}|{ TYPE & CAPACITY OF PUMP,ETC.
a b c d e f f-e=g |.%:=h b-ga=i K* . t m n p* q* r* dep-q-r kx i ’
-7-¢9| 51'a" | 61 0l.s | 20 2-9 0-0 0.0 00 |10cofo9 | 0?2 | o | b0’ 0p| 20| 0.0 | 200 ° o
5 | 2a 00 o-0 0.0 o -0 N rod o0l 00 200 00
! 5 o) 0-0 125 128 |- 0-2% - : : 0-9 0-0_ | 200 | 0-023
s 30 |28 2.5 125 | 0:25 0:0 | 60 |30-0 | 0023 Pgtmgghili]'? .
S |40 9.0 94625 | 9-625 {]9248 . . Q-0 | o0 4o [0-173 110 fr/p -
1.5 40 19625 {19 -0 9:-3725 |1:187S 90 0-0 o0 | 0-169 -9 Iug:nrﬂs__
5 30 0-0 4-0 4 -0 g-8 o | 0.0 | Zo-0 |0 0T2
S5 30 4-0 80 | 4-0 ©-8 o0 Q-0 300 9-0712
' 5 20 | 0-0 1-875 | 1875 | 0-31$ 0-0 00 20-0 | 0-039
S5 20 1-815 375 8725 | 037S 0-0 0.0 20-0 0034
18:7-¢8 | 61’ 0" | 70°6" | 5 | 30 0-0 2-0 Ad 04 |95 o9 0?] ¢ [70'¢ 00 |00 0-0 | 300 | 0038
5 | 3o 2-0 q-0 20 0-4 ; N rod 100 | 0o | 300 | 0038
. S 40 (o XX 4] 3-s 3-8 o-7 0-0 0.0 4#0-0 0066
. 5 140 | 3.5 7.0 " | 3'S 07 0-0 00 | 400 | 0-00¢ Perm eabilily
s |lso oo | so $-0 L0 00 | 00 | 500 | 0035 50 £1 . Jur.
5 | 50 | 50 -0 5o 1-0 20 | o0 1 So0 |0 oss. Ip_lugeons |
. s 40 _| 00 3-18 315 01§ o0 00 40.0 | 0 -0/
S g0 | 3-15 7-5 3-15 015 Qo | 0-0 | 6.0 0-07) -
s 30 |00 228 | 2-25 0-48 00| o0 | 30-0 |0-0a3 ‘
5 20 2-25 4 -5 2-25 045 0 o Q-0 -30-0 g-0493
18-79| 70'6" | 81"10" | 5 | 25 | 0-o 10 -0 o2 [n-3lool0?7] 0 |80} 00 | o0 | 00 |250 lo-0¢ ‘
~ 1 s 25 110 20 | 1.0 a2 : Nrod 0.0l 0.0 {250 |o0-0iL :
5 50 0-a 2:25 | 225 0-45 o -0 0-9 So0 0-03¢
§ |so l2:2¢ a5 | 225 | 048 o0 | po 00 |0-036 &tmenhilﬂgl
5 (78 {00 3.5 3.5 -7 0-0 o-0 150 (0056 | 28 £ /yr,
s |75 |3s 7.0 | 3s 0-7 00 | 0.0 | 150 | 0-0sc 2 lugeons |
5 | so oo 2-3785 12-375 | 0915 | ‘ -0 o-a So-¢ | 0038 _ -
5 |go 12215 | 415 | 2315 | 0475 . 00 o0 | S00 | 0038 -
5 125 o-0 rtzs | 1-128 | o-228 : 00 o-a | 250 0-018’
& 25 1128 | 2.378 | 128 (029 : -0 0-0 250 | 002
S 25 {2315 | 3625 { 1-:2§ | 015 ; ©-0 o-g 250 o002
N

» Values are read from appropriate correction grophs. Rec. 1970/4) + 11 ¢ s' a,p=044.sin0. (L+m); if L>a, p=0-44.sin6, n. ' FILE No. _ISSI_anIb.e.Q ~ 9{'_3_)__ o M{Pf) 107



_ WATER PRESSURE TESTS
REDUCTION OF FIELD RESULTS

BUREAU OF MINERAL RESOURCES,GEOLOGY AND GEOPHYSICS

provecr _ NORTH _ MOLONGLO _ O0TFALL. . SEWER reature _____ e | WoLe wo.
anaLe From worizonaL (845 % oirecTion 088°(Trved  riorcoan__ 1885
" LOCATION —J-ULQE_ ,_’Zfig_t‘_ . PACKER TYPE _MEcHANAL - oRiL LoG ReF

¢

SIZE OF HOLE N

e |sHEET 2 oF3

DD 2

SECTION TESTED [mme ofl cauge | WATER METER READINGS] WATER |LEAKAGE |LENGTH [conversion| siope | suope Wr| Lenetw || WATER | FRICTION LOSSES |EFFECTIVE | " waTER - REMARKS
DATE FROM TO TEST [PRESSURE| gTART FINISH LOSS RATE :;JYE:)L (::gt(:? gs.:;:‘;g G::fa? ass!::,&f ggé‘gshg\és SUPPLY | PACKER PRgsESsJRE LOSS SEALING PROPERTIES, WATER SUPPLY,
(f1.) (ft.) (min.) | (p.gi) (gails.) (galts.) (golls.) (g.p.m.) () | Nxnae) | watER(n}  (1e) LINE (p.s.i) [|LINE{psi)| (psi) - (ps.i) (g.pm.per f1} | TYPE & CAPACITY OF PUMP,ETC.
a ‘b c d e B t-e=g % =h b-a=i PR A m n p* q¥ rv dsp-q-r | . kxWi o
19-7-69 (81" 10" |90°8" | 4 | 2§ 0-0 7-0 - 770 . |14 |g& |ods 1362 o |90’ -0 [o0 0-0 | 36g |0127 | Good Seal
K} 25 0:0 -5 15 I-S ' : __INrod oo 0.0 360 0136 .
5 28 | 7.8 15-4 1.5 IS " 00 0-0 36-0 |0-136
s 180 0.0 12-5 12:§ 2-S 0-0 0-0 -0 . |o-227
5 lso 125 250 1285 2.5 2-0 0-0 1o |0-227 Pcrmgg!:ihff
5 |18 lo-o 16:62S |ib-625 [2-325 -0 -0 86:¢0 |0-302 < 100 /o
5§ 175 libe2s [3325 lI6-625 |3.32¢ 0-p |o-0 g6-0 |0-302 2 lugeshs |
s 50 0:-0 1-S It -85 2-3 -0 0-0 é1-0 0-209 -
Ly S0 l11-S 23.0 s 2-3 -0 °-0 600 0:209
5 28 -0 b-718 6-75 1.35 6-0 0-0 36-9 0123
S 125 l6:715 13-5 678 13s. 0-0 a-0 36:0 j0-123
21-7-69|90'8" |00’ 6" | 5 |28 |o0.0 5. 125 1.7 |98 lo9o | b7 o 100" [22:0 |00 00 470 |©015¢ | Good Seaf
s 25 85 17-0 s -7 . i N rod. - Q-0 0-0 47-Q a- 156 : :
s _|s0 loopn 13:0 _143-0 2:6 0:0 0:0 | 72:0:_|0-239 i
5 so0 {130 260 13-0 2-6 0:0 Q-0 120 |9-239 Pevmegb'llt'ty
1s |1s 0.0 11-§ 11-§ 36 2-a o-0 | 970 lo-32¢ . ;
s 175 li1s. |350 |i1s 3-5 0-0 0-0 | 970 |932) 7 lugeons |
L |50 0.0 13425 |v3y15 | 2:62§ 0-0 0-0 1206 [0-24) -
S |so h3azs | 2625 113125 [2:625 0.0 | ©-0 120 |o24
5 25 | o0 8-b2s | 8625 | 1-128 0-0 0-0 10 _lo-1s58
S |25 |862s 1125 |862s |i1zs 00 .| g0 470 loiss
22.7-69]100°0" | 109'5"| & 28 0 g 22-0 | 220 |49 |gs |09 | O7 0 1o'l 0-0 05 .| oS W0 |0-417
: - Ly 25 |22.0 44 .0 | 22.0 |44 N rocl ) 05 .| 08§ 24-0 lo-a17 , ]
S |so oo |sso0 |ss0 00 20 | 25 | 455 104 Permeab:lity
5 50 | ss5:0 Ho-0o | £5-0 1y -0 2-0 2. | 4SS |04 __580 7/
s bo [ 0-0 65 -0 65-0 [13-0 ! 2-5 20 6% 123 k7 lugeons |
£ 60 . |65-0 i30-0 | 65-0 13:0 2-5 3.0 Sk 1-2 3 —
s S$0:{0-0 55-0 £5-0 -0 20 25 | 488 [-0%
s §£0  |55-0 110-0 550 (.o 2-0 2-5 S-S l-04
Y 25 o-0 25-0 25-0 S -0 0-5 oS5 | 240 0- <974
s 285 |25-0 S0-0 25-0 s-0 0-S 0:-S 240 0-4714

#» Values are read from oppropriate correction graphs. RecC. IQ"OIbI +1t Lt <a,p=044.5in6. (E+m); if L>a, p=0-44.sin6.n.
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"BUREAU OF MINERAL RESOURCES,GEOLOGY AND GEOPHYSICS rrovect _NORTH __ MoOLONGLO . OUTFALL _ SEWER  reatvre o HOLE NO.
WATER PRESSURE TESTS ANGLE FROM nomzo’nmum%ﬁi_ omEcnon__OﬁL(Iﬂ’i) rL.oF coar__ L 885 ' . teae o HOLE__..r\_}_. _____ DD 12
REDUCTION OF FIELD RESULTS wocarion _32320F 2050 PACKER TYPE _Mecuanienr DRILLLOGREF - " |gueer.For3
SECTION TESTED Itve of] Gauge | WATER METER READINGS] wATER |LEAKAGE |LenaTH fconvemsion} siope | siopewr| vemstw | WATER | FRICTION LOSSES |EFFECTIVE | waTER . REMARKS,
OTE [“rmow | To | TEST [RESURE( sramr | Fwisw | Loss | maTe | LTS | metor\oermro |emes tolesize or | COLMN 170 pby Toacken |onosupe | LOSS | seaune smoseaesmiren sy
(ft.) (1) (min) | (p.si.) (golls.) {golls.) (gails.) “{g.p.m.) (1) NX hole) | wATER ()|  (#1) LNE | (p.s.i) [LINE(psi) (psi) (ps.i.) {g.pm.perft}| TYPE @ CAPACITY OF PUMP,ETC.
) a b c d e Tt f-e=g Y =h b-azi k¥ t m n p* q* c* d+p-q-r kx Vi
23-1-0|109's" | 121'0"| § 25 6.0 800 3o .o é-0 s lo:8 0? . 110 00 g's o-5 24-90 | 0-47 i -
a 5 1 25 300 |600 | 300 | 60 R Nrod 08 | 06 | 20 |p-471 | Permeability -
5 |l 50 |00 60-0 60-0 | |20 2-G 20 |- 450 | 0939 58S+ Jur
S So_|é0-0 120-0 60.0 120 20..1 3.0 45-0 0939 45 '|0923’ﬁs_
5 | 28 00 30628 120625 | 6125 6-5 05 240 | 0479 :
5 |25 130625 |6{-25 |R0.625 | 6:125 0.5 0§ 260 | 6-2429
2q9-7-6i2'0" | 130" | & | 25 | 0.0 3o |30 to6 |006[09 [107 130’ 1730 |00 | 60 | 4830 |0.06
£ 25 | 30 G-0 30 0-¢ i ~(Nred : 0-0 0-0 480 | 006
g | So 0-0 4 -5 4-5 . |09 00 0-0 130 0:09 i i}
s |so las |90 [as [oo o | 00 | 130 | o000 Pevmimluh)‘?_
5 135 [ slg2s | 6-128 | -228 0.0 oo | 880 | 0123 : . 35S fr/yr
LY 18 11825 24378 | 6128 {1-226 a-g 0-0 88-0 |l o423 | - % lusg_ogs_
5§ 5o J-0 4.9 4-5 09 0-0 0-o 23-0 2-09 :
5 80 46‘ 98- 4-5 09 9.0 0.0 739 0-09 -
5 25 0 ‘o 3.0 3-0 o-L o0 00 480 | 006 el
5 25 3-0 60 3.0 &6 Q-0 o-0 48 -0 006
25-7-¢51130"0" | 140’0" | & §0 00 2-§ 2-S 9-5 10-0/0-9 | 0? |o-a |iko 0-0 0.0 0.0 £0-0 0048
5 S0 25 5-0 2.5 oS : Nrod 0-9 0o S0-0 0.045
s |15 oo S0 50 Lo ' - 0-0 o0 | 150 | o0-g9 Permeability
5 25 | s-0 100 50 10 0-0 2.0 750 | 0.00 _BC
5 _lide | o0 2.5 95 L9 00 | 00 | 1000 | a7 b lug€ons
5 lioo |95 19:0 95 19 0.0 001000 | 0.7 L s
5 15 6o 50 5-0 J2Y) 0:0 | g0 750 | ©0-03 ' g
5 25 | 5-0 oo 5-a 10 0.0 o0 150 | 0:-09 :
5 so lo.o 2428 | 26285 | 0-528 20 0o £0-0 | 0-095
s 50 |2:625 |-5-2§ 2625 | Ao-525 0-0 0.0 50-0 | 0045

# Volues are read from appropriate correction graphs. . Rec. |q1°l‘| +1t L <a,p=0.44.5in 0. (E+m); if L>a, p=044.sin6.n.
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PLATE 1

NORTH MOLONGLO OUTFALL SEWER
o SURFACE GEOLOGY ALONG TUNNEL LINE

REFERENCE

w ?(\\ N o \\\/<~// \ ) , / / Ny RECENT T0 { Undifferentiated
/\? - //\ K‘ ¢ o M | PLEISTOCENE Lyneham Lake deposits
oo 7 Supw —————— - N N A S PERMIAN [P ] Fyshwick Gravel
g Sup - \1’ ( Mt. Painter Porphyry
UPPER ) [Su] Volcanics
a SILURIAN Suy | Yarralumla Formation
¥ O\ 7 / | [Sud]  Deakin Volcanics
_<» ' Acton Limestone Member
N // // [Sth] City Hill Shale
» i// S LOWER ) Riverside Formation
. = gty SILURIAN [Stt ] Turner Shale
) > \} 3 QUH C State Circle Shale
: . | (Sle Camp Hill Sandstone

. N
Coppins_ A
Crossing Vj\"“

Acton Shale
Pittman Formation
Black Mt. Sandstone

UPPER ORDOVICIAN
MIDDLE ORDOVICIAN
LOWER ORDOVICIAN

el

—————— Geological boundary, position approximate

sta \Sih ~—— ——  Fault, position approximate
CANBERRR
HOSPI}éL
A
—— Road or street
BURLEY GRIFFIN ¢ oury
)
S Qg [ Contours show height above mean sea level
g ~ 1 p]
5 0 I /) - Grid bosed on Mt. Stromlo dotum
3 ' 12 \ | i ua . \
%‘ J o g ) \ﬂ\ N ‘ //7 \\\ « \
i E ) ® ) ] < o i - N\ ————Tunnel Lline
500ON VD) £50 / R \V’V(SlS\c\ ? ,—‘”s'k\ \

Bureau of Mineral Resources, Geology and Geophysics, March 1969 | Base map aodapted from N.C.D.C. drawing TP 199/66/1 To accompany Record 1970/b! I55/RIb/bkb




1300 feef
to east

)

SCALE
Feet 200 0 200
REFERENCE
Y Dacite crystal tuff
A Rhyolite
ODD1 Diamond drill hole
0A23 Auger hole
A A. Seismic traverse

bedrock
AR Erosion gully

—_—r Fence

===== Track

Proposed tunnel line follows seismic traverse AA’

Contours show height 'in feet above mean sea level

Base map ParT of A.CT Detail Series Sheet GbD

Bureay of Mineral Resources, Geology and Geophysics, Rugust 1969

600 Feet

Structure contour on top of fresh

PLATE 2

NORTH MOLONGLO OUTFALL SEWER
OUTLET PORTAL AREA

True North

Co-ordinates are in feet with origin at Stromlo Trig. Station

155/A1b/bk7

13¢00¢

- B

To accompany Record 1970/b)




PLATE 3

NORTH MOLONGLO OUTFALL SEWER
«  BLACK MOUNTAIN CREEK AREA

SCALE
Feet 200 0 200 400 600 Feet
REFERENCE \
Qa ] Alluvium 7]
Q [ ] Soil and scree
Dacite crystal tuff
[
| T chet i
i L Siltstone 3
A \\ e _ i Sandstone N
N \ iy ] S
e it \\\\\\k\\ \\\ _\?fsa//// oL? Sandstone :
. \ N\ i~ e
| \§§\ NIRRT £ 38 Dip and strike of bedding
L AN \\‘/
7%%_,\, AN SN 3000 LT Geological boundary, position approximate
& / —— Fault, position approximate
R
§<\ 15’ Depth to bedrock in gully
k\\ 6 15+ Depth of gully, no bedrock exposed
,ﬁ)/é/ ODD?2 Diamond drill hole
o } 0A1S Auger hole
\\ \\ e
%\ \ P F Seismic traverse
N B
i) _— Tunnel line
;)
g J Base map parf of A.C.T Defail Series Sheet HbD
PLANTATI
T
| Buredav of Mineral Resources, Geology and Geophysics, Avgust 1969 : ISS/Hlb/bk-Q
22000E 23000E

To accompany Record 1970/bl
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 PLATE 4

NORTH MOGLONGLO OUTFALL SEWER
SULLIVANS CREEK AREA

SCALE

Feet 200 0 200 400 600 Feet
e e = |

EFERENCE
Qa [ Alluvium
a 1 Soil and scree
N EE Interbedded sandstone, siltstone and shale
Oua P77 Siliceous shale
omp[_] interbedded sandstone, siltstone and shale
] Sandstone
? .
oL? Laminated shale
\37 Dip and strike of bedding
—_ Geological boundary, position approximate
- m—r— Fault, position gpproximate

— Anticline showing plunge \
//‘\\ Alluvial fan ’
oD.D5 Diamond drill hole

dA12 Auger hole

[ /
L L Seismic travers g
— averse g,
—_— Tunnel line §/ 2
= 3
—= Alternative tunnel line S =

Base map part of A LT Delair Series  Sheei TbC

v of Minera! Resourzes, Geoloay and Ceconysics  August 1969 I55/R16/b49

Q‘ on
- Plate 5
LAKE BURLEY GRIFFIN

J

To accempany Kecord 1970fbl



PLATE 5

v 2 N AN ' NORTH MCLONGLO OUTFALL SEWER
A NGRS L | oS R e T Ay m  HOTEL ACTON AREA

SCALE
Feet 700 0 200 400 60C Feet

REFERENCE

Qo [] Aliuvium |
Pg [ 1 Gravel i
St ] Dimestone
- sts [ Shale *f
stc [ Sandstone : ;
Oﬁa Siliceous shale
000N A9 Dip and strike of beddirg
| —— Geological boundary position approximate
C— Fault, position approximate
ODD7 Diamond drill hole’
0AS Auger hole
~ | ~  Turnel line
WEST BASIN - ,\':\b' — Alternative tunnel line
v T T. Seismic traverse

LAKE  BURLEY  GRIFFIN

Base map part of R.CT Detail Series Gheet TbC

Bureav of Mineral Resources, Geology and Geophysics August 1969 I55/Alb/b50

L. I0000N

3IT000E 35000€ To accompary Record 1970/bI
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NORTH MOLONGLO OUTFALL SEWER

GEOLOGI‘CALSECTION ALONG TUNNEL LINE

!

PLATE 6

RL BLACK MT. . E
(Feedy DEAKIN FAULT _SOUTH BLACK MT. ACTON oet)
2400 * FAULT P FAULT FAULT 2400
4 Black Mt. :
::,:Z: ) Creek TR < < SullivansT'P' P 53 2100
1800 s et e, sttutsit. o Sl ot esttuts, dutusid SRS | Y'ERV‘UELEV_‘——V_P?QEP—&’S‘E‘D?‘ ————————————— : S SN T e S 2L S , ___ __W_H_Q‘f,,&ﬂ
ooy v v v v v v v v Vo ogup Y v v v v v v v v W RN 'g\'\.f;«.j;'-‘_\ ?’7 N
oo v v v v v v v __ vV v v v vV v v vV x SRR AN
o
o & ™ S LZ) 0 @©
o e b ] - I S
2 = = = = = =
o o G O G S 5
|
! 1
!
!
|
+  REFERENCE
T e
: ' . : Sup | v Mt. Painter Porphyr
HORIZONTAL AND VERTICAL : y
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NORTH MOLONGLO OQUTFALL SEWER
SEISMIC CROSS SECTIONS IN OUTLET PORTAL AREA

PLATE 11

SCALE
200 0 200 400 boo Feet
R.L. I.P LR r RL
in feet A ce’ DD’ A in feet
1900 - e i{ ‘L e 1900 '
ng‘ EE N b Go00). & For [ocalions of fraverses see Plafe 2
,/’/’ Fu g o = .
180C 4 - e “GEo0) R e ™ S T £ - 1800
G500) e R e (5900) All traverses done by officers of the
) e, S U e £ SR M T
e —— (i5500) - Geop/ysica/ Branch of the BRI1.R., traverses
AR' - EE" by F T Taylor and Traverse KK'
[.P. B. R.L. IP LR '] by pE Mann.
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1P !
1900 - . , ] 1900 KK foot '
B HEE . ,.—-—/-*“tay/il » ] J 5 e
e T T e T / e e e R . ,
1900 4 (3800) i 1 i T ) )8CC 7‘_._",“_,‘,/"”""/(;;qoo) 3 (5900) Seismic Ve/OClty of /ayer mn
| (S00)— ——~————"" ; ke e i ~ feet per second
- —_— i o Boundary of unweathered dacife
crystal tuff bedrock
P :
AR' Intersection point of fraverse AR'
P . .
1P R B'Ycc' !
D KK' AR’ 88 D E p -
1900 1900 A Lp RO
e S ol F‘)H/ BB
S 5200) @ﬁo B KK \L B o et
200) e B 1) TS e = oy A SN
18004000y __ Al L (16900 1800 - {3800) L
I g e s Sl ] [
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1900+ Lp cc' \L oo = (booo) e B 1900
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@Soo) L _’/_,,,_,_“___,_,‘——-\__ibgeo_).__, T T T T T e T
e (5800)
1700 }700
Bureau of Mineral Resources, Geology and Geophysics, November 1969 To accompany Record 1970/b) I55/A16/b5b




NORTH MOLONGLO OUTFALL SEWER

PLATE 12

SEISMIC CROSS SECTIONS - BLACK MOUNTAIN CREEK AREA

SCALE
200 0 200 400 600 Feet
R.L.
in feet ’
2000 1 ~ 2000
. LR J'-f; _—T7000)]
Ho (3100) B
199 Ye750) — (3200) i9500) - 1300
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_ - (3168) . . o 3PO0NET L T LT e e T T T e it .
I~ S — — TR s e TS i ~——— - E (6600)___ T B i T - =
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1800 1 (15800) T -7 T - 1800
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(15000) (11000)
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P 1P, ILP
H F ¢6' H' J FF GG’ J'
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S e e —— Rl i e ——— ~~ __ (9500)"
(14600) 2]
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Bureau of Mineral Resources, Geology and Geophysics, November 13968. To accompany record 1970/bl

For location of traverses see 'plate3

All traverses done by PE.Mann of
the Geophysical Branch of the B.MR.

-

Seismic

(6500) velocity of layer in
feet per second

- Boundary of high velocity layer

&Z lnTer;echon point of traverse GG'

155/A1b/b57




PLATE13

NORTH MOLONGLO OUTFALL SEWER

SEISMIC CROSS SECTIONS - PORTAL AREA WEST
OF SULLIVANS CREEK - )

Scale

200

400
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PLATE 14

NORTH MOLONGLO OUTFALL SEWER

SEISMIC CROSS SECTIONS BETWEEN SULLIVANS CREEK AND
COMMONWEALTH AVENUE
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