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ABSTRACT

The Gautrain Rapid Rail Link is a state-of-the-gatl route and one of the ten Spatial
Development Initiatives planned in Gauteng Provir8euth Africa. The route comprises two
links, namely a link between Tshwane (Pretoria) dadannesburg and a link between OR

Tambo International Airport and Sandton.

A total of 10 stations are linked by approximat8y kilometres of rail along the proposed
route. Between Johannesburg and Pretoria in ththesxwuTshwane region, the rail alignment
is underlain by dolomite bedrock for approximatdlgkm in the vicinity of Centurion

between Nelmapius Drive and The Fountains, inclgidiearly 6km elevated on a viaduct.

The stability of the rapid rail link constructedesvthe dolomitic sections was considered a
major project risk due to its proneness to sinkhoémd subsidences along this route.
Construction on heterogeneous soils, pinnacleddo&dand other geohazards posed major
challenges to the construction team.

To facilitate detailed design and adapt proper @agion options for the viaducts founded
over the dolomitic terrain, rigorous and comprelenground investigations were conducted
by the Bombela Civils Joint Venture (BCJV).

This work presents the different ground investigiatmethods used and how the results have
led to the adoption of five suitable foundationusimins namely: large diameter shafts to rock,
piles to rock, floating foundations over groutedwgrd, spread footings on shallow bedrock
and concrete U shaped structures.



GLOSSARY

The following is a list of defined terminologiesathare frequently used in this thesis.

Blanketing material
» The material overlying receptacles
Blanketing residduum
» The remains of dolomite left behind after diagesekiconsists of chert gravel, wad
and small quantities of clay.
Cavity
» a void within the unconsolidated overburden caulsgdsubsurface erosion of this
material into underlying solution cavern
Chert
» A silica rich rock occurring as interstratifiedisdous bands in the chert-rich dolomite
rocks.
Compaction subsidence
> A closed depression, often basin-shaped or rouggmrycal, funnel-shaped depressions
usually formed in the karst land surface of carbemack area, as a result of solution
or collapse of underlying carbonate rock stratalifi@s have a simple but variable
form, e.g. cylindrical, conical, bowl! or dish-shdpand may vary in size dimensions
from a few metres to many hundreds of metres widdines may occur as a network
of adjoining collapse or sinkhole features in palygl karst, separated by narrow
ridges of limestone; where two or more dolines masglesce, the larger feature is
usually known as a uvala
» Sides may be gently sloping to vertical or overaggSize: a few metres to many
hundreds of metres across
> A closed depression draining underground in kéostned by solution and or collapse
of underlying rock strata. Shape is variable, tgroconical or bowl shaped.
> A depression of the ground surface which occurg/lgl@and not as steep-sided as a
sinkhole, although the final depth may be the samthat of a sinkhole.
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Dolomite
» a calcium and magnesium carbonate rock consistregominantly of the mineral
dolomite
Grouting
» Ground improvement method to fill the cavities iadbock and soil by controlled
injection of material usually in temporary fluid gde, thereby increasing the bearing
capacity and reducing risk of possible sinkhole.
Karst
> A terrain with distinctive landforms and drainageftén underground), mainly
originating from SOLUTIONAL EROSION and commonlywidoped on carbonate
rocks or EVAPORITES
Overburden
» Any loose, unconsolidated soil material overlyigjdrock.
Pier
» A civil structure which supports a precast viacdsegment.
Pinnacle
» subsurface, steep-sided tower of bedrock formedtaluissolution of material along
intersecting joints in the original rock mass
Sinkhole
» A word of American origin used to describe sitesioking water in a carbonate rock
(karst) area; often formed in a doline. Sinkholes anclude swallets, and like dolines,
can be mantled in by subsequent glacial drift diegpo@n the UK and other parts of
Europe, a sinkhole is often referred to as a “swdilole”.)
> In Australia, used for sites of sinking water irkarst area. Sinkholes also include
swallets. Note that in USA the term is, by longabished usage, synonymous with
the term DOLINE, in the broader sense.
> A steep-sided surface depression, which occursesugldiue to collapse of surface
material into a cavity.
Solution cavern
» Large void within the solid dolomite bedrock due d¢bemical decomposition of

carbonates by weakly acidic ground water.

Xi



Wad
» A generic name for (often poorly crystalline) safinganese oxides/hydroxides, often
containing significant amounts of hydroxides/oxid#sother metals and adsorbed
metals (iron and other transition metals, alkanetnts, etc.) Palache et al, 1944.
> As defined in southern Africa. It refers to a blaekiduum, comprising of manganese
and iron oxides, with a low density and high voadia. It is compressible, insoluble

and highly erodible.

Xii



1 INTRODUCTION

1.1 BACKGROUND

The Gautrain Rapid Rail Link is a state-of-the-gail route and one of the ten Spatial

Development Initiatives planned in Gauteng. Themudjective of this project is to develop the

economy and ease traffic congestion. The constmucif the Gautrain was entrusted to Bombela
group as a concession agreement to design, byidate and finally handover the system rail to
the Gauteng Provincial Government after 15 yeahe Bombela consortium comprises several
companies:

Bouygues Travaux Public (civils)-France
Strategic Partners Group (civils)-South Africa
Murray and Roberts (civils)-South Africa

Bombardier (train equipment)-Canada

Y V. V VYV V

RATP Development (train operation, development mathtenance)-France

The route comprises two links, namely a link betw@&shwane (Pretoria) and Johannesburg

and a link between OR Tambo International Airpord &andton.

A total of 10 stations (Figure 1) are linked by appmately 80 kilometres of rail along the route
with 15 km section of tunnel between Park Statiod the Marlboro Station. The project consists
of 15 Viaducts from the Airport to Tshwane, wittetlongest viaduct (3100 m, Viaduct 5) being

constructed along the Centurion section (Appendix A

The Pretoria-Johannesburg link starts at Parkdtati central Johannesburg and proceeds north
underground for 6 kilometres beneath the Parktovgadd&kand Oxford Road to Rosebank Station.
From there the line continues underground for @h&rr5 kilometres beneath Dunkeld, Hyde
Park, Inanda Extl and Rivonia Road to a statiorhiwithe Sandton business district. After
Sandton Station, the route remains underground aten®andown, Strathavon, the M1 and
Marlboro Drive before appearing onto the surfac&larlboro, approximately 4 kilometres from
Sandton.



From Marlboro Station, the route proceeds nortivards the Midrand Station. After Midrand
Station, the route largely tracks the Old Pretdnadannesburg Road and the N1 before it stops at
the Centurion Station, just north of Centurion Lakke route then runs to the west of the Ben
Schoeman highway from the Jean Avenue interchangs Gnake Valley and east of Salvokop

into Pretoria.

Pretoria Station, 11 kilometres from Centurion hg thext stop. It is situated adjacent to the

existing Pretoria Station. The route then runs fagh km to Hatfield Station.

The OR Tambo International Airport and Sandton Btérts from Sandton Station, via Marlboro,
crossing the northern boundary of the Linbro Paridfill, passing the Linbro Park Agricultural
Holdings and across the Modderfontein property tgefmnnecting to the existing rail corridor,
serving the Kelvin Power Station and the Spartants industrial area into Rhodesfield Station
in Kempton Park. From there it connects to a stalioilt within the airport terminal complex at

OR Tambo International Airport.

Between Johannesburg and Pretoria in the southshwdane region, the rail alignment is
underlain by dolomite for approximately 15 km ire thicinity of Centurion between Nelmapius
Road and The Fountains including nearly 6 km ekvain a viaduct as documented by Storry et
al. (2009).

The possibility therefore exists that features aisged with dolomitic instability could occur on

and in the vicinity of the proposed route. Aparnfr stability problems, areas underlain by
dolomite also differ from areas underlain by mas$teo rock-types in the unpredictable nature of
the dolomite residuum overlying the bedrock and yvaeable depth to bedrock (Venter and
Lourens, 2002). The presence of cavities, largatdis of solid rocks and effects of wad material,

also posed major challenges to the constructian tdang this route.

This research project focuses on the dolomitictkarsain, crossed by the rail link. It considers
the different geotechnical investigation methodsduso arrive at suitable foundation options

along the Gautrain route.
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The dolomitic terrain is typical of karst areas whesurface instability due to sudden collapse
settlement in the form of sinkholes or slow surfacevements due to compaction subsidence

may OcCcCur.

Surface instability on South African karst areasyntee caused by amongst other factors,
concentrated infiltration of surface water/watekdge or human imposed loads and vibrations. The
extent of these surface distortions is dependenthenproperties of the subsurface dolomite
bedrock and the blanketing material overlying thekrand is being assessed according to South
African practice in terms of an approach developgduttrick et al. (2001), for the purpose of

housing construction.

Ground investigations in the study area underlaindblomite bedrock have previously been
carried out by the Council for Geoscience (CGS)satiag to the South African Institute for
Engineering and Environmental Geologists (SAIEG)3)0guidelines to determine the risk of
sinkhole and compaction subsidence formation. Tiseggested investigation methods are not
suitable for the purpose of a mass transit railaenpss the focus area as these guidelines were
developed for residential development on dolomeerbck. There was no local geotechnical
investigation procedure that could be adopted twige the needed measurements to properly

assess the terrain since similar developments lmmile are limited.

More rigorous and advanced ground investigationsewenducted along the rail route to
determine the geotechnical properties and subsurfanditions of the rocks and weathered
materials. The methods used to gather data ondle¥ant characteristics of the geological
materials included trial hole investigations, rgtaore drilling, both small and large diameter
auger drilling, cone penetration testing, standgrdnetration testing, gravity survey,
pressuremeter testing, borehole radar survey, rmomis surface wave, dynamic probing and

percussion drilling.

Based on the results obtained from these invegiiganethods, suitable foundation solutions
were designed to overcome the challenges on thmrikgls underlying the route and the surface
stability was evaluated according to the scenarmpssition approach proposed by Buttrick and
Schalkwyk (1995). This method requires the evatuatf the site’s geological conditions, the

quantification of risk and the management of ts&.ri



L i = 1
b Sl S B —
P it i % " TPRETORIA - =
e { =
e S S e = T g
S Lo R e T = U e =
gy‘:um:u';m:#mrn:ntunwr . N < L. E
' E‘?‘“#mmm" = ATTERDGEWUE | .
REF: Key(Re commendyEIAI0Z | TSHWANE
METROFOLITAN
MUNICGHPALITY
II
| &
-
RIETYLE
| 5
I: 'l II'
e | \ )
-.'.‘._r’ o8 | 1
AN |
= | ) /1 !
III g I.. I{-
: f T B i I\
. - = s frg—1| — _CLATMLLE { A
7y IOHANNESBURG . TR |
— 7 / METROPOLITAN ; b A4
MUNICIPALITY - '.. 'l
— - P u— ¥ + I IIII .I. r
;
| s TBesA
| SLINMINGHILL [s
| < I P —R PR == N - o L
, Tr—— == =77,
; ! i RIVONIA bl EKURHULENI
' I: T e METROPOLITAN
@VANSTON) W 3\ MUNIZIPALITY i
= ;‘ N Vet L
=) ! eeweron Pll._mt y
\ .'I - ! >
}-_— /- cowmE :
= f! i s
., _|I | n .I
Pml' \
i y LINDEN \
! /
——a e — —-t-"l,.— =
%\ - 3 ',:_' L T LT
I R .. BENCR
T Vo T R STA =
iy JOHANNESBURG P25
‘_Q\ RECOMMENDEDEIA | v T &
GAUTRAIN ALIGNWENT am-
8 L u E f 31 OUTOBER 2002 i )
2 RAPID RAIL LINK KEYPLAN ..~

e e e

Figure 1: Map showing the Gautrain rapitllnak alignment with study area highlighted on
blue. (Bombela CJV, 2006)



1.2GEOLOGY OF THE STUDY AREA

The study area covers approximately 15 km of thgheon section of the alignment and is
underlain by the Malmani Subgroup, which belongtht Chuniespoort Group, of the Transvaal
Supergroup as shown in Figure 2. These dolomitéschware some 2200 million years old
(Eriksson et al. 2006), extend through the longrtadroute of the Gautrain rapid rail link from
the contact between the granite of the Johannesbragite Dome near the Techno Park (viaduct
5T) in the south, through John Vorster interchafgaduct 5B), across Centurion Supersport
Park along West Street (viaduct 5C) in Centuriowmdo Jean Avenue (viaduct 5D), and across
the military area through Snake Valley to EeufeesR(viaduct 6) in the north. The northern

contact, dipping to the north, is between the daieinedrock and shale of the Pretoria Group.

These rocks have weathered extensively since deposind have been subjected to severe
tectonic events such as the Vredefort impact tosthegh and the intrusion of the Bushveld and

Pilanesberg complexes and associated dykes asdositie north and north west.

The structural pattern of the area is dominatedialjts which are associated with syncline and
anticline formation within the Johannesburg Grami@me formed in the Pre-Transvaal times.
These are faults, fractures and shear zones padltivated in Post-Transvaal times. Many of

these faults also show strike-slip motion as docusteby Eriksson et al. (2006).
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Figure 2: Geology of the study area (Bombela CD092

1.3TOPOGRAPHY

The groundwater level in dolomitic aquifers as duoeanted by Barnard, (2000), does not
necessarily follow the topography. More often thmem, it occurs as a nearly horizontal surface
indicative of a low hydraulic gradient and very ipeable formation. This characteristic partly
explains the occurrence of extremely deep grounelwasst levels in areas of raised topography
(Barnard, 2000).

In instances where the direction of groundwater enwent is towards the dolomite, the
groundwater gradient is generally much steepewutirdhe quartzitic rocks than in the dolomitic

formations.

According to Barnard, (2000), this characterists lbeen demonstrated in the area southwest of

Pretoria, where the Black Reef Formation separ#tesBasement Complex granite of the



Johannesburg Granite dome from the dolomite oCimeniespoort Group. The steeper gradient is
attributed to the poorer transmissive propertiesthaf quartzite compared with those of the
dolomite. According to Kirsten, (2003), the studgawhich extends from south of Centurion to
South of Pretoria forms part of the Kromdraai L&y$tem, which is characterized by some steep

hills with moderate relief.

The general topography of the area is gently watthg. The southern part has a topographic
high, which lowers towards the Hennops River drgénbasin and then increase towards the two
west-east ridges in the north of the study areas&hridges form low hills with maximum
elevation of 1 540 m above mean sea level andabsee a valley floor of approximately 1 400
m above mean sea level (AGES, 2006). The drainagend the study area with dolomite

compartments is shown in Figure 3.

To the southeast of the suburb of Irene, the Hemiitiper has eroded a steep sided valley into
the dolomite bedrock. The valleys are generallynopgth moderate slopes. The rare steep
hillocks (Dumb Bell Hill, Swartkop, Bay Hill and lo¢rs) are related to the erosion resistance of
thick chert and chert breccia bands. The hill stopes characteristically concave except for free
faces and highly dissected pediments that are présea very minor extent as documented by
Kirsten, (2003).
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1.4 DRAINAGE

According to Barnard, (2000), three main drainaggtesns occur in the area (hydrogeological
map 2526), bordering the Gautrain route alignmesrnhfJohannesburg to Pretoria. These are the
Limpopo River system (Primary drainage Region A)ickhdrains approximately 30% of the
area, the Olifants River system (Primary Drainaggién B) draining 25% of the area and the
Vaal River system (Primary Drainage Region C) drgjrthe remaining 45% of the area. The
tributaries that drain the headwaters of the Lingpapd Olifants Rivers flow mainly northwards.
Those of the Vaal River system drain in a predomtigasoutherly to southwesterly direction as
shown in Figure 4, while the major dams in the ragga are shown in Table 1.

The alluvial sediments that adjoin the Crocodiledriin the area downstream of the Roodekopjes
and Vaalkop dams represent the only primary aquifeche map area (Barnard, 2000) and its
distinguishing feature is its hydraulic connectigith the Crocodile River. The major drainage in
the study section is formed by the Sesmyl Spruénters the study area in the southeast, flowing
west at 1 460 mamsl and cutting across the dolorif®ws out of the study area on the west at
1 360 mamsl (Ages, 2006).

The groundwater drainage pattern in the area enassipy the Gautrain route alignment as
documented by Barnard, (2000), generally mimicg tbfasurface water which, in turn is
determined by the topography. The groundwater dwsitherefore also commonly coincide with
surface watersheds. Diffuse seepages typicallyroglmung the base of valley slopes where the
groundwater level intersects the land surface. Tdrenation of sinkholes and compaction
subsidence is mostly due to interference with serfdrainage or ingress of water from storm

water ponding or leaking services.

In areas of the Basement Complex rocks as integigy Barnard, (2000), the low surface relief
and the porous nature of the weathered granitesgige to groundwater seeps or seepages rather

than to well-defined springs.
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Tablel: Major dams in map area (after Barnard, 2000
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1.5 PROBLEM STATEMENT

Urban and related infrastructure development orstkareas are influenced by historic and
ongoing karst processes including the epikarst madgeand hydrological changes that may result

in surface movements.

Surface movements, manifesting as sudden collagiiersents (sinkhole) and slow compaction
settlements (subsidence), are usually a respon$e @xisting epikarst conditions to changes due

to local surface water ingress or regional andllgoaundwater fluctuations.
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Typical effects of surface instability are damageot complete loss of surface and sub-surface
structures and services, injury or loss of life gnoundwater vulnerability to pollutants.

The possible risk to lives and damage to propesta aesult of land subsidence caused by karst

processes should be prevented or minimized.

1.6 OBJECTIVES

This dissertation aims to address the followingeatq

» Describe the general geological conditions spalfiaelated to the karst area along the
Gautrain rapid rail link centreline.

» Describe the factors impacting on the Gautrain liak where it crosses the dolomite
bedrock area between Midrand and Pretoria

» Give a comprehensive description of the investigatmethods used and the results
obtained during the site investigations on the oiie bedrock area.

» Highlight the design requirements and geotechrdatd used in the design process.

» Discuss the appropriate foundation and precautjonaasures implemented in different
karst conditions along the rail route.
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2 GEOLOGY

2.1 REGIONAL GEOLOGY

The route along the centreline of the Gautrainlnak from the south station at the present Park
Station in central Johannesburg to the northettiostan Hatfield, Pretoria, is underlain by rocks
of the Randian and Vaalian Erathems as shown iar&i¢p. The south section of the route
comprise the Halfway House Granite and Witwatemdraguartzite/shale formations as
documented by Tosen et al. (2009), while towardsnibrth, the granite and greenstone forms the
basement onto which the younger sediments and niclceocks of the Witwatersrand,

Ventersdorp and Transvaal Supergroups were intr(iEiekisson et al, 2006).

The Pre-Cambrian Witwatersrand Supergroup is tdesptlsedimentary sequence along the route
with its lower base overlying the rocks of the Damn Group (Eriksson et al, 2006). This
Supergroup is an oval-shaped basin with its axesitaOOkm long in an NE-SW direction and
200km wide in the NW-SE axis with the Vredefort dosituated in the centre (Brink, 1979). The
age of this supergroup is placed between 2 714 Ma2a014 Ma as documented by Eriksson et
al. (2006).

Lying on top the Witwatersrand Supergroup is thentéesdorp Supergroup which consists of
volcanics, amygdaloidal and porphyritic lavas, @jastics and sedimentary rocks. The
Supergroup is composed predominantly of a massigenaulation of andesitic and basaltic lavas

with related pyroclastic agglomerates and tuffs.

The Transvaal Supergroup is presented in the ayedahd dolomites and chert (chemical
sedimentary rocks) of the Malmani Subgroup, Chytest Group and clastic sedimentary rocks
of the Pretoria Group. This Supergroup as showiiahle 2 overlies the Archaean basement,
Witwatersrand and Ventersdorp Supergroup and fotines floor of the Bushveld Igneous
Complex. The strata dip towards the centrally ledaBushveld lithologies and encompass one of
the world’s earliest carbonate platform successiovith well preserved and extensive
stromatolites and an excellent record of cyanob@atteand bacterial evolution, recording the

early history of life on earth as documented bk&son et al. (2006).
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The Chuniespoort Group of the Transvaal Supergrimrms two broad arcs of chemical
sediments encircling the younger clastic stratahef Pretoria Group. It occupies an area of
approximately 15 500 kfrin Gauteng (Buttrick, 1986) and comprises the MalimBubgroup,
followed by the Penge Formation, which is in tuunconformably overlain by the Duitschland

Formation.

In the central area, which covers the study aretemunonsideration, the Chuniespoort Group is
marked by only the four lowermost formations of tki@lmani Subgroup as documented by
Wagener, (1982).

The Pretoria Group as shown in Figure 6 is appraiety 6 to 7 km thick and overlies the
Chuniespoort Group, forming the uppermost grouphef Transvaal Supergroup. It occupies a
continuous strip about 80 km wide around the ohwalped basin of the Bushveld Complex and
comprises predominantly mudrocks alternating withartgitic sandstones, significantly
interbedded basaltic-andesitic lavas, and subarinanglomerates, diamictites and carbonate
rocks all of which have been subjected to low-gratetamorphism (Eriksson et al. 2006). A
general sheet-like geometry is evident for mostthed nine lower formations, with certain
sandstone and lava units exhibiting more wedge-tiieee dimensional forms. Only one
radiometric age is available for the Pretoria Growph lavas of the Hekpoort Formation being
dated at 2 224 + 21 Ma (Eriksson et al. 2006).

The basal Rooihoogte Formation of the Pretoria @rouerlies a deeply weathered karstic
palaeotopography developed on the Chuniespoortpgsratbonates and wad fills palaeosinkholes

in many areas (Eriksson et al. 2006).

There has been a lively debate over the years diegpthe depositional basin of the Pretoria
Group, but qualified use of boron contents indisdbes distinct possibility that the Rooihoogte to
Strubenkop Formations were laid down in a closesihaucceeded by transgressive/regressive
marine sediments of the Daspoort, Silverton and &dagberg Formations. The general tectonic
setting of the Pretoria Group basin is inferretidan the rift-to-intracratonic-sag-type continuum
according to Jonhson et al. (2006).
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Table 2: Stratigraphic subdivision of the Tran$\&apergroup (after Eriksson et al. 2006)

OVERALL LITHOLOGY

TRANSVAAL BASIN (South Africa)

Clastic sediments
and volcanic rocks

Rayton Fm, etc. (sandstone, shale, volcanic rocks)

Magaliesberg Fm (sandstone)

Silverton Fm (shale, lava)

Daspoort Fm (sandstone)

Strubenkop Fm (shale)

Dwaalheuwel Fm (sandstone)

Hekpoort Fm (andesite)

Boshoek Fm (conglomerate, sandstone)

Pretoria Group

Shale
Sandstone
Shale/lava

Timeball Hill Fm

Rooihoogte Fm (conglomerate, sandstone)

Regional unconformity

Chemical sediments

Duitschland Fm (carbonate and clastic rocks

Penge Fm (iron-formation)

Malmani Subgroup

Chuniespoort Group

Frisco Fm

Eccles Fm
Lyttelton Fm
Monte Christo Fm

Oaktree Fm

Clastic sediments

Black Reef Fm (quartzite)

Clastic sediments,
volcanic rocks
(Ventersdorp age?)

Pre-Black Reef Fm (quartzite)
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2.2 DOLOMITE

About 20%, or approximately 15 500 kof the densely populated region embracing Gauteng
Province, the central northern part of South Afianderlain by dolomitic rocks (Figure 7),

as are most of the gold mining regions of the FastfRand (Van Schalkwyk, 1998).

The term dolomitic land is used in South Africa fmeas underlain directly or at shallow
depth (less than 100 m) by dolomite bedrock of @meiniespoort or Ghaap Groups of the
Transvaal Supergroup (Proterozoic age). It theeefacludes areas where dolomite is covered
by younger deposits (Pretoria Group) of the Traak®&upergroup, the Karoo Supergroup
(Palaeozoic age) or unconsolidated deposits of ZZ@ocage according to Buttrick et al.
(1995).

According to Moore (1984), ground surface instépilnay occur naturally in such areas
when there is fluctuation in the level of the grdwmater table and subsurface mobilization of
residuum, leading to the occurrence of subsidemew, collapse features and flooding, but is
accelerated many orders of magnitude by human itesv The primary triggering
mechanisms in such instances include the ingreswadér from leaking water-bearing
services, poorly managed surface water drainage iadidcriminate groundwater level

drawdown. Instability usually occurs in the formsirikholes and compaction subsidence.

Sinkholes result from various mechanisms (Sowedg6) This includes consolidation from

loading and dewatering, hydraulic compaction, sgftlas materials are removed by
groundwater flow, stoping or ravelling of materiaigo a void, and instantaneous collapse
into a void. Sinkhole formation can also occur abswulution enlarged fractures, which have
formed caves or mudseams. Water-table drawdowncaase soil voids to migrate along

solution features eventually leading to sinkhola distance from the well.
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The mechanism of sinkhole and subsidence formaaoashown and illustrated in Figures 8
and 9, according to Brink, (1979).
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Figure 8: Mechanism of the development of a sifkitafter Brink, 1979).

Diagram A shows the equilibrium situation before flowering of the water table. B is the
position after the lowering of the water table. féhés active subsurface erosion. The slot is
flushed out by a process of headward erosion. @slioe progressive collapse of the roof of the
vault, possibly temporarily arrested by the ferniggd pebble marker. D shows the collapse of
the last arch to produce a sinkhole surroundedbygentric tension cracks.
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Figure 9: Mechanism of the development of a sudygid (After Brink, 1979).

Diagram A shows the equilibrium situation before tbwering of the water table. The paleo-
subsidence is not apparent at the surface butlisated by sagging chert rubble and the pebble
marker. B is the position after the lowering of theter table. Reactivated subsidence
development becomes apparent as a surface subsitenaused by consolidation of wad. The
periphery of the subsidence is characterised byearszone and tension cracks. C indicates the
progressive consolidation of the wad, which caysegressive subsidence on the surface. D is
the final equilibrium situation, where the wad isnpletely consolidated and the subsidence

development is complete.
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The following conditions are necessary for the fation of sinkholes (Wagener, 1982):

» The presence of cavities close to the surfacevitiich the loose material can slump

» The water table must be deep as the rate of movieaigmercolating water above the
water table is higher than below. In addition, theisture content, and hence strength, of
the material can fluctuate above the water table.

> Near-vertical pillars or walls of dolomite near tharface are required for the sudden
slumping of loose material into solution caviti#ghere 15 m or more of chert rubble or
soil occurs over a fairly large area, slumping led material into deeper cavities can at

most cause slow settling of the surface.

A different hypothesis was presented as illustrdtgdVagener (1982), listing the following
conditions below for the formation of sinkholes:

There must be voids to receive the eroded material
There must be a permeable soil cover and suffigeaepage water

The soil must be erodable

Y V V V

The soil must have enough inherent strength to aver an eroded area forming a
roof.
Where soils are too weak to form an arch, subsilenit occur instead of sinkhole formation

as documented by Wagener (1982).

Damage to structures and loss of life has been reevere on dolomite land than any other
geological formation in southern Africa. Constroati problems have been encountered on

dolomite since the arrival of industrial developrminthis country (Wagener, 1982).

The dolomite areas traversed by the Gautrain aaeacterized by sub-surface bedrock pinnacles,
the presence of highly compressible wad materialvelé as hard rock floaters and extremely

strong chert layers.
The Snake Valley area which lies within the alignief the Gautrain Rapid Rail Link in the

study area has never been developed as a resldi@ntiaship due in part to the underlying

dolomitic substrate present. A number of sinkhdiage occurred in this vicinity and in 2006 a
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sinkhole event led to the temporary closure antigmaent of the N14 national highway which
runs through the area ( Gigsa, 2009).

According to Buttrick et al. (1993), records fromytlleton and Valhalla over a 12 year period
shows that 63 sinkholes developed in areas of degisity housing where infrastructure is not
well maintained while only 5 sinkholes developed areas of well-maintained low-density

housing.

On the 18 June, 1982 a small sinkhole opened up where ta®ifR/Germiston railway line
passes under the Pretoria eastern bypass (Wadoday),

During January 1978, flooding caused by heavy raiggered the occurrence of sinkholes and
subsidences on a large number of properties inesidential township of Valhalla, south-west of
Pretoria as documented by Brink, (1979).

There were occurrences of sinkholes and compastibsidences between 2007 and 2009 in and
around the study area (Figure 10), during grounakstigation and construction phase of the
Gautrain Rapid Rail Link, which are documentedh@a Gautrain sinkhole data base.

Similar problems were also being experienced owrdidé in other parts of the then Transvaal

Province. It was found that soon after developnstatted in an area, subsidence in the form of
sinkholes and compaction subsidence took placeialt realized that these subsidences were
triggered by water ingress and that they occumeakéas where certain conditions existed in the

overburden and in the underlying dolomite as doasteby Wagener, (1982).
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Figure 10c: Sinkhole in Centurion, corner Gerhard Street and West Avenue. (October 2007)



221 DEPOSITIONAL ENVIRONMENT

As proposed by Wagener (1982), the environmentegiodition in any sequence of dolomite,

determines to a large extent the engineering ctersiics of the residuum.

The Transvaal basin developed as a result of armpejtod of erosion in post-Ventersdorp times.
This basin was occupied by water rich in bicarbesaind silica, leached from decomposed rocks
of the Basement Complex and Ventersdorp Supergiawgs. Carbonates were deposited from

the water by both chemical and organic precipita{Brink, 1979).

Ca(HCQ), dissociates to form insoluble Cag@hich accumulated over geologic time, forming
thick sequences of CaG@Limestone) which is the original precipitate. Magium Iron” and

Manganese rich seawater seeped through this piaeipiltering the minerals to form dolomite.
2.2.2 STRATIGRAPHY OF THE DOLOMITE

The Malmani Subgroup is dated between 2 600 Ma2ab@0 Ma but the age of its base remains
uncertain. This subgroup in the Transvaal Basimpiso 2 000 m thick and is subdivided into five
formations based on the chert content, stromatoiibephology, intercalated shales and erosion

surfaces (Eriksson et al. 2006).

The Malmani Subgroup is divided into four Formasiom the dolomite section along the
Gautrain Rail Link (Kirsten and Venter, 2003; Esks et al. 2006), with a total thickness of 1
400 m in the central area (Brink, 1979). It gerlgraips at an angle of i@ 20 to the east, with
the dip direction bending to the north as the strbends from N-S to E-W around the
Johannesburg Granite Dome. Appendix B shows tHerdiit formations along the study route
from Jean Avenue Pier 81 across the military a@tgaugh Snake Valley down to Eeufees Road

in the north.

A description of the four Formations from oldestlet base to the youngest follows:
Oaktree Formation: This Formation is dolomite—rich and chert podr.sl characterized by
shallow bedrock and constitutes the base of thenigbpoort Group with a total thickness of

380m in the central area.
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The Oaktree Formation is transitional from siliastic sedimentation to platform carbonates and
consists of 10-200 m of carbonaceous shales, stolitita dolomites and locally developed
quartzites (Eriksson et al. 2006).

Monte Christo Formation: This horizon overlies the Oaktree Formation.si800 m — 500 m
thick and begins with an erosive breccia and coesnwith stromatolitic and oolitic platformal
dolomites (Eriksson et al. 2006).

Dolomite is interbedded with chert in this Formati@he depositional environment was a high-
energy intertidal zone and the sediments are bioggdagener, 1982). The depth to bedrock
varies from shallow outcrops to areas where thehdespgenerally greater than 30 m (Buttrick,
1986).

Lyttelton Formation: This follows the Monte Christo Formation with 2800 m of shales,
quartzites and stromatolitic dolomites with litthe no chert and high percentage of Iron and
Manganese (Eriksson et al. 2006). The strata asen flow-energy sub-tidal depositional
environment with a thickness of 150 m. Dolomitenaioles are found at various depths with wad

between the pinnacles in several stages of cordmid

Eccles Formation Overlying the Lyttelton Formation is the Ecclemrfation. This Formation is
up to 600 m thick and includes a series of erosimtcias. These breccias within the Eccles
Formation are locally auriferous, mineralisationinige attributed to the hydrothermal
remobilisation of fluids by the Bushveld ComplexikiSson et al. 2006). This formation consists
of dolomite interbedded with massive chert layefhe chert-rich dolomite comprises
stromatolitic and oolitic bands. The overburden daflomite and chert residuum varies in
thickness and composition. The environment of déposwas a low-energy supratidal zone and
sediments are basically chemical. Dolomite from ltlggtelton Formation with high manganese
content is expected to contain substantial amaafrdslomitic residuum (wad) while on the other

hand residuum from the Eccles Formation will cam&bundant chert.
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2.2.3 WEATHERING PROCESS

Dolomitic limestone consists largely of calcium amégnesium carbonate which dissolves in
weak acidic water formed by the reaction betweebaradioxide and ground water and leads to

the formation of solution cavities.

Rain water contains small amounts of carbon dioxidsolution. As this water reaches the soll
surface and percolates through the dolomite pratilere is enrichment of carbon dioxide. The
concentration of this gas may be 90 times mor&enair in the soil voids than in the atmosphere,
(Buttrick, 1986). The water and the carbon dioxadenbine to form a weak carbonic acid

HXO+CQ— HXCOs . . 1

Dolomite bedrock material is impervious with a oty of less than 0.3% while the highly
fractured, jointed and faulted dolomite rock massnpts access and ingress of water along the

discontinuities.

Solution of the bedrock along the joints resultshe widening of joints and fractures above the
water table. Dolomite, calcite and magnesite dissah the weakly acidic groundwater to form

bicarbonates. The solution of dolomite by weaklygl@movater may be represented as

CaMg(CQ) + 2H,CO3—> Ca(HCQ)2, + Mg(HCOs)2.........oooooooo. 2

As the process of dissolution progresses in theklyescidic groundwater, joints and fractures
gradually open. Pinnacles develop as remnant pilbdrrock and are sub-rounded by solution
from surface. Due to the insoluble nature of therchresent in chert-dolomite, it remains intact
in the residuum between the pinnacles and may we#bha friable white grit due to prolonged

exposure.

Below the water table, the water is more acidichviiicreased rates of mobilization resulting in
the slow development of caverns. Due to the higddluble nature of the magnesite, it is
dissolved from the rock, while iron and manganeseimturn oxidized to Féand Mr™* during

the weathering process. The solubility of the iramd manganese decrease under intense
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oxidation such that the hydrates of iron and maaganoxide are deposited with the soluble
constituents of the dolomite to form dolomite resich or also called wad.
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3 METHOD OF INVESTIGATION

The main purpose of this chapter is to give a hifinition and detailed description of the
different geotechnical investigation methods adopdering the site investigations for the

Gautrain Rapid Rail Link in the study area.

Both qualitative and quantitative methods were eygd for the gathering, processing and

analysing of field data.

3.1 Available information

A detailed literature survey was conducted to gatihe published literature on the dolomites

of the Malmani Subgroup which underlie the studsear

Prior to the commencement of this investigatiodesktop study was undertaken to determine
the geology along the proposed rail link routehie study area. This entailed evaluation of

data from previous works carried out in the aredianluded the following sources:

» BKS (Pty) Ltd 2002. Gauteng SDI Rail Link (GauthaifReport on the dolomitic
stability and geotechnical investigations for rougelection purposes, southern
Tshwane.

» CGS (2007) Approach to sites on dolomite land

» AGES (2006) Baseline Geohydrological Investigatiéntechnical report conducted
by Africa Geo-Environmental Services on behalf oihibela Civils Joint Venture for

the baseline geohydrological investigation.

3.2 Geotechnical Investigation

Ground investigations conducted at the feasibditg preliminary design stages of the project
utilised a combination of gravimetric surveys andrdholes drilled using conventional
percussive methods, together with remote technigmetuding airborne geophysical
techniques (EM & Magnetic), localised refractiondaelectrical surveys. A total of 127

boreholes were drilled along the alignment in tbenhitic area, but the actual depth to rock
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and the nature of the overburden was not estallisiver significant lengths of the route
(Storry et al. 2009).

The detailed geotechnical investigation for the {Gan Rapid Rail Link started in 2006. The

process at every pier position included:

a)

b)

Typical percussion drilling using a combination symmetrix and reverse
circulation to provide support to the borehole biyaducing temporary casing as
the borehole advances.

Each pier comprising (4 to 6) 165 mm diameter gotpercussion boreholes
spaced 5 to 9 m apart were drilled 15 m into salk in order to fully understand
the variation of the rock profile.

Percussion drilling rigs were fitted with Jean-Lytarameter recording which
enabled relative assessment of the consistenaypafrcial deposits and hardness
of the rock to be evaluated, with stiff drill stemo maintain verticality
measurement on steep pinnacle bedrock.

Borehole radar to establish voidedness, occurrehdeaters (boulders) between
bedrock and steeply dipping rock heads

Test pitting using a specially procured 50 ton eatar.

Specialised investigations comprised Cone Penetralesting, Continuous Surface

Wave testing and Pressuremeter testing.

Each of the methods used for gathering and angysidata is described below.

3.2.1 Dirilling

Both down the hole (DTH) percussion drilling andary core drilling were used during

ground investigation along the route alignment.

3.2.1.1Percussion Borehole

Percussion boreholes were drilled to determinentitare of the subsurface materials and to

ascertain the depth to the groundwater table.
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Percussion boreholes are done using percussion éamhch is driven by air and which
imparts a rapid series of impacts to the drill wftich is part of the hammer. The rotation
drive to the drill stem is provided by a top drivead. The down-the-hole hammer is favoured
for geotechnical investigation purposes becausegm@fater versatility and sensitivity

particularly when recording penetration times hsittated by Byrne et al. (1995).

A total of 384 percussion boreholes from 96 pieesennvestigated along the route alignment
from Viaduct 5B (John Vorster interchange) to Vied6 (Eeufees Road), with another 28

percussion boreholes drilled at Centurion Station.

At each pier position between 3 and 5 borehole® wletled depending on the geotechnical
requirement. Pier platforms positions were locadéddistances of 45 m away from the

preceding pier in the study section.

Each borehole commenced by pre-digging to 1.5 mgusoth hand augers and backhoes, and
installing a 1.2 m long 250 mm diameter casinghim inspection pit. This was done to check

for any utility prior to commencement of drilling.

Drilling commenced by using the Symmetrix metho@8 3B mm diameter), with a Symmetrix

casing and heat treated rope threads from thecgudawn through the 1.2 m steel casing.
The boreholes were advanced by this method beyogpdsaft ground, floaters and cavities

until casing extended 6 m into the bedrock.

This method was used to stabilise the ground aadept the sidewalls from collapsing and

was followed by reverse circulation (121 mm diamete the end of hole in order to increase

drilling efficiency. The termination criterion f@ach borehole was the intersection of 15 m of
continuous solid rock or at a maximum depth of 8@epending on the subsurface geology.

Sampling was carried out for every one metre iratieby recording the penetration time in
accordance with the percussion record sheet asB@aV, (2006) and recovering the
chippings on to a plastic sheet and then placea sample tray, while during the reverse

circulation stage samples were taken at 1 m inkertteough a cyclone. During drilling
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operations, records such as the penetration timenpte, air loss, levels of water strikes and
intersection of cavities were noted by the operatoa drilling sheet.

Drilling parameters for each hole were recordedating to the Jean Lutz system for both
reverse circulation and symmetrix drilling (DGJVQ(®). The Jean Lutz System is a
computerized drilling parameter recording systenictvimonitors a series of sensors installed
on standard drilling equipment. These sensors rmootisly and automatically collect data on
all aspects of drilling, in real time, without inering with the drilling progress. It uses a
memobloc which is a credit card type memory cardetmord all drilling parameters such as
the drilling rate, thrust pressure, retaining puesstorque, rotation, vibralog, air pressure, air
fluid, penetration time and energy. The Memoblos wkced in a LT3 computerized system
on the drilling rig prior to commencement of dnllj as shown in Figure 11 and all parameters

recorded. This information was in turn transfen@d computer (EXCEL and PDF files).

Using individual drilling parameter recording measuents, variations in the drilling
parameters are interpreted to indicate the presehdeactures, changes in lithology, and
competency of the bedrock. For example, under aohshrust and rotation rate, a variation
in advance rate would suggest either a changeatiggaphy or the presence of an anomaly
such as a cavity or a fracture (Benoit et al. 20@®pendix C shows the Jean Lutz data,
while Appendix D shows the borehole logs for eaéhthe boreholes drilled along the
alignment in the study area.

The Jean Lutz data sheet was used in conjuncti¢im tve driller’s log during logging to

provide additional information such as:

» The drilling parameters recorded by the Jean Luting drilling provide a clearer and
more accurate explanation of the material in thelhole.

» Additional parameters in the Jean Lutz that areimalriller’s log, e.g. Vibrolog gives
more information in terms of hardness i.e. lessatibn is recorded if material is soft
and more vibration if material is hard.

» Jean lutz data is very useful when there is a @aonple recovery or no sample
recovery from a borehole because recorded parasnstgzh as Thrust Pressure,
Retaining Pressure, Torque and vibrolog explain th&terial type in terms of

weathering.
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Figure 11: LT3 computerized system and the paraseteorded during drilling

The disturbed samples were examined by an engngeggrologist who drew up a borehole
log as shown in Figure 12 for each borehole comgleDetails about penetration time for
each metre drilled, chip size, remarks from théedts log and description of the material are
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Figure 12: Typical Borehole log with symmetrix amarerse circulation drilling.




contained in the borehole log. The borehole logand.utz penetration data and the Borehole
Radar data obtained from all boreholes on eachweee incorporated together to bring out a
more detailed and comprehensive Geological Stemnf®laeach pier as shown in Appendix

E. This was then interpreted for every pier togyetore detailed understanding of the ground

condition and hence proper design option for eaeh p

Upon completion of each percussion hole, PVC cagingimum internal diameter of 75
mm) was installed to the full depth of the hole d@hd symmetrix casing removed with the

drilling rig’s hydraulics from the surface.

The boreholes were then plugged and backfilled wathcrete and an engraved plate showing

clearly the hole number, depth and contractor'senattached to the concrete block.

3.2.1.2Rotary Core Drilling

The rotary core drilling technique as shown in Fegi3 is used to drill a borehole which is
normally cased through the upper soil profile usangasing fitted with a diamond/tungsten
tipped casing shoe. A drilling fluid is used to wra the cuttings and flush them to the
surface where they can be sampled. This techniguadvancing the borehole is called wash
boring and the samples are known as wash samplgsdBt al. 1995). The borehole is

advanced in stages with samples taken at the \s&adepths required.

When materials of rock consistency are encountanetiwash boring is no longer effective,
rotary core drilling is used to advance the borelaid recover core samples. The cores are
drilled using a core barrel which is fitted withdeamond tipped or impregnated drill crown.
The core barrel with drill crown is rotated by ttelling rig which also has the means to
hydraulically crowd the drill stem (Byrne et al.98). A drilling fluid is pumped through the

core barrel to cool the drill bit and flush thetogs to the surface.

Once the core barrel is full, the drill stem wittre barrel is withdrawn from the hole and the
core sample is recovered and stored in a core Gore boxes are marked with the depths
drilled so that a visual inspection of the core tshows what percentage of core was

recovered relative to the depth drilled.
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Figure 13: General view of a Rotary Core drillimgy r

A total of 41 rotary core boreholes were drilledraj the route alignment in the study area
from John Vorster interchange to Eeufees Road, pritfiles and photographs of these cores
enclosed in Appendix F.

As with the percussion drilling, an inspection\pés excavated to a maximum depth of 1.5 m
below existing ground level at each position to fcan the presence or absence of any

subsurface services

The diameter of the rotary core boreholes was H-&62 mm) and the drilling fluid consisted

of water mixed with Eezymix.

Casing was used to maintain the stability of th# kdole in soft/collapsible formations. Soft
formation core samples were obtained by means oDM\double (split inner tube) tube core
barrels and rock core samples were obtained by Tddw barrels with a 1.5 m core barrel

length.

A piezometer/standpipe was installed in each roterg or in places where standpipes were

not required; the holes were backfilled or sealédae instructed by the Design Engineer.
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3.2.2 GEOPHYSICAL TECHNIQUES

Geophysical exploration is a form of field investign in which a set of physical
measurements relating to the underlying soil ok reitata is made at ground surface or in
boreholes (Byrne et al. 1995). The measurementgatal variations in space or time of
certain physical properties of the soil/rock matksti The properties of soils/rock which are of
significance in geophysical exploration are densityagnetic susceptibility, electrical
conductivity, elasticity modulus and thermal conduty. Since these physical properties
vary widely in soils/rock at least one of thesepandies usually shows marked changes from
place to place which can be measured by suffigiesghsitive instrumentation (Byrne et al.
1995). The main application of geophysics in gemtéxal investigations is the insertion of
subsurface geological strata between carefullyrotiet drilling positions.

Geophysical methods started playing a role on thendites of this country in the late forties
when problems associated with sinkholes and subsgdewere being encountered in the

military areas outside Pretoria (Wagener, 1982).

The techniques described below were used duringsitieeinvestigations for the Gautrain
rapid rail route over the dolomite area.

3.2.2.1Gravity Survey

Gravity surveys involve the measurement of thehéagravitational field using a gravimeter
and the differences between the theoretical graaity observed values are related to mass
excesses in the earth’s subsurface (Wagener, 198&)unit of measurement is the gal (1 gal
=1 cm/set) with gravity contours being plotted in milligal (mgal = 1CG gal). Gravity

decreases by about 0.2 mgal per metre increadeviatien (Wagener, 1982).
During gravity survey every station should be ediiat least twice, with a separate reading
loop each time, as a check on repeatability whietukl be to an accuracy of + 0.025 mgal

(Wagener, 1982).

Field observations are corrected for the effecttatifude, elevation, topography and earth-

tides and the resultant anomalies are then cordar@roduce a Bouguer gravity anomaly
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map. Mass excesses are represented as ‘gravity’ tagtd mass deficiencies as gravity lows
on the map (Wagener, 1982).

Gravity surveys are successful on dolomite sitesibge the bedrock usually has a subsurface
relief (buried karst topography) and this is codeby material of a lower density than the
solid rock. According to Wagener, (1982), it isimsited that the density of the materials on a

dolomite site varies as follows:

Fresh dolomite 2850 kgfm
Partially leached dolomite 2600 kg/m
Completely leached dolomite and

Cemented chert 2600 kg/m

Wad 100 — 1200 kg/m
Quaternary surface deposits 1600 Kg/m
Karoo rocks 2000 — 2400 kgim
Average for overburden 2100 kg/m

Gravity measurements can be vague due to matdrigr@able density overlying the karst
subsurface. A small dense body produces the sabmaady as a larger less dense body. For
this reason, a number of boreholes always have tiribed together with a gravity survey for

calibration purposes (Wagener, 1982).

A gravity survey was conducted along part of theit@an route as it forms a vital part of the

site investigation methods used in assessing dtostability.

Apart from existing data covering both the northana central parts of the study area, infill
data were also gathered over all sections of theoe alignment in the study area.

The survey consisted of both single to three palréties, with station spacing varying from

10 m to 45 m in different sections along the route.
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In the Centurion Station area, the survey requinedmerging of both pre-existing data (318
stations) with newly-collected data (126 statiow&h varying station spacing from 10 m to
30 m.

3.2.2.2Borehole Radar

The dolomites pose complicated ground conditiomgdandation design due to the different
soils overlying the bedrock and the karst formationthe dolomite bedrock which has

resulted in an irregular bedrock profile and voadthin the bedrock.

The karst rock weathering boundary is steep indilemites, and this sudden change from
unweathered rock to weathered residuum (soils) et voids, soft zones and steeply
dipping rockhead in very close distance to the lhales would very likely go undetected by
drilling alone. According to Tosen et al. (2009 fpresence of these features was required to
be known for foundation options in addition to d&ig the extent of ground improvement

(void filling).

In order to more fully understand the ground caodg along the route and more specifically
at each pier position, Bombela Civils Joint Venturalertook a rigorous approach to the
ground investigations utilizing several techniqudsch could be used to cross check the data
obtained. In addition to the gravity and drilling,was decided to include a borehole radar
survey. The quantitative results would provide taitlsd evaluation of the dolomite bedrock
topography, its integrity, and facilitate detailkdg. Borehole radar could detect features at a

high resolution with good rock penetration in arstione.

The borehole Ground Penetration Radar (GPR) itie geophysical technique capable of
imaging individual small voids and fractures that wot intersect a borehole (Bergstrom,
2000).

The borehole radar used during site investigatiomsisted of a 250 MHz radar transmitter

and receiver built into separate probes, and theslges were in turn connected in series and

linked to a control unit via an optical cable. Thentrol unit was used for time signal
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generation and data acquisition and the data stoamg display unit was either a laptop

computer or display monitor.

The transmitter sends out radar waves down ingidebbrehole. These waves travel omni
directional and are capable of picking up reflegtd2 m away from the investigating
borehole wall. Reflectors like fractures, voids atlder boreholes are recorded by the receiver
as a result of the difference in electrical conthitgt of the medium. A standard approach for
the processing of the borehole radar results wasloged for the Gautrain to ensure that the
results from different piers could be compared. Bdvision® software was used to process
the results and produce radargram plots. Vitalrmfdion concerning the local geologic
conditions is obtained from the amplitude of thestfiarrival and arrival time of the
transmitted wave. The reports for each boreholkidted an annotated radargram plot (Figure
14) and factual report sheet to categorise difteneave trace properties with depth (Tosen et
al. 2009), to describe:
* First wave arrival time and attenuation which clates with rock quality.
» Signal transmission from borehole which providem@asure of rock quality away
from borehole
» Reflector types:
« Patch (small cavity, irregular discontinuity)
» Parabola (cavity)
e Linear (rockhead, discontinuity [fault/joint]

e Linear BH (borehole)

Interpretation of the radargrams for boreholes syed at each pier location enabled for the

position, attitude (dip and strike) and proximifyf@atures to be determined.

The radargram comprises a plot of wave tracesvedoh grey scale plotted transverse to the
borehole depth axis. In portrait format two horitaraxis formats are presented. The wave
trace for each depth increment is plotted relatwethe recorded time (ns) axis. This is
resolved for a signal penetration depth on thesbafsa propagation speed in dolomite of 125
micrometres per second (um/sec) which was estalial an average during trials at the start
of the survey. On this basis the signal penetraeoigth is shown on the chart bottom axis

and limited to a distance approximately 12 metneayafrom the borehole. The borehole
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survey depth extends along the vertical axis ofdhart labelled distance (m), (Bergstrom,
2000).
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Figure 14: Annotated Radargram plot showing reflec{RH-Rockhead. B-Parabola)

Signal attenuation (absorption) is dependent uperetectrical conductivity of the subsurface
materials, and is higher in materials with highceieal conductivity such as clay and lower

in relatively low-conductivity materials such aydand or rock.

The single-hole reflection borehole radar surveydenwas used at pier positions during the
survey as shown in Figure 15. The survey is cawigidby lowering the probe in a PVC pipe

installed to the full depth of the borehole to paitthe probe from sidewall collapse. At each
pier position surveys were carried out in betwedn 8 boreholes depending on the number

of boreholes drilled at a particular pier.
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Borehole radar surveys were carried out simultasigowith the drilling of boreholes at pier
locations so that additional boreholes could bBedriwhere features were detected that may
influence the foundation design. Examples of bolkehadargram surveys are shown in
Figure 16 which includes a geological stem plotrdhaock black grading to light grey for
soils) and graph showing the drill penetration natth depth (grid interval is 1 min/m) as
described by Tosen et al. (2009). Radargram lal#¢lsndicate wave traces with longer
intervals for first arrival time which also havesealler amplitude (correlating with faster
penetration zones and weathered rock or soil) comdpavith wave traces labelled “C”

(correlating with rock having much slower drill ggration rates).

The high resolution detection capability of theddarle radar method is shown by the ability
for surveys to detect adjacent boreholes located toethe survey borehole. The positions of
adjacent boreholes appear as reflectors with dackwhite parallel lines as shown in Figure
17 labelled “T” and “U”. These reflectors show tWworeholes dipping away from the survey
borehole located 6 to 12 m from the survey borehbhe same borehole reflector trace may
also show apparent deviation from the survey bdeehs labelled at two locations “V1” and
“V2". The curvilinear shape results from a diffecenn the conductivity of the rock. The drill
penetration rates confirms a gradual differenctherock with slower drill penetration rates

at “V1” associated with a slower signal propagatiome compared to “V2”
Radargram interpretation should include refererceirill records and logged samples to

prevent misinterpretation, since the curvilineac& may be incorrectly delineated as a

parabolic type reflector which is indicative of ésior highly weathered zones in rock.
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Figure 15: Borehole radar survey at pier location

The reflectors of adjacent boreholes confirm thieimeaof the rock between the two boreholes
as voids or highly weathered zones between thehbtee would result in high signal

attenuation (loss of the reflector or change irppgation speed.

The reflector patterns for both grykes and sublootial weathered zones generally have a
parabolic shape (Tosen et al. 2009), with axisyohraetry perpendicular to the borehole.
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Figure 16: Borehole radargram survey results shgwurrelation of wave trace first arrival
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Tosen et al. 2009).

44



Figure 18 shows the results of a borehole radareguwith several parabolic reflectors,
borehole stem plots and drill penetration rateltedar two boreholes drilled 6 and 9 m from
the survey hole. These boreholes intersect theycawvnes delineated by the radar survey.
The labels “P, Q, R and X” are situated at theexitin points of the parabolic reflectors

indicating that the cavity zones are 2 to 6m awaynfthe survey borehole.

The results of borehole radar survey carried cogikthe dolomite route alignment showing

the annotated radargram plots, factual and closeeports are enclosed in Appendix G.

&0

Figure 18: Borehole radargram survey results shgwipping linear reflectors intersected by

survey boreholes (after Tosen et al. 2009).

3.2.2.3 Continuous Surface Wave (CSW) Test

This is a quick and less expensive technique foerdening ground stiffness by measuring

the velocity of Rayleigh wave propagation alonggheund surface. This test is non-intrusive
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and non-destructive thus making it attractive fouil engineering applications (Heymann,
2008).

The continuous surface wave test uses a shakemierate Rayleigh waves that travel along
the surface of the soil by applying a vertical simdal force of known frequency, with high
frequencies producing short Rayleigh waves whiatepate only a shallow depth while low
frequencies produce long wavelengths which pereetoagreater depths. Testing at a range of
frequencies allows a Rayleigh wave velocity profite be established. Rayleigh wave
propagation is detected by an array of geophoraeglat the surface in a line radiating away
from the shaker. The response of the geophonesnmiats both the wavelength and the

velocity of the Rayleigh wave at any particulaginency (Heymann, 2008).

For the purpose of this project, two shakers weseduas the seismic energy source in the
study section. An 80 kg shaker was used at relgtivgh frequencies ranging from 10 to
90Hz to sample shallow depths while a low frequeskgker of 250 kg, operating in the
frequency range 7 to 22 Hz was used for deeperursagnts as documented by Heymann,
(2008). Both shakers were counter rotating balaressmbntric weight shakers driven by a
three phase motor subjected to angular velocitywrobnAn array of five 4.5 Hz surface
geophones as displayed in Figure 19 was used teurethe seismic response of the shakers.
A geophone spacing of 0.5 m was used for the 86hladser and a spacing of 1.0 m was used
for the 250 kg shaker.

Processing of the geophone output was aimed atndieiag the wave length and velocity of
the Rayleigh wave for each vibration frequency.sTlias achieved by calculating the phase
difference between geophones for the continuousevggnerated by the shaker (Heymann,
2008).

The shear stiffness of the soil at very small s i) is related to the bulk densiti?X and

the shear wave velocityy) :

According to Heymann, (2008), at a depth of abait to one third of the wavelength both

the vertical and horizontal components of the Rghlevave amplitude reaches a maximum
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and diminishes below this depth. As a result of,tthe simplifying assumption is often made
that the effective depth of penetration of a Rgjleivave is between half to one third of the
wavelength. This inversion technique is called difigol inversion and allows an average
stiffness to be determined for the material to di@alar depth. For highly heterogeneous soil
profiles such as those commonly found in dolomatieas this inversion technique is the only

practical inversion technique available (HeymarQ&0

The CSW technique has a number of limitations (Heyn2008):

» Due to the fact that the source and receivers latecated at the ground surface, the
CSW method becomes less accurate with depth.

» The CSW method is not ideal for “profiling” applic@ns where the layering of the
soil profile is required

» In a layered profile where large contrasts exigtvben the stiffness of layers, the
CSW method using the simplified inversion techniguk not exhibit the contrast in
stiffness accurately.

» Where soft layers are present at depth, or belstffdayer, the simplified inversion

method may not detect these soft layers.

When applying the CSW technique in dolomitic araasvas the case for the Gautrain rapid

link project, two further limitations should be ogmized (Heyman, 2008):

» The CSW technique is not suitable for detectionadities.

» When hard rock pinnacles are present within thehldepmeasurement, the profile is
heterogeneous in a lateral direction. The CSW ntetivbich relies on a constant
Rayleigh wave velocity for the extent of the geapddrace is clearly not suitable. For
this reason the CSW technique should ideally ordyapplied in cases where the

bedrock is sufficiently deep as not to influence Rayleigh waves.
A total of 70 stiffness profiles were measured tigtwout the study area from Viaduct 5T

(Techno Park), Viaduct 5C and the military areaamg Eeufees Road. A full report and test

results from this technique are enclosed in Apperdi
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Figure 19: Continuous Surface Wave testing showgamphones and a shaker

3.2.3 SOIL PROFILING

3.2.3.1Test Pits

The use of test pits as an investigation technprogides a quick and economical method for
obtaining reliable geotechnical information (Byrret, al. 1995). The soil profile obtained
using a TLB is only for the upper two to three mastand deeper with an excavator. Test pits
cannot be used in areas of shallow water table.

A standard procedure of soil profiling for civil gineering purposes was developed by
Jennings et al. (1973). A test pit is excavated feldl inspections are made of useful
descriptors, namely moisture, colour, consistestycture, soil type and origin (MCCSSO)
(AEG/SAIEG, SAICE, 2002). Disturbed and undisturbeaimples can be recovered for
laboratory tests. A soil profile is then drawn uparovides important information to decide

on foundation solutions (Wagener, 1982).

On a dolomite site with near-surface pinnacles lodlders it has been found that test pits
can give false information (Wagener, 1982). Such p&s are usually excavated at points of
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least resistance and a true picture of the digtabwof pinnacles and boulders is not obtained.
For this reason it is recommended that trenchesxbavated instead of pits on a dolomite site
with near-surface pinnacles and boulders (Wagel@82). It is also necessary that such

trenches be excavated at right angles to the stfikige geological features.

On a site with shallow pinnacles and boulders #mgth of trench should be in the region of
20 m whereas it can be as short as 5 m on a ditetlwck chert gravel and sand (Wagener,
1982).

It is necessary that the trenches are profiled e s@as possible after excavation by an
experienced engineering geologist. A ladder is dieedccess and for safety reasons the work
should not be done without somebody in attendahdbeasurface. If a hole appears to be

unstable, it should not be entered but rather asddsom the surface (Wagener, 1982).

A total of 152 test pits were excavated along tlaeit@in route over the dolomite area from
the John Vorster interchange, through the Militarnga to Eeufees Road using a tractor
mounted loader backhoe (TLB) and following the saf@ocedures as set out in the SAICE
Code of Practice (2003, updated 2007). Soil prajfilwas carried out on each of these pits
according to the accepted South African StandalElGSAIEG/SAICE, 2002) and samples
were taken for foundation indicator testing to deiee the geotechnical properties of the

soil.

3.2.3.2Large Diameter Auger

This involves the drilling of large diameter aud¢ples using typical piling rigs as shown in
Figure 20. An experienced engineering geologidowgered down the hole by means of a
small winch on a boatswain’s chair to profile th@ehby inspecting the sidewalls and the
base. Undisturbed samples from the sidewalls oe lwdsthe hole can also be taken for
laboratory testing and horizontal plate load tesis also be performed on site. For the
successful application of this technique, it is artpnt that the sidewalls of the auger holes
remain stable during drilling and profiling. Thisethod is ideally suited to sites with deeply
weathered profiles and it is not suited to areak wihigh water table where collapse of the

sidewall is most likely.
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During site investigation in the study area, altofa48 auger holes, each with diameter of
900 mm were drilled along the Gautrain route, 42hi military area towards Eeufees Road
and 6 around the Techno Park area. Figure 21 tograph of an engineering geologist on
a boatswain’s chair, being lowered down a holepsted with a temporary steel casing, for

a profiling session. Results from both field anddieatory test are contained in Appendix .

Figure 21: An engineering geologist being loweredud a hole for profiling
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3.2.4 Cone Penetration Test

The Cone Penetration Testing (CPT) was also usednasof the methods during the
geotechnical investigation. One of the importanpliaptions of the CPT test is to evaluate
variations in soil type within the profile withotdst pitting or trenching to expose the in-situ
profile.

A CPT test is carried out by pushing & 66ne having a cross sectional area of 1 00¢,mm
usually equipped with a friction sleeve which istbé same diameter of the cone and has a
surface area of 1.5 x 104 rininto the ground at a rate of 20 mm/sec. Sepana@surements

of cone penetration resistance (point resistaniéd) penetration resistance and the side
friction resistance of the friction sleeve are madatinuously throughout the test (Byrne et
al. 1995).

The major advantage of this method is the fact tiattesting procedure is relatively simple
and repeatable, and the test results are more #&hednaa rational analysis rather than relying
entirely on empirical correlation. The CPT alsoeagiva virtually continuous record of soll

resistance values throughout the depth of penetrati

The data obtained from the Cone Penetration Tegtt@a&mployed to (Byrne et al. 1995):

¢ Assist in the evaluation of the type and stratigsapf the soil present

X/

< Interpolate ground conditions between control boleh
s Evaluate engineering parameters of soils (relata¥ensity, shear strength,
compressibility characteristics, liquefaction paii).

«» Assess driveability, bearing capacity and settlérmépiled foundations

A total of 29 CPT tests, four at Techno Park, teNiaducts JV/JA, twelve in the Military
area, and three at the viaduct crossing Eeufeed ®Reee conducted on gravelly sand, clayey
sand, silt and subordinate chert layers, wad amdlysa@lay soil with results enclosed in
Appendix J.
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3.2.5 Pressuremeter Test (PMT)

This test as documented by Byrne et al. (1995) avagnally developed by Menard in 1956
and comprises a horizontal in-situ loading testriedrout in a borehole by means of a
cylindrical expandable probe. There are two broategories of tests which can be
distinguished based on the method of installatioth@ device in the ground

% Menard type pressuremeter (MPM) test in which ek is installed in a borehole.
s Self-boring pressuremeter (SBP) test in which teeiak bores its own way into the
ground usually from the bottom of a borehole.

The following parameters can be deduced from Presster Test results (Byrne et al. 1995):

+ Deformation modulus (i.e. compressibility)

+« Undrained shear strength for clays or weak rocks.

«+ Effective angle of friction for sands

% In-situ total horizontal stress.
The degree of success in obtaining any of thesanpeters is mainly dependent upon the type
of test and the interpretation of the data (Byategl. 1995). Consideration must also be given
to possible differences in the properties of soilizons measured in a horizontal direction by
the pressuremeter, and those required for mangmgsoblems which are more concerned

with vertical properties (Byrne, et al. 1995).

A total of 22 Pressuremeter Tests were conductetherwad profile along the Rail Route
alignment using the Menard type Pressuremetemiitsta cylindrical expandable probe as
shown in Figure 22and the results are enclosed in Appendix K. Thedata was recorded
and calculations made with Apageo® software andgired in the format as shown in Figure
23.
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Figure 22: Pressuremeter Monitoring Box and exphledarobe
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The test equipment comprises of & @sposable cone, 50 mm in diameter and fittechéo t
bottom of an “E” size rod (Figure 24) that is dmvieto the ground by a 63.5 kg hammer
falling through 762 mm (Byrne et al. 1995). The m@mof blows required to drive the cone
through each successive 300 mm of penetrationcisraded and this gives an indication of
consistency. Once refusal depth is reached (mane 100 blows per 300 mm), the driving
rods are pulled up by 600 mm. The disposable cemains at the base of the hole. The rods
are then re-driven with the number of blows per 808 being recorded. The re-drive blow
counts provide an indication of the skin frictiocting on the drive rods.

Figure 24: Dynamic Probe Super Heavy testing irhiedPark
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4 RESULTS

This chapter deals with the detailed informatiortaoted from ground investigations
carried out along the Gautrain Rapid Rail Linkhe study section and the presentation of
each dataset. The ground investigation results shewiaduct alignment is underlain by
soils comprising transported material and residg@ls formed by the weathering of
predominantly dolomite and chert. The ground peofihcludes both weathered and
unweathered syenite occurring in the form of dy&ed sills, with skarn at the dolomite
contact ranging from centimeters to metres in théds observed at some deep

excavations.

The dolomite bedrock topography is highly variakle reflected in Figure 25, with
differences in depth to solid bedrock of 20 to 3fslineated between boreholes drilled at
a pier location. Drilling parameters for the boriesowere recorded with Jean Lutz drill
parameter recorders. These measurements helpedilitate the characterisation of the
various material types (Tosen et al. 2009) and ledabn assessment of the extent of
zones according to the drilling penetration ratesufnmary of the various types of ground
investigations conducted in different sections gldhe Gautrain Route over the area
underlain by dolomite bedrock is shown in Tablewgjile the main material types

intersected is summarised in Table 4.
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Figure 25: schematic diagram showing variable rbelad for boreholes drilled at
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Centurion Station.

Low density or voided sections are delineated gy fmenetration zones (Table 4) on the
profile. These low density zones as documenteddseii et al. (2009), represent zones of
relative instability in the profile, which may bmked to form preferential pathways for
ingress of water to solution cavities in the bedr@nd hence comprise a necessary
component for sinkholes development.
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Table 3: Summary of Ground investigation works gldhe Gautrain Rapid Rail Link

Earth WorksTechno| Viaducts John  Jcanturion Military }iaduct Crossing
GROUNDINVESTIGATION|  southof | Park [Vorster to Jean Avefg, oo Area Eeufees  |Total
Techno Park
Prebore Percussion 5 37 323 15 2 67 449
PMT 12 6 & 22
Percussion BH 80 10 134 39 128 17 408
Pressuremeter BH 9 9
Rotary BH 5 1 22 10 3 41
CPT 4 10 12 3 29
DPSH 8 8
Large Diameter Auger 6 42 48
Trench/Test Pits 78 2 26 41 5 152
1166

Table 4: Summary of main dolomite profile matetigles (after Tosen et al. 2009)

Lithology Thickness (m) oril Rate
(mm:ss/m)
Colluvium 0-3 00:20 to 01:00
Chert Gravel (matrix: Or/Br 1 -30 00:20 to 01:30
Sand and Silt)
Chert and Wad (matrix: Black 1 - 40 00:20 to 01:30
Wad Silt)
Wad 1-30 00:05 to 00:20
Residual Syenite 1-20 00:20 to 00:45
Syenite Sills and dykes 02:00 to 05:00
Dolomite (incl. Chert) Bedrock 01:45 to 03:00

4.1 Percussion Drilling

A total of 449 Prebore holes were drilled along@lpiers using both the symmetrix and
reverse circulation methods while an additional #08s were drilled using “down the
hole” (DTH) hammer. The results for boreholes ddllalong pier positions on each

section of the viaduct, showing depth to bedrockerage mean as well as standard
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deviation are presented in Tables 5 (Appendix N)ileavsummary of borehole logs is
presented in Table 6 (Appendix N). These tableswstwe variability in rock head
encountered during percussion drilling in the stadsa. Each borehole was drilled at least
15 m into the rock in order to confirm that bedrduks been found and not a large
“floater” which might be present in the overburdabove bedrock level. Typical
variations of 20 m or more were delineated ovetadises of 3 m along the route
alignment underlain by dolomite as shown in talléh standard deviations ranging from
9.5t019.5.

4.2 Rotary Drilling

Rotary drilling was carried out in selected piesiions where shallow bedrock has been
delineated along the viaduct around Centurion fd@mn Vorster Interchange crossing the
N1 in the south, through Centurion to Jean Avenmtrthange crossing the Ben

Schoeman highway in the north, to compliment threymsesion boreholes.

Point load tests and Uniaxial Compressive Strernggts were performed on both
dolomite and igneous intrusive core samples tordete the strength of the rock, while
in-situ test (Standard Penetration Tests) was pwadd on both cohesive and
cohensionless overburden soil material at intereélbetween 1.5 m and 2.0 m during
drilling to evaluate the soil consistency. Shelbpda sampler was used in some of the
boreholes to recover undisturbed material from dgoftvery soft cohesive soils for

laboratory testing.
Samples recovered from boreholes were logged xparienced engineering geologist.

A summary of depth to solid bedrock for rotary bmies drilled along the Gautrain Rail
Route is shown in Table 7.
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TABLE 7: ROTARY BOREHOLE DEPTH TO BEDROCK (DD6A ANDDG6B)

Viaduct 5 Borehole number Notes Depth to solid bedrock(m)
Clo C10-1 s0it rock intercapiad at 2.45m 16.0
cii Ci1-1 =
Ci2 Ci2-1 s0it rock intercapiad at 3.13m 14.0
Pier 6 P6-5 fcoraloss indicates possibly cavernous zone below 13m 13.0
Pier 25 P25.2 Hole terminated at 22 85m Mo bedrock intercapiad
Pier 51 P51-2A shallow rockhead intercepted at 1.6m 19.2
Pier 55 P55-24A roCk intarecepiad al 2.2m, coraloss axtends to 3.5m shallow rock at 2.2
Pier 62 PE2-5 coraloss attnbuted to wad below 14.15m 3.2
Pier 65 PE5-5 hiole tarminaled at 27.39m [0 Bedrock mtercepiea
Pier 72 P72-2A minor coraloss balow badrock 11.1
ATS AT5-5 fcoraloss balow 10.4m 0.4
AT5-6 =hallow badrock intercepted at 0.6m, comloss at deapar dapth | Bl
Pier 79 P79.5 Eraqua nt bands of wad and cavity balow badrock 12.0
Pier 77 P77-3 cavity recorded at depth below bedrock 37
Pier 80 P80-3 eoraloss and cavity balow badrock 6.0
JA A00/BH/O1 soit intrusive rock at 14.46m Mo bedrock intercapiad
JA A400/BH/02 s0it INfrusive rock at 13.03m ka bedrock interceptad
JA A00/BH03 s0it intrusiva rock at 25.4m 0 badrock intercepiad
JA A00/BH/10 poulder iniercepted at 1.0m 11.4
JV 500/BH0? icavity recordad at depin balow badrock 10.0
JV 500/BH04 hole lerminated at 39.89m 0 bearock intercepied
JV 500/BH/S hole larminated at 19.95m i0 Doarock intercepiod
JV E00/BH/S hole lerminaed at 25.3m 0 bearock intercepied
JV 500/BH/G hole larminated at 35.36m i0 Doarock intercepiod
Viaduct 6
Pier 03 P03-2a boubdar interceptad at 4m, hole terminated at 17.25m Mo bedrock intercepiad
Pier 05 P 05-2a hole lerminated at 25.8m F5_5




4.3 Soil Profiles

152 test pits or trenches were excavated, at selqmbsitions along the Gautrain route
over the dolomite area using a tractor mounteddod&eckhoe (TLB). The selected test
pit locations were located on undeveloped or opepegrties and excavation was carried
out prior to BCJV utilities team confirmation thad underground services existed within

test pit section.

The purpose of these test pits was to obtain @etahgineering description of the soil
profile and to enable recovery of disturbed andistndbed samples for laboratory

analysis regarding geotechnical properties of tilensaterial.

The individual soil profiles were recorded by ami@eering geologist in accordance with
the guidelines for soil profiling proposed by Jerpet al. (1973) and the profile sheets,
together with the laboratory results are includedppendix L. Summary of soil profiles
with soil material encountered are shown in Tablas8enclosed in Appendix N, while

summary of indicator test results are displaye@iahle 9 of Appendix N.

As expected the soil profiles revealed the GuatRauite alignment to be underlain by
predominantly residual dolomite along the Viaduasestion with residual shale occurring
in some profiles on Viaduct 5 and also in ViaducivBile residual chert was also profiled
in almost all piers along this Viaduct, which isdicative of the Eccles Formation.
Residual syenite dominates the profile along Viadi® and also occurs in some section
along Viaduct 5C to 5D extending to section of \ied6, dominating on profiles from
pier V6-A16.

The solil profiles along the Gautrain Rapid Rail Bogenerally contain upper horizon of
fill or transported material and a lower horizoniethcan either be of transported or
residual material. The uppermost horizon is ongible on eight profiles from viaduct 5C
and seven profiles from viaduct 6. This horizongists of light pinkish grey to pinkish
brown clayey silty sand, silty gravel to clayey\gly sand with loose to medium dense
consistency, predominantly shale and siltstonenfixgs with roots in some sections, and

containing up to (40%) angular weathered shale ejrav profile from Viaduct 6. In
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viaduct 5 this horizon ranges from dark to reddmsbwn clayey gravelly sand with
medium dense consistency and occasional small bbattler. This horizon is interpreted

as the fill and has been introduced by human agtivi

The second horizon occurs in almost all profilesngl the Rail Route and consists of
brown to orange brown clayey sandy gravel with @aacy ranging from dense to
medium dense, with TLB refusal recorded at BCJVMBOL9A. This horizon is

interpreted as Hillwash/Transported material.

Underlying this horizon is reddish brown silty clegth a firm to stiff consistency. This

acts as matrix material to variety of inclusionsrg the route. Dark grey ferricrete and
manganocrete nodules and yellow white and grey,emadely to highly weathered chert
are mostly present in this horizon and in placesifas two separate layers with different
inclusions speckled yellow, black and white, grathwnedium dense to very dense, stiff
to very stiff consistency, while in other sectioould be silty gravelly sand with traces of
ferricrete nodules, highly to moderately weathessdt rock. This is interpreted as

ferruginised residual rock

Refusal was experienced in most of the test paagthe route and this is assumed to be
due to the presence of shallow dolomite floatehgricbreccia, shale gravel or highly

weathered syenite.

4.4Dynamic Probe Super Heavy (DPSH)

These tests were conducted at 8 locations alon@sthdrain route in the Techno Park
area, to evaluate the consistency of the soil gwveylthe bedrock. The depth of refusal at
300mm/100 blows corresponds to the level wheretsedftard rocks were encountered on
boreholes drilled on these sections, as displagefiable 10, while comprehensive test

data is presented in Appendix M.
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TABLE 10: DYNAMIC PROBE SUPER HEAVY (DPSH) SUMMARY TABLE

NUMBER MATERIAL DESCRIPTION
TESTLOCATION  |DEPTH (M) | 55 gws | HILLWASH | RESIDUAL | SOFT TO HARD
(m) ROCK (m) ROCK (m)

0.0 0 0.0

0.3 22 0.0-0.3
BCJV/400/DPSH/RE-1 0.6 24 0.3-0.6

0.9 25 0.6-0.9

1.2 100 0.9-1.1 1.1-1.2

0.0 0 0.0

0.3 38 0.0-0.3

0.6 38 0.0-0.6

0.9 40 0.6-0.9

1.2 28 0.9-1.2

1.5 21 1.2-1.5
BCJV/400/DPSH/RE-2 1.8 30 1.5-1.8

2.1 20 1.8-2.1

2.4 29 2.1-2.4

2.7 30 2.4-2.7

3.0 24 2.7-3.0

3.3 49 3.0-3.3

3.6 100 3.3-3.6

0.0 0 0.0
BCJV/400/DPSH/RE-3 0.3 41 0.0-0.3

0.6 49 0.3-0.6

0.9 100 0.6-0.9

0.0 0 0.0
BCJV/400/DPSH/RE-4 0.3 38 0.0-0.3

0.6 60 0.3-0.6

0.9 100 0.6-0.9

0.0 0 0.0

0.3 21 0.0-0.3
BCJV/400/DPSH/RE-5 06 76 0306

0.9 100 0.6-0.9

0.0 0 0.0
BCJV/400/DPSH/RE-6 0.3 41 0.0-0.3

0.6 100 0.3-0.6

0.0 0 0.0

0.3 21 0.0-0.3

0.6 14 0.3-0.6

0.9 23 0.6-0.9
BCJV/400/DPSH/C13-2 1.2 25 0.9-1.2

15 41 1.2-1.5

1.8 76 1.5-1.8

2.1 94 1.8-2.1

2.4 100 2.1-2.4




TABLE 10: DYNAMIC PROBE SUPER HEAV
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(DPSH) SUMMARY TABLE (cont.)

MATERIAL DESCRIPTION

DEPTH NUMBER
TEST LOCATION HILLWASH | RESIDUAL | SOFT TO HARD
(m) OF BLOWS | o) ROCK (m) | ROCK (m)
0.0 0 0.0
0.3 12 0.0-0.3
0.6 21 0.3-0.6
BCJV/400/DPSH/C11-2 0.9 oc 0.6:0.9
1.2 100 0.9-1.0 1.0-1.2




S APPLICATION / USE IN DESIGN

There are three major foundation problems in ddlerieas as listed below:
» Large variation in rock head identified with caeé or large slabs of dolomite
» Wad is mainly iron and manganese oxides, it is gesgble and highly erodible.
» Sinkhole and subsidence formation

The dolomites underlying the Gautrain alignmentspreg a sinkhole risk for the project
and advance ground investigation works were unkientan order to evaluate superficial
deposits and bedrock conditions (Storry et al. 200Bhe route from Viaduct 5B (John
Vorster), down through Viaduct 5C to Viaduct 5DgdeAvenue) is underlain by dolomite
of the Monte Christo Formation. Rock head variesnfrshallow outcrop ranging from 0
m at Pier 49 to areas of generally deeper bedrbckh @o 79.5 m at Pier 64 as shown in
Table 5. This formation further extends beyond Rt through the Military area, where
it is overlain by the Lyttelton Formation, whichirsturn overlain by the youngest Eccles

Formation at Viaduct 6, as earlier illustrated ipp&ndix B.

The presence of chert layers and wad in the déodoofithe Chuniespoort Group has a
major impact on the engineering performance ofweathered material. According to
Kotze and Vorster (2009), the sharp difference betwthe extremely hard dolomite with
a Uniaxial Compressive Strength of up to 300MPa #rel residual soil at the rock
interface, which may only have stiffness in theeordf 5 to 10MPa, makes it difficult to

design suitable foundation options on the dolomite.

In order to investigate these ground conditionstfe Gautrain, Bombela Civils Joint
Venture utilised borehole radar equipment to surdelled percussion boreholes and
provide the design team with a more comprehensisteine of the ground conditions. It
provided high resolution omni-directional data tating steeply dipping rockhead,
lithological changes and voids for distances ufp2an around the surveyed boreholes. It
confirmed the presence of fissures that were iatéesl during drilling and identified
features around the boreholes that were not intedeby drilling. The borehole radar

results have been used in combination with borelogle and Jean Lutz data to interpret

64



the ground conditions. The combination of the deta allowed for the determination of

zones of good and poor quality rock as well addbality of cavities.

The data presented in the previous chapter have ihtsrpreted and utilised to overcome
the challenges in the design of the various foundatand structures for the Gautrain
Rapid Rail Link over the dolomite terrain in therf&rion area. The depth to bedrock for
each borehole drilled at a pier position, variapiin bedrock, problematic subsurface
conditions such as karst formation, and differargitu and laboratory tests were analysed

and the interpretations have been applied in thiews design methods.

These interpretations led to the use of five ddfgrsuitable foundation options as shown
in (Figure 26), in order to mitigate the possilyildf sinkhole formation and to overcome
construction challenges at minimal costs along@aeitrain Rapid Rail Route over the
sections underlain by dolomite. At pier positionkene the bedrock depth was in the
range 5 to 30m below the natural ground level tlaeluct piers were founded on shafts
and spread footings or large diameter piles (Toseral. 2009), depending on the

groundwater level relative to the founding level.

These design options, as described below, werlisadibt piers along the viaduct route as

displayed in Table 11.

1. Shafts: This option was used where obstruction$ ag boulders had to be
penetrated in order to found on solid bedrock. Tikis deep foundation where
each shaft is 7 m in diameter and socketed on ctampbedrock with RMR>70.
Drilling using the pneumatic rig from the base assuhat founding conditions

were consistent. It was geologically controlledabsite geologist.

2. Spread footing: Footings were used where groundsiigation delineated shallow
bedrock with less variability in rockhead. Drilliragnd grouting were carried out to
confirm adequate founding was used. It was geoddigicontrolled by the site

geologist.
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3. Floating Foundation: Used on piers where diffi@dtihave been envisaged

founding on rock, either due to very deep compebemntrock or where there are
voids or wad filled cavities within the bedrock amthiich sometimes extends to
the bottom of boreholes.

o Piled Raft: This involved preloading a 20 m x 2Garea. The stability and
bearing capacity of the subsoil was then improweddmpaction grouting
of possible voids and cavities. The grout mix cstesl of cement, fly ash,
bentonite, water, iron oxide pigment and sand, Wi8hdays cube grout
strength of 5 Mpa. Friction piles of 600 mm diametea depth of 15 m
were then installed within the grouted column, deleéd by casting of a
pile cap over the piles. This was used for thd firee in South Africa to
overcome the challenges on the dolomites, espgdallpiers with thin or
no chert gravel layer.

o0 Raft: Raft on soil with or without soil improvemeas above and grouting

of voids and cavities to reduce the risk of sinkhotcurrence.

Large Diameter Piles: This foundation consisted1dd m diameter circular
reinforced concrete piles embedded into the bedrbdk important to emphasise
that piled foundations to rock are generally natofaed for dolomite conditions
due to constraints regarding the installation ¢égiThese constraints are mainly
due to presence of chert bands and floaters witiendolomite residuunpiling
below the water table, and also due to pinnacledreaof the bedrock. These
challenges were overcome by advance drilling amdindhing with interpretation

of percussion boreholes to define rockhead andetdekgth.

Concrete U Shaped Sections: These were used whereidk of sinkhole

formation was significant. The train will run insidthe U Shaped sections
designed to span over a 15 m cavity diameter. These constructed over
sections in the Military Area, where the substteae been improved by Dynamic

Compaction over the footprint of the embarkment
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TYPES OF FOUNDATIONS
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Figure 26: Types of Foundation Option®arcentage




5.1Shaft

This foundation option was used on 17.5% of thaltpters along the study section as
shown in Figure 26, where there was variabilityrackhead, very dense intermediate
strata had to be penetrated or where obstructioos as boulders must be penetrated
before competent rockhead (Table 5) as establisbadthe original ground investigation
was encountered. Also at piers where cavities firzemes have been delineated to occur
in between boulders and competent rock. The optigalved blasting the pinnacles in

order to set up the foundation on flat uniform loedc

Sidewall stabilization was maintained by shotcigtan casting concrete ring after every
1.5 m depth of sinking the shaft through excavatomlasting depending on the type of
material encountered (soil/rock) as confirmed l®ydbologist during shaft sinking.

In piers where wad filled cavities or void have meketected at certain depth during the
original ground investigation, shaft sinking watemupted between 3.0 m to 5.0 m above
the expected cavity/void. This was followed by ldrd and grouting in sequence from
primary to tertiary boreholes depending on the grake (volume) and the pumping
pressure during grouting. A grout mix with 1:1 oatvater to cement and 1:0.083
bentonite was used which yielded 72 hours cubagtineof 15 Mpa. This was carried out
to either increase the bearing capacity of the @oflll any void within the rock, thereby
preventing sidewall collapse or instability requitifrom depression as work progressed.

In pier locations where groundwater was encountéfedble 6), above solid bedrock or
shaft founding levels, ingress from both sidewaid ashaft floor was controlled by

continuous pumping and shotcreting.

The impact on traffic and right of way was alsogidered in choosing this option as most
suitable compared to the floating foundation optidwme to the fact that the installation of

this foundation can effectively be carried out neas/sections with restricted space and
without much interfering with traffic flow, or congtely blocking off the highway. A

total of 18 shafts as shown in Table 11 were cangtd on the dolomites of the Monte
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Christo Formation, from Viaduct 5B (John Vorstetehithange) through Viaduct 5C
down to Viaduct 5D (Jean Avenue).

Competent rockhead occurs at similar depth in eafhthe eighteen piers, with less
variability along viaduct 5B, where rockhead difece, not exceeding 5 m, was observed
(Table 5), with the maximum dip ranging from 36 45 in a NW-SW trend in viaduct
5B, while in viaduct 5D, steeply dipping rockheas kigh as 77to 78 has been
delineated at Pier 69 and Pier A75 with trend talse8W-SSE.

Zones of sample loss were recorded at 5 piers @srsbn the borehole logs (Appendix
D), which ties in with relatively high penetratioates as indicated in the Jean Lutz data
and this correlates with signal attenuation onrddargram (Appendix G). The borehole
radar indicated possible cavernous zones at thies EPier 77 to Pier 79) on Jean
Avenue (viaduct 5D) which were not intercepted ngriexploratory drilling of these

boreholes.

Geological stem plot shows thicknesses of weathatelbmite above and within
competent rock ranging from 0.5 m at Pier 6 upGorilat Pier 5.

Borehole radar indicated a high signal attenuatimme at Pier 7 BH1, from 35 m to 46 m,
which ties in with relatively low penetration ratgsown in the Jean Lutz data, (Appendix
C), and correlates with the borehole log for BHitlicating hard rock chert between 35 m
to 39 m (Table 6). A linear reflector was picked fPer 8 BH3, as shown on the
radargram, which is indicative of a dip in rockhdésdween BH3 and BH1 from 17 m to

24 m at distance from BH3 between 1 mto 3.7 m.

Borehole radar shows a loss of signal from 16 n28m in Pier 9 BH4, due to the
presence of wad and wad gravel as shown on thegjeal stem plot and correlates with
very high penetration rate in the Jean Lutz datéerAiation between 22 m to 24 m (Pier
9) ties in with the contact zone between dolomite syehite, characterised by weathered
dolomite and weathered syenite on the geologiemh gilot (Appendix E), and correlates
with high penetration rates in the Jean Lutz daligh signal attenuation, due to the

presence of unweathered, intrusive syenite frorm24 40 m and between 5 m to greater
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than 11.5 m away from BH1, ties in with low pengtna rates from the Jean Lutz data in
boreholes BH1, BH2, BH3 and BH4.

The presence of both closely spaced joints anamaints, logged in Pier 41 BH2, ties
in with linear reflectors shown on the radagrammeein 1 m to 9 m and at a distance of
2.4 mto 3.4 m away from BH2 and also from 37 mMQan at a distance of 8.4 mto 9.1 m

away from BH2.

Although no cavity was intercepted by the borehalesing drilling at Pier 78, the
borehole radar survey picked up possible cavitte33am in BH1, at a distance of 6 m
away from the borehole, and also at 37 m at amtistaf 5.5 m away from the borehole.
This also ties in with high penetration rates reedrin the Jean Lutz data, while at Pier
79, the radar shows complete loss of signal from @ 25 m due to the presence of
weathered material, which correlates with BH2 aesd in with relatively high penetration

rates recorded in the Jean Lutz data.
5.2 Spread Footings

A footing on rock was used at piers where bedrak leen encountered at shallow depth
and without residual rock within or below the congme rock to ensure the bearing
capacity and limit settlements. There was no oetw& of groundwater in these pier

locations.

Competency is confirmed by the geologic mappingthe footing floor by the site
geologist and where a rock mass class (RMR) of ntbam 70 is obtained. This is

followed by drilling and grouting to ensure adeguiiunding conditions.

This option was used on a total of 5 piers as shiowhable 11. Competent rockhead at
these piers ranges from depths of 4 m to deptt8of s indicated on the geological stem
plots (Appendix E), with a maximum dip of 28wards the NE from BH1 to BH4 at Pier
48, while at Pier 49 the, general dip directiohls from BH3 to BH4 at 72and NW from
BH3 to BH1 at 63 At pier 72, the maximum dip is 68t a general trend to the NE from
BH3 to BH2.
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Geological stem plots indicate sample loss in BiHRier 48, which was not recorded in other
boreholes at this Pier and the cavity extent warimed to the NE corner of the cap, while at
Pier 72, a cavity was intersected in BH1, which \a® not found in the other boreholes.

This was confined to the NW corner of the cap.

Weathered dolomite occurs in all 5 Piers and rangésickness from 0.3 m in Pier 70 to 14.5
m in Pier 49, while syenite is incorporated as pathe competent rock at Pier 70 to Pier 72
where it occurs at similar depths at each of tleespiDepths range from 11 m at Pier 70 to
22.8 m at Pier 72 with exceedingly high penetratiates recorded by the Jean Lutz method

across these piers. It also correlates with zohsmgpal attenuation on the radargram.

There was no record of ground water strikes notioeany of the borehole across the piers
according to the borehole logs.

The borehole radar surveys picked up linear reftscat some of the piers, which correlate to

minor joints logged in boreholes. Cavity anomairethe radar data that are not intercepted in
the boreholes are attributed to the presence af paterial.
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TABLE 11: FOUNDATION DESIGN OPTIONS

VIADUCT
SECTION

PIERS
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SHAFT
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SPREAD
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LARGE
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PILES
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Table 11: FOUNDATION DESIGN OPTIONS (continued)

VIADUCT
SECTION

PIERS

FOUNDATION OPTION

SHAFT

FLOATING

FOUNDATION

SPREAD
FOOTINGS

LARGE
DIAMETER
PILES

U SHAPED
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P48
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X
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TABLE 11: FOUNDATION DESIGN OPTIONS (continued)

FOUNDATION OPTION
VIADUCT
secTion | PERS | o o1 | FLOATING SPREAD E’?ESI'EETER U SHAPED
FOUNDATION | FOOTINGS | 5 "Fo SECTIONS
V6-P07 X
V6-P08 X
V6-P09 X
V6-P10 X
V6-P11 X
6 V6-P12 X
V6-P13 X
V6-P14 X
V6-P15 X
V6-P16 X

5.3FLOATING FOUNDATIONS

This option was utilised at piers with deep bedrachkere depth to competent rockhead in
some boreholes extended to below 40 m, e.g. Piewbére no bedrock was encountered
in some boreholes, and where cavities extendedetdaottom of a borehole at 80 m. This
option was also applied at piers with high vari@piln rockhead, or steeply dipping
rockhead and with very thick layers of impuritiascls as wad and wad filled cavities
underlying chert gravels. Due to these subsoil itmms, founding on rock was extremely
difficult, hence this option was considered the tme&sonomical and practical solution.
This foundation option was preferred from a corgtton point of view, provided that the
sinkhole risk as well as foundation settlement ddoé¢ addressed (Kotze and Vorster,
2009). Sinkhole risk was reduced along the GautReapid Rail Route by using this
option as well as compaction grouting to minimige formation of sinkholes below or

adjacent to the pier.

This was also the most favoured construction smhutvith 43.7% of all the piers, as
shown on Figure 26, from viaduct 5C through to u@d5D being founded in this
manner. Competent rockhead at these piers ranges3rm in Pier 67 to 79.5 m in Pier
64 as shown in Appendix F, with a maximum dip ofta83 in Pier 31, and with trends
in SW, NE, E-NE, NW and SE directions in most & thers.
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Cavernous zones were recorded during the drillihnthe original ground investigation
boreholes as indicated by zones of sample losti®idrehole logs (Appendix D), in 18
of the total of 46 piers, where floating foundasowere constructed. These tie in with
relatively high penetration rates from the Jearzldata and high signal attenuation zones

on the radagrams, e.g. Pier 38 (Appendix E).

The borehole radar survey also picked up cavitlecedrs at varying depths in and at
varying distances from the boreholes which werebatied to poor material and also
presence of cavernous wad in the original borehdlesse zones on the radargrams tie in
with areas of relatively high penetration ratesthe Jean Lutz data as shown on the
geological stem plots, in Appendix E. High signtéauation zones on the radargrams are
correlated to areas where poor material has bemwded on the borehole logs e.g. Pier
24.

Weathered dolomite is present in borehole profégsmost of the piers with this
foundation option and occurs both within the corapetrock and above the competent
rock and correlates with zones of signal attennatio the radargrams. Thicknesses of
weathered dolomite range from 0.1 m ( Pier 33 BHa@}o 28 m (Pier 24 BH2), while at
Pier 28 BHS, it occurs in the last 0.5 m of thedimie as shown on the geological stem

plots.

Wad layers occurred in all piers with this foundatioption and vary in thickness, in
boreholes from 0.4 m in Pier 33 BH2A and extendaig5 m in Pier 63. The wad layers
correlate with zones of relatively high penetratrates in the Jean Lutz data and also tie

in with zones of high signal attenuation on theargdams.

5.4LARGE DIAMETER PILES

This option is cost effective where depth to corapetock is large (e.g. more than 30 m).
Intermediate strata and boulders were penetratéorebesocketing on solid bedrock.

Additional ground investigations prior to pile ctmugtion and proper selection of pile

positions were important to minimise constructiofiicilties. The nature of the steeply
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dipping pinnacled rockhead led to opting for largemmeter piles rather than smaller
diameter piles.

Four piles were socketed into solid bedrock at gaieh position. Rock head and pile
socket length were established on each pile posiiioopen hole drilling of a minimum
of four boreholes around the circumference of gaciposed pile and coring the rock at
the pile centre to a minimum of 7 m below the kse to confirm that bedrock was

consistent.

A total of 16 piers from Viaduct 5 to Viaduct 6,afle 11) have been constructed using
this design option. Competent rockhead at thegs pamge from as shallow as 1 m in Pier
42-BH1, to as deep as 32m in Pier 20-BH1, as shawthe geological stem plots. The
maximum rockhead dip was 78nd a variation of 17.5 m was delineated in PErThis
pier was originally designed with a shallow foundat but a socket on competent
rockhead could not be intercepted on the soutrepastection of the footing, hence
additional ground investigation was conducted taofico large diameter piling as an

alternative design method.

Piles were socketed on intrusive syenite in Pidrddl 14, with rockhead occurring at
similar depths and, no sample loss recorded, wdtilRiers 35, 36 and 42 sample losses
were recorded in boreholes (Appendix D) with theeekof the cavity confined to the NE
corner of the cap at Pier 36.

Weathered dolomite occurred both within and abavepetent rockhead in 9 Piers, with
thicknesses ranging from 0.5 m in Pier 42 (Viadi©€} and Pier 11 (Viaduct 6), up to 8 m
in Pier 10 (Viaduct 6).

Borehole radar data indicated high signal attepnadiue to the presence of unweathered
intrusive syenite and correlates with relativelwIpenetration rates as shown in the Jean
Lutz data, e.g. Pier 11. Linear features were mlake by the radar at depths of 8 m to 12
m in Pier 35-BH5 and at a distance of 5.2 m tor8.4way from the borehole and at
depths of 14.5 m to 18 m in Pier 15 (Viaduct 63 d@istance of 3.1 m to 4.9 m away from
the borehole. This correlates with oxide stainedtgologged in boreholes from these

piers. Attenuation from depths of 33 m to 37 mierR0, extending from the borehole up
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to more than 11.5m away from the borehole, tiewith carbonaceous shale encountered
in boreholes around this Pier (Appendix D). Moraowegh signal attenuation in P42-BH
4, from depths of 17 m to 18 m tie in with a zoméigh penetration in the Jean Lutz data

and correlates with a cavity zone in the geologitain plot.

77



5.5CONCRETE U SHAPED SECTIONS

The Gautrain Rapid Rail Link is aligned on the grédsurface where the rail is running in
these U shaped sections. Earthworks were carriedvaun these sections from Pier A81,
through the Military area up to Pier 9 (Viaduct Bhis design option was chosen due to
very deep bedrock/or no encountered bedrock, pceseinvery thick wad layers, cavities

or very loose ground.

Roadbed treatment was carried out to stabilise dheund, thereby providing a
homogenous foundation under the railway platformdeysifying the soils below the

platform and collapsing any shallow cavities thriotige following processes:

» Dynamic compaction: Carried out across the Militanga on Lyttelton Formation
where thick layers of soft material (wad) are leckin shallow areas.

» Standard compaction: Dynamic loading of impactersiiwas used across areas where
there are no occurrences of shallow wad, but rathek layers of chert gravel (Eccles
Formation). Compaction methods were controlled éffleament measurements and
plate load testing.

» Pinnacle breakouts/soil replacement: Where rockchase to surface.

» Slope Stabilisation: Carried out in cut and coeti®ns.

A total of 12 piers (Tables 11), have been constdidased on this design option.
Laboratory analysis from Table 9, shows that sestwwith chert gravel at shallow depths
has higher percentages of gravel sized materidiggshwindicates that thick layers of this
material, belonging to the Eccles Formation, wadiled as shown in Table 8. There is no
competent bedrock at some of these piers as imdicah the geological stem plots
(Appendix E) e.g. pier 5 (viaduct 6), while at atipgers depth to bedrock occurred below
60 m e.g. pier 7-BH4 (viaduct 6), which made it featsible to found on rock.
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6 CONCLUSION

The Gautrain rapid rail route is underlain by doi@nfor approximately 15 km in the

Centurion section with nearly 6 km elevated on us.

Design and construction challenges were associwaitbdthe dolomite terrain. Major risk

to the rail project was envisaged along the dolensiéction due to the geohazards
associated with the karstification of the dolomitbkese geohazards could include: high
variability in rockhead depths within closely spadaoreholes due to steeply dipping
pinnacles, low density compressible and highly #redwad material and presence of
cavities and floaters within weathered dolomite ahdrt. These challenges could lead to

surface instability in the form of sinkholes anangaction subsidence.

More rigorous and advanced ground investigationhoas were utilised along this

section.

¢ Percussion drilling involved drilling between 4@doreholes spaced 5 m to 9 m apart,
in a single pier location to fully establish thetation of the rock profile.

% A combination of symmetrix and reverse circulataniling advanced the borehole
with casing and enabled drilling above and beloaugd water table without sample
contamination from sidewall collapse. Stabilitytbe borehole for later testing and
instrumentation was also maintained.

% The use of Jean Lutz drilling parameters recordipgtem to assess consistency of
superficial deposits and rock hardness. The usei®Eystem eradicated irregularities
which existed over interpretation of the data idtroed by different drilling rigs and
the rig operators.

+ Borehole radar survey to establish and verify tlkeerg of voids, occurrence of
floaters, rock quality and steeply dipping rockheaBorehole radargram confirmed
significant voids which might have been missed by tconventional drilling
investigation. This survey therefore helped inthkdation of founding conditions.

+ Borehole verticality was measured to confirm tlinet drill string had not deviated off

a rock pinnacle.
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+« Auger rig equipped with a 900 mm flight and capadfi@xcavating down to 20 m in
the wad material was used to obtain large undistirbamples from wad for
laboratory testing which was not possible with camtonal percussion drilling
airflush.

+ Specialised field testing included Pressuremetdimig Cone Penetration testing and
Continuous Surface Wave testing. These techniquese wised to gain more
information for geotechnical design parameter,ipaldrly for the soft wad materials,

the stiff clay and chert layers.

The advanced geotechnical investigation methodsl,uksl to more comprehensive
knowledge of the geotechnical properties of theeulythg materials and the selection of
suitable design solutions at each pier locationtlierdolomite sections depending on the

local geological conditions encountered.

« Spread footing on dolomite bedrock/pinnacles witecsally constructed mass
concrete mattress was used at pier locations wige@echnical investigation
delineated shallow depth to solid bedrock. Smadinditer drill holes confirmed
founding on rooted bedrock. This foundation optieas best suited for this geology
and outweighed other available options in termsnaincial cost and time constraint.

* Floating foundations were chosen for pier locatiarteere difficulty was envisaged
founding on rock due to absence of solid bedroclkeanlrock occurring at deep depth
(either below or above the water table) with preseof cavities within bedrock. This
option was considered most suitable at those p@ations where it was used, since it
involved pre-treatment of the soil mass in ordemmprove its density and strength
thereby reducing the risk of sinkhole occurrencarnocacceptable level and therefore
required large work space for machines and equipmen

« Large diameter shafts to rock were mostly suitedtie balanced cantilever viaducts
(John Vorster and Jean Avenue viaducts) where fatiomd loads are higher due to
their greater spans, and also at piers with vditpkin bedrock. These are 7 m
diameter shafts which have been excavated to bedamc socketed into hard
dolomite bedrock up to 42 m below ground surface.

» Large Diameter Pile to rock was used at piers wahable rockhead and where solid

bedrock is located above the water table. It washist option in areas where space
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b 4
was a significant constraint e.g. road intersestigner close to road or other major

services.
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7 RECOMMENDATION

It is necessary to carry out appropriate geoteehnimvestigations in all construction
projects specifically in a dolomite environment,arder to obtain required geotechnical

design parameters for suitable foundation options.

Although cost and time consuming equipment and austhmay be necessary in some
instances during geotechnical investigations, tbet of using such equipment and
methods could be far less compared to the saviaged in adopting a suitable solution
for design and construction. Advanced geotechnicatstigations also ensure that a
suitable foundation design option has been uthisece eliminating possibility of delays

in the construction phase.
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APPENDIX N

SUMMARY TABLES OF RESULTS



TABLE 5: BOREHOLE DEPTH TO BEDROCK (m) SHOWING GEOLOGICAL FORMATIONS AT PIER POSITIONS

JOHN VORSTER VIADUCT 5B (MONTE CHRISTO FORMATICON]

BH MO PIER
5 6 L 8 9 10 11
1 9 X2 21 22 24 21 14
2 21 23 12 15 26 20 15
Depth to bedrock (m) ] 5 9 22 16 26 21 15
4 21 17 12 17 26 21 15
5
&
MEAN AVERAGE 20 20 17 15 28 21 15
STANDARD DEVIATION 1.15 275 5.50 2E7 1.00 0.50 0.8z
COEFFICIENT OF VARIATION 577 13,60 32 84 168.15 3.92 241 5.44

CENTURION VIADUCT 5C (MONTE CHRISTO FORMATION)

BH MO PIER
124 12B 13 14 15 16 17 18 19
1 18 3 23 24 24 26 27 242
2 20 0.9 24 25 19 25 26.7 33
Depth to bedrock (m) 3 2 28 225 17 28 H
4 18 30 22 24 239 a0 £
L
[
MEAN AVERAGE 15 23 23 23 23 28 26 29 23
STANDARD DEVIATION g.349 1337 0.85 .70 2.98 3.54 0.49 2.83 1.62
COEFFICIENT OF VARIATION 57.84 5820 .73 16.43 12.82 12 .86 1.88 975 4.94




TABLE 5: EOREHOLE DEPTH TO BEDROCK (m) SHOWING GEOLOGICAL FORMATIONS AT PIER POSITIONS (continued)

CENTURION VIADUCT 5C (MONTE CHRISTO FORMATION)

BH NO PIER
20 22 23 24 25 26 27 28 29
1 31 20 31.8 26 47 40 36 39 21
2 22 32 32.5 28.5 36 32 36 25.2 252
Depth to bedrock (m) 3 32 18 22 25 43 45.8 21.2 26 23
4 33.5 19 24 34 a0 27 39 62.2 9.5
5 35 9.4
6
MEAN AVERAGE 30 22 28 28 40 36 33 38 18
STANDARD DEVIATION 519 6.55 535 413 8.73 7.18 §.03 17.27 7.60
COEFFICIENT OF VARIATION 17.51 2944 19.41 14.82 21.69 15.98 2428 4532 4316
CENTURION VIADUCT 5C (MONTE CHRISTO FORMATION)
BH NO PIER
30 31 32 33 34 35 36 37 38
1 36 23 39 13.5 9 2 24
2 53 28 3 55 6 23 24 255 25
Depth to bedrock (m) 3 32 34 34 11 2
4 18 20 41 556 5 8 49 8.5
5 32 20 4.2 13 39 4
6
MEAN AVERAGE 34 26 27 21 6 10 17 38 13
STANDARD DEVIATION 12.54 613 1592 23.04 2.89 11.54 5.08 11.79 11.06
COEFFICIENT OF VARIATION 36.66 2335 58.09 107 .68 52 49 118.58 46.71 3117 88.45




TABLE 5: BOREHOLE DEPTH TO BEDROCK (m) SHOWING GEOLOGICAL FORMATIONS AT PIER POSITIONS (continued)

CENTURION VIADUCT §C (MONTE CHRISTO FORMATION])

BH NO PIER
39 40 41 42 43 44 46 a7 48
1 3 5 1 194 261 235 8 14
2 12 16 a2 7 2 285 18 T 1
Depth to bedrock (m) 3 3 28 20 27 438 3
4 6 5 12 7 46 30 31 8 7
5 78 6 a2 32
6
MEAN AVERAGE 5 7 25 2 13 26 25 18 3
STANDARD DEVIATION 206 515 1155 110 1234 440 551 1746 274
COEFFICIENT OF VARIATION 6577 | 7354 | 455 7097 | 0138 1684 | 2216 | 0863 8838
CENTURION VIADUCT 5C (MONTE CHRISTO FORMATION)
BH NO PIER
49 50 51 52 53 54 55 56 57
1 3 24 24 16 2 8 24 24 26
2 7 24 25 15 7 5 32 13
3 0 24 22 52 9 23 13 23
Depth to bedrock (m) 4 3 22 24 25 3 335 22 18
5 24 21 95 24
6 23 18 6
8 6
9 4
MEAN AVERAGE 2 23 24 20 B 26 18 8
STANDARD DEVIATION 150 115 045 480 758 5 484 210 8.33
COEFFICIENT OF VARIATION 8571 405 185 2459 | 9666 | 8917 1840 | 23290 10014




TABLE 5: BOREHOLE DEPTH TO BEDROCK (m) SHOWING GEOLOGICAL FORMATIONS AT PIER POSITIONS (continued)

CENTURION VIADUCT 5C (MONTE CHRISTO FORMATION])

BH NO FIER
58 59 60 61 62 63 64 65 66
1 52 58 61.5 29 36 18..5 40.6 16
2 43 52 522 &0 61 49 472 11
Depth to bedrock (m) 3 56 53 54 575 26 39 221 55 13
4 23 523 65 795 48 14
5 16
6
MEAN AVERAGE 45 53 56 57 42 5 50 48 14
STANDARD DEVIATION 14 .86 071 2.83 467 16.88 14 .86 34 35 5 89 212
COEFFICIENT OF VARIATION 33.21 1.35 505 B17 40.36 2958 6842 12.35 15.15
CENTURION VIADUCT 5C (MONTE CHRISTO FORMATION)
BH NO FIER
67 68 69 70 71 72 73 T4A 74B
1 228 17 7 9 0 5 238 14.5
2 23 16 5 11.5 3 1 15.8 3.9
Depth to bedrock (m) 3 3 11 3 7 1.5 1.5 14 17
4 32 8 7 1 1 10 21
5 225 34
6
MEAN AVERAGE 13 23 22 5 9 1 2 16 14
STANDARD DEVIATION 14.00 0.35 10.32 222 214 1.25 1.93 580 7.31
COEFFICIENT OF VARIATION 108.53 1.55 46.91 38.56 2477 90.91 80.88 3646 5183




TABLE 5: BOREHOLE DEPTH TO BEDROCK (m) SHOWING GEOLOGICAL FORMATIONS AT PIER POSITIONS (continued)

JEAN AVENUE VIADUCT 5D {(MONTE CHRISTO FORMATION)

BH NO PIER
AT5 76 77 78 79 80 81
1 32 5] 30 23
2 335 10 20 22 28
3 g 10 18 15
Depth to bedrock (m) g 6.5 10 10 EL 39 B 7
6
A1l
A2
Ad
A3
MEAN AVERAGE 24 9 10 25 28 16 18
STANDARD DEVIATION 1517 1.91 0.00 670 9 54 071 14 85
COEFFICIENT OF VARIATION £3.22 2253 0.00 27.08 34.07 4 56 84 .85
JEAN AVENUE VIADUCT 6 (MONTE CHRISTO FORMATION)
BH NO PIER
VE-AD VE6-P01 V6-P02 | V6-P03 | V6-P04 | VB-PO5 | VE-POE | VB-POT7 VE6-PO8
1 NONE NONE a7 39 NONE NONE NONE 15
Depth to bedrock (m) 2 55 NONE NONE 55 34 NONE NONE 235
3 NONE NONE NONE a7 33 NONE NONE NONE
4 NONE 45 NONE NONE 61 59
5 NONE 14.5
6
MEAN AVERAGE 55 43 38 61 28
STANDARD DEVIATION 3889 0.00 0.00 10.39 550 0.00 0.00 3050 21.08
COEFFICIENT OF VARIATION 70.71 24 17 1457 50.00 75.27




TABLE 5: BOREHOLE DEPTH TO BEDROCK (m) SHOWING GEOLOGICAL FORMATIONS AT PIER POSITIONS (continued)

JEAN AVENUE VIADUCT 6 (MONTE CHRISTO FORMATION)

BH NO PIER
V6-P09 V6-P10 V6-P11 Ve-P12 V6-P13 V6-P14 | V6-P15 V6-A16
1 16.5 14 12.5 9 12 10 25
2 27 26 16 19 14 95 11 24
Depth to bedrock (m) 3 72 155 16 5 56

4 28 26 20 12 85 10 7

5 12 26

6
MEAN AVERAGE 22 24 17 14 11 12 9 25
STANDARD DEVIATION 8.96 475 2.51 3.34 3.04 2.95 2.38 1.00
COEFFICIENT OF VARIATION 4013 2011 14.93 2387 2897 24 88 28.01 400




TABLE 6: SUMMARY OF BOREHOLE LOGS

VIADUCT

CHERT

RESIDUAL

/SECTION | PIER BH NO TRANSPORTED | poci/RESIDUUM poLomiTe | INTRUSVE 1 ) oMiTE HARD ROCK (m) GW LEVEL (m)
SOIL (m) o o ROCK (m)
BCIVIS00/PHI | o oo 1690, 12.1-38.0 21.0
A5-1 0-L 38.0-39.0 39.0-45.0
BCJVI500/PH/ 3.08.0 8.0-34.0
551500 A5 A5-2 0.0-3.0 34.0-36.0 36.0-48.0 20.0
BCIVIS00/PH | o - 2.0-7.0 7.0-15.0, 16.0-21.0 10
A5-3 0-2. 34.0-36.0 22.0-34.0, 36.0-42.0 :
23.\” S00/PHI | 016 8.0-10.0 1.6-8.0 10.0-57.0 20.0
Eg_JlV’ S00/PH/ 16.0-20.0 0.0-16.0 20.0-62.0 40
BCIVIS00/PHI | o o= 13130 13.0-17.0, 22.0-36.0 .
P6-2 0-1. 36.0-38.0 38.0-60.0
5B/500 Pé BCIVIS00PHI 18.1-19.7 0.0-16.0 19.7-64.0
BCJVI500/PH/ 10133,
P6-4 0.0-1.0 36.0-38.0, 500, 38.0:500, 49
50.0-51.0 0-68.
BCIVI500/PH/ 18204
e 0.0-1.8 35.0-39.0 a0 20.4-35.0, 39.0-63.0
BCIVIS0OPH | 0.0-1.0 1.0-12.0 12.0-61.0 45.0
BCJVI500/PH/ 1.0-16.0
5B/500 P P7-3 0010 18.0-22.0, 16.0-18.0, 22.0-34.0
0-1. 34.0-38.0, 38.0-64.0
64.0-76.0
BCIVI500/PH/ 0.9-12.5, 12521, 21.5-37,
P7-4 0.0-9.0 21.0-21.5 37.0-39.0 39.0-71 24
Eg_JlV’ S00/PH | 015 20.0-22.5 1.5:20.0 22.5-63.0 22
BCIVISOOPH | .1 5 14.0-15.0 1.5-14.0, 15.0-63.0 17
5B/500 P8 E?Z_JZV/SOO/PH/ 61335;01_47160'0
ool 0.0-15 14.0-16.0 PRCR 16.0-63.0 61
BCJIVI500/PH/ 1.2-17.0,
e 0.0-1.2 Srord 17.0-57.0 415
BCJVI500/PH/ 4060, 6.0-11,
ey 0.0-3.0 LTI 3.0-4.0 I 12.0-23.0 24.0
BCJVI500/PH/ 2.06.0,
ol 0.0-2.0 6.0-11.0 11.0-13.0 e 13.0-26.0 25
5B/500 P9 BCIV/500/PH 2.03.0, 3060, 80
By 0.0-2.0 2089 10.0-13.0 Yoo 950440 | 130250 24
BCIVIS00/PH/ 11.0-14.0, 1470,
P9-4 0.0-1.4 7.0-9.0 19.0-22.0 9.0-11.0 14.0-19.0 24
25.0-26.0 26.0-43.0




A g
TABLE 6: SUMMARY OF BOREHOLE LOGS (continued)
RESIDUAL
VIADUCT TRANSPORTED CHERT INTRUSIVE
secTion | PIER BH NO SOIL (m) ROCK/RESIDUUM(m) 3())LOMITE( ROCK (m) DOLOMITE HARD ROCK (m) GW LEVEL (m)
gfg_\i’f’o‘)’ PH/ 1 6010 1.5-3.0 3.0-22.0 22.0-36.0 18
E(I:g_\gsom PHI 1 6010 1.5-22.0 22.0-36.0 19
5B/500 P10 E(I:g_\glsom PHI | 5015 1.5-3.0 3.0-23.0 23.0-50.0 20
3.0-24.0,
E‘fg_\"" S00/PH | 650 2.0-3.0 38.0-40.0, ig'gzgg'g' 40.0-41.0, 17
41.0-42.0 e
BCJV/500/PH/
P11-1 0.0-1.0 1.0-27.0 27.0-35.0
BCIVIS00/PH | ¢ 5 g 2.0-29.0 29.0-25.0 15
5B/500 P11 Pli-2
BCIV/S00/PH 0.0-2.5 2.5-28.0 28.0-35.0 17
P11-3
BCJV/500/PH/ 0.0-2.0,
P11-4 2.0-5.5 55989 28.9-32.0 15
BCJV/400/PB/
P12A 0.0-3.0 3.0-6.0 6.0-18.0 18.0-38.0 38.0-45.0 18
BCJV/A00/PB/ | 4 3 1.3-6.0 6.0-12.5 12.5-37.0 21
5C/400 P12A P12A-2
BCJV/400/PB/ 1.0-6.0,
P12A.3 0.0-1.0 6.0-17.0 17.0.36.1 36.1-50.0 20
BCJV/400/PB/
P12A4 0.0-1.0 1.0-12.0 12.0-36.0 18
3.0-6.0,
2‘1323;3’_"1100/ PB/ | 5030 ?'7061-260'0 20.0-30.0 16.0-17.0
e 30.0-45.0
BCJV/400/PB/ 12.0-13.0,
5C/400 P12B P128.2 0.0-12.0 13.0-28.0 20.0.30.9 30.9-52.0 52.0-55.0 29
BCJV/400/PB/ 3.0-15.0, 15.0-18.0,
P12B-3 0.0-3.0 18.0-22.5 225-28.0 28.0-49.0
BCJV/400/PB/ 3.0-7.0,
B1oB-a 0.0-3.0 7.0-16.0 16.0-30.0 30.0-47.0 29
BCJV/400/PB/
P13-1 0.0-1.5 1.5-23.0 23.0-43.0 22
BCJV/400/PB/ 1.5-8.0,
P13-2 0.0-1.5 8.0-24.0 21.0-46.0 23
5C/400 P13 11.0-19.0
BCJV/400/PB/ ’ 2.0-5.0,
P13-3 0.0-2.0 5.0-11.0 21.0-22.5 95.5.43.0 26
BCJV/400/PB/
P13.4 0.0-1.8 1.8-22.0 22.0-43.0 21




]

TABLE 6: SUMMARY OF BOREHOLE LOGS (continued)

VIADUCT TRANSPORTED CHERT RESIDUAL INTRUSIVE
/section | PIER BHNO SOIL (m) ROCK/RESIDUUM(m) DOLOMITE(m) | ROCK (m) DOLOMITE HARD ROCK (m) GWLEVEL (m)
BCJV/400/PB/ 2.0-19.0,
PIAL 0.0-2.0 0.0.24.0 28.0-44.0 24.0-28.0 21.0
BCJIVIA00/PB/ | 41 5 3.0-25.0 1.5-3.0 25.0-27.5 24.0
P14-2 27.4-44.0
5C/400 P14 BCJV/400/PB/
P43 0.0-2.0 2.0-16.0 27.5-38.0 17.0-27.5 18.0
BCJV/400/PB/ 15-14.0,
P1aa 0.0-15 170-21.0 27.0-43.0 24.0-27.0 18.0
BCJV/400/PB/ 6.0-24.0
Plod 0.0-1.0 1.0-6.0 26.5.28.0 32.0-47.0 24.0-26.5, 28.0-32.0 19.0
BCIVI4OOIPB/ | 4 05 o 2.0-3.0 3.0-19.0, 31.0-40.0 19.0-21.0, 24.0-31.0 21.0
P15-2 21.0-24.0
5C/400 P15 BCJV/400/PB/
P53 0.0-2.0 2.0-7.0 7.0-26.0 31.0-45.0 26.0-31.0 21.0
BCJV/400/PB/ 1.5-4, 17.0-19.0 4.0-17.0
P15-4 0.0-1.5 22.8-23.9 19.0-22.8 32.0-46.0 23.9-32.0 21
BCJV/400/PB/
P16-2 0.0-1.5 1.5-7.0 7.0-25.0 37.0-56.0 25.0-37.0 24
5Cla00 P16 BCJV/400/PB/ 15-7.0
164 0.0-15 250-30.0 7.0-25.0 37.0-56.0 25.0-37.0 24
BCJV/400/PB/ 1.0-10.1, 10.1-23.2, 245-
<00 - P71 0.0-1.0 232005 26, 20.5.33.5 43.5-67.0 26.0-29.2, 33.5-43.5 20.0
BCIVI400/PB | 520 3.0-6.8, 6.8-26.7,  30.3-| 26.7-30.0, 35.5.46.2 25
P17-2 e 30.0-30.3 355 46.2-68.0 T
BCJV/400/PB/ 1.2-3.0,
P18l 0.0-1.2 3.0-14.0 140270 47.95-57.0 27.0-47.95 26.0
5C/400 P18 1.0-9.8
BCJV/400/PB/ 9.8-21.8
P1o.2 0.0-1.0 21.8-22.6 226072 46.9-58.93 31.0-46.9 27.0

27.2-31.0




TABLE 6: SUMMARY OF BOREHOLE LOGS (continued)

VIADUCT TRANSPORTED | CHERT RESIDUAL INTRUSIVE
)secTion | PER BHNO SOIL (m) ROCK/RESIDUUM(m) | DOLOMITE (m) | ROCK (m) DOLOMITE HARD ROCK (m) | GW LEVEL (m)
BCIV/400/PB/ 2.0-45,92-105 4592,
o 0.02.0 2o 9 50.0-53.0 37.4-50.0 31.0
6.07.0
BCIV/400/PB/ 1.0-6.0,7.0-8.0 :
5C/400 P19 Bey 0.0-1.0 oy a0 80101, 120{ 520540 33.0-52.0 32.0
BCIV/400/PB/ 1.0-31.0,
e 0.0-1.0 35.0-39.0 0 52.0-56.0 31.5-35.0, 39.3-52.0 30
BCIV/400/PB/ 3045,
BoN 0.03.0 29.0-31.0 4529.0 e 31.0-37.0, 38.5-48.0 220
BCIVIA0OPE! | 0,030 3.0-18.0 18.0-22.0 36.0-37.0 22.0-36.0035.0 24.0
1230
5C/400 P20 BCIV/400/PB/ 3.0-11.0, 19.0-25.0 11.0-19.0 ;
BoN 0.012 SO s 25.0-27.0 32.0-52.0 23.0
52.0-54.0
147-40,
BEIVIA0OPB! | 0.0-1.47 ML 27.0-29.0 33.5-36.0, 38.0-54.0 24.0
0-33. 36.0-38.0
BCIV/400/PB/ 3.020.0
B 0.0-3.0 300, 20.0-28.3, 34.0-56.0 19.0
BCIV/A00/PB/ 7.011.0, 13.0-19.0 19.0250, 3107 3570,
51400 022 P22-2 0.035 25.0-31.0 32.0 11.0-13.0 32.056.0 20.0
BCJV/A00PBl | oo 0.02.0, 2.0-4.0 9.0-11.0, 4050, 16.045.0 100
P22-3 00 5.0-9.0 16.0-18.0 11.0-16.0 0-48. :
BCIV/400/PB/ 15:3.0, 105-19.0 9.0-105,
BOV 0.0-15 1530 9005, 19.0-44.0, 45.0-55.0 19
BCIV/400/PB/ 1560 0.0-15,
Bo >0 8.0-30.0 6.08.0 31.851.0 230
081 31.0-31.8
0.0-15,
BCIV/400/PB/ 3.0-27.0
51400 b3 B 27.0-30.0 30270, 15-3.0 32.5-37.0, 41.0-56.0 18
37.0-41.0
BCIVIA00/PB! | 6.0.3.0 6.0-22.0 3.06.0 22.0-48.0
P23-3
BCIVIA0OPE! | 0,060 49.0-51.0 6.0-24.0 24.0-49.0 27.0
BCIV/A00/PB 26.0-38.0, 44.0-475
o 0.0-3.0 475-53.0 7.0-26.0 3.0-7.0 20038 26.0
BCJV/A00PB] | o014 14130 13.026.5, 26.5-27.7, 20.3-51.0 P
P24-2 27.7-29.3
5Cla00 P24 BCIV/400/PB/
o 0.0-3.0 3.0-25.0 39.0-41.0 25.0-39.0, 41.0-63.0 025
BEIVIA0OPE! | 0.0-1.2 12:50 7.0-34.0 5.0-7.0 34.0-50.0 26.0




TABLE 6: SUMMARY OF BOREHOLE LOGS (continued)

VIADUCT TRANSPORTED | CHERT RESIDUAL INTRUSIVE
/secTion | PIER BHNO SOIL (m) ROCK/RESIDUUM(m) | DOLOMITE(m) | ROCK (m) DOLOMITE HARD ROCK (m)  |GW LEVEL (m)

Eg;_\f“OO/PB/ 0.03.0 34.0-47.0 3.0-34.0 47.0-68.0 35.0

BCIVI4OOIPB/ | 4 30 3.0-85 34.0-36.0, 53.0r 55340 36.0-53.0, 55.0-56.0, 59.0-60.0 33.0
51400 b5 P25-2 55.0, 56.0-59.0

BCIV/A00/PB] | o =0 3.0-10.0, 25.0-29.0, 36.0 10.0-25.0, 29.0- 45,0640 330

P25-4 0-3. 48.0 36.0 0-64. :

ﬁg;_\g’“oo’PB’ 0.0-2.5 2517.0 17.0-30.0 30.0-56.0 29.0

Egg_\imow PB/ | 0030 3.0-4.0, 60.0-62.0 7.0-40.0 4.07.0 40.0662.0-63.0 20.0

Eczzg_\;mom PB/ | 5030 3.0-5.0, 33.7-39.0 7.0-32.0 5.0-7.0 32.(8339.0-61.0 20.0
5C/400 P26 Eczzg_\gmom PB/ | 0030 37.0-45.6 3.06.0,11.037.0  6.0-11.0 Be 28.0

BCJV/400/PB/ 30110, 15.0.18.0, 38.0f 11.0-15.0, 18.0-

e 0.03.0 i 270 Pty 27.0-29.5, 31.7-38, 42.5-61.0 25.0

BCJV/400/PB/ 14.0-340, 37.0-

Y 0.0-4.0 4.0-14.0, 34.0-35.0 120 gy | 36.0-37.0 35.0-36.0, 42.0-46.0, 48.0-64.0 33.0

BCJV/400/PB/ 40280, 334

o 0.0-4.0 IS 36.0-53.0 -

BCIV/A00/PB/ | (134 3.436.0 36.0-48.8 ;
5C/400 p27 P2r-2

BCJV/400/PB/ 60212, 254

e 0.06.0 80 21.2-25.4, 36.5-58.0 20.0

BCJV/400/PB/ 2.0100, 150-

e 0.0-2.0 10.0-15.0 A 39.0-55.0 27.0

BCJV/400/PB/ 40150, 24.0-

B 0.0-4.0 15.0-24.0 B 39.0-55.0 26.0

BCIV/A00/PB/ | (059 5.0-7.0 70252, 305 25.2-30.5, 33.5-36.0, 48.7—64.0 28.0
51400 b8 P28-2 33.5, 36.0-48.7

BCIV/A00/PB] | o oo 50-13.0, 63.064.0, 650 13.0-26.0, 30.5- 260305, 480520, 590630, » o

P28-3 0-5. 66.5 48.0, 53.0-59.0 64.0-65.0, 66.5- 73 :

ﬁgg_\fl"mo’ PB/ | 0040 50.0-62.2, 67.0-69.0 4.0-50.0 62.2-670068.0 36.0

BCJV/400/PB/ 11.021.0, 408

B 0.0-11.0, oo 21.0-40.8, 47.0-65.0 -

Egg_\;"‘OO’PB’ 0.0-13.0 13.0-25.2 25.2-66.0

BCJV/400/PB/ 140230, 33.0- 23.033.0, 36.7-380, 394463,
5C/400 P29 P29-3 0.0-13 36.7, 38.0-39.4 48.0-67.0 23.0

BCJV/400/PB/ 7095, 200-

e 0.07.0 21.0-26.5 o 9.5-20.0, 26.5-67.0 21.0

,E(Z:QJ_\:;MOO/PB/ 0004 13.0-15.0. 47.052.5 340305 | 04130 150340, 33470, 52554




TABLE 6: SUMMARY OF BOREHOLE LOGS (continued)

VIADUCT/ TRANSPORTED CHERT RESIDUAL INTRUSIVE
secTion | PIER BH NO SOIL (m) ROCK/RESIDUUM(m) DOLOMITE(m) | ROCK (m) DOLOMITE HARD ROCK (m) GWLEVEL (m)
BCIV/400/PB/P 40360, 405
BoN 0.0-4.0 580640 36.0-40.5, 43.0-48.0, 64.0-77.0 13.0
gg_JzVM'OO’PB’P 0.07.0 7.0-53.0 53.0-74.0 33.0
60320,  350-
BCIVI40OIPBIP | o oo 37.0,  40.0-46.0, 32.0-35.0, 37.0-40.0, 46.0-47.0, 54.0-,¢.
5C/400 P30 30-3 0-6. 475540, 57.0- 57.0, 58.0-75.0 '
58.0
BCIV/400/PB/P 8.0-180,  19.0-
5 0.0-8.0 S 40051 18.0-19.0, 33.6-40.0, 51.5-72.0 38
BCIV/A00/PB/P 60320,  350-
5l 0.0-6.0 PR 32.0-35.0, 45.5-49.0, 52.5-71.0 34.0
BCIV/400/PB/P 135230, 265
5oy 0.0-13.5 ro ateane 23.0-26.5, 28.5-31.5, 34.0-73.0 .
Ef_JZV"‘OO’PB/P 0.0-3.0 3.0-14.0 14.0-28.0 28.0-74.0 ;
5C/400 P31 BCJV/400/PB/P 5.0205, 500550, 60.0f 20.534.0, 37.0-
Be) 0.0-5.0 >0 gt U 34.0-37.0, 62.0-77.0
giivmom PBIP | 10-7.0 7.0-20.0, 23.0-28.0 28.0-37.3 20.0-2370337.0 30.0
BCIV/400/PB/P 1.1-6.0, 16.0-29.0, L
32-1 0.0-1.1 6.0-16.0, 32.0-34.0 30.0-32.0, 35.0- 290300, 34.0-35.0, 44,5575, 625
445, 57.5-62.5 :
BCIV/400/PB/P 113, 42130, 32.7-34.0, 13.032.7, 34.0-
32.2 0.0-1.1 39.0-40.0 39.0, 40.0-56.0 3.0-4.2,56.0-78.0 28.0
BCJV/A00/PB/P 20-150, 368381, 400 13.0-32.7, 34.0-
5C1200 P32 5o 0.0-2.0 e 0 s 3.0-4.2, 56.0-78.0 28.0
BCIV/400/PB/P 13.0-15.0, 16.0-
o 0.0-1.2 1.2-13.0, 51.0-52.5 Ay 41.0-51.0, 52.5-62, 67.6-80.0 28.0
14.0200,  22.0-
g;;‘_éVMOO/PB/P 0.0.6.0 6.014.0 2602 % 050 20,0220, 28.0:33.0, 34.0:635, 66453

63.5—66.7




TABLE 6: SUMMARY OF BOREHOLE LOGS (continued)

VIADUCT TRANSPORTED | CHERT RESIDUAL INTRUSIVE
/secTion | PIER BHNO SOIL (m) ROCK/RESIDUUM(m) | DOLOMITE (m) | ROCK(m) DOLOMITE HARD ROCK (m) | GW LEVEL (m)
?CJV/400/PB/P33— 0011 1170 ;.30613.5‘ 18.0- 155180 50
BCIV/A00/PBIP33- | o = 1290 9.0332, 468 23.9-46.8, 48.1.69.0 90
1A 48.1
81130, 178
: 5584, 13.0-17.8, 21.0-24.0, 32.0-
BCJV/400/PB/P33- 210, 24.0-32.0, ' ' '
5C/400 P33 " 0.0-3.0 3.05.5 hes0g0Ee gg.g, Gg%_oéglo.o, 53.5-60.4, 60.8-18
53.5, 60.4-60.8 -5, 66.5-80.
BCJV/400/PB/P33- 8.09.0,  27.0-
o 0.0-15 1.6-8.0, 9.0-11.0 Soab56s 11.0-27.0, 58.5-76.0 26.0
BCJVI400/PBIP33- 9.0240, 350-
s 0.0-2.0 2.09.0 o6 60.0-66.0 55.6-60.0, 66.0-76.0 30.0
BCJV/400/PB/P34- 14.0-17.0, 205
8 0.0-2.0 2.0-9.0, 12.0-14.0 210 25 530 9.0-12.0, 17.0-20.5, 30.5-78.0 18.0
?CJV"‘OO’ PBIP34- | (020 16.9-23.2 2.06.0 6.0-16.9, 23.2-70.0 21.0
5C/400 P34 gCJV"‘OO’ PBIP34- | (012 8.0-36.0 2.0-8.0, 36.0-78.0 18.0 & 50.0
ECJV"‘OO/PB/P% 0.0-1.0 1.0-3.0 3.0-5.0, 21.0-29. 5.0-21.0, BB® 17.0
?XJV"‘OO/PB/P%' 0.0-1.0 1.0-17.0, 18.0-37.0 18.0
BCIVI400IPBIPSS- | 0,014 1.4-2.0 2.0-12.2, 13.0-17.0 .
5C/400 P35 ?CJV"‘OO’ PB/P35- 0.0-11.0, 20.7-23.0 11.0-20.7 23.0-41.0 18.0
g’CJV"‘OO/PB/P%' 0.0-15 15-4.2 4.2-12.0, 15.3-32.0 ;
?CJVMOO/PB/PSG— 0020 2060 623;10616.0, 18.0- 220400 210
?C.]V/400/PB/P36— 0030 5070 ;10618.2, 21.0- 220400 30
5C/400 P36 BCJV/400/PB/P36- 3.0-4.0 6580, 9.6-105, 0.0-3.0,4.0-6.5 | 8.0-9.6, 10.5-14.0, 17.0-39.0 020.
4 14.0-17.0
?CJV"‘OO’PB’P%' 0.0-1.2 1.26.0 6.0-13.0 13.0-46.0 ;
140255, 350-
BCIVI400PBIP3T- | o, L414.0, 53.5-59.0 560 30,0400, 255350, 360390, 420490, ;0
2 50.0-53.5, 59.0-80.0
49.0-50.0
5Cr400 P37 ECJV"‘OO’PB’P”' 0.0-1.2 1.2-14.0, 55.0-56.0 14.0-28.0 22'8'49'0' 50.0-1' 49.0-50.0, 52.0-55.0, 56.0-80.0 39.0
BCIV/A00/PBIP3T- | o1 5 1.2-33.0, 38.0-39.0 49.0-51.0 33.0-38.0 089.0, 51.0-55.0, 58.4-80.0 37.0

5




TABLE 6: SUMMARY OF BOREHOLE LOGS (continued )

o~ g
VIADUCT TRANSPORTED | CHERT RESIDUAL INTRUSIVE
/section | PIER BHNO SOIL (m) ROCK/RESIDUUM(m) | DOLOMITE(m) | ROCK (m) DOLOMITE HARD ROCK (m) | GW LEVEL(m)
12.0-140, 150-
BCIV/A00/PBIP38- | 1 4 1.4-12.0 250, 38.0-40.0, 25.0-38.0, 40.0-56.0, 62.0-80.0 18.0
2
56.0-61.0
5.0-8.5,16.0-
BCIV/400/PB/P38- 18.5,20.5-3.0, 8.5-14.0, 18.5-20.5, 33.0-35.8, 51.5-
5C/400 P38 8 0.0-2.0 2.0-5.0, 39.0-40.0 05500200 440515 B e oy 52.0
44.0, 55.0-56.0
BCIV/400/PB/P38- 1.4-40, 6.0-7.0, 8.0-12.00 1) 4346 357 4060, 7.0-80, 12.0-13.3, 34.0-
0.0-1.4 13.3-140,  43.0-49.0 49.0-52.5 .
5 43.0 35.7, 59.0-75.0
52.2-59.0
BCIV/400/PBIP39- 0030 273280, 3207 1go o= 3.0-15.5, 19.8-27.3, 28.0-32.0, 35.0-_
1 35.0 54.0
?C.]V/400/PB/P39— 0012 210220, 220 12190, 26.043.0 .
5C/400 P39 BCIV/A00/PBIP3S | oo 1 1160 165280 6.0-10.5, 12.0-165, 28.0-38.5, 410~
4 48.0
?CJV"‘OO’PB’P”' 0.0-6.0 6.0-7.8 7.827.0 ;
?CJV"‘OO’PB/P“O' 0.0-1.2 1.2-5.0 120160, 200 5.0-15.0, 16.0-20.0, 26.0-42.0 .
BCIV/400/PBIP40- 9.0-11.0, 140
5 0.0-2.0 2.0-9.0, 12.0-14.0 26,0 59.0.24.0 16.0-20.5, 24.0-42.0 23.0
BCIV/400/PBIP40-
5C1400 040 S 0.0-2.0 2.0-3.0 9.0-25.5 3.0-8.0, 25.5-42.0 26.0
ECJV"‘OO/ PBIP40- | 5.00 2.0-4.0, 6.0-25.0 4.05.0, 25.0-30.0 5@-80.0-47.0 30.0
?CJV"‘OO’ PB/P40- | 4009 0.96.0 18.0-26.0 6.0-18.0, 26.0-42.0 ;
?CJV"‘OO’ PB/P41- | 4010 13.0-17.5, 29.5-33.0 Check ;
BCIV/A00PBIPAL | oo o 1090, 100120, 175295, 330,
2 49.0
BCIV/A00/PBIPA1-
5C/400 ba1 8 0.0-1.4 27.0-30.0 1.4-27.0 ;
EXJV"‘OO’PB’P“' 0.0-0.7 2.0-3.0, 14.0-16.5 0.7-2.0, 3.0-12.8, 109 .
gCJV"‘OO’ PB/P4L- | 4010 4.0-5.0 1.0-4.0, 7.0-8.0 8.0-48.0 ;
?CJV"‘OO’PB/P“Z' 0.0-1.0 16.8-17.2 2.0-3.0 1.0-2.0, 3.0-16.8, TAD .
2CJV/400/PB/P42— 0010 L0250 .
5C/400 P42
BCIVI400/PBIP42- | 0,0-1.0 1.0-16.8, 18.0-35.0 -
gCJV"‘OO’PB/P“Z' 0.0-1.0 1.0-3.2 3.2-17.9, 19.8-25.0 -




TABLE 6: SUMMARY OF BOREHOLE LOGS (continued)

VIADUCT TRANSPORTED CHERT RESIDUAL INTRUSIVE
/section | PIER BHNO SOIL (m) ROCK/RESIDUUM(m) | DOLOMITE (m) | ROCK (m) DOLOMITE HARD ROCK (m) GWLEVEL (m)
BCJV/400/PB/ 8.0-10.0, 11.0-
p43-1 0.0-1.5 2.0-8.0 10.4, 21.0-24.3 19.4-21.0, 24.3-40.0
BCJV/400/PB/ 15.3-20.4, 21.5-
P43-2 0.0-1.0 1.0-2.0 24.0 2.0-10.0, 14.0-15.3, 20.4-21.5, 24.0-39/0
5C/400 P43
BCJV/400/PB/ 0.0-2.0 2.0-13.0 14.0-28.0 28.0-48.0 31.0
P43-3
BCJV/400/PB/ 15.0-16.8, 17.8-
e 0.0-2.0 2.0-4.6 1o 4.6-15.0, 16.8-17.8, 19.5-39.0 -
BCJV/400/PB/ 10.0-20.5, 24.0-
pa4-1 0.0-2.0 2.0-3.0, 4.0-10.0 261 20.5-24.0 26.1-33.3, 33.6-48.0 -
BCJV/400/PB/ 6.0-7.0, 11.0-24.0|
pa4-2 0.0-1.2 1.2-6.0, 7.0-11.0 24.0-28.5 28.5-51.0 40.0
5C/400 Pa4 BCJV/400/PB/ 0.0-1.0 1.0-8.0 8.0-20.0, 21.0- 33.0-36.0 20.0-21.0, 36.0-53.0 37.0
P44-3 33.0
BOIVIA0OPE! | 0.0-1.0 1.0-9.0, 29.0-30.0 9.0-29.0 30.0-45.0 27.0
BCIV/400/PB/
o 0.0-3.0 3.0-235 23.5-43.0 -
BCJV/400/PB/ 4.5-14.0, 15.0-
e 0.0-2.0 2.0-45 B 14.0-15.0 18.0-20.0, 25.0-41.0 -
5C/400 P46 BCJV/400/PB/ 2.0-27.0, 31.0-
P46-3 0.0-2.0 320 27.0-31.0, 32.0-48.0 -
BCIV/400/PB/ 7.0-190, 273
BN 0.0-1.3 1.3-6.8 o 6.0-7.0 31.0-48.0
gg%]_\i/“OO/PB/ 0.0-2.0 2.0-5.0 5.0-8.0, 14.0-43.4 8.0-14.0, 45®m -
BCJV/400/PB/ 6.5-11.0, 15.0-
P47-2 0.0-2.0 2.0-6.5 423 11.0-15.0, 42.3-60.0 -
5C/400 pa7 BCJV/400/PB/ 0.0-2.0 2.0-5.0 6.0-43.8 43.8-63.0
P47-3
BCJV/400/PB/ 0.0-3.0 3.0-7.0 7.0-8.0, 12.0-48.4 8.0-12.0, 4B/®
PAT-4
BCIV/400/PB/
B 0.0-1.4 1.4-37.0 .
BCIV/400/PB/
5C/400 P48 £ogs S i
BCJV/400/PB/
B 0.0-1.2 1.2-3.0 3.0-36.0
BCIVIA00/PB/ | (459 2.0-6.0, 11.0-12.0 7.0-11.0, 12.0-37.0

P48-4




TABLE 6: SUMMARY OF BOREHOLE LOGS (continued)

BCIV/400/PBI
B! 0.0-3.0 3.0-6.0, 6.0-30.0
BCIV/A00/PB/
5C/400 P49 PaS2 P e
BCIV/A00/PB]
Be 0.0-38.0
BCIV/400/PB/
B 0.0-1.2 1.2-3.0 3.0-33.0
Egg_\imom PB/ | 0.0-1.0 1.0-4.0 16.0-23.0 4.0-16.0, 23.0-39.0
5C/400 P50 Egg_\;ﬂtom PB/ | 0.0-1.0 1.0-4.0 18.3-18.7 4.0-18.3, 18.7-38.0
BCIV/400/PB/ 70150, 19.0-
Bov 0.0-1.0 1.0-7.0 o 15.0-16.2, 22.0-39.0
BCIV/A00/PB/
oo 0.0-1.0 1.0-21.0, 23.0-40.0 29
BCIV/A00/PB/ 70120, 140
Bey 0.0-1.5 1.5-7.0 o 16.0-42.0 26.85
BCIV/A00/PB]
5C/400 P51 BoY 0.0-3.0 3.0-40.0 -
BCIV/400/PB]
Bo 0.0-1.3 1.3-40.0
ng_\g“oo’ PB/ | 0.0-2.0 2.0-3.0, 24.2-24.8 4.0-24.2, 24.8-40.0
Eg;_\imom PB/ | 0.0-2.0 2.0-35 3.5-15.0 15.0-33.0
EEZJ_\;"‘OO’ PB/ | 0015 1.5-5.0, 12.0-13.0 5.0-12.0 13.0-30.0
5C/400 P52
BCIVIA00/PBI | 5.1 8 1.87.0 7.0-20.0 20.0-36.0
P52-3
BCIV/400/PB/
o 0.0-2.0 2.0-6.0 6.0-25.0 25.0-42.0
BCIV/A00/PB/
oV 0.0-0.5 05-2.0 2.0-6.0, 7.7-35.0
BCIVIA00PB! | (000 210, 8040 7080, 140250, 27.8310, 4 0
P53-2 0-2. 0-27.8, 3L 45.0-60.0 :
45.0
BCIVI400PB! | (o o o 2o 6076, 110122, 140220, 50
/ P53-2A oo e eas 24.0-25.0, 38.0-51.5
5C/400 P53
BCIV/400/PB/ 50220, 23.0-
o 0.0-2.0 2.0-5.0 e 90390 39.0-61.0 335
BOIVIA0OPE! | 0.0-2.0 2.0-5.2,7.8-11.12 5.2-7.8, 11.2-39.0
Eg;_‘f(“oo’ PB/ | 0.0-2.0 2.0-4.0, 6.4-14.2 4.0-6.4, 14.2-34.0
Eé:;_\&/;mooms/ 0.0-2.0 2.05.0 18.0-21.0 5.06.0 21.0-44.0




TABLE 6: SUMMARY OF BOREHOLE LOGS (continued)

VIADUCT TRANSPORTED | CHERT RESIDUAL INTRUSIVE
/secTion | PIER BHNO SOIL (m) ROCK/RESIDUUM(m) | DOLOMITE (m) | ROCK (m) DOLOMITE HARD ROCK (m) GW LEVEL (m)
BCIVI400/PBI 3.0-8.0, 12.0-14.0]
o 0.0-3.0 BN, 8.0-12.0, 14.0-18.0, 33.0-48.0 28
3.5.5.0, 16.0-19.0]
BCIVIA00IPBI | 4420 20.0-23.0, 2035 5.0-16.0, 19.0-20.0, 23.0-28.0, 29.0-4§.07.22
P54-2
28.0-20.0
BCIVIA0OIPB] | 0011 1150 5.09.0, 19.0-24.0, 9.0-19.0, 24.0-29.2, 30.0-48.0 201
51400 p54 P54-3 20.2.30.0
5.0-10.0,
16.0-21.0,
BOIVIA0OPE! | 0,025 2550 23.0-24.0, 33.536.0, 40.5-57.0 30
25.0-33.5,
36.8-40.5
BCIVI400/PBI 5.0.9.5, 15.3-23.0]
BoN 0.0-1.2 1.25.0 S0 9.5-15.3, 23.0-29.0, 30.0-49.0 28
BCIVI400/PBI 6.5-12, 14.517.0,
o 0.0-2.0 2.0-6.5, 17.0-25.0 o o 12.0-14.5, 28.0-46.0
2060, 7.514.0,
BEIVIA0OPE! | 0,020 6.0-7.5, 14.0-17.0 17.0-24.0, 24.0-25.0, 31.0-57.0 27.0
25.0-31.0
BCIVIA0OIPB] | 00-2.0 2.05.0 5.015.0,  16.0- 24.9-25.3, 32.5-49.0 26.0
P55-3 24.9
5C/400 P55 SR
BCJV/400/PB/ P
o 0.0-6.0, 11.0-14.5 14.5-22.0, 22.0-23.0, 30.0-34.0, 35.0-49.0
34.0-35.0
BCIV/400/PB/
BN 0.0-3.0 3.0-235 23.546.0
BCIVI400/PBI
o 0.0-2.0 2.0-23.0 23.0-45.0 33.0
BCIVI400/PBI
o 0.0-L5 1.5:21.0 21.0-36.0
BCIVI400/PB]
Be 0.0-2.0 2.0-14.1 14.1-30.0
BCIVI400/PBI 30-140, 200
BOw 0.0-2.0 2.0-3.0 3 14.0-20.0, 22.0-36.0
BCIVIA00/PBY 30-150,  20.9-
PN 0.0-3.0 3 15.0-20.9, 23.1-38.0
BCIVI400/PBY
5C/400 - BoN! 0.0-L5 1.5-7.0,10.0-18.0]  7.0—10.0 18.0-33.0 30.0
1520, 40609,
BOIVIA00PE! | 0.0-15 2.0-4.0 10.0-24.0, 6.9-10.0 24.0
20.0-49.0
BCIV/400/PB/
PN 0.0-1.0 1.0-3.0,7.0-8.9 3.0-7.0,8.9-17.0 15.0
BOIVIA00PE! | 0.0-1.1 1.1-3.0,5.0-7.0 3.0-5.0,9.0-25.8 25.033 31.0




TABLE 6: SUMMARY OF BOREHOLE LOGS (continued)

VIADUCT/ TRANSPORTED CHERT RESIDUAL INTRUSIVE
SECTIoN | PIER BH NO oo ROCKIRESIDUUM() BoLOMTE M | ROCK () DOLOMITE HARD ROCK(m)  |GW LEVEL (m)
BCJV/400/PB/P 0.0-2.0 3.0-33.0 30.0
57-1
BCJV/400/PB/P 1.5-8.0, 18.0-22.5,
ey 0.0-L5 1580 8.0-14.0, 22.5-28.0, 29.0-36.0
BCJV/400/PB/P
5C/400 b57 ey 0.0-L5 15-14.4, 18.4-36.0 16.0
BCJV/400/PB/P
ey 0.0-L5 1.5-19.0
BCIVIA00PBIP | oo o 1520 50190
57-9
1.09.0, 10.0-13.3,
BCJV/400/PB/P 0.0-1.0 9.0-10.0 29.5-30.5, 49.0- 13.3-25.07, 36.5-43.0, 52.0-66.0
58-1
52.0
gé:_\;VMOO/PB/P 0.0-2.0 2.0-17.5 17.5-32.0
5C/400 P58 g’g\’"‘oo’PB’P 0.0-2.0 2.06.0, 7.0-11.0 6.0-7.0, 11.0-17.0 me
BCJV/400/PB/P 8.0-11.0, 13.2-16.0, 16.0-32.1, 36.9-39.9, 49.7-50.2,
58-3A 0.0-1.0 1.0-8.0 50.2-52.0 11.0-13.2 52.0-54.0, 56.3-70.0 57.0
BCJV/400/PB/P 0.0-2.0 2.0-22.0 22.0-24.0
58-4
BCJV/400/PB/P 0.0-2.0 51.0-52.0 2.0-28.0, 36.0-39.0, 28.0-34.2, 52.0-70.0 43.0
59-2 40.5-51.0
5C/400 P59 BCJV/400/PB/P
ey 0.0-2.0 2.0-24.0 24.0-51.0 51.0-68.0 45.0
2(‘):_31\”400’%“’ 0.0-1.2 1.2-20.0 20.0-58.0 58.0-79.0 40.0
5Cla00 Pe0 BCIV/400/PEIP 1.25:7.2, 25.054.0
5 0.0-1.25 7.2-25.0 L2572 250540 54.0-65.3, 67.7-68.0 40.0
g](-:_‘iVMOO/PB/P 0.0-9.0 9.0-20.0 20.0-61.5 61.5-65.0 34.0
BCJV/400/PB/P 19.0-22.0, 32.5-38.0, 67.0r 10.5-19.0, 22.0-
5C/400 P61 61.2 0.0-2.0 68.0 32.5, 38.0-57.2 2.0-10.5 57.2-67.0, 68.0-80.0 39.0
1.0-2.0, 12.5-15.0
BCJV/400/PB/P 2.0-12.5, 15.0-16.0, 34.0 ) ’
61.3 0.0-1.0 42.0, 54.0-57.5 ég.8—34.0, 42.0- 57.5-75.0




TABLE 6: SUMMARY OF BOREHOLE LOGS (continued)

CHERT
VIADUCT | PIER BH NO TRANSPORTED | ROCK/RESIDUUM(m | RESIDUAL INTRUSIVE ROCK | DOLOMITE ROCK (m) GW LEVEL (m)
/SECTION SOIL (m) ) DOLOMITE (m) (m)
252{\1’400’ PB/ | 0.0-2.0 31.0-39.0 12.0-28.0 2.0-12.0, 28.0-31.0 038.0 39.0
BCJV/400/PB/ 180.0-330,  36.0- 20150,  16.0-18.0
/ o 0.0-2.0 15.0-16.0 60,0, o560 e, 60.0-61.8, 66.0-84.0 47.0
5C/400 P62
Eg;_\;"‘OO’PB/ 0.0-15 47.0-49.0 145-26.0,285-47.4  15-14.5028.5 49.0-64.0, 66.3-90.0 37.0
BCJV/400/PB/ 15.0-23.5, 25.0-20.8
o 0.0-2.0 23.525.0 ooz 2.0-15.0, 29.8-36.0 52.3-72.0 49.0
BCJV/400/PB/ 9.0-11.0, 12.0-36.0]
e 0.0-1.3 1.3-9.0, 11.0-12.0 ey 36.0-41.0 54.0-58.7
ggsa_\émow PB/ 1 0020 15.0-16.0 14.0-15.0, 16.0-61.4  2.0-14.0 0®D.0
5C/400 P63
BCJV/400/PB/ 11.0-19.5, 21.0-39.0
e 0.0-1.3 19.5210,60.0-620 | 11’0600 aopope | L3110, 39.0-44.0 65.0-76.8
ggsa_\flmow PB/ | 0013 52.6-55.0 17.052.6,55.0-65.4  1.3-17.0 089, 73.5-80.0
Egﬁ"‘om PB/ | 0.0-1.0 2.06.0 1.0-2.0, 6.0-18.5 18.5-24.0
BCJV/400/PB/ 2.03.0, 14.0-15.0, 16,0} 3.0-14.0, 15.0-16.0]
P64-2 0.0-2.0 20.0, 21.5-49.0 20.0-21.5 49.0-66.0 51.0
5C/400 P64 ggi\;mow PB/ | 5015 15:3.0 3.0-22.1, 27.4-30.0 22.1-27.4
BCJV/400/PB/ 30.0-32.2, 35.8-37.0 32.2-35.8, 39.0-65.0 39.5%0
P64-3A
BCJV/400/PB/ 5.0-15.0,16.0-
o 0.0-2.0 2.0-5.0,15.0-16.0 o as 79.5-83.0 82.0
BCJV/400/PB/ 1490, 23.0-24.0] 9.0-14.0,15.0-23.0,24.0-
B! 0.0-1.4 14.0-15.0 o b 40.6-63.0
Eg;_\;mom PB/ | 0.0-4.0 25.0-27.0 27.0-47.2 4.0-25.0 47.2-65.0 48500, 47.0
5C/400 P65 BCIVIA00/PB] | o o 30550 50720 50
P65-3
BCJV/400/PB/ 3.05.0, 19.0-48.0,
B 0.03.0 AP 5.0-19.0, 48.0-49.0 50.0-69.0
ﬁgg_\i"‘OO’PB’ 0.0-1.0 1.0-45 45112 11.2-14.2,15.3-35.0
BCJV/400/PB/
ey 0.0-8.0 8.09.3 9.3-35.0
P66 ﬁgg_\fl"mo’PB’ 0.0-15 15-6.0 6.0-28.0
5C/400
25;_\!’5’400’ PB/ | 0.00.9 0.9-2.0, 14.0-15.0 2.0-3.4,3.4-4.9 4.9145.0-35.0




TABLE 6:

SUMMARY OF BOREHOLE LOGS (continued)

VIADUCT TRANSPORTED | CHERT RESIDUAL INTRUSIVE
/section | PIER BHNO SOIL (m) ROCK/RESIDUUM(m) | DOLOMITE (m) | ROCK (m) DOLOMITE HARD ROCK (m) | GW LEVEL(m)
BCIVIA00/PB/ | (45 2.0-14.0 14.0-22.0 22.0-42.0 33.0
5C/400 P67 P67-1
Eg—\;mow PB/ | 0012 1.2-2.0,21.0-22.0 2.0-3.0 3.0-21.0,22.039 20.0
BCJV/400/PB/ 2.0-11.0, 14.023.0, 25.0f 11.0-14.0, 405
BC 0.0-2.0 a0 o 23.0-25.0, 63.0-79.0 36.0
2.5-5.0,14.0-
5C/400 P68 :
BCIV/400/PB/ 19.0,21.0-
BN 0.0-1.5 152.55.09.019.0210 | 00700 9.0-14.0 22.5-32.0, 50.6-58.0, 59.0-77.0 56.0
50.6.58.0-59.0
gggj_\i"‘OO’PB’ 0.0-0.9 0.9-1.6, 6.0-17.5, 33.0-34. 12.5-16.0 1265, 17.5-33.0, 34.0-36.0
gggj_\é"‘OO’PB’ 0.0-2.0 11.0-17.2 2.0-11.0,17.2-31.0
5C/400 P69
gggj_\;"‘oo’ PB/ | 5015 1.5-3.0, 31.0-32.0 4.0-10.0 10.0-14.5 300-84.5-31.0, 32.0-46.0
BCIV/400/PB/
e 0.0-1.5 1.5-6.0 6.0-13.0 13.0-50.0
2(7:3_\1’400’ PB/ | 0020 2.0-7.0 12.0-16.5 7.0-12.0,16.5-32.0
E?g_\g"‘OO’PB’ 0.0-5.0 11.8-17.2 5.0-11.8,17.2-25.0
5C/400 P70 E?g_\g"‘OO’PB’ 0.0-1.4 1.4-3.0 11.0-16.0 3.0-11.0,16.0-25.0
BCJVIA00/PB/ | (45 2.0-8.0 11.8-17.8 8.0-11.8,17.8-25.0
P70-4
E?ﬁ"‘om PB/ | 0.0-2.0 2.0-6.0 6.0-9.0 11.5-20.0 9.0-11.5, 20.030
E;:f_\gmom PB/ | 0.0-20 2.0-6.0 6.0-11.5 11.5-17.6 17.6-30.0
5C/400 P71
g;:f_\;mow PB/ 1 0.0-2.0 2.05.0 5.0-7.0 11.0-18.0 7.0-11.0,18.®36.
E?f_\""“OO’PB’ 0.0-2.0 2.0-5.0, 6.0-7.0 5.0-6.0 11.5-16.5 7.0-165-36.0
2(7:;_\;’400’ PB/ | 0015 15-3.0 17.2-235 3.0-17.2,23.5-33.0
BCIVI40OIPB/ | .15 3.0-5.0 5.0-5.7 17.0-21.9 1.5-3.0, 5.7-17109-41.0
5C/400 P72 P72-3
szc_ivmow PB/ | 0015 15-3.0 16.0-22.8 3.0-16.0,22.8-36.0




TABLE 6: SUMMARY OF BOREHOLE LOGS (continued) % gEn

VIADUCT] TRANSPORTED CHERT RESIDUAL INTRUSIVE
section | PIER | BHNO SOIL (m) ROCK/RESIDUUM(m) | DOLOMITE (m) | ROCK (m) DOLOMITE HARD ROCK (m) | GW LEVEL (m)
BCIVIAOOIPB! | 0.0.2.0 2.0-4.0 40-5.0,6.0-100 |  23.0-29.0 5.0-6000-23.0, 29.0-37.0
BCIV/A00/PB/
BCYY 0.0-1.0 73115 1.0-7.3,11.5-19.0
5C/400 73 BCIVIROOIPB! | 0.0.05 23.0-25.0 0.5-23.0,25.0-49.0
BCIV/A00/PB/ 8.0-9.0, 16.0-17.0]
BC 0.0-L5 8090 2 20.5-28.0 1.5-8.0, 9.0-16.0, 28.0-37.0
BCIV/400/PB/ 0.0-1.0 23.0-29.0 1.0-23.0,29.0-34.0
P73-4
BCIV/A00/PB/
BoV 0.0-1.0 1.0-11.0 11.0-23.8 27.0-42.0 23.8-27.0
BCIVIA0OIPB/ | .1 o 1.2-3.0,5.0-7.0,9.0-12.0 | 30-50.7.0- 28.9-34.0 15.8-28.9,34.0-40.0
P74A-2 9.0,12.0-15.8
5c/a00 P74 BCIV/400/PB/
Boyv 0.0-1.0 1.0-8.0 8.0-14.0 28.2-34.0 14.0-28.2,3004
BCIV/A00/PB/ 20100, 110-
B 0.0-2.0 20 28.0-35.0 10.0-11.0, 13.5-28.0, 35.0-40.0
BCIVIAOOIPB | .0.2.0 2.0-3.0 17.9-24.0 35.0-42.0 3.0-17.9, BL®, 32.0-35.0
5D/400 P75 BCIVIA0OPE! 1 0.0-1.0 1.0-2.0,22.0-24.0) 3398403700 50,550, 24.037.0, 43.0-45.0
BCIV/A00/PB/
BCV 0.0-1.0 1.0-2.0 2.0-3.0 3.0-24.0
BCIV/A00/PB/
BOIV 0.0-05 0.5-26.0
BOIVIOOIPB! | 0.0-2.0 2.0-45 45-6.0,7.0-8.0 6.0-7.0, 8.0-2990-30.0
5D/400 P76 BCJV/400/PB/ 0.0-1.6 1.6-4.0 4.0-24.0
P76-3
BCIVIA00/PB/ | 15 o 2.0-4.0, 4.7-8.0 4.0-47,8.0-31.0
P76-4
BCIVIAOOIPB! | .0.2.0 2.0-22.0
5D/400 P77
BCIV/A00/PB/
BCIV 0.0-1.3 1.3-26.0
BCIV/A00/PB/ 80110, 268
BCJV 0.0-4.0 4.0-8.0 8.0 11.0-26.8, 27.6-43.0 34.0
BCIV/A00/PB/ 3.0-11.0, 12.0-16.8, 19.8-21.0, 25.0-
BCYY 0.0-3.0 11.0-12.0, 21.0-25.0 168108 | 30
5D/400 P78 BCIVIA0OPE! | 0.0-2.0 10.0-11.0 25.0-28.0 2.0-10.0, 11.0-2580029.0
E%_‘g’;‘oo’ PB/ | 0.0-1.4 1.4-5.0 23.0-31.0 5.0-12.5, 17.0-18.003®.0
BCIV/A00/PB/
BoyviA 0.0-45 19.0-22.6 45118




-
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TABLE 6: SUMMARY OF BOREHOLE LOGS (continued)

VIADUCT/S TRANSPORTED CHERT RESIDUAL INTRUSIVE
ECTION PIER BH NO SOIL (m) ROCK/RESIDUUM(m) DOLOMITE (m) ROCK (m) DOLOMITE HARD ROCK (m) GW LEVEL (m)
BCJV/400/PB/P 2.5-6.0, 10.5-17.0,
791 0.0-25 6.0-7.0 51.0.23.0 7.0-10.5, 17.0-21.0, 23.0-39.0
5D/400 P79 %:_JZW“OO’PB’P 0.0-2.0 7.0-10.0, 18.0-22.0 32'3'18'0' 2204 5070 27.0-45.0
%:_jw“oo’PB’P 0.0-2.0 14.0-39.5 2.0-14.0 39.5-55.0
BCIVIA00/PBIP | (4.1 5 1.5-15.0 15.0-33.3
80-3
5D/400 P80 g&jV/“OO’PB’P 0.0-1.5 1.5-16.0 16.0-48.0
BCJV/400/PB/P
B0-4A 0.0-1.5 1.5-18.5 18.5-34.0
BCJV/400/PB/P
81-2 0.0-1.2 1.2-2.0, 46.0-49.0 26.0-28.0 2.0-26.0 B0
5D/400 P81
BCIVI400PBIP | 0.0-15 40.0-43.0 1.5-29.0 29.0-40.0, 51.0-52200773.0
BCJV/400/PB/V
6-A00-2A 0.0-1.8 21.7-54.5 1.8-21.7, 54.5-72.0 58.0
6/400 V6-A00
20.0-23.0, 24.0- [
BCIVIA00/PBN | 4.1 5 1.5-3.0, 59.5-66.0, 74.0-80047.2,  69.0-70.2, 3.0-20.0, 23.0-24.0, 47.2-59.5, 66.5-5 4
6-A00-3 69.0, 70.2-71.5
71.5-74.0
5.0-7.0, 26.7-33.5
BCJV/400/PB/V ' ! 2.0-5.0, 7.0-26.7, 33.5-65.7, 66.0-
0.0-2.0 77.0-81.0 65.7-66.0,  67.0- : : ' 43.0
6-P0O1-1 68.3. 74.5-76.0 67.0, 68.3-74.5, 76.0-77.0
3.0-11.0, 20.0-50.8
BCJV/400/PB/V : 1 11.0-20.0, 50.8-53.0, 56.2-58.0, 59.6-
6/400 V6-POL 6-P01-2 0.0-1.4 1.4-3.0, 58.0-59.6 23.8—56.2, 65.8- 65.8, 69.0-74.0
7.0-20.0, 26.0-35.8)
36.5-38.2,  40.2-
BCJV/400/PB/V ' 20.0-26.0, 35.8-36.5, 38.2-40.2, 46.0-
6-P01-3 0.0-3.0 3.0-7.0 I 50.3, 53.0-56.0, 58.0-67.0, 69.0-75.0 >>C

69.0




TABLE 6: SUMMARY OF BOREHOLE LOGS (continued)

VIADUCT/S TRANSPORTED CHERT RESIDUAL INTRUSIVE
ECTION PIER BHNO SOIL (m) ROCK/RESIDUUM(m) DOLOMITE(m) ROCK (m) DOLOMITE HARD ROCK (m) GW LEVEL (m)
1.0-20, 5.0-7.0,
11.0-15.0,  23.4-
ggJ()\é/ﬁO/PBN 0.0-1.0 2.0-5.0, 7.0-11.0 300, 416425, ég.g-zaA, 30.0-415, 42.5-44.0, 46.D-50 o
44.0-46.0, 56.5- :
75.0
7.5-11.8, 17.3-20.1
235240, 36.2-
BCJIV/400/PBNV ’ 11.8-17.3, 20.1-23.5, 24.0-36.2, 49.p-
6-P02-2 0.0-1.5 1575 49.0, 57-58.5, 63.01 57.0, 58.5-63.0, 65.0-67.0, 70.5-73.0 50.0
6/400 V6.P02 65.0, 67.0-70.5,
73.0-81.0
7.5-8.7, 29.0-41.0,
BCIV/A00/PBIV | (4.1 ¢ 1.6-7.5, 41.0-42.0 64.0-77.0, 795 8.7-29.0, 42.0-64.0, 77.0-79.5 44.0
6-P02-3
81.0
6.0-7.0, 29.0-45.0,
BCJVIA00/PBIV | (4.1 5 1.5-6.0, 7.0-16.5, 72.0-74.0 62.0-71.0,  74.0- 16.5-29.0, 45.0-62.0, 71.0-72.0 47.0
6-P02-4 810
BCJV/400/PBNV
6.P03.1 0.0-1.8 1.8-12.0 12.0-32.0 32.0-52.0
BCJV/400/PBIV
6.P03.2 0.0-2.0 2.0-13.0 13.0-35.0 35.0-70.0 36.0
8.0-9.0, 10.0-14.0,
6/400 V6-P03 BCJVIA00/PBIV | (g4 3 1.3-8.0 19.0-30.0,  34.0- 9.0-10.0, 14.0-19.0, 35.0-52.0 43.0
6-P03-3
35.0
BCJIV/400/PBN 11.0-48.0,  66.0-
6.P034 0.0-1.0 1.0-11.0 810 48.0-66.0 37,41
BCJV/400/PBNV
BPoAL 0.0-35 3.5-30.5 30.5-54.0 33.0
BCJIV/400/PBN
604D 0.0-5.0 5.0-20.0 20.0-54.0 38.0
6/400 Ve-pos BCJV/400/PBIV
6P0L3 0.0-3.0 3.0-5.0 5.0-24.0 24.0-48.0
BCIVIA00/PBIV | 4 49 4.0-7.0 7.0-34.0 34.0-60.0

6-P04-4




TABLE 6: SUMMARY OF BOREHOLE LOGS (continued)

VIADUCT/ TRANSPORTED CHERT RESIDUAL INTRUSIVE
SECTION PIER BHNO SOIL (m) ROCK/RESIDUUM(m) | DOLOMITE(m | ROCK (m) DOLOMITE HARD ROCK (m) GW LEVEL (m)
3.0-27.7, 348
BCIVIO0OPBN | o o oo 37.5, 41.0-43.0, 27.7-34.8, 37.541.0, 43.0-54.3, 549630 .
6-P05-1A 0-3. 54.3'54.9, 63.0- 65.6-68.4 '
65.6, 68.4-81.0
25240, 38.0-
BCIV/400/PBIV '
6400 V6.P05 v, 0.0-2.5 42.0-45.4 42.0, 45.4-72.0, 72.0-75.5
75.5-81.0
BCIVIA0OPBIV | (020 390400,  44046.9) 30390, 400
6-P05-3 51.0-53.0, 68.0-81.0 s
9.0-435, 47.9-
BCIVIA00/PBNV | 4.1 o 1.0-9.0, 67.0-74.0 49.3, 55.5-57.0, 43.5-47.9, 49.3-55.5, 57.0-60.0, 79.0-80.0 31.0
6-P05-4
60.0-67.0
BCIV/400/PBIV 2.0-11.0, 34.5-41.5, 69.0 11.0-345, 415-
v 0.0-1.4 s e 80.0-81.0 34.0
65210, 23.0-
BCIVIA0OPBIV | 4 00 2.7-6.5, 31.0-32.0, 49.0} 28.0, 32.0-35.0, 2.0-2.7, 35.0-40.0, 45.2-49.0, 52.0-54p,
6/400 V6-P06 6-P06-3 0-2. 52.0, 54.5-62.5 40.0-45.2, 71.3- 62.5-71.3
80.0
BCIV/400/PBV 29.0-40.0, 48.0-| 19.0-29.0, 40.0-
YO 0.0-2.0 2.0-19.0, 56.8-63.0 gy g 63.0-71.0
BCJV/400/PB/V 2.0-22.5, 23.7-
6-P07-1 33.8, 37.2-415,
0.0-2.0 22.5-23.7 R 33.8-37.2, 41.5-45.9, 62.5-74.5 31.0
80.0
6/400 V6-PO7
BCIV/400/PBV 15.0-16.0, 52.2-
o 0.0-1.5 15-15.0 P 16.0-52.2, 54.8-80.0 32.0
BCIV/400/PBIV 2.05.0, 21.522.0, 385/ 50215, 22.0-
) 0.0-2.0 s ot e 34.5-38.5, 44.0-46.0, 53.0-78.0 32,0
BCIA00PBN | 0.0-1.2 1.2-6.0, 29.0-30.0 6.0-14.0 14.0-29.003.0
BCHA0PBN | 0,010 1.0-4.0, 38.0-42.0 4.0-235 23.5-38.0048.0 38.0
6/400 V6-P08 40210, 23.0-
BCIVIA00/PBIV | 1 5 1.5-4.0, 44.8-48.0, 58.01 335" 37 6.44.8, 33.0-37.6, 48.0-54.0, 59.0-69.0 28.0
6-P08-4 59.0
54.0-58.0
BCIVIA00/PBNV | 4.5 0 2.035 35145 14.5-36.0 24.0

6-P08-5




TABLE 6: SUMMARY OF BOREHOLE LOGS (continued)

VIADUCT/S

CHERT

RESIDUAL

ECTION PIER BH NO TRANSPORTED | poci/resipuuMm | boLomite( | INTRUSIVE 1 o) omiTE HARD ROCK (m) GW LEVEL (m)
SOIL (m) | o ROCK (m)
6.016.8, 228
27.0, 28.8-30.0,
BCIV/A00/PB/ | 4 3 1.3-6.0, 42.0-45.0 33.0.42.0, 16.8-22.8, 27.0-28.8, 52.0-54.6, 57.0-69.0
V6-P09-1
45.0-52.0,
54.6-57.0
6/400 V6-PO9 \B/g_JPVO/g?ZO/ PB/ | 0.0-13 1.36.0, 39.0-47.0 6.0-27.0 27.0-39.00462.0 25.0
BCJV/400/PB/ 6.028.0, 3L0-
S, 0.0-2.0 2.06.0 S6e 050 28.0-31.0, 36.5-54.0, 55.0-71 26.0
BCJV/400/PB/ 7.0-12.0, 13.0-
g 0.0-1.0 1.0-7.0, 27.0-28.0 270 0550 12.0-13.0, 28.0-34.0, 35.0-66.0 27.0
BCJV/400/PB/
Sopno 0.0-15 15-6.0 6.0-21.5 320 19
BCIVIA00/PB/ | (1 4 1.45.0 5.0-12.4, 16.0- 12.4-16.0, 18.5-20.2, 26.3-41.0 20.0
V6-P10-2 18.5, 20.2-26.3
6/400 V6-P10 BCJV/400/PB/
S 0.0-2.0 2.0-7.0 7.0-26.5 26.5-4.2 21.0
BCJV/400/PB/ 1620, 30
Do 0.0-1.6 2.0-3.0, 4.5-6.0 s | 200300 27.0-29.0, 30.0-42.0 22.0
BCJV/400/PB/
S 0.0-15 15:6.0 6.0-15.5 15.5-33.0 17.0
BCIVI40O/PB/ | 1 5 15.7.0 7.0-16.0 16.0-30.0 21.0
V6-P11-2
6/400 Ve-Pll BCJV/400/PB/
SN 0.0-15 15.7.0 7.0-17.2 17.2-33.0 18.0
BCJV/400/PB/ 8.0-15.4, 19.0-
S 0.0-15 15-8.0, 15.4-19.0 A 20.5-30.0 21.0
BCJV/400/PB/ 3.055, 120-
coy 0.0-1.2 1.2:3.0 S 5.5-12.9, 13.5-36.0 23.0
BCJV/400/PB/ 1220, 60-
o ven,  |VEPIZZ 0.0-1.2 2.06.0 1 19.0-37.0 33.0
- BCJV/400/PB/ 3.055, 118
SN 0.0-15 15-3.0 S 5.5-11.8, 12.5-30.0 17.0
BCJV/400/PB/
S 0.0-1.3 1.3-3.0 3.0-135 13.5-30.0
BCJV/400/PB/
S, 0.0-0.9 0.9-7.0 7.0-9.0 9.0-24.0 7.0
BCJV/400/PB/ 5895, 12.0-
S 1258 > 9.5-12.0, 14.0-25.0 9.0
6/400 V6-P13
BCJV/400/PB/
S 0.0-0.9 0.9-5.0 5.0-8.5 8.5:24.0 9.0




TABLE 6: SUMMARY OF BOREHOLE LOGS (continued)
CHERT RESIDUAL
VIADUCT/S TRANSPORTED INTRUSIVE
ECTION PIER BH NO SolL (m) E:T(]))CK/RESIDUUM I(DmO)LOMITE ROCK (m) DOLOMITE HARD ROCK (m) GW LEVEL (m)
BCJIV/400/PB/
V6.P14-1 0.0-3.0 3.0-26.3 26.3-28.0 27.0
BCJIV/400/PB/
a0 o V6.P14.2 0.0-3.0 3.0-22.0 22.0-35.0 15.0
- BCJIV/400/PB/
V6.P14.3 0.0-1.3 1.3-35.0
BCJIV/400/PB/
Ve.P1ad 0.0-1.1 1.1-26.0
BCJIV/400/PB/
V6151 0.0-3.2 3.2-10.0 10.0-25.0
BCJIV/400/PB/
V6.P15.2 0.0-1.0 2.0-3.8,5.0-11 3.85.0, 11.0-27.0 24.0
6/400 V6-P15
BCJIV/400/PB/
V6.P15-3 0.0-2.3 2.3-6.0 6.0-24.0
BCJIV/400/PB/
V6.P1ed 0.0-1.5 1.5-6.1 6.1-24.0
BCJIV/400/PB/
VE.ALE1 145195 0.0-14.5 19.5-40.0 23.0
BCJIV/400/PB/ 0020, 6.0
6/400 V6-A16 V6162 2.0-6.0 18.0-24.0 18.0 24.0-38.0 21.0
BCJIV/400/PB/
VOAL6-3 20.0-21.0 0.0-20.0 21.0-36.0 22,0




TABLE 8: SUMMARY OF SOIL PROFILES

RESIDUAL
HILLWASH CHERT RESIDUAL RESIDUAL PERBLE WATER
TESTPITNO | FILL (M) ) RESIDUUM/CHERT(M) ggbfgﬂéLEéﬁ?LOM'TE SHALE (M) SYENITE/SYENITE (M) | MARKER (M) | SEEPAGE (M)
BCJV/400/TP/V6 0.8-2.0 (d)
-AO 0-0.8 (md) 2.0-2.5 (vs-h)R None
1.0-1.9 (d)
BCJV/400/TP/V6 0-0.6 (md) : ¥
-PO1A 0.6-1.0 (d) 1.9-3.0 (f-st)R None
BCJV/400/TP/V6 0-1.1 (md) 1.55-3.2 None
-P2A 1.1-1.55 (d) 3.2-3.9 (f-st)R
BCJV/400/TP/V6 0.6-1.0 (md)
P3A 0-0.6 (I- md) 1.0-15 (d) 1.5-3.4(R) None
0.4-0.9 (md)
_BPiJBV"‘OO’TP’VG 0-0.4 (md) 0.9-1.5 (d) 2531 (vd)R None
1.5-2.5 (md)
BCJV/400/TP/V6 | 0.2-0.7 (md) 1.1-1.8 (md),
-P5A 0-0.2 (md) 0.7-1.1 (d) 3.2-3.9 (f-sR None
0-0.8 (I-md)
{BP%X/MOO/TP/VG 0.8-15 (d) None
1.5-4.4 (md)M
BCJV/400/TP/V6 0.9-2.4 (d),
P8A 0-0.9 (I-md) 2.4-4.4 (s-hn)R None
0-1.6 (hr)
?P%‘X/MOO/TPNG 1.6-3.0 (md-d) None
3.0-4.5 (f-st)M
BCJV/400/TP/V6 ] ] 0.9-1.1(md-d)
-P10A 0-0.4(md) 0.4-0.9(md) 1.1-2.9(vs-hn)R None
d-dense vd-very dense
f-firm vst-very stiff
hr-hard rock vsr-very soft rock
I-loose vs-very soft
md-medium dense st-stiff
m-maximum reach of machine s-soft

R-refusal of TLB




TABLE 8: SUMMARY OF SOIL PROFILES (continued)

R-refusal of TLB

RESIDUAL
CHERT RESIDUAL RESIDUAL PERBLE WATER
TESTPITNO FILL (M) HILLWASH (M) | RESIDUUMICHERT(M) ggbfg'l'zTREéa?"OM'TE SHALE (M) SYENITE/SYENITE (M) | MARKER (M) | SEEPAGE (M)
E‘ffX"‘oo’Tp’ V6| 0-0.9(md) 0.9-1.5(md) 1.5-2.8(vs-hn)R None
BCJV/400/TP/V6- 0.9-1.6(st)
P15B 0-0.9(md) 1.6-2.5(vst-vsnR | None
0.45-1.4(md-d)
BCJV/400/TP/01A 0-0.45(md) 1.4-4.4(st-vsr)M 3.0
) 0.6-1.4(md-vd)
BCJV/400/TP/02A 0-0.6(md) 1.4-3.9(s)M 0.6
0.9-2.0(md-vd)
BCJV/400/TP/02B 0-0.9(md) 2.0-5.0(s)M 0.9
1.0-2.4(md-d)
BCJV/400/TP/04A 0-1.0(md) 2.4-5.0(sH)M 2.5
0.9-2.6(md-d)
BCJV/400/TP/04B 0-0.9(md) 2.6-5.0(s)M 2.5
0-0.9(I-md) 1.6-3.5(st)
BCJV/400/TP/05A 0.9-1.6(md) 3.5-4.9(SLVSHM 2.0
0-0.6(I-md) 1.3-3.4(st)
BCJV/400/TP/05B 0.6-1.3(md) 3.4-4.8(stvsM 2.0
0-0.6(I-md) 1.4-2.9(st)
BCJIV/400/TP/06A 0.6-1.4(md) 2.95.0(d-vsm | None 20
d-dense vd-very dense
f-firm vst-very stiff
hr-hard rock vsr-very soft rock
I-loose vs-very soft
md-medium dense st-stiff
m-maximum reach of machine s-soft




uUN T VA RIA
UNIVER TY OF PRETORIA
YUNIBESITHI YA PRETORIA
TABLE 8: SUMMARY OF SOIL PROFILES (continued)
RESIDUAL
CHERT RESIDUAL RESIDUAL PERBLE WATER
TEST PITNO FILL (M) HILLWASH (M) RESIDUUM/CHERT(M) ggb?g'l'zTRE(/,\DA?LOM'TE SHALE (M) SYENITE/SYENITE (M) | MARKER (M) SEEPAGE (M)
0-0.4(-md) 1.4-2.9(st)
BCJV/400/TP/06B 0.4-0.9(md) 2.9-5.0(d-vsrR None 2.0
BCJV/400/TP/08A 0-0.4(I-md) None 0.4-2.6(vdyvsr | 2.0
0-0.4(I-md) 0.8-1.7(f-st)
BCJV/400/TP/09A 0.4.0.8(md) 1.7-5.0(st)M 3.0
0-0.5(I-md) 1.0-1.8(f-st)
BCJV/400/TP/09B 0.5-1,0(md) 1.8-4.8(sHM 3.0
BCJV/400/TP/11A 1.5-3.1(st) é'(l):é'g,(\jt"’sr) None 0-1.0(vd-vsr)
) 0.5-1.4(st-vsr) ) }
BCJV/400/TP/11B 1.4-2.9(st) 2.9-5.0(s")M None 0-0.5(vd-vsr)
0-0.6(md) 1.6-2.4(d-vsr)
BCJV/400/TP/12A 0.6-1.6(vd-vsr) 2.4-4.5(st-vst)R None 1.6
0-0.3(md)
BCJV/400/TP/12B 0.3-1.4(vd-vsr) 2.0-4.5(st-vst)R None 14
1.4-2.0(d-vsr)
0-0.5(I)
BCJV/400/TP/13A 0.5-2.0(md) 3.1-4.5(st) None
2.0-3.1(d-vd)
0-0.5(I)
BCJV/400/TP/13B 0.5-1.9(md) 3.4-4.8(st) None
1.9-3.4(d-vd)
d-dense vd-very dense
f-firm vst-very stiff
hr-hard rock vsr-very soft rock
I-loose vs-very soft
md-medium dense st-stiff
m-maximum reach of machine s-soft

R-refusal of TLB




TABLE 8: SUMMARY OF SOIL PROFILES (continued)

RESIDUAL
CHERT RESIDUAL RESIDUAL PERBLE WATER

TESTPITNO FILL (M) HILLWASH (M) RESIDUUM/CHERT(M) ggb?gﬂéLEéa?LOM'TE SHALE (M) SYENITE/SYENITE (M) | MARKER (M) SEEPAGE (M)
0-0.4(I)

BCJV/400/TP/15A 0.4-2.9(md) 3.4-4.8(st)
2.9-5.0(d-vd)
0-0.4(I)

BCJV/400/TP/15B 0.4-2.5(md)
2.5-5.0(d-vd)
0-0.5(I)

BCJV/400/TP/16A 0.5-2.1(md) 3.4-5.0(d) M
2.1-3.4(d)
0-0.5(I)

BCJV/400/TP/16B 0.5-2.4(md) 3.7-5.0(d) M
2.4-3.7(d)
0-0.5(md)

BCJV/400/TP/17A 0.5-2.6(md) i'g:g'ggg?v )M
2.6-3.4(d) e
0-0.4(md)

BCJV/400/TP/17B 0.4-2.2(md) 2'%"38?\/ )M
2.2-3.8(md) T
0-0.2(I)

BCJV/400/TP/18A 0.2-2(md) 3.3-5.0(st) M
2.0-3.3(d-vd)
0-0.3(I)

BCJV/400/TP/18B 0.3-1.9(md) 3.1-5.0(st) M
1.9-3.1(d-vd)
0-0.5(I-md)

BCJV/400/TP/19A 0.5-2.7(md)
2.7-4.5(d-vd) (R)
0-0.5(I-md)

BCJV/400/TP/19B 0.5-3.7(md)
3.7-4.2(d-vd) (R)

d-dense vd-very dense
f-firm vst-very stiff
hr-hard rock vsr-very soft rock
I-loose vs-very soft
md-medium dense st-stiff
m-maximum reach of machine s-soft

R-refusal of TLB




TABLE 8: SUMMARY OF SOIL PROFILES (continued)

RESIDUAL

CHERT RESIDUAL RESIDUAL PERBLE WATER
TEST PITNO FILL (M) HILLWASH (M) | RESIDUUMICHERT(M) ggb?g'l'zTREéhDﬂ?"OM'TE SHALE (M) SYENITE/SYENITE (M) | MARKER (M) | SEEPAGE (M)
0-0.2(l)
BCJV/400/TP/20A 0.2-2.0(md) 3.8-5.0(d) M
2.0-3.8(d-vd)
0-0.3(l)
BCJV/400/TP/20B 0.3-2.2(md) 4.0-5.0(d)M
2.2-4.0(d-vd)
BCJV/400/TP/30A 0-0.3(md) 0.8-3.6(st) (R) 0.2-Qu8-sr)
BCJV/400/TP/30B 0-0.2(md) 0.8-3.8(st) (R) 0.3{08sr)
0-0.4(md)
BCJV/400/TP/31A 0.4-1.0(md) 2.2-3.5(md-d) 3.5-3.7(sr-mhr)
1.0-2.2(I-md)
0-0.3(md)
BCJV/400/TP/31B 0.3-1.0(md) 2.1-3.6(md-d) (3F'g'4'0(sr'mhr)
1.0-2.1(I-md)
BCJV/400/TP/33A 0-1.0(s-md) 1.0+ (R)
BCJV/400/TP/33B 0-1.0(s-md) 1.0+ (R)
0-0.5(I-md)
BCJV/400/TP/34A 0.5-1.2(md) 1.2+ (R)
BCJV/400/TP/34B 0-0.5(I-md) 0.5+ (R)
d-dense vd-very dense
f-firm vst-very stiff
hr-hard rock vsr-very soft rock
I-loose vs-very soft
md-medium dense st-stiff
m-maximum reach of machine s-soft

R-refusal of TLB




TABLE 8: SUMMARY OF SOIL PROFILES (continued)

RESIDUAL
CHERT RESIDUAL RESIDUAL PERBLE WATER
TEST PITNO FILL (M) HILLWASH (M) RESIDUUM/CHERT (M) ggb?glllzTRE(/a)OLOMITE SHALE (M) SYENITE/SYENITE (M) MARKER (M) SEEPAGE (M)
BCJV/400/TP/35A 0-0.5(I-md) 0.5+ (R)
BCJV/400/TP/35B 0-0.5(I-md) 0.5+ (R)
0.7-1.5(md)
BCJV/400/TP/37A 0-0.7(I-md) 1.5+ (R)
0.7-1.5(md)
BCJV/400/TP/37B 0-0.7(-md) 1.5+ (R)
BCJV/400/TP/38A 0-1.7(md) 1.7+ (R)
BCJV/400/TP/38B 0-1.7(md) 1.7+ (R)
0-07(I-md) 1.4-2.2(f-st)
BCJV/400/TP/39A 0.7-1.4(-md) 2.2+ (R)
0-07(I-md) 1.4-2.3(f-st)
BCJV/400/TP/39B 0.7-1.4(-md) 23+ ®)
0-0.7(I-md) 1.7-2.5(f-st)
BCJV/400/TP/40A 0.7-1.7(md-d) 25+ ®)
0-0.8(I-md) 1.5-2.1(f-st)
BCJV/400/TP/40B 0.8-1.5(md-d) 21+ ®)
d-dense vd-very dense
f-firm vst-very stiff
hr-hard rock vsr-very soft rock
I-loose vs-very soft
md-medium dense st-stiff
m-maximum reach of machine s-soft

R-refusal of TLB




TABLE 8: SUMMARY OF SOIL PROFILES (continued)

TEST PITNO FILL (M) HILLWASH (M) CHERT ggil(g)l\t/ljﬁ'l_E/DOLOMlTE RESIDUAL RESIDUAL PERBLE WATER
RESIDUUM/CHERT(M) BOULDER (M) SHALE (M) SYENITE/SYENITE (M) | MARKER (M) SEEPAGE (M)
0-0.5(I-md) 1.5-3.7(f-st)
BCJV/400/TP/41A 0.5-1.5(md-d) 3.7+ (R)
0-0.5(I-md) 1.0-4.5(f-st)
BCJV/400/TP/41B 0.5-1.0(md-d) 45+ (R)
0-0.5(md) 1.5-4.3(md)
BCJV/400/TP/42A 0.5-1.5(md) 43+ (R)
0-0.9(md)
BCJV/400/TP/42B 0.9-1.2(md) 1.2+ (R)
) 0.9-1.7(f-st) :
BCJV/400/TP/45A 0-0.9(md) 1.7-2.7(d) 2.7-3.4(vsr) (R)
0.7-1.4(f-st)
BCJV/400/TP/45B 0-0.7(md) 1.4-2.1(d) 2.1+ (R)
0-0.6(I-md) 0.6-1.5(md-d)
BCJV/400/TP/47A 1.5+ (R)
(1L 0.5-1.6(md-d)
BCJV/400/TP/47B 0-0.5(I-md) 1.6+ (R)
0-0.1(hr)
BCJV/400/TP/48A 0.1-1.6(md-d)
1.6+ (R)
0.7-1.7(md-d)
BCJV/400/TP/48B 0-0.7(I-md) 1.7+ (R)
d-dense vd-very dense
f-firm vst-very stiff
hr-hard rock vsr-very soft rock
I-loose vs-very soft
md-medium dense st-stiff
m-maximum reach of machine s-soft

R-refusal of TLB




TABLE 8: SUMMARY OF SOIL PROFILES (continued) §

A

TEST PITNO FILL (M) HILLWASH (M) CHERT ggfl(g)l\L/IJI/:\I'LE/DOLOMITE RESIDUAL RESIDUAL PERBLE WATER
RESIDUUM/CHERT(M) BOULDER (M) SHALE (M) SYENITE/SYENITE (M) | MARKER (M) SEEPAGE (M)
) ) 1.1-2.6(md-d)
BCJV/400/TP/50A 0-1.1(-md) 2.6+ (R)
0.7-1.5(hr)
BCJV/400/TP/50B 0-0.7(I-md) 1.5-2.6(md-d)
2.6+ (R)
0-1.1(-md) 1.1-1.8(f-st) 1.8-2.4(sr)
BCJV/400/TP/51A 2.4-2.9(F-st) 2.9+ (R)
. i 1.0-1.6(f-st) 1.6-2.0(sr)
BCJV/400/TP/51B 0-1.0(I-md) 2.0-2.6(f-st) 2.6+ (R)
) i ) g 4.3-4.6(sr) 1.6-2.9(md) )
BCJV/400/TP/52A 0-1.2(-md) 5.0-5.4(f-st) (M) 4.6-5.0(s1) 2.9-4.3(d) 1.2-1.6(md)
el 1.3-4.5(f-st) 4.5-4.9(sr) i
BCJV/400/TP/52B 0-0.8(-md) 4.9-5.2(f-<1) 5.2+ (M) 0.8-1.3(md)
BCJV/400/TP/55A 0-0.3(-md) 0.3-1.2(d-vsr) 1.R)(
. i 0.8-1.5(d)
BCJV/400/TP/55B 0-0.8(I-md) 1.5+ (R)
BCJV/400/TP/56A 0-0.3(d) 0.3+ (R)
BCJV/400/TP/56B 0-0.3(d) 0.3-0.9(s-mhr) (R)
d-dense vd-very dense
f-firm vst-very stiff
hr-hard rock vsr-very soft rock
I-loose vs-very soft
md-medium dense st-stiff
m-maximum reach of machine s-soft

R-refusal of TLB




A

TABLE 8: SUMMARY OF SOIL PROFILES (continued) & s e

TESTPITNO FILL (M) HILLWASH (M) CHERT ggfl(g)hl/ljﬁ'l_E/DOLOMlTE RESIDUAL RESIDUAL PERBLE WATER
RESIDUUM/CHERT(M) BOULDER (M) SHALE (M) SYENITE/SYENITE (M) | MARKER (M) SEEPAGE (M)
BCJV/400/TP/57A 0-0.5(f) 0.5-1.3(s-mhr) (R)
BCJV/400/TP/57B 0-0.5(f) 0.5-1.3(s-mhr) (R)
BCJV/400/TP/63A 0-0.7(f-st) 0.7-4.7(d) (M)
BCJV/400/TP/64A 0-1.7(st) 1.7-4.7(d) (R)
BCJV/400/TP/64B 0-1.45(st) 1.45-3.0(d) (R)
BCJV/400/TP/65A 2+ (sr) (R) 0-2.0(md-d)
BCJV/400/TP/65B 1.7+(sr) (R) 0-1.7(md-d)
BCJV/400/TP/67A 3.5+ (hr) (R) 2.4-3.5(sr) 0-34hhr)
BCJV/400/TP/67B 3.7+ (hr) (R) 2.4-3.7 (sr) @-2s-mhr)
BCJV/400/TP/69A 0.0-0.4 (md-d) 0.4 + (hr) (R)
d-dense vd-very dense
f-firm vst-very stiff
hr-hard rock vsr-very soft rock
I-loose vs-very soft
md-medium dense st-stiff
m-maximum reach of machine s-soft

R-refusal of TLB



TABLE 8: SUMMARY OF SOIL PROFILES (continued) §

R-refusal of TLB

TEST PITNO FILL HILLWASH CHERT S(E)EI(S)I\L/IJI/'\I'LE/DOLOMITE RESIDUAL RESIDUAL PERBLE WATER
(M) (M) RESIDUUM/CHERT(M) BOULDER (M) SHALE (M) SYENITE/SYENITE (M) | MARKER (M) SEEPAGE (M)
BCJV/400/TP/69B 0.0-0.4(md-d) 0.4+ (hr) (R)
BCJV/400/TP/70A 0.0-0.4(md-d) 0.4+ (hr) (R)
BCJV/400/TP/70B 0.0-0.5 (md-d) 0.5 + (hr) (R)
BCJV/400/TP/73A 0.0-0.8 (md) 0.8 + (hr) (R)
BCJV/400/TP/73B 0.0-0.8(md) 0.8 + (hr) (R)
BCJV/400/TP/75A 0.0-1.3(md) 1.3 + (hr) (R)
BCJV/400/TP/75B 0.0-1.3 (md) 1.3+ (hr) (R)
. ) 1.4-2.0 (f-st)
BCJV/400/TP/76A 0.0-1.4 (I-md) 2.0 + (hn) (R)
’ ) 0.9-1.8 (f-st)
BCJV/400/TP/76B 0.0-0.9 (I-md) 1.8 + (hn) (R)
0.5-1.1 (d)

BCJV/400/TP/7TA 0.0-0.5 (I-md) 11 + (hn) (R)

d-dense vd-very dense

f-firm vst-very stiff

hr-hard rock vsr-very soft rock

I-loose vs-very soft

md-medium dense st-stiff

m-maximum reach of machine s-soft




TABLE 8: SUMMARY OF SOIL PROFILES (continu ed)

R-refusal of TLB

TEST PITNO FILL (m) HILLWASH (m) CHERT ggfl(g)l\bljﬁ'l_E/DOLOMlTE RESIDUAL RESIDUAL PERBLE WATER
RESIDUUM/CHERT(m) BOULDER (m) SHALE (m) SYENITE/SYENITE (m) | MARKER (m) SEEPAGE (m)
) i 0.7-1.3(d)
BCJV/400/TP/77B 0.0-0.7 (I-md) 1.3 + (hn) (R)
] ’ 0.6-1.4 (md-d)
BCJV/400/TP/78A 0.0-0.6 (md-d) 1.4 + (hr) (R)
) ) 0.6-1.4 (md-d)
BCJV/400/TP/78B 0.0-0.6 (md-d) 1.4 +(hn) (R)
0.7 — 1.3 (md-d)
BCJV/400/TP/80A 0.0-0.7 (md) 1.3+ (hr) (R)
1.0-2.3 (s-hr)
BCJV/400/TP/82A 0.0-1.1 (md) 2.3-3.0 (md
3.0 + (hr) (R)
0.0-0.5 (I-md)
BCJV/400/TP/83A 0.5-1.3 (md-d) 1.3 (mh-hr) (R)
0.0-0.5 (I-md)
BCJV/400/TP/83B 0.5-0.9 (md-d) 0.9 (mh-hr) (R)
0.0-0.3 () 0.9-2.0 (md)
BCJV/400/TP/501 0.3-0.9 (f-st) 2.0-3.4 (d) 2.0
1.0-1.7 (st)
1.7-2.3 (vst)
BCJV/400/TP/P13A 0.0-1.0 (md-d) 2.33.7 (1)
3.7-5.0 (st) (M)
BCJV/400/TP/P22A 0.0-1.2 (md) 1.2-1.8 (st) 1.8@8&d) (R)
d-dense vd-very dense
f-firm vst-very stiff
hr-hard rock vsr-very soft rock
I-loose vs-very soft
md-medium dense st-stiff
m-maximum reach of machine s-soft




TABLE 8: SUMMARY OF SOIL PROFILES (continued)

TEST PITNO FILL HILLWASH CHERT ggfl(g)l\bljﬁ'l_E/DOLOMlTE RESIDUAL RESIDUAL PERBLE WATER
(M) (M) RESIDUUM/CHERT(M) BOULDER (M) SHALE (M) SYENITE/SYENITE (M) | MARKER (M) SEEPAGE (M)
BCJV/400/TP/P22B 0.0-1.2 (md) 1.1-1.7 (st) 1.7-@5d)
BCJV/400/TP/P24A 0.0-1.0 (md) 1.0-1.3 (f) 13-15 2.0
o o 1.5-2.9 (d-vsr) (R) ’
BCJV/400/TP/P24B 0.0-1.0 (md) 1.0-1.3 (f) 1315 2.0
o o 1.5-2.9 (d-vsr) (R) ’
0.0-1.5 (md)
BCJV/400/TP/P25A 1.5-4.7 (md) 4.0
0.0-0.9 (md)
BCJV/400/TP/P25B 0.9-5.0 (md) 4.0
0.0-2.2 (md-d)
BCIVIAOOTPIPIA | 5 43 (1-md)
0.0-2.3 (md-d)
BCJV/400/TP/P31B 2.3-5.0 (I-md)
(M)
0.55-2.5 (md-d)
BCJV/400/TP/P34A 0.0-0.55 (-md) | 5=} (mh-hn) R)
) i 0.7-2.0 (md-d)
BCJV/400/TP/P34B 0.0-0.7 (I-md) 2.0 + (mh-hr) (R)
BCJV/400/TP/P46A 0.0-0.5 (I-md) 0.5-3.4 (md-d) 3.2 (md-d) (R)
d-dense vd-very dense
f-firm vst-very stiff
hr-hard rock vsr-very soft rock
I-loose vs-very soft
md-medium dense st-stiff
m-maximum reach of machine s-soft

R-refusal of TLB



TABLE 8: SUMMARY OF SOIL PROFILES (continued) -.56;.-

A

TESTPITNO FILL HILLWASH CHERT ggil(g)l\L/IJﬁ'LE/DOLOMITE RESIDUAL RESIDUAL PERBLE WATER
(M) (M) RESIDUUM/CHERT(M) BOULDER (M) SHALE (M) SYENITE/SYENITE (M) MARKER (M) SEEPAGE (M)
BCJV/400/TP/P48A 0.0-0.7 (I-md) 0.7-4.5 (md-d) -4.8 (md-d) (M)
BCJV/400/TP/P54A 0.0-0.8 (d) 0.8-3.0 (d-vd) (R)
BCJV/400/TP/P54B 0.0-0.5 (d) 0.5-2.9 (d-vd) (R)
0.0-0.9 (md-d)
BCJV/400/TP/P55A 0.9-2.4 (s-hr) (R)
0.0-1.4 (md-d)
BCJV/400/TP/P55B 1.4-2.1 (s-hr) (R)
BCJV/400/TP/P58A 0.0-0.5 (I-md) 0.5-4.0 (d-vd) 4.0hr) (R)
BCJV/400/TP/P58B 0.0-0.4 (I-md) 0.4-3.5 (d-vd) 3.5r) (R)
2.3-3.4 (d)
BCJV/400/TP/P65A 0.0-0.9 (I-md) 0.9-2.3 (d) 3.4-4.8 (f-st) (M)
1.5-3.2 (d)
BCJV/400/TP/P65B 0.0-0.9 (I-md) 0.9-1.5 (d) 3.2-4.5 (f-st) (M)
2.5-3.7 (d)

BCJV/400/TP/PT72A 0.0-0.8 (I-md) 0.8-2.5 (md) 3.7-4.9 (vd-vsr) (M)

d-dense vd-very dense

f-firm vst-very stiff

hr-hard rock vsr-very soft rock

I-loose vs-very soft

md-medium dense st-stiff

m-maximum reach of machine s-soft

R-refusal of TLB




TABLE 8: SUMMARY OF SOIL PROFILES (continued) ‘5@' ok

TEST PITNO FILL HILLWASH CHERT ggil(g)l\t/ljﬁ'l_E/DOLOMlTE RESIDUAL RESIDUAL PERBLE WATER
(M) (M) RESIDUUM/CHERT(M) BOULDER (M) SHALE (M) SYENITE/SYENITE (M) | MARKER (M) SEEPAGE (M)
1.4-1.5 (d)
BCJV/400/TP/P72B 0.0-0.6 (I-md) 0.6-1.4 (md) 1.5-3.7 (hr)
3.7-5.0 (vd-vsr) (M)
BCJV/400/TP/P74A- 1.7-3.0 (md)
A 0.0-0.9 (md) 0.9-1.7 (d-vd) 3.0 + (M)
BCJV/400/TP/P74A- ) 0.8-2.5 (md)
B 0.0-0.8 (md) 2.5-4.5 (-st) (M)
BCJV/500/TP/01 0.0-0.4 (I-md) 0.4-2.4 (md-d) (R)
BCJV/500/TP/2 0.0-0.4 (I-md) 0.4-2.0 (md-d) (R)
0.5-1.02 (st)
BCJV/500/TP/03 0.0-0.5 (f) 1.02-2.8 (d)
2.8 + (vd-hr) (R)
BCJV/500/TP/04 0.0-0.5 (md-d) 0.5-1.4 (vd) (R)
0.0-1.0 (md)
BCJV/500/TP/05 1.0-1.8 (md)
1.8-3.6 (st) (M)
BCJV/500/TP/06 0.0-3.9 (md) (M)
0.5-1.9 (md)
BCJV/500/TP/07 0.0-0.5 (md) 1.9 + (s1) (R)
d-dense vd-very dense
f-firm vst-very stiff
hr-hard rock vsr-very soft rock
I-loose vs-very soft
md-medium dense st-stiff
m-maximum reach of machine s-soft

R-refusal of TLB




TABLE 8: SUMMARY OF SOIL PROFILES (continued)

TEST PITNO FILL HILLWASH CHERT ggfl(g)l\L/IJﬁ'LE/DOLOMITE RESIDUAL RESIDUAL PERBLE WATER
(M) (M) RESIDUUM/CHERT(M) BOULDER (M) SHALE (M) SYENITE/SYENITE (M) | MARKER (M) SEEPAGE (M)
BCJV/500/TP/08 0.0-1.4 (md) 1.4-2.3 (st-vsr)
EgAJVEOO’TP’A 0.0-0.6 (md-d) | 2.8+ (hn) (R) 0.6-2.8 (d-vsr)
BCJV/500/TP/W . 0.3-0.5 (md)
18-1 0.0-03(md) | (5910 (s-hr) (R)
BCJV/500/TP/W . 0.3-1.6 (md)
18-2 0.0-0.3(md) | 1% (shr) R
?5_31\” 500/TP/W 0.0-0.6 (md) 0.6-1.6 () (R)
?&JZV’ 500/TP/W 0.0-0.4 (md) 0.4-1.4 (hr) (R)
d-dense vd-very dense
f-firm vst-very stiff
hr-hard rock vsr-very soft rock
I-loose vs-very soft
md-medium dense st-stiff
m-maximum reach of machine s-soft

R-refusal of TLB




TABLE 9: SUMMARY OF INDICATOR TEST RESULTS @ vy sivmvess

TEST PIT ATTERBERG CRADING
MATERIAL PERCENTAGE FINER CLASSIFICATION
DEPTH | pESCRIPTI THAN (mm) GM POTENTIAL
m) o . CLAY | SILT | SAND | GRAVEL EXPANSIVENESS
PO TS e | o) (%0) (%) HRB UNIFIED
0075 | 0425| 0.002

B/CTJF\,{ ’5‘100 1550 RSEYSE'EJJTAEL 361' 83(5) | 40| 7.9 | 238 586 9.7 35 67 8 1.08 A-2-4 M S LOwW
?Tcni\éﬁg()) 0818 RSEYSE'B}JT’EL 331' 977.9) | 47| 125| 310 524 40 47 81 13 076 A-4[2 sC LOW
?TCFf_\é’l“(g‘)) 1850 | RESOUAL | 31| g355) | 40| 79 | 238 586 9.7 35 67 8 1.08 A-2-4 M S LOw
?TCPJ_\(;T(CZ’? 2129 | REODEVAL | 351 1360.0) 67| 67 | 277 368 29.0 37. 51 7 141 (B-6 sc LOw
?TCPJ_\(;T(%’ 2652 REE:EDNE#QL 3?' 8380) | 40| 127| 328 542 0.3 50 97 13 0.54 A4 SM LOW
?Tc;\é?(g()) 2937 Rgs:EDNE#EAL 3?‘:3' 105(7.2)| 60| 83| 397 430 9.0 51 69 8 0.89 A6(4)  MUOL LOW
BCVERY | 10-1s | RESDEVAL | 381 gg7.) | 40| 111| 488 302 9.8 66 81 11 0.63 Low
?TCPJ_\(;’S“(%’ 3750 | RESICIAL | 48 20'57)(18' 101 103 | 300| 492 15 53 89 19 0.54 A-7-6(9) ML/OL MED
B/CTJFX ’S‘é’o 0.0-3.9 Rgf"ADtJé“" 3;" 9781) | 47| 122| 454 357 6.6 68 84 12 0.55 LOW
?Tc;\égt(g()) 1.25.0 Rgﬁ'&’t@" 3??' 109(7.3)| 53| 122| 41§ 228 23.4 56 67, 13 0.99 (-6 ML/OL LOwW
?TCPJ_\(;’Q“((Z")) 1522 | FCSDUAL | 341 9678) | 47| 121 341 518 21 51 81 12 0T A4(3)|  MUOL Low
?TCFf_\ég“(gg’ 2250 | COPUAL | 381 g7¢77) | 40| 87 | 345 562 0.7 48 89 9 0.6 A4(3) SM Low
?TC;\{’O“(%’ 1.4-2.0 %ERSA'RLIJTAEL 341' 91(63) | 47| 11.2| 207 475 115 44 70 11 098 A4 sC LOW
?Tcni\{/o‘l(g()) 2.0-5.0 %ERSA'RLIJT’EL 311' 533.9) | 27| 47 | 186 757 1.0 27 74 5 1.0 A-2-4 M S LOwW
?TCFf_\l”l“(g‘)) 1320 | ROPUAL | 371 1170.3)| 60| 67 | 379 357 19.8 50 63 7 1.08 A6(4 SM Low
?TCFf_\{’l“(gg’ 2839 | NODUAL | 431 95¢75) | 47| 122| 462 379 40 63 79 12 0.61 A5G|  MUOL LOw
?TC;\{’Z“(%’ 1421 Rgf"ADtJé“" 411' 1386.8)| 73| 89 | 215 418 27.8 33 50 9 1.46 AD+6 SM LOW
BCJV/400 RESIDUAL | 4L ] ]
es | 2650 | e o |12169)| 67| 11.7| 429 348 10.7 59 74 12 017 -6 ML/OL Low

LL -LIQUID LIMIT GM -GRADING MODULUS PI(*)-PLASTICITY INDEX (P | OF WHOLE SAMPLE) NP-NON PLASTIC LS -LINEAR SHR INKAGE




TABLE 9: SUMMARY OF INDICATOR TEST RESULTS (cont)

ATTERBERG LIMITS GRADING
PERCENTAGE FINER CLASSIFICATION
TESTPIT | DEPTH | MATERIAL THAN (mm) oM POTENTIAL
NO (m | DESCRPTION| || | pe | Ls | CLAY | SLT | saND | GRAVEL EXPANSIVENESS
(%) (%) (%) (%) HRB UNIFIED
0075 | 0425| 0.002

BCPJ_\%‘(%” Tl 0008 | HLwasH | 283| 5837)| 27| 44 123 76.1 27. 18 63 4 | 126 A-2-4 SM LOW
BC;_%“&?’T 00-14 | HILLWASH | 259| 42025 | 27 30 174 718 18, 23 59 3 | 126 A-2-4 SM LOW
BCPJ_\%‘((;()W 020 | SESOUAL | 372| 8os2) | 40| 81| 311 467 14.1 43 65 8| 106 -4 SM Low
BCPJ_\%“((;(;” 0513 | RESDUAL | 270| 68@35) | 33| 42 101] 637 22.0 16 52 ol 1ss 2-m SC/SM Low
BCPJ_\é/Z“g?’ Tl 0723 ng(')Dl\;ﬁE 281 | 8357)| 40| 84 307| 573 36 44 69 8| olo1 4 sC LOwW
B%{g’{‘g_ﬂ” 2337 | SoBRT 1 460| 220 | 100/ 230| 260[ 430 8.0 60 76 23 ol72  -efa cL MEDIUM
BONIOOT | 1628 | SHERT | 420| 100 | 85| 50 40 14.0 78.0 9 12 5| 257 A27d GP&GC Low
BOWIOOT | 1250 | RESDUAL | 440| 240 | 100 200| 140 310 35.0 41 52 20 142 7-68] sc MEDIUM
B%J_\gls“lo_g’ T| 2552 | SESDUAL | 280| 130 65| 120| 180| 250 45.0 41 48 12 156 [A6 sc Low
B%J_\'jg‘ﬂ” 0225 | poarol | 280| 100 50| 60 190 300 44.0 34 46 6| 164 A@4| scC Low
BONIOOT | 3437 | BESIOUAL | 300| 120 | 60| 80 160| 210 56.0 31 39 8| 1lss A@-6| sc Low
BOWIHOOT | 4549 | RESIDUAL | 300| 130 | 60| 70 130| 160 63.0 28 33 71 2002  A@6| oC Low
B%J_gg‘ﬂ” 0833 | oSBT | 250 9.0 40| 30 60| 210 60.0 26 33 3l 201 Ag4| cc Low
B%J_\';?SO_?” 1024 | oSttt [400| 150 70| 180| 180| 260 38.0 43 50 18 145  [A6 sc Low
BONROT | 1326 | SHERT | 340| 120 | 60| 80 190| 300 43.0 36 44 8| 163 AeiL| sc Low
BOWIOOT | 4350 | RESDUAL | 310| 140 | 60| 140| 210 280 37.0 46 54 14 137 36 sc Low
BONIAOT | 1028 | SHERT | 230| 40 15| 20| 190 170 62.0 27 30 2| 2ps agar| SF LOW
BONNAOT | 2844 | BESDOMAL 1330|160 | 80| 260| 310 380 6.0 72 85 24 049 ¥OP[ cL MEDIUM
BONIROUT ] 0020 | SHERT. | 230] 90 40| 60 230| 270 44.0 32 46 6| 166  A@4[| scC Low




TABLE 9: SUMMARY OF INDICATOR TEST RESULTS ( cont)

ATTERBERG LIMITS GRADING
TESTPIT | DEPTH | MATERIAL PER(T:E%A(%E];: INER oM CLASSIFICATION POTENTIAL
NO (m) N LL PI () LS CLAY SILT SAND | GRAVEL EXPANSIVENESS
(%) (%) (%) (%) HRB UNIFIED
0075 | 0425| 0002

BC;Y{;‘%O’ Tl s7s0 | BESOUAL | 410 16 80| 320| 330 330 1.0 73 85 33 ol43  AmB[| ML Low
BONVROT| 3850 | RESDUAL |300| 160 | 80| 230| 320/ 400 5.0 62 76 23 o067 &6l | CL MEDIUM
BCVIAOOT | 3050 | CRAVELLY | 350 12 60| 80 | 200| 400 32,0 33 47 8] 12 AZ6d sC Low
BCFJ,YZ’(‘)‘_OZO’ Tl 2140 | CREVELLY | 400 13 65| 120 220| 400 25.0 41 54 14 13 A6[2] sC Low
BC;YZ’S%O/T 24050 | BSSDUAL | 460 18 80| 180| 39.0| 410 2.0 65 79 19 os8 AMB[| ML MEDIUM
BONVEOT| o916 | RESDUAL 1400 | 170 | 80| 170| 270 340 22.0 51 61 17 110  [66 cL Low
BT | 1628 | RESDUAL 1450|200 | 1000 160| 300| 400 4.0 63 82 16 059 -6D] cL MEDIUM
BCFJ,YZ’;&O’ T| 2850 | RESOUAL | 350| 130 | 65 40 300  60.0 7.0 42 70 4l ols  asp] sc Low
Bc;}/z/gion 2350 | RESOUL | 300| 90 45| 80 230| 620 8.0 34 55 8| 119 A24 cCs Low
BONIAOVT| 0208 | RESOUAL | 385 | 69@38) | 33 76| 255 285 38.4 38 56 8 1las -am GM Low
BOIAOOT | og3e | RESDUAL | 26| 116@81)| 53] 102 380 304 21.8 54 7 10 609 A7-5[7] | MHIOH Low
BCFJ,}/;;‘_OlO’ T| 0030 GRSAXE'[;LY 2; v | 66(44) | 27| 50 52| 673 25 33 67 5| 1p2  A24| cism LOW
Bcgfg;‘_olm 0.7-1.4 ngcI)DN%E 203 | 56028 | 27| 40 182| 520 25.7 24 51 4 15  2-4 SM LOwW
BONVGIT| 1424 | PESDUAL | 266 | 69(37)| 33| 66| 255 439 23.9 35 54 71 s 2a SC/SM Low
BCVIOOT | 0919 | FESDUAL | 410 90 45| 20| 260| 660 5.0 35 61 2| 19 A3s[d  scC Low
BC;_VS’;‘_OZO’T 2650 | PESDUAL | a70| 180 | 80| 20| 450/ 510 3.0 63 87 2| o3 AmB[| ML LOw
Bc;}gg_oson 0615 | SAOY 29 100 | 50| 20 100| 250 63.0 15 26 2| 22 AZ40d GC Low
BENVEOIT| 1743 | RESIDUAL NP 00| 00 | 330| 670 0.0 42 97 o| o061 A4 sc NED
B0 | 0021 | RESDUAL 1280 | 50 15| 00| 430| 570 0.0 54 97 ol oho A4 ML NONE

LL -LIQUID LIMIT

GM -GRADING MODULUS

PI(*)-PLASTICITY INDEX (P | OF WHOLE SAMPLE)

NP-NON PLASTIC

LS-LINEAR SH RINKAGE




TABLE 9: SUMMARY OF INDICATOR TEST RESULTS (continued)

ATTERBERG LIMITS GRADING
MATERIAL PERCENTAGE FINER CLASSIFICATION
TESTPIT | DEPTH | MATERAL THAN (mm) oM POTENTIAL
NO m) ! W | ey | Ls | CLAY | SLT | saND | GRAVEL EXPANSIVENESS
(%) (%) (%) (%) HRB UNIFIED
0075 | 0425 | 0002
BCIVIS00/T CHERT
A 1020 | SHeRT | 324 8162 | 40| 101| 336 338 224 47 65 10 111 A4 sM Low
BCIV/500/T CHERT
A 0528 | SHMERT | 32| 107@8)| 53] 57| 109] 193 553 27 35 6  1l93A-2-6[0] GM Low
BCWROOT | 0010 | HILLWASH | 230| 100 | 40| 50| 190 410 350/ 13| 52 5 | 152|  A-2-4[0] sc Low
BeY ’055?0” 0118 | HILLWASH | 21.0 6.0 25| 20 110 290 58.0 17 26 2 | 215| A16[0 | SC&SM Low
BONEOOT| 1836 | HILLWASH | 320| 120 | 60| 140 220 32 310 49 59 14 | 123]  A6[3 sc Low
BCIV/500/T CHERT ]
A 0039 | ooabRT | 333| o7(81) | 47| 122| 454 357 6.6 68 84 12 oss Low
BCIV/500/T HILLWASH
A 0105 | Solviom | 244 | 6643 | 33| 102 251 428 218 38 65 10 119 A4 SC/SM Low
BCIV/500/T CHERT
A 0519 | oabhl | 262| s3@7) | 27| 62| 264 328 @ 346 36 51 6 148 Low
BONROOT | 0114 | HILLWASH | 300| 140 | 65| 6 170| 250 52.0 32 40 6 | 180 A-2-6[1] sc Low
BCIV/500/T CHERT
A 1423 | SHERT | 350| 150 | 70| 140| 230 320 310 49 59 14 124 A6 | sC Low
BCIV/500/T CHERT
ST 0005 | SHERT 10| 69@3) | 27| 60| 301 301 56.0 16 33 4 2or 24 | ccioMm Low
BCIV/500/T CHERT
STl o511 | HHERT o35 | saan) | 27| 43| 153 277 52.7 21 34 4 o7 -1 | ccioMm Low
BONSIT | 0003 | HILLWASH | 200| 56(28)| 27| 54| 118 573 25 | 20 50 5 | 156| A24 SCisM Low
BCIV/500/T CHERT
SO 03ae | SMERT 17| 8323 | 83| 20| 134 236 61.0 17 28 2| 216 24 Gc Low
Bgfv\(/’f’gg” 00106 | HILLWASH | 238| 88@27)| 40 34 11.9 235 1% 17 30 3 | 214 A-2-4 GC LOW
BCIV/500/T CHERT
ST 0614 | SHERT 1303 | 116@25)| 60 42| 93| 187 67.7 15 22 4 231 -2-6(0] Gc Low
BT | 00104 | HILLWASH | 202| 57(5)| 27| 45| 81| 21§ %5 | 13 27 4 | 228 Ala GCIGM Low
BCIV/500/T CHERT ]
ST 044 | SHERT 1234l aaa2) | 27| 85| 151 220 59.4 20 29 4 21 1 | GooMm Low

LL -LIQUID LIMIT

GM -GRADING MODULUS

PI(*)-PLASTICITY INDEX (P | OF WHOLE SAMPLE)

NP-NON PLASTIC

LS-LINEAR SH RINKAGE




TABLE 9: SUMMARY OF INDICATOR TEST RESULTS (contin ued)

ATTERBERG LIMITS GRADING
PERCENTAGE FINER CLASSIFICATION
TESTPIT | DEPTH | MATERIAL THAN (mm) oM POTENTIAL
NO (m | DESCRIPTION| || | pey | Ls | CLAY | SLT | SAND | GRAVEL EXPANSIVENESS
(%) (%) (%) (%) HRB UNIFIED
0075 | 0.425| 0.002
BCIVIA00/T CHERT
SO | 1520 | peanhl | 275 | s8@21) | 27| 66 233| 235 46.6 33 42 71 a7 Low
i?\fg/_’éggq 05 HILLWASH | 209| 593.4) | 27| 66 250| 444 238| 73| 58 7 | 1.29 LOW
BCJIVIA00/T CHERT
SV 15 SHeRT | 264 65@27)| 33| 45 245 210 50.0 32 42 s| 176 LOw
BCJIVIA00/T RESIDUAL
SV 50 RESDUAL | 203| 98(79) | 47| 112| 492 254 14.2 66 81 11 des LOw
BCJIVIA00/T RESIDUAL
SV | 34 RESDUAL | 266 | 45(23) | 27| 32 317|286 36.5 38 51 3l a7 Low
BCJIVIA00/T CHERT
v 20 oo | 257 53w3) | 27| 26 138| 149 68.6 19 24 3l 22 Low
BCJIVIA00/T CHERT
SV a3 RealERT | 202 87(29) | 40| 51 17.9| 182 58.9 26 34 5| 1jo9 Low
BCJIVIA00/T
SV 1e HILLWASH | 255| 41(1.6)| 27| 45 213 223 518 82| 39 5 | 185 Low
%iﬂg’éggg 0.80 HILLWASH | 24.4| 6649 | 33| 78 362 451 11.0| 48 74 8 | 089 LOW
BCJIVIA00/T CHERT
| 130 oo | 25| e5(19) | 33 33 151 192 62,5 20 29 al  2ia 24 GCIGM Low
BCJIVIA00/T RESIDUAL
SOV | 210 RESIDUAL | 260 | 54@26) | 27| 55 274 278 39.4 36 48 6| 155 -4y SC/SM Low
BCJIVIA00/T CHERT
SV 03 SheRT | 257| s3w3) | 27| 28 138| 149 68.6 19 24 3l 2 LOw

LL -LIQUID LIMIT

GM -GRADING MODULUS

PI(*)-PLASTICITY INDEX (P | OF WHOLE SAMPLE)

NP-NON PLASTIC LS -LINEAR SHR INKAGE




