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This study imvolves the applivation of weophysical techmiques. in particudar, terrain
conductivity and seismic reftaction methods as touls in the detailed hvdrogeological
mapping of a gold tine « sposal site in the City Peep Area . (The reader is referred to
Figure 1.1 which slows the site location ) .Whi!c precautions may have been taken to
engineer an adequate disposal site, continuous monitoring of groundwater seepage is

required.

Knowledge of focal geohydrological vonditions Is essential to ensure adequate
containment. The depth to the water table and the direction of ground water travel are
especially important, as most mine-refated acid drainage occurs in & band between 3
and 10m depth and can be traced for hundreds or even thousands of metres
{GEONEX Aerodat Inc., 1993),

As groundwater contamination is usually associated with an increase in the salt
concentration and conxequently with a corresponding increase in the electrical
conductivity of the water, electrical techniques are ideally suited to the detection and
mopitoring of water pollution and as such, have been successfully employed in
mapping potential leachate problems in the past (Goldstein et al, 1990). The particelar
clectrical methods most frequently emploved are some form of resistivity profiling
(Schlumberger, in this case) and electromagnetic profiling. These methods cannot
replace ground samples for measuring concentrations but they do have numerous
advantages, namely; the determination of subsurface layer thicknesses and resistivities,
the delineation of structural features with which ground water is often associated aad
the approgimation af ,z_'.cuhydrulni.zical. parameters such as hydraulic conductivity,
porosity, transmissivity and specific capacity. Furthenmore, the coverage of data
surpasses that obtained by drilling methods: each electromagnetic reading tends to
average datd over a larger area and so iy less susceptible to random errors o

short-term Huctiations bought un by changes in precipitation.



its importance e the Pretoti-Witw siersrand-Vereeniging. (Gauteng) area for water
supply It is well. theretore, to examine the nature of the constituents of congern. in
particular, those added to the suitace water directly via tunoff, or indireetly, via

seepage flom the mine deposits within the study area { Fable 11

Grold Mining Hazard Torvannian Constituents of
Waste Streants Group ' coneers
Tailtitps A 0 181 477 UM S0, H S0,
EfMlucnt 2 104 dnd ONL S0, HSO,
Tnorgattic uRmIn waste 4 SIS Ormamics .80, . sall.
CIrpANIC BEINHIM Wil 4 ' 4 oy Crpanies
Catalyst for sulphuric acid i ol Y.
tanufacture
sSmickiing waste 1 20D Husvy metinls

Tuble 1.1: South African gold mining waste stream (ta excluding water)

(CSLR. 1992, "Higurdous Wuste in South Africa’)

Environmental scientists involvesd with the remediation of such hazardous wastes are
frequently fhced with the problem of Tocating subsurface contamination amd defineating
Features that influenee its development over time, without the expense and disruption
catsed by diilling Geophysies offers an arnty of techniques 1o assist with mapping

and quantifving the extent of these pollution plumes
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Praon e i e ccdenion of the Sager Aer m 1950 ¢ At SUof By very hittle was
hown about the detrintentad eovironmienial impacts of peiuted ane drpmage amd at
closare of eperations. e resdues were abandoned withoat the implementation of
adeguate: pollution control meaares s a tesaft sy of South Afficas +vile
TESOUECES dle contatimated by catious polluting «onstituents which seep e pronnd

water sipplics. thereby deprading water greality angd fimifimg its nsefilness

Generalbv, uncontrofled municipal and industiial discharges and a failure to place water
quality isstes voncusrently with water supply privrities on the development agenda. has
fed to a situation of sater pollution that requires imnediate and extensive attention

{Department of Emvironmental Allairs, 10097)
L1 Nature ') The Problem

Far the past century. pold has been muned from the Witwatersrand conglomerites and
subsequently estracted from the ore ma process which produces large quantities of
wiste, 1ich in sufphides. Osidation of these sulphides produces sulnhuric acid. which
in tarn. loaches and  ransports potiutioe metals into the environment. Furthermore,
in many cases. sigriticant vonventrations of wranium oceat in-situ with the gold ore
(i extraction of the pold. the uranium tenmins and forms part of the waste stream
These waste products pose @ threat to commumties i the vicindy of the nihes. both

thivugh aitharme amd waterbortie transpot! off oxie components

In their stdy of Witwatersiamd noite Ceposits, Jones ¢ al (1988) caleudated that
seepage of acid water trom these resites relersed 50 000F of salts mto the catchinent
of the Vaal Bartape  These waters exhibited tvpival chaactenstics of acid diainage
ermanating, fom mine tesidues olsewhere in the workl - Water samples extracted fiom
many of the loval iivets ave vielded vers tow pH vilues rateing between 78 amd
P01 tones of al JORR)  Moteoves,  sulphate comprised a laree propotiion of the
tonnage of salts mthe draingge anl the brown volour of the seepage water i and
sound the seepape ponds mdicated the prescice of osidised on This rapdly

ieresin - coreentiation of salts in the Vaal Hasage s of considetabie concern due to
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4. GEOLOGY OF THE CITY DEEP STUDY 4REA

The geology of the study anva. shown in @ omposite aeological map (I-’igx_(m.- Ty

vomprises rochs from the Central Rand Group, a subdivision of the Witwatersiand
Superproup With the exception of a single bed of shale, this proup is composel
entirely of wrenaceous and tudaceous rochs Pwo subgroups may I distinguished,

namely, the Jobannesburg and the Turffontein Subzoups

A characteristic of the quartzite beds of the Turflontein Sulizroup is their vellowish
appearance and argillaveows nature, in contrast with the chan, white quattzites

encountered in the Jobannesburg Subypoup
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3.2 Metal Leaching And Migration Process

The process of acid generation senders the pore-wates capable ot mobalising heavy
metals and other soluble constituents contaitied in the waste  The major environmental
impm.-.t uf ARD is a0t sealised until this pour llllilﬁl_\' water migrutm away ftom the site
of generation and enters the seceiving environment It is the high metal loadines in the

water emergme From the waste which ts most harmtul to the environment

Metal solubility and contaminant migration wre controfled by & number of naturatly
eecurring physical, chemival and biological properties of mine waste fawilities The

mobilisation of metals is principally controlled by chemical factors while the processes
that aceur along the migration toote are  governed by both physical and chemical

fagtors

21 Physical Controls

The influence of physicsl properties ate most important in controlling the rafe of
muvemetit of comarminant fronts, the amount of dilition and the degree of mixing that
veeurs between the eontamination souree and the receiving environent. Important
factors in this tessaed tchade chmatic conditions, waste permeaility and porosity,
availability of pore water, pore water pressure and the provesses of muchanisms of
rmovement, whether by streant How of ditfusion (S RK L 1989) Crengrally, the physical
propertivy of the underfving ubsutfave stiata temd to gontrast guite signticantly with
the overlyine waste matenial, 1esubiiog it a4 number of contaminant fronts which all

migrite af difberent rates

3.2 Chemical controfs

The primay vhemieal Lwtors which dvtermine the rate of ackd penettion may be

sUptad peved it tolkow

s i Briay comtrod it the selublity of metals

b



On the other hand, e overall reaction 1o o, : i is 1
; ertll reaction fo sttble forte fron thae i wed o oxpdise

mare pyrite is s eatubination of reactions | Tand LW A and SR K 191,

QO e l{ - " L. ;
Ies; ()1 ¢ A H €. '{"'I'l"' ; .“‘”,4 CEgp
1
HO I
| INFILTRATION OF
| RAIN
G 1N AIR
| BURFAGE WATER
[l RUNOER .- BULPHIDIT WASTE ROGK
6.
[ g - BASIG WAGTE ROCK
| .
I INFLOWING o AMD
f GROUND WATER . - o * Ganerally kow pH-
| o o T e e Mgy Mattl
| E * Olhar Conlamnania
| /
s
[
‘ (. SULPHIDE
. X" MINERALS
; ACID GENERATION
AT SQURGE
]
i
| ACID GENERATIONMEUTRALIZATION
i DURING MIGHATION

Schematic showing convept of acid generation aned ARD migration

(DA and S.RA. TG,

Figurv i
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Fhe initial reaction which iovolves the oxidation o fine-gianed pytite may be

formulated (Lunduren and Silver, 1980 as tullows

L ; ‘,’ .- -
FeNs v Haid R Y AT AYD T T &

a-

{(Sohd + waler + gas) - (ferrous sron, sulphate and 1)

Caruceio (19068, cited by Kleinmann et.al, 1981) has shown that the most reactive
pyrite is the framboidal form due to the presency of pyrite pranules less than U Sy in
diameter. '

The dissolved Fe™, SO, and H' represent an increase in the totat dissolved solids and
aeidity of the water and unless neutralised, the increased avidity is generally assoctated
with a decrease in pH Providing the surrounding environnient is ol an oxidising

nature, mast of the terrous iron witl be oxidised to fernc iron as Rottows
ST v 1 JH O 41t 2 2H0

For pH values exceeding 2 3-3.5, the fertic iron will precipitate as FetOH),, leaving

little Fe¥' in solution while simultaneously towering the pH
Fe Whal<y Folt Hion s

Any Fo' trom reaction 2 that does not precipitate fom solution through reaciion 3,

may be absorbed in the oxidation of additional pytite
Foss s 14kt o RiL0 P3lvet 4 MLy e Loff

Rased un these siplified bisic reactions, the process of geid weneratnat that produces

iron which whimately precipitates as FeOED, nay be represented by the combination

ot teactions b, 2and 3 DWW A and S Rk, D)

Pk, N0 0 s By 2SOy



3. Avcid Rock Drainage

Acid rock drainage (ARDY ix the term used to define drainage that oceurs as @ 1esult of
matural nxidatinn of sulphide minerals contained in rock which is exposed to air and
water (DWA and SR K, 1v90)  This phenomenon is often referred to as acid mine
drainage (AMD), however, this term may be misleading as acid drainage is not
necessarily contined to mining activities, but can oceur wherever sulphide-bearing
rock is exposed to the atmosphere and to moisture For practical purposes, the
principal ingredients in the ARD process comprise reactive sulphide winerals, an
oxidant, particularly oxygen from the atmosphere or from chemical sources and water
or a humid atmosphere The oxidation reactions are often catalysed by hivlogicat
activity. The chemical and biological reactions vield acidic watet which has the
potential to mobilise anv heavy metals that may be contained in the waste rock or
elsewhere, thereby causing a potentially detrimental impact on water quality in the

receiving environment.
3.1 The Actd Generation Process

The process of mining generally results in the exposute of mine wastes and tailings
which contain sulphide minerals, most commonly, pyrite (FeSy ). to air and water,
resulting in the production of acidity and elevated concentrations uf sulphate and
metals. This is 2 consequence of the oxidation of sulphur in the mineral to a higher
oxidation state ad i agueons iton is pesent wnd unstahle, the precipitation of furric
iron with hydroxide (DW A and SRK, 1900) In the caves where the sulphide
minerals are non-teaetive ot the rock contains sutlicient afkatine watetial to neutralise

the avid, the geid penetation provess i prevented

A waste rock pile i allustrated «chetmaticalle in Figure 3 1 as an example illustratng
the peneral process of acd genertin and mhmation  The tipure shows a mistuse of
stfphicdic atnd basic tock 1 the prie, the potentidd soees of oxeen and water and aeid

generation of teutilsaon oveuting whese these ingredivnts are i contact.

D
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An addilional source of environmental podution arising trom Mg activites is that of
air poliation i the torm of dust and rudon gas. (a radioactive aas produced by the
decay of radium).  This gas is udourless and colourdess and being denser than air, tends
to colfect in buildings built on or out of radivactive material. The stable atmospher'e
conditions typical of the Highveld winter exacerbate the problem by leading to the
buitd-up of atmospheric radon, to levels as high as 200 By/m'  the normal’ radon
content for such soils ranges bétween 25 and 50 Bq/m®. The presence of the radon gas
thus poses a potential thrgat to operattons which have and still intend to make use of

ming tailings for cement manufacture and {ill on building sites.

One of the primary ¢oncerns regarding such polfution is the bin-accumulation of taxiv
materials in plant and animal tissue and their consequent coneentrations further up the
food chain. Although there are numerous reports from focal mining communities in
the Witwatersrandd area pertaining to water-related illnesses, there is very little detailed

data available which documents the exact nature and extent of mine-related poflution

In light of this shortage of rgorous research, Coetzee (1990) concludes his report by
advocating the application of Geographical [nformation System (GIS)-based risk
assessment fmethods to the Witwatersrand Basin as a whole. Such ussesspients would
allow one to determine the magnitude and extent of potlution problems and thereby.
assist in the privritisation of remedial actions and the forecasting of potential futuce

problems

1!
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of & tock  However, provesws such s metnasphosis tend o rednee flaid

permuability and henee increase resistivity
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Flgure 5.3: The resistivity af @ vock fornuation as u function of porosity
{ufter Meyer, 1994)

5.2 The Resistivity Method

The slectrical resistivity method enplovs an atiticial souree of dns © arrent, wlhich ix

introduced into the sround by means of point electrodes The tesulting voltape drop

produces] by this cunent is measuied actoss potential electrodes in the vivinity of the
current flow K nowledpe of the niwmnitide of the potential drop, AV, the applied

current. 1 wid the electtode sepatation etable a ynantity known as the apparent
resistivity to be calenlated as follows

A3
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e Riction of th POTRS CEILRERTY v afer

g ivoeticient ol SO M Goermentiition EIhory ane constagts

tefiting to the fithology and 1 besture of e rogk
WS- g A1 3 m Y )

:\t‘cliltfs Law. however applivs only to a oy free DOTE e e mattis Formation
The resistnity of @ water-saturated wiconsoludated albsaen i the abseace of any

~matrix conduction elfects s piven Iy ther equation

where d P the porosity and

g 18 Hhe resistivity of the rock fotmation

The influence of porostiv on the rosistivity 074 roch .I’nr ﬁnuiuu s chely illustrated in
Figuve 5.0 An order of masnitude chanze w powosity all other variables being equial,
results 1w fwo eoder maetde change i formation resistivity 10 is important o
estalilish the esistivity of the formation in question under "somal” o uncontaminaied

conditions

512 Effeors O Rock Texture And Geological Processey

A simple peneratied view of the kagre vange of sesistivitios tound i vocks of vanable
parosities  as thes oveur @ the Buatment of hvdiopeological poblems s wven i
Figre 5 3 Fliese vanoes teflec i pant i iation i esuiie ranging tiom satdstones
1o the Jow-prereabifity. higily poions and welt worles] basalts. bt abso refleet the
vilects of pealogical provesses In sencrd]. ihee processes, whivh selude weathering,

. . FETRT : vediier Hie resistivi
Iy drothviinal ditesgion ok sheaanine ad v rengd g redier Bie reastiviny
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Figure 5.2: Resistivity Qf Solutions Of Sodium Chloride As A Function (Of

Conteentration And Temperature {Afier Dakhnow, 1962)

S 1.1 Resistivity And Porosity

In 1942, Archie first recognised the fact that the rato of bulk rock resistivity the
resistivity of the saturating fluid and the porasity are directly related over a wide range
of values  This empirical relationship, (Keller & Frischkneckt, 1966) known as

Archiv’s Law takes the following form -

;.- ] i . Iﬂﬁ"m.\' "

o
where I is the ftwmation tactor,
pe i the bulk rock tesistivity,
g b the functional pore ol (porasity).

e da the tesistivity of the water,
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Figure 5.1; Relationship between resistivity and concentration for
4 ¥
various salt solutions at a temperature of 187
{After Duknow, 1962

However, sodium ehloride is the primary and often the only salt present, so corrections
can be made for the presence of other fons.  Therefore, one may usually essume an
equivalent salinity in terms of a salt such as sodium chloride in caleuliting the
tesistivity of water. A eruph for the rapid copversion ffom resistivay to conductivity
and to approximate sodium chloride (NaCD concentration in milliprams per litre, at
different water temperatutes is shown in e 5.2 fn the cuse of pround water

: B ) . T z -
where temperatures ar welatively constant and usual. sppresimately 20° the effect

will bee neglipible (Meyer e, of, 1994



e mvarewh swhich is huned i o depth v hors 4B Pore spaves aie el n

enetbunden prossute

This study 15 00 converned with i of these cames and will therelore by restricied to
geologival formations which have at feast some doaree of prinkey or secondars
porosity - By far the nunediy of roch Toemations transmig elservical current due 1o the
mineralised water that they contain i pores. factwe Gudts and in shear zomes. This

i Known as efosirolviee comdicinm

Sinee pure water is tonised only o a very snan degrec. conduction in pore waters
depends lnpeh o the nn&-rmmncm ol drssedved sadis. Inoponeral, for @ given
porosity. i toch which contains safine water within its pores will Bave o greates
coiductivity when the salinity oF the water s hiph than when @ is low The degree of
setrration (amount of water present) and the cfeciive poresin or Jdistabution of that
water are additionad Giwtors wineh influcoce the resistiviny of a mediem {Keller &

Frischhnesht, t9sh)

The resistivity of an clectiobyte is aiven by the formula

whete ¢ and ¢ are e conventrations uf the vinows cations and wtons o sorlurion,
resprectively ad 1oand L owe the antonic and caponie aquivalent conductances The

equivalent conductanves e functions of conventration and tmperature (Dakhnow,

1u6?)

In practise. since e eguisalent condivtuees of ion speetes comenty found n

eround water Jittor ooly slighth the chottival cotsposition of the pronmd water 18 not

. - " ' BT tegfen)
of sreat miportance in deterninin the weistnity of the elerralyte -t s llustrated

. o byt Yl
in Fiuie 5 1 where e sesisity of acevirolvie 1 showa as 3 duneson wh i

COfleEitration of sarions wlts
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the TLsnUtter ciarsent

Reardless of the partenly eleciode o it vhrpsed there are tealls oy two hasic
procedutes 0 tedstnang work Fhe st s bnown s e v alocfec e (V1S
seann siethed wheie the perental-clectrode spaviie () ranams sised while the
curtent-hetiode spaome 0 €3 s eypanded sommetenally dang the contie of the
s i Tosasitlumie steps theeeby enabdime the canent and sesnltae tiehds we b
prosresan el ot deeper socnoti of e sabanface The depth of petietiition

o e careetd dipemds daectis npen the sepatation: of the canent dechodes as

wedl o Bt o the salmanbiee bavtine

Mhe sevond fechmsqoe w0 oo aw Aaeradd profthng or rappiy and  insolves
irestination of e sbvagtaee man kiteral dicetion with agravs havimge g more on less
corslant depth of pemctratsn Thiscis achieved By msintaniog 0 constant elviode

apacte dur e sty peadtes wite the satiee spread banoyed Taterally as aouni

e sditevtion o fhe crteesd was teversed S amuntse the ollocts of both matunagl

vaitiens ated pobinpation

3.3 Interpretution

Uaree matelpng 1Ty mierprenion o the vesistinvity sonindinges nnalves the
vempitinet of ekl peeties wath chatecioredie aivesa tevhimie haowar as curve

moabding  The macter oo ate prepaoed sib dimeisaonles ceonbaies aad e

ety drasen e imagireney Fomat g beld sl s enloneees e shuder

the taster et ootnd o e teld profibe i the Bt comades move s less with

ole ob Hie edes cisee bor cats Beomterpoliged befweete adieent metet entvess

Vi fin dle appdient pesidatees 8 and the depth of penetiabon ¢ ) ae



determined fronm the virve Using these realistic estimates. the field cuives ate then

forward-modelled” wsing a Sehlunberser computer modelling provram called VES 3 1

For a three-layered varth, the apparent resistivity Tollows one of tour basic types i

shown in Figure 3 5.
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Neite: log o' refers to log ’ ), where (€, €, ) s the current electrode spacing,
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5.2.2 Electrode Layout And Field Procedure

A variety of electrode confipurations are possible, all of which are suited to specitic
applications.  Since the presence of hotizontal ot sently dipping beds of differing
~resistivities s best detected by the expanding spread, the Schhumberger (gradeent)
technique was emtoyed for determining the depth, structure and resistivity. of the
flat-lying sediments of failings dam (dL4). For the Schlumberger amangement

illustrated in Figure 8.4, the apparent resistivity iy given by:

o ,\I"
P % ;(:)

where: I - .;(('K *2) 5 G, s the current electrade spacing,
[P 0P, is the potentia electrode spacing
1 is the curtent (Amperes) and

Al is the potential drop (vaits) (TelRid, 1990}

Figure 8.4: Nvhemuatic diagzram iflustrating the Schlumberger eloctrade

configuration {efter Telford, 190)



3.3.3 Interpretation

A typieal profile of the electronagnetiv response due to 1 veriieal conductor is shown

schematically in Figrure 5.7
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Figure 8.7: Horizontal loop electromagnetic (HLEM) respense Sor a vertical tltin
stect condsctor of poor and good _ondictivigy. Hortzontal seate: /1,
(Modified after Botha et al, 1992)

Fhe response profile is svinmetric about the v-axis and has o negative anomaly over the
conductor, flanked by two positive "shoulder”. The respense s explained by Botha et

al. (1) as follows.

o When twsth the tansmitter and receiver coils are to one side of the
conductor, the tesponse is positive as the primuy and secondaty
papnetic fields measared at the receiver location superimpose (ie.

whi}

»  When vither the recieveriansmitter coil is Tocatwd directly over the

camductor, the tesponse o 2eto due to the 2eio coupling conliguration
of the evils with e secondary magnetic field or the vatductor,
respectively

B}



whete T the secondawry magnetic tiold the receiver coil

I, is the primary magnetic field af the recvives euil,
w2/

b5 the fiequency (1),

Ha 18 the permeubility of free space,

o s the proand condustivity {mbo/m),

s 08 the imercol] spacing (m) and

Ihe raiio of the secondary to the primary mognetic feld is linealy proportionat ty the
terrain comductivity.  Criven this ratio, the apparent conductivity indicated by the
instrunent is detined from the preceding as

AL T

1y, : ;
! {mu.n"} f

The MK S units of comduetivity; are the Sremen per nwetet of e mS 1 meter

LA Instrumoentation

A Trequeney dommain system kuown as the EM 3323 was used in the survey The syste
Pt twas st partable, consisting of a Dansmiter amd a reveivet vodl which are flexilily
conevtesd Ty o cable which acts s a teference trom the tansmitter ol The
tanamittr and sevener eotls sy e held o boteontal o vertical coplama
confirmration i veder to detect the vertical and horzontal maenetic: compenents,

resprectively  Alintient aof the votbs 34 vritival as o telative 1le of 1 hetween the codks

e



Vhas e proldeny becanise 4 sevninely striphttorwurd two bner vinve conbl, in

fact, be o thiee o tour Tver curve in whioly the vlecttiend vifiet o the various thin

Lavers b leen sappressed Therefore, siee tesistvity distrifwitions that me quite
different flom wich other can lesad to similu SOUNdINE, cutves, every interpretation mist
be hased on the intevration of all pealosical wod senphvsicat infotmation available in

the sutvey iea
5.3 The Electromuagnetic Method

Electtomagnetic methads ditter prineipally from lecttical methods in that po contact
with the medinnn is mecessaty Furtheimore, the Blectionugnetie technigue i vy
rapid to conduct and therefore idval for reconmssance studies A tramsmitter voil is
energised with aa alternating, carrent at an audio trequeney sond @ téveiver coil s
loeated a certain distance awity Tl tine-varving magnetie field, H, . avising fom the
alternating current in the trmsontter codl induees very small cuirents in the vanth.
These vurrents pemerate 1 secondary mapnetic field, H, . which is sensed together with
the primary fleld byt eeeiver vondThe phase and amplitude of the curtents induged
in the receiver cotl ane a function af the electiics] con fuctivity of the carth mteriad
The total maenctic field is measwied in terms of the soltage indieed 1o the fecena

vinl

The secondiry masnetiv fichd s a0 tistetion of the imercoll spacing, s the operting
floqueney, 1 oamd the momnd vonduetivity, o o futction s o diact wesedine

mstrument. the EM33 3 requines that the dimensionless induction munibet, B, satisty

the votadition
;}‘ ™ ;H " . ]

CPe teader s eedeared o Appendis A G detided disoussion of the dnvtion

tmndery The sweotpday menet feld i then amgele finetion of deear varables

[ MU IR

it



A typwal fonr-layer varve is showo in Fieurs 5 o

ity e -

Figure 5.6 : 4 eepival four layer Schlumberger saunding curve.

Svunding interpretution errors: Due to the interdependence of the resistivity and the
thickness of g layer, ambiguity in sounding intetpretation may arise owing to two
factors  The tirst is hnown as the principle of equnadence which is defined as follows
{Sheritl, 190])

fivo cradictive kvers will carey nearle the same elecireedd coerent of
thew vatos of thickness (o resistiviey thaown as longittedimal condiectuanee,
Shapre the same, Do resistive kavers will carey nearly the same clectrical
cirrent of thetr resptivibvthickness prodices (ki as traisverse
resiiuree, 11 are the sime
It is therefore impossible to abtain @ unique model unless one of the: interdependent
e ameters has o known value. 1 boteholes exist which hieve been drilled to o suitable
depth, if is possibhe to calibrate the electrival soundings snd obtiin the tie tesistivities
from tie kpows thicknesses 1t s impotant to hear in mind that geolopical contacts

e hot tevessanly comeide with peoaelecttie conbts

The prascipte of x}:!'f’h'.nnu; iy alen Bg o sonarere ol ambipuity in modellhoe. Shedf
CRer] g detines the prmwiple as tollows

Kesisit hovers wanben bed between conducnny beds are electreally
counvadont 1 the prodect of Heir icitiess b resisinny dne e s,

i




When both coibs straddle the conduetor. the secotidary mapnetic tiekd
measuted at the receiver coil opposes the prisiary’ fiekt and the response

in nepative.

Canductor coupling tefers to the otientation between the target and the primary
electromagmetic fiehd  For a conduetor to be ener- sed by the nagnetic tield, optimum
coupling is necessary  This veeurs when the magactic ficld is perpendicular to the

fargest surface of the conductor.

The generud aspects of the tesponse of electtomagnetie profiling methods e stdivd
with the wid of response disgrams of the type shown in Figuge 58, The effect of «
dipping vonductor produves an asymmettic anomaly with a higher positive shoulder un
the down-dip side  Over the edge of @ horizontal sheet conductor, the highest positive
peak is located outside the edge and the negative peak s Jocated over and inside the
edpe Interpretation of such anomalies invalves the measurement of the amplitude of
the anomaly (in mSm) fom die peak o the average ue backsround Tevel as slown in
Fisure 7 This amplitude, meisured at two or thiee intereoil spacings, is plotied
vertically on tracing paper to the same seafe as Figure 39 The data is then shifted
Forizontally and vertically on the graph until a satistsewry tateh s ubtained,

wheteupon the depth is read off the xasis.

[



thoiboseneitnes both the 10 Gnd the 20 Mt Hitereais separations were used for

Traverse 1 Ao attempl was made tor g an wali A1 ateteod] spacine of B0 metres.
but this iipproaeh was dlumdomed due (o e dleetrical inerforence vaised I onerhed
powuer lines T station spacin,. along: Hie ines traversed was $9m, however, m the
vivinity ol the main flacture 2ones, ths spatenn was reduced e Snen onden to improye

upait anentaly resoluten

A numiber of limiting factors needed fo be taken into aceount in order 1o optisiise the

desigin of the eleetromagnetic sanvey viz vultural noise in the form of’

¢ Traflic miise - the Southern boundiy of the study area is borderud by i
busy highway and vonsequentiy. el megstrements were recordud

over the relatively "guicter” wevhend peried.

¢ Plechromagnetic couphinge - this wilect is extremay troublesome as it
results from the nstnal inductanee between overbead  power fine
30l and the elecoaniagnetic coils and cable e electromagieny

coupling etloct can be guate kirge ahien g wite lvouts are tsed

Flecttomagnetic interference was encoutered on the Eastertt extrenics
of both Lings 1 and 2 due to the poseer Iines in the pearhy viemits. e
nowse mandisted itsell as s vartation m the output meten teling
and conseguentih e atidlions were averaged out by the recetve

v ELEOT

® Traverses were sdestened pespendiculas toihe sihe ol the gssanned
hvdridie wiadicnt i otdet o best defie cotductivity peabs tesulting

trom Hactiad aputers



results in ot error of 140 ottt ot 1: ‘
: voutgteater, depending on the strensth of the subsurfice

conductor - The intercoil spacing is measured electionically so that the receiver simply

reads @ meter to accurately set the coils to the correct spacing which can be 16m, 20m
or 40 metres so us to directly vary the effective depth ot esploration ¢ Table 5 1), The
measurenent recorded at the receiver coil i plotted midwity betwenn the transmitter
and receiver coils. The terrain vonductivity is displaved on 1 second meter which is

calibrated in terms on milli-Siemens per metre

Intercoil Uperating Maximum | Maxivmun
Spaving (m) Fregueney Exploration;,  Exploration
(1) Depth (m) Depth (m)
Horzonto, Voerttoad
Ihpofes Lipoles
10 £:.400 73 13
M £.600 15 n
40 nn l‘ w i)

Table 5.1 Explovation depths for EM34-3 at vavious freynencies and intercoil

spacings (Modified after Mehveill, 1980

3.3.2 Fietd Procedure

In ordet to locate fractured aguiters which act as narmow conductive 2obes or
sheet like vorductors. electtomaraetic profiling was caried out at the hase of residie
AL and on the Nosthern and Southern banks of the Natadspruit River (Fipure 1 1)
Traverses 1-3 wete sutveyed with an intescoil spaving of 20m m both ihe horizontal
il verticat coplie w modes P former mende was prefecied sicw of the impraved
depth of penetiation and the reduced sensitivity to neat s Eece changes in conductivity
ondt to differentiale betwe o+ switice conductivity

(MeNell, 19Ky In
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i deptht conversion

The vase adabd conrdads of o, ot giinal it P gt 4 veapli e paved i teela
mtersals fiont the shotpomt Phe atoimation 1 photted e the ot of 1o aed
tavel e erph where taveltimes aie plendd s & B non of dedasee Hom the
soutee e miergtetaton procecds i stepiose Shion fo ol for eah
supeesaisely deeper v Thiee tpes of dppraach ma b .i-.i-.';'lt'd Borettaction

interpretation, haeh

i Anabvtical methods capplication of wiations:,
i Detay-Timwe methiods and
nir o Weoeliont revansituction methods tTeltond, i

In thee particudar stnby  the interfaces between wsbsutfisey lavers e nonsparaliel and
sibsequently, the selovities obfioned  from the cuives are appacent ond st true
welocitres Hoth analvticad and delas time methods were applied i the imterpretation of
Line b The Ltter miethiend i the least stsceptibiv of the thtee interpretation technigues
te the diffionites topicalby enconntered whent dealime with teftactonrs that ae cinved o

wresuls

Plie gz of the tetm “delay tne” bosustiated b refetence 1o Fese s de o

which the delay e podetined ar the shotpomt amd at thedetecto

Cihe by upwe by e difterenoe Betveen the tme actudil ywnt Be e
pubve preivelfure s spntatrd of dosomsard patit oy e apper daer
prd the e g wesighd dnve spent avedlng af B rethac b vedocihy ctone
pine s mndd e fom X thas patht en Hu g g Trledpath, 19



is[u;\d‘!_.’_;il'ii'!‘l Pafd g cettiin anele of mchdenor Bfwsn as the v i anode o
prcrderce, s oreached, almest il or the compressional enerey e tansmitied inte the
higher velocity medium Whei i ray e eritieadly sefracred, ot tavels afons the hourdary
potween the v moedia @t the higher of the two velocitivs Furthernxore, as the
critically refiacied rav travels along this boundary, it continuatly ;unnﬂ'inds SeLsIE
waves in the Tower-velovity Taver 1 depart fiom the boundary at the angle of aitical
meidwnee. These waves are referted to as headwaves. Tt is the arrival times of these

headwaves that are recorded and coverted to produce a velocity-depth section, which

is ultimatedy used to map the subsurfive straeture of the sutvey area
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5.4 The Seismic Retraction Moethod

The Baswe techiigque o seiamic tettaction conmists of PURCTALIEY Conges il waes
and measuring the time tequbed for the waves 1o el Gom the wipulsive energy
sonree W a series of geophones. disposed aloe a stright line. divected towards the
souree Propagation of the waves depends on the elastic propetties gnd the density of
the rocks throngin which thev travel From a knowledee of the travel times and the
distances travelled. one attempts 1o evonstruct the paths ni; the selsmic wiaves
Structural information is inferred om interpretation methads hsed on the Taws of

LNerEY Propugation

The propagation of seismic energy Heoueh substrtace Livees s desenibed by the sanwe
faw that gonerns the propagation of light ravs through transparent media, numely.

Snell's Law which states the tollowing

When o wene cronses o dotarkare fetweent moe psotropre media, e wene

Y] THATCA

"1
RITEN "ot

directon sl thvt cp

where oo e anele of the smendent sapve with @ vebcav ot v
H, oy the cotgele of reniacton wnd

pos e s path paranieicy tSherratt foh,

the eotiaetion or ke deviation iat e sebsmie pube andergoes

AR JesstHE froen onie et tal g spother depemds npon the tatio of the

frepanissieny vefocitios of e tooomdiceh i

Snells Law, teewher with e pheiometon of “vittwdl mendence” s e phvsival

fornidation of seisime teffaction sarvevs Thes phenomers e lstiated i Feoate
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Dopth Detormivation of Electromagnetic Comdactors
{4frer MoeNvifl, 1980}
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Figure 6.5 ELECTROMAGNETIC TRAVERSE 3
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Figure 6.4 :ELECTROMAGNETIC PROFILE 2
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qutlie 62 Y | N TR _ .
tFigwre 6 20 which are all in exeess of 40 metres wide. represent minar seepage

plumes oceurring, in localised regions of relatively permeable quartzite.

Figure o 1 shows a single-point anomaty at Station 60 which may be attributed to the

presence vl nearly metal borehode casing situated at a depth of 1 5m
6.2 Electromagnetic Traverse 2

The survey results fin the horizontal coit configuration (Figure 6 3) show a scriés
{I-¥D of anomalies representative of vertical or sub-vertical fiactures or fissures
occurring at 4 maximuwn depth of 30 metres  The most prominent of these features,
viz. Anomaky IV, oeowrs at Station 390 The refatively steeper right-hand “shouider” of
~ the response indicates that the conductor dips in an Easterlv ditection at an angle of
approximately 357 The maximum appatent conductivity of this anomaly is 180 mS/m.
which is significantly higher than the most pronounced anomaly evitlent in Profile |

{100 mS/metre}

Anvrnlies 1L 11 and VT are centred at Stations 35, 208 and 595 metres, rcspcclivc!}.;
and are indicative of  Factures or fissures along which seepage of contaminated
groundwater ocours. These conductors dip at angles of 3560 in a westerdy direction.
The negative anvnialy V. dips gently to the West. while Anomaly HI represents a

vertical conductor with a maximum apparent conductivity of 90 mSm.

Figute 61 depicts the profile for the horizontal dipole mode (vertival  coil
vonflguration) and s characterised by 3 far Jower noise level than the vertical dipole
mode  Two positive peaks (1 and T with maxinum apparent resistivities of 180 and
200 mSm, are ventred over Statios 290 and 70, respectively These distitetive

fontures cotiehite with the mesative-trenading. anonstlies encountered dt Stations 288

aned 470 40 Figare o 3

p
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6. RESULTS AND ANALYSES

6.1 Electromagnetic Traverse 1

Figures 6 1 and 6 2, which depict the profiles tor EM traverse 1. shew the results for
the 20 metre vertical dipole (plane of the coils hori<mtal) and the horizontal dipole
modes (plane of the coils vertical). respectively.  Background or  uncontaminated
water values were tound 10 e between o0 and 65 mSmetre (Figure 6 1) Both
profiles are characterised by the presence of two symmetnval anomalies corresponding
to Stations 290 and S Anomalies { and 11 (Figure 6. 1) ilustrate the typical response
of near vertical conductors toan induced elect nagnetic field, i ¢ the profile fasses
through the background value of conductivity, namely, o0 wS/m, at two fovitions.
syinmetrically spaced apart by a distanee approsimately equivalent to twice the
intercoil spacing (40 metres in this case)  MeNeilt {1980} explains the response as
loflows.  When the EM3L3 is some distance away from the vertical conductor {in
exvess. of twp infercoil spacings). the cunductivity measurement corresponds (o the
correct response for the homogenous subsurfiace or "halt=space”.  As the instrument
approaches and passes over the vertival conductor, the qurrent flow in the comductor
becomes essentially the same as o i were in free space, thus giving rise o a

negat e-trending anomaly as indivated by Anomaly 11

The manimrim apparent vonductivitios at the effective dopth of esploration (30 meties)
for the verticat dipole wode are 100 and 80 mS:m or anomalies Tand 1, respectively.
Figure 6 2 shows that the correspunding  appatrent conductivities for the horizoatd
dipole mode. with an exploration depth of T3 mietres. are sotnew et higher. vie 12 and

-5 N metre. tespegtively

These anontdies are mdicative of nearsertical Hssues or factures within the
otficrwise impermeable quartate. which provide conduits for the movement of

mroundwater  The browd conductive zones. A and B3, (Fiure 0 1) and A and BB,

St



osidation provess. Willier and Foos y [98:3) Tive shown that bacterial actisity is foand
in regions ol high moisture content and low pll However, at sreiter depths within the
teposit, where conditions may be saturated, oxveen diffusion would seem to be

depressed to a level unable 1o support the bacteria

6.6.3 Electrical Layer 3: Perched Ayuifer

All sounding vurves reveal the preserwe of a fayer of contuminated ground water
starting at depths ranging betweenr 5.5 metres in VES 1 and 8 0 metres in VES 3.
This fayer gives rise to the very lew apparent resistivities (of the order of 10
ohmmetres).  This o nduetive 2one 15 indicative of an uncontined aguiter (e the
aquiter is not overlain by material of lower permeability and consequently, the
wilter-fable is "open® to the atmosphere). The transition hetween the zone of aerativn
and the zone of saturation (or phreatic 2one) marks the position of the water-table,

This transition is clearly illustraced in Figure 6,13,

6.6.4 Eleetrical Layer 4: Rexistive Basemoent

Laver 3 is bounded below by i repion of highly resistive biaterial cottespomding to the
vnweathered crvstallie quartzite comprising the bedroch A permeability contrast
enisls between this kyer amd the soils of the overbving Laver 3, tesulting in an
increased flow of contaminated water along the soilrock boundary A slight inerease
in resistivity with depth in this tegion G shown in Figures 0016, 0,11 and 6 12) may be
a funetion of decreasing pore, tractute, fault and sheas-zone porasity due to incrensed
Nthastatie Toad  This postulation would need to be confinmed by the results of
horehole datie 1t is well to keeps in mid, however, that flactwres and faplts are hnown
Lo tensun open to depiiv it eseess of Tk due o departures ttom Tithosatie koading

whetever the major sumponent ot the stoess tensor is other thon vertical
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Fipure 6.12: Vertical Electrical Sounding 3 (VES 3)
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Figure 0.11: Verticul Electrical Sounding 2 (VES 2)
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degree of moistire wis ohservid in this soil water belt. the appaient resistivities are
anomalously low  Farthermove, a thin layer of ctusty materiil wits obsetved in the
upper 1Wom of the dam with the implication that the elevated conductivity Tevels hay
be attributed to a bigh salt concentration within this layer

Note that this is not the case as shown by Sounding 2. The apparent resistivity of the
_t'ust'iaycl s an order higher (100 ohm meters)  The absenee of "Electrical Layer 1"
i Sounding 2 is due to the substantial erosion which has oveurred in this foeised

ared.

Fipure a.10:  Dertical Electrical Sounding 1 (VES 1)

(Note AR s the € urvent clectrode spetcinse caed App Bl s the apparent resistnveiy!

11



6.6 Rosistivity Profiles

Tabie 0 0 sumunatises the resufts of three vertival electrival soundings  which were
varried out along Traverse Lines veol, ves? and vesd Figure 8 12) on Tailings Dam
414 These resulis are presented sraphically in the form of « dupth-section i Figure
613 The reader is referred to Figtes 610, 6 11 and 612 for the theoretical cusves
abtained from 1he Vertical Lieetrieal Sounding Modelling Procedure  Flie field data

and numerical results of the modelling are presented in Appendis E:

Liper | ftien) T Lt tinwles) Laner 3 imetes)
Nortly « VES | : ) 17 %3
VEND u 0wl g9
Sonth Vies 2 3 A 43 nt

Table 6.2: Results of Vertical Electrical Soundings, ves 1-3 showing

individual laver thivknesses,
6.6.1 Electrical Layer 1: Colluvial Materiul

Soundings 1 and 3 indicate the presence of a ighly conductive uppetmeost laver which
represents the thin, partially saturated vrust aceurring on the sarfaee of the tailings
dam This laver forms part of the ave of acation. vommonly referied to as the vadose
zone. in which buth air and water oveupy the pores  Meinzer (F482) tetted by B3ell,

1993y divided this sone into three sulzones

i) Suil water.
iy intertediste belt ard
Hiy the ol tringe

The ppproarmost or soil water helt conesponding 1o electt wal faver 1in VEN 1 and

d] “-11 drimes vy arhl '"‘[“ l]“‘ At "1(!\! I’ Wy 1\\' (41 al‘|\t!ll‘&lllhpil':ll iu" .\El]lﬂllg'.h i vertam
. 1 1) e L1 .

1
f+i



Phierefore: considering the rosults of both the seismie and vlecTromagnetic sun eys for

this aren. the zene of anomalous conductiv My may be oxplained by two possible

\RHATIOS,

1} Conductive ot B, niay be representative of o reaion of planar
discotitinaities (o1 taults) along which displacemoent of ..
hedrock has occurred Such 4 zone wonld provide a conduit for the
flow of groundwater  Borehole results would he necessary to aseertain
the extent of such a fault and the degree of water accumulation in this

S

1} Intrusive dolerite sifls and dyvkes are cominenty encountered in the City
Deep Stichy Area (ones et al, 1988) Where these igneous features are
present, fiavtured conditions are enhatived along contavts leading 1o an
aveumulation of groundwater and hence anomalously high cmuluclix-it&
values Once aeain, borehole information would be necessary to
confirm the presence of such igneous intrusions below Station 198 on

the seismic profile.

[A14]



The study area hus a velatively uniform: geology  tansported and residuad soils are
approximately [-2 metres thich and <lightly weathered quautzite s kst encountered at

depthys ranging between 3 7 and & 3 metres,

The depth section confitms the basic geology shown on the coniposite zeological mup
(Figure 3 1) Further cotroborating evidence of  the subsurface geology is shown in
bath the drill cuttings logged from the percussion: drifling of the boreholes drilled for

water sampling as well as the borehole logs supplied by SRK {Jones et al.. 1988}

The average velocities caleulated for the upper, intermediate and fower layers are 422,
1644 and 3015 metresssecond, respectively Qualitatively, such velovitios are
indicative ot'a colluvial topsoil underlain by a relatively weathered, hard racl:., which in
turn, is underlain by an extremely haed. unwenthered basement rock. (The reader is
referred to the classifivation of raeh hardness, weathering and seismic velocity

characteristics in Appendix F)

As previously mentioned in Section 64, there is 2 localised zone of enhanced
conduetivity, A, (Figures 6 7 and 60.8).  T'his feature coincides with 2 basement "low”
situated at a depth of 7.1 metres and centred at Station 39 (Figure 0.9) on the seismic
profile.  One may infer from this corredation belween electiomagnetic and seismie
results. that the concentration of contaminated water mav well be due to the Jocatised
depression in the basement tock, providing gravitational control on the movement of

the water.

Similarlv. the electromagnetic profile for traverse 4 and the seismic profile may be
correlated where 3 second and relatively more pronotneed zone of ephanced
conductivity. B, {(Figtire 6 8), is associated in part with a basement "low™ which spans
Statiuns 96 10 118 on the seismic profile (Figure 69)  The Northern edge of the
electric zone. appears to coincide with a localised basement plateau  In the tegion of
Station 195 (idgure 6 92 however, there is a tairly sudden change in basentent profile,
possibly due to a lovalised it where displacement has aceurred i1 a subsvertical

direction,

(i
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6.5 Seismic Refraction Profile |

Figure 0.9 shows the seismic depth section detived fiom the results of a vefaction
seistiic survey which was vonducted along 4 notth-south wending protite at the base of
the sand dump The profile runs paratlel to the strike of the dump and spats a length of
00 metres { Tliis profile is lovated along the same survey line as that tor
Fleetromagnetic Traverse 1) The raw data which are presented as travel-time curves,

are presented in Appedis 1D

Distinet velovity lavers were readily resolved by application of both delay-time and
anabvtical methods s shown in Table 61 {The reader is referred o Table DY,
Appendix D o o more detailed  presentation of the caleulated velocities and

thicknesses corresponding to each of'the seven protiles).

Litholgry Dopth Range Depth Runge Felovity Runge
devived from derived from {metres’second)
seismibc resulls horehole logs
{nwires) {metres)
Reddish-brown
cofls i J4 b-2 7. 847
Piokish-gra
waatlicred inud
slighily LR ] RN b 130~ 003
wailleted
I.}llilll BN i N
Y ellomash-e1es
il
IV [T B ) u 1% AT T
upsseittbiered
IERERES 1IN
B Py, o SRR e e S S S

Fable 6.1, Velocits and Depth ranges for refraction seismic Profile 1.
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8. CONCLUSIONS AND RECOMMENDATI ONS

The-abjective of the studv was essentially thiee-fold. namely, to present @ detailed
overview of Ackd Rock Diainage and previous studies relating to the City Degp Study
Area. to obtuin a better estimate for the probable extent of the groundwater
contamination and 1o provide information needed to design an effeetive ground water
- sampling and pround water quality monitoring programme Conchusions reached from

the foregoing literature researel. field tesults and analysis thereol we as follows

*  Adetailed deseription of the principles underlving Acid Rock Drainage
was presented  Results of previous studies undertaken over the past
decade were reviewed and  compared to results obtained during the
vourse of this study, reslts of the geophysical ground methods sbow
broad ageement with the bvdrogeological model of the transport of
wiste Teachates in the groundwater, ihitial[y propossd by Jones et al
{198R) Relatively low levels of contamination were olserved at the
Narthern extremity of Traverse L while 4 steady increase in
conductivity (hence contamitnation) was observed in s south-westerly

direction

*  Surface geoeleetrical and electramagnetic profiling rechniques atford a
relatively fast and cheap means of determining the most foasible surface
Jovations for test welk driflin, provided the contrast in the conduutiviry
of contamuated to patural aroundwater is sufliciently high
It was found  that the Aorental positioning of shallow  water
contamimgtion  voutd  be  detenmined - aveurately  using  the
clectromagnetic  techmique,  however. without verification  from
Borchole dati. only @ broad vertical range vould be given for the dhgpth
ol the vonttminated  watet
e verticil eleetrival sounding (resistivity ¥ teehnique proved usefil in

Jelineatitie areas ol Jeeper groundaater contmitation as evident in

78




. Figure 7.2a
Average TDS composition for Site 811
pH=28 TDS=972
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Figure 7.2b
Average TDS composition for Sita 812
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e o overivime werthered  somme b . _
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i those facrures winse groumdwater moy INIHN I IVINTTEN
Borehole studies would e oeedod 0 gscertain the presetive of flactured and
subsequenty weathered 1gneous intrasions which woudd enhance the tate of pollution
muvenment where there v proand water flow Conversels. whete wide, solid and
umaeathered dyvkes and sills oceur. atound water flow across the intrusion would e

impeded and often prevented

The conceprad moded proposed by Jones et 3 (1988) used the findings of

conductiv ity easurements tahent at the bases of tailings dams L3 and 4 These
geochemical results ubtamed by the Water Researels Comniission tJones et al . 198%)
bdivate that although subsurface zones of conventrated wastewater are evident at the
buse ot restdue 413 talings dim, L3 s @ inore sertous pollution threat Surfaee
samplizig St STT is situated downstream of tailings dam W 3. while 812 s located
upstreatt of the residue A comparison of Sites [T and 12 (Vigoves 7 20 llustrates that
the prinwary ensironmental contamimant. mamels, sulphate salts, ocenrs in substamially

Mgher concentrations at St N

Tiwse  seochemibeat  findmy vormaberotd by the sesults obtained  from
vhevtromaanetic starvess stone i . .o 2and Lo whees mrserse - s situated upstrean

of Tesidie 311 and averse 2 s sknated dowicireant of the residue Resudts from the
hotrontal dipole surveys (30 mehie itercod] spaving) mdicate Presimunt combuctivity
walies of 6% msm o Provesse 3 owhile the two tos vonduciive feadures along
Trevotse Y recorded L Bieher saluee ol JHEmS uoad 180 mS-m

Thasie el ttongaetictie sesadts mdwate that Talfoees DatnH-F does dead pose 4

peagss sergonys poflation thivad i 1o adae 303




7. CONCEPTUAL GEOH YDROLOGICAL MODEL

Ty [ TR N | . * : - . .
e mechamsin’ postulated for the contamination of the surtn - - shallow
ground water at the base of the residues 413 and 414 is illgstrared in Figure 7.1 and

deseribed as {ollows:

Raiwater accumulates on tie surfice of mine residue during petiods of precipitation
and a large proportion consequently infilirates into the residue material collecting the
products of pyrite osidatton and gradually increasing the thickness of the aerated or
oxidised wone. Results of the resistivity survey indicate that the current limit of
oxidation veeurs at dcbth of 43 metres for  tailings dam 314 As this zone is
relatively thin, there is minimal vertical retardation and the contaminated water reaches
the underlying tractured bedrack unimpeded. A combination of the horizontal lavering
and the permeability contrast hetween the coarse-grained, weathered material and the
practically impermeable bedrock  encourage a perched water-table to  develop.

Seepage consequently oceurs towards the sides of the tailings dam.

In the repion of residue 413, the weathering of sediments comprising the Turffontein
Subgroup produces a variably thin weathered zone which has the characteristies of an
unconfined aquifer Contaminated we e Howes at the shallow depth of 3 to %5 metres
along the soilrock houndary, parailel 1o the satfice in a south-casterly direction and
ultimately inte the stream where it mises with the surface witer Botehale piezometer
results obtained by SRK (vited by Jones etal, T08%) indicate that a small proportion of
tiis seepage s ot intercepted by the suvans te .dv;u'cv of vontaminsted water has
penctrated the non-porous bedrovk by means of thactuies o faults which provide

coruhuits B the seepage of woundwater at depths inesoess of 8 5 meties
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Travel-time { milliseconds)

Figure D7: SEISMIC REFRACTION LINE 7
Shotpoints: 198m and 234m
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For a multiphe-laver problemy, the Delav. Time Mothod i pmgcmud by Mooney (1973)

Cas follows:
{a) . First Layer

VA, (first faver velovity cortesponding to forward protile and VB, (first laver
veloeity corresponding, to reverse profife) are computed tftom ‘e first slopes of
the traveltime curve  The two velogities must be approximately equal; i not,
the sutfiee Layer is not uniftrm from une end of the line to the other

V.o VA, VI is tie true velocity
{h Secund layer

{‘nmpute anples oy and [y from
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. . R
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Appendix B: Seismic refraction strvey: fic

ld procedure and Ex-1225

»

.S‘ci.mmgrqph scifings

Field Procedure

iy

1

ni

1

T'he peophone vable was Lid o atong a steaight line ditected towand
the souree or "a-lmtmxim". Cate was taken to minimise the adverse
effects of wind "noise” by firmly planting the geophotes in the ground
and in some instances, by shaflow budal The rustling, of griss or small
bushies was avotded by locating the seophones in an oD,

mutegetated area.

Vhe 12 geophones were comected to the cable, which in turn, was
connected to the signal inpud connection an the instrument's front pancl

(Fige 5 11 The geophone-interval was sof to im.

The FITTER option was set to OUT, the TRACE SIZE to a midrange
vatlue of 15 and the DELAY w00

The INFTTAL RECORD TIME was set 1o 250 milliseconds by
estimating e total travel time from the lammet to the tarthest
aeaphone A good rule of thumb states that the record tune in
milliseconds shoudd be approvimately equal w the spread lenpth in feet
Sitve abmost amy pevlogic material has a P-wave vejueity ineseess of

THOOEE S 305m s, this ensnres thai all arrivals will be detected (HGEC

Gicometics (1)

e AMBI TFIER GAENS wete set just liigh enougl so that the

Tehetonnd noise wis bately visible Tor vach channe



Fhat is. aving decided on a value for s twhich tives the effective depth of penetration
under the vondition B 1) the amxamum probable maound conductivity is estintated
and the operating, liequency is chiosen so that equation Gabovey is always watisfied The

apparent comductivity w hich the mstrggoent 1eads is then defined by

[T EE S H

[



These uspressions are complicaed fimctions of the variable. s, .ol in L s
# . 4 g AT oram ‘ ok
comples fimehion of frequency gud eomductivity - However. as will e shown below

under certium conditions, they can be ereatly saniplified
A well known characteristiv of a hotmogeneous bl E-space is the eheetrical shin deptad
which is defined as the distance in the halfspace that o propagating plane wive has
travelled when its amplitude has been atenuated to (10} of the amplitude at the
surface. The shin depth is given by

o "lf R "'r.'“'"
and theretore
" q'r:..‘.I o

The rativ, . the iutervoil spaeing, divided by the shin deptl, 15 delined as the induetion

mimber. B, wheret;om
TS ¥ b

Now. iF 8 s much loss than unity fe s - Uit s @ simple matter o show that the

feld ratios of equations (1) and (21 reduce to the simple expression

H AT TP S SO

N
The ngenitude of the secondary maenetic fichd v oow duectly propottional to the

srond conductivity and the phase of the seonday magnetiv field leads the prmtaty

field hy 1o
To ke B much hess than unite, we see that we nust mathe s very much fess than 8

and thus

Ul



Consider the two coil contigurations shown in Figure A1 In each case. the transmitter
coil is energised with ahternating current wt a frequency, § Hatz  The measured
quantity is the ratio of the secondary magnetic tield, H_, at the receiver when both
coils are lying on the surface of the homogenous half-space of conductivity, @, to the
primary magnetic fleld, H, o the ubsence of the half-space (e as if the coils were in

free space). The spacing between the coils is 5 metres.

Horizontal Dipole Mode Verticol Dipole Mode

Te Rx Tx A
J_._ s | " s S

o A . "! e - Ay A
“ Deptn
Itz:gil:‘lfj snsitivily

Figure Al: Vertical and horizontal dipole coil configurations.

“The tield ratios for vertical and horizontal dipole configurations are given by gquations
(1) and (2), respectively:

L‘u. ) A g0 [9 F Oy sty v D)]e}

{,'. . t ' .’

| ‘-,2 i ({ + 3?& } tqrs)z).'_f.:.'..

& TN

(.”.\.:\) -
Mol gy

where J"‘luuﬁ
w  nf
£ tregqueney (Hert2)
e permahiliny of free space
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Figure D4: SEISMIC REFRACTION LINE 4
Shotpoints: 99.0 and 132.0 metres
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Figure D5: SEISMIC REFRACTION LINE 5
Shotpoints: 132.0 and 165.0 metres
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Figure D3: SEISMIC REFRACTION LINE 3
Shotpoints: 66.0 and 99,0 metres
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Figure Di: SEISMIC REFRACTTION LINE 1
Shotpoints: Om and 33m
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Figure D6: SEISMIC REFRACTION LINE 6
Shotpoints: 165.0 and 198.0 metres
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Figure D2; SEISMIC REFRACTION LINE 2
| Shotpoints: 33.0 and 66.0 metres
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Figure C2: Angles for third laper.
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Appendix F: Classification Of Rock fardness,

after Weaver, J.

Texture And Seismic

Felocity. .

M., Geolegical factors significant in the

assessment of rippabillity. Tivil Endginesring Equ ;
July 1976, 2-8. -+ =nganegrang Equiplent Dijest.

Rock hardness Weathering

description

very soft
rock

Saft rock

Hard rock

Very hard
rock

description

Completely
weathered

Highly
weathered

Weatherad

Slightly
weatllered

Identification criceria Excavation

character

Seisnic

velacity
{m/s)

Topsoil ¢ 450

450 -
1200

Easy
ripping

Totally discoloured and
decomposed, in a friable
condition with only frag
nents of the rock texture
and structure preserved.
External appearance is that
af soll, Material crumbles
under firm blows with sharp
end of geological pick.
Pieces up te 3 cm thick can
be broken by finger pressure.

Hard
ripping

1200 -

Weathering extends through-
1500

out rock mass and material

is partly friable, Rock has -
no lustre, All material
except guartz discoloured.
Can just be scraped with a
knife, indentations lmm to
3mm show in the specimen with
firm blows of the pick peint,
has dull sound under hammer.

Very hart
ripping

1500 -

5light discolouratien extends
1850

through the greater part of
the rock mass. “averial is not
friable (except In the case of
poorly cemented sedimentary
roeks) .Discontinujties are
stained and/or contain a
tilling comprising altered
material.
cannot be scraped with a knife.
Hand :pecimen can be broken by

a single tirm blow with geological

pick.

Extremnely
hard
ripping

1850 -

ve weathering
penetrati 2150

developed on open

diseontinuity gurfaces, but

111




schiumberger Keabonr Drity
Madel ting
VES 3

The current model is ;-

Layer Thickness Resistivity
i 3.50 7.50
2 4,30 88.00
3 10,10 2.20
4 infinita 2500.00

AR/L Oh:served Resistivity Calculated
Resistivity

1.00 7.5 7.9
L.ho 0.5 8.7

FL00 13,0 9.7

3.00 15,0 12.0
4,00 16,0 14.0
PRI 17,4 15,4
7,00 1g. 0 tv.0
10,00 14.0 8.4
15,070 16,40 ' 16,
20,00 20,0 a1,

3, 0i 29.0 30,0
A0, 00 40,0 434
L, D HoLn B, l

M) Fh b THi}
Ton, 00 140,00 e,
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