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• ti.e changes itl salt loads in till' baSI.'t111\\ (If SlII'HI\:l' streams in the

\ icinuv tIl' nunc residue deposit« and

• the mechanisms and rates of Il'I:(1\;I.'I\ in the quality of streamflow

during its (lov.nsn eam passa~~e10\\111'<1:-; tilt' Vaal Burrage

I'



I!

1111,,'11',

,)111 ",),lmlj.',111I-'hl\\ Iii 1'''\',10'11'\\ palllll,; ,),lPllli" il\llll~ 01 ,),;.'11,1.;'; .;\'\\

II\jlt\l'llIIlLl 1111l:!1I,llll 1:,11" \Plil" Iljl III W'(l l\llIlIPWI,l \pfJ,IIlI;""'jll', ',n, II

\\Oll ",I!q ,llil tu 1'",...1 "1,1 \.IIIIPI}l:IlIl,t1lhP 1l,;HI ,\tP ,),)111','11,1\\1.)11

I\IP,'\lI', ,)111111 "liPS.!" "'Inqlllllill 1l1IPI,\l P 'I! ,111"t.'ill••1111.1 ton ';1 q.m'>

..;11I'llI' \\"llIUI!;' 11" "Ill til tl(lllPlIll,)'~llO) 1I1~'.,'Ill ,)PlllP PI '.,1\ 1.1' .llillllll p.' lip
11~1!l PJIIS'ItJl!j"') <;\11;1I,) 11'1\11" ',lIlUtl!, ",)~. \11'1l1~ \ I)';1111.111·'1l,)ll~\\ . 1;\ \;\ W HI

"1l"llli,)p ,1t1fH'i,)1 ,1t1lU! ,liP \q p.lI1tQIIl!lIl.I I,PI'11IW" "P,JI) ;),)1111'''' \IPUlIld

,)111';1'\\ ...dulIlp .)ljlllH'\I,Ulllllll II'I[J ,'I':llll,'1d "lll .hll',I',I''( -:1'\\ 'PII)" ,)I{I (,\1

.wh'IWH -'Ill (ll I.W~\\ plltll1!ll ID ')IUP,\I1" ,'l.lnpm. ''I

p.)1.1I H!qWI) 'Ill!llll!.l \.) SI pHOI snp Jll 11I11)10dl' id WI! '\\ (11 ,J! 1IIll)l.);\1l11 >;lI!l~Uj,H

11 '1.1\ ',1' 'llhlllllllll1.\IJ.).",.'I:lln ... mou -1111 0)111 pJ'i1l'lj""lI' ;IIH ,)'jh!lIl~H Im~.\,)1(1

JOlU,I(IHP)I!:1 ;'iqilll "II'illd."'Ip auuu ,)Ill ,',hIll 'i1UIII'ln,I!J() "lIP"JlI tlllllllll!:Slh1l

(lOU us 1I10ql' )1~11111\l\;'U \\lltlV 11I11n,,-;Jll • "Ul~\; .10 I,)qllmq.) ')lll \q IM'Iddn"

1It1!lmulOJU! lhl pIli! ,\PI1)S SIIi! ,iwmp p:)I'~I!ll'li 1!11!P uo P'')SPIj 'i"11~IU!lsJ II!!

,"l)l!l!dp'" pun SOl 1Il II,iItJ pup ,111u.w """J,)II1!.) \.)\1 "I

mq 'I I Spun 0 I S 'i.~IIS II: l\HIi Ulll[l ")IPq SI (~'I S ptm ;,;IS) nm,lllS "'iii \J,111",o~1
,'lIP .Ill \lIllD) \ ,'lIP III pOlJl1'iH,11l1t\)!llmh 1.))1' \\ ,~llJ1'., \ 1.'''\!ll sU\, uouusu (.11.'lP

l.)!ll"tl ou 1·)\."1"\0[1 ,\1<11{\\ ( [ I S pUP I)! S ) nan: 'PillS ,"IIII.!\) III !II),)S UI.)lSll,)

,"'Illl ,11111 slSIS l;')d lHlIll)JI)I ;.111'p 'illil (~lSl L 1\' f dump pill'" )IP.Ill 'I!Ul,)I'

"\jllli !,.IIt1.)ll \I"I)PlIlll,'Ij,)P p.)IIll'llIl! till! \i1!l!llb ;'ll!!;"IPtHU JO "I (LS pUl' t'S "I

IS '>,'IllS I ';jl'<l)(I.)(1 P;'lOjlll, nu .)111 !Ill) H Itw.lJl"lln 1.11\1\\ .II) \1!Jlmh (l1.)1I1h111.1''llj.J (!!

1;'111),\'

1'1'11\H,; \'1 p.)l '(Ill!.! ..111:Pi;!: !I'llIil.) hlll .) n: H.lm '1pn, ..."I[ I III "\l1P.)!1'" .)111 (I

',(.)llWU ';,lIllPU! ~ .l((li:l(}(ljll 1,)( lultU! t: ") P;l( I{l! til l! !1~U(ll,1l11111.' PUl! 1t1,1U1.l \! 'UI J.11P\\

I'lIlmJi; .IiI '."Iplll~: 111m1;\ljPdOI P,III! \jllll" :HI! IWlIl ·)lPl[d(lI~; IIIII' '-;(1.1 JO )11)(1'\,)

!llli1l1W ,)ql 10 "UIlI!VI':,'!!! pup, lim.}! 1!'.'It!')lpl).)~j P,1I!Oijll,lU!110jl: "lfl II) "1s\(lnt\

,-~



lhc PllSlIlllllS ill l!t\' al(lIVllH'llllllIWd ',Ill.··. aH' dq1l\ tvd III hl'.UIv i I I ahlt· "I

summar i ;c" Ilw 111\\111 valuv ... Ii 1I 1"11 I Ilndlldl\ 11\ !plai .!I,.soh t'll ,Olllb i 11)\) alld

which tit" l rt'Il('1 al I I11IIVI1! Sf;It!d,ud·, P! 1"111,111\ l"ilIH1'i~'d hv Kl'1II1ht('[ and Smith

( llJX.l) all' ,""\'\'rkd

CONSTITUENT SAMPLING SHES

~1 S4 86 S9 814 ~H1 812

Ca ',1 "'/lji"III ,1/,' '1.4(1 !\~,d g, 11
Mg ,~ 1,,/ 1 HJ:j'! *t'O/J 0 1!J4 1:'; rl
Na /t: I> ~)), II, 'JI,O il 11;' 10 ,1 ;1 t,~1
K I, " 4t 3 1,1 ,I 41> Ii.., H Ii
NN4 n (I p 1 1 '34 ; It> ()lid \1~,; '\ :,m;
Fe i\ le1 U Hi ·,,'ll ." '1;'4,1tj l) f}inn (I ,~ "11:' h1 'lb 1()

Mil i! 1:1 {' \lB It? 4 -'In :, ·4~:1{ ':1 ii? «H 1)1
M dO,' (I 1.' -1 ;\) ·}fl4 t) tilt4 I '1 4, n B.t~

p :"iJ II ,'.1 "~1ii ,;~I l/I.!!, 'nll :, .,'1) '10 U !,r;A: ..
Zn n 11 \) U \1 qt) '1~\1II ·~,Hb • !1 It1 D Hi
Total Alk (,' iii ',4 ,i 1 ;;4 t; HG4 It! ,I
S04 1;,',1 Ii) t~ ';'(11'.1 (I ',1HI(!fI 0 'j,'il(M o ~f~/f;' P 41(
CI .,'t_ /'; .1 tl" ,j WO \; ,1~t:i ",4 :1 Fll,

NQ3 ; Ij 0 ~') 11 f] 1 \ !l 0:"1
rDS .,"'\! ,,1t)\ ~ _,WIll ~1!JHB/ ;)ltl:\~ !1;3 /bf. .1 11'1') fI .•j 1 *3 1\

, !,pH I, h H

'.1. bTl' 2.} .\1('(111chemica! ('lImpmitioll (It wator tit W/('('/t'ti \il(','I, (111;:. J)

(JOIIl'\ 1'1. Ill. W)HH))

,,\, n'd\ j riv» .!riI1MII.I:h'lIlt'I'limit (Ila,·,. '\"'"[1\(1'" .~ Smith, IfI.''Ul

1 \ I ,•• ,.1, ("',II'ral J /tIIlC.lf S(IIII'I.tI'.I



"-IJ

;y, i. StUI(l' ()'l flu' impact qr UUtJvluter,\nmd (ia/d Mill€" /l('Jidll<'s Oil

Wilter 1»(11111(1011

'\ rcgllmal S:llI)t of till' !fllP,II't 1)1'011' Witwatvrsrand nnne I~"'ldll~'"III! ware: P\llltllltlll

\'vas initiate-I In 111<.' i" ,lll'l R\",\\lIrh ( 11111111i"',ilill (\\ IH I III I'l'?,f The pnnw\

Ilhjcllin'" (II thl' 1'''if"d \\('f t' to t'st,lhh"h riw dt'''il't' Ii' \vI11dl 111110t1'and .IIailla!'~'

Iiom nnne \\:.I',!o' Ih')I\I"lh ,'!1lllllhllh' 11\ tIlt' {,'lal dh,.ph,vd ·."lid·, I('ad m the Vaal

Banngl' and I" !tit Illl!\ !tIn"" dt'pIP,If'- which It'qlllH' ~'''Illhllllll'thpd',.lnd rvmcdiution

to Plt,\(·!lt !lll!!!e! pollntnm III 01\11'l 1\1 conduvt thc 1I1\l''>tl~l,iith\1l. a t!1P,Ut!lI' \'(l!l!r;l\:1

\1,(1'> ~'1It\'H'd mto hv the \VI{( the 1>'-[,,1(tment "f \\',Ih'l \l};!lI"! 1>\\ -\ land Stdli.'l\

qua!:!" pi Ihll'!' "In It,d ltllllt' d~'IHI"lh il!• .! h;I"I~" II'I 1'·,tl1j1'1I111P til\' 11(llllltlllll pplt'l1tl~!I

HOIll <II! lilliit' d('P,"')'h III Ihl' \'atdlllll'l\! d thl' \ ;tal H,m;h'c Ilt~, thin' ,h:l'lhlh

I'llll \\1'11 \\,'1<', IHI':tllh't",j h, tlH.' 11\\·\ til rllt' ',ll/1h .11,"1 II' !\.'I'III.I dailv 1111\\ 1.111",

!lid ,',mdn\tl'.ll\ I ,1111Il','n '.n:LH.1.' \',;1\\'1 '"lllljllllW 11,'mb \1 ('It' '.!!I'd

. ! " "'lllj',I!I'.nll 111'1\\"1'11 1lI,'.[I\,:Hit :llld d.mll'.lll':!lll \",ill'! qllalt1\, 111\',\J .t-. t t ~ (il,tUt It ~,~ . '

rdalinn hiliit' 11\; I',. ,1111<\' I',hlllh' ,,1'1\'1'1\,11 !PHIl.' It'',ldlll'''

Imtl!\'IIi1llil' 1,\,,1., 1'1.'1 n: ...lpn j,.'lt'llIll\'" \\t'!\, ditlkd fln'l,!!'''' lIlt' \'1111 1\1

I') I! I ,{ "I, 'Ii,," j'l,l "Il", ...• "i,'!mti \\.11,'1llIP\\'IlIl"lI .m.! watt'! I oalt!\
I ,) !J' , l) I ~ ,. 1 ' t ", 1, 1 ;I t ~,10 ~ t,! " ,I '" '~' ,
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)tnNi In 111),')1' J-i/,'\",'j \ ,f!,lf/l iiI ,,1/ttI\ t- 1,1,:Nti',·', ""If

.,,111 lIl' 111111

"illlh)I\;\','1' pill! ilUll\l!llllllllJ\\ ,llllll" ',1)(11')'1'01.11(1 I!~I,,'ttllll'!'n.11lIlUll).\1 ct

',.)1111/ I,"IIP\\ PllIlIll,,' pUP .1',(I{,I' \

.Iljl III "llll'lllllud .Ill ;),l11.,,,.lld .lltl III 1Il1l1,'.11.lp ,1111 ,illlPllj'll! ,)11'; ,'ql

11' ".'t\~Ih)l.W 11'1[,' !1"'II'l\lI\l~,i\lII''II 1'111' 1PIII 1.'1111', ')[[1 .1,1 110 ljl'HI II I "I j.)[1 '"

,)1'1' "'1' 1',Pt!

,'\Ip ,1.)\(1 P,)Il' q.111W;.ll ,)1[1 III P;ljllld,ll 11.);11\ ,"I WI! ll,'IlI\\ ",111'111'; 1),lIIT'l

pun .Y,1\~lllP.l(j 'J.l1l)J pl.'V 1'1I1l1;'l1! \1\1,1\11 "I[I Ill"'!.I1l \\,11\.11 P·"lIlI:I,'P l' ..

. '1,1l111'1l ·....1\1p.llq" ,lilt \\1'11"1.1111 P'~"'il~dlllll"1l.1

1\11\ '\Plll~; d,"l;l() \1I.) ,)1(1 t1I'Jll\\ tlPll1~Ulllll~lllil.1 "'IP', PHIlIII;; .1'\ "111111\:1'111\;.1\111

\iJ.1!J.),J!lIO IWO.I[[ f'/

II I pIW~, I -.,'m,11 I III II \\\ 'tt" uo n p"'''PI\\)

.Ill !Pql ..., P,)jp ,1t(1 III IH'lllllllld fl)lU.1Ulh1H\1I.' .Ill "11l.l11Pj.1 _'fljl"l \ 1",lIU ')Ill .10 .'110

( t· I ."Il11til·Il S.1f[lmi,fO WIIlI·)I!! ill !itll~llh1Jll.',)Il.1Pf\.) .HI"U,')1\,1

"\\(\q" P1WII 1;'1\1111 ,)1[1 tlll t: It 11lPP ",;ul[lq (I. l .J Illii! I) IH11"\lI.) .1\1 ",1t10pl \.'

,'PH1 \Ill\\ P,"I)PFlTi,"I\ 11')\\ ,pit',! ;UP f It tllI~p ,,~illllll'l .10 ''''Ill" .11f I ).1\!'H lmllt...IPlP,

.'Iljl "UUOj IPIl{" ,1il ."I.111;'ll1UlH1,1."Ilil (~. I .\lln;! p ...1111\111'" 1'~IlI\j,)h1d \'1 p.)UIl'lp

"I 1:,)lI! ,"Ilj I \1" \ll.).)d~.)I . .1 It Pill' : It l\lPl' "',;Ull!l'l p,'llIPlllll!llI' \1'\ IIIt! l' pun

1',~l1n'Il111~llI 'F'l)\'Pl'illli \; ."I"lIdlll\l.1 ....1111'1',.11 ,1111tt! ')11 I (I I ,)lIr,ill) U(llJ:I,)!I!' l~')\\'l"'\:,')

!II' UI P')lP~lIllP '" lpitp' Ill'lS! \1"Il'IW\(lltldl' 10 r;lw Ill' ,iill!iUI'd" P1H?1,I1) dill';

e \"'''UdUHI.' IHW P;'I\ d."l(! \Ii,) p.l'd[PlINlpli! \I,;'illj "1I1ll! {'.!l1'illl'. 'd 1',)Il' \(llll" .)\11

IW,lJI),)O} ,)Il,\' ;:'J



Ihi-, stud" involves til" aPI'Ii ..ati')l! ill' !!t.·')ph\siral tt:dHlIqm's III particular, terrain

conductivitv and seismic refraction methods as t"(lis in th~ detailed hvdrogeologica!

mapping of \I g(lld mine L .posal site in the City Det~pArea (lilt' reader IS referred to

Figure I t which shows till' site [ocation) While precautions mav have I-een taken to

engineer an adequate disposal site, continuous monitoring of groundwater seepage IS

required

Knowledge of local geohydrological conditions 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-related add drainage occurs in a band between 3

and 10m depth and can be traced tor hundreds or even thousands of metres

(GEONEX Aerodat Inc, 19l)3)

As groundwater contamination is usually associated with an increase in thl.! salt

concentration and consequently with a corresponding increase in the electrical

conductivity of the water. electrical techniques are ideally suited to the detection and

monitoring of water pollution and as such, have been successfully employed in

mapping potential leachate problems in the past (Goldstein et. al, 1(90) The particular

electrical methods most frequently employed are some form or resistivity profiling

(Schlurnberger, in this case) and electromagnetic profiling These methods cannot

replace ground samples for measuring concentrations but they do have numerous

advantages, namely. the determination \11' subsurface layer thicknesses and resistivities,

the delineation of structural features \vith which ground water is often associated and

the approximation of geohydrological parameters such as hydraulic conductivitv.

porosit ...." transmissivitv and specific capacity Furthermore. the coverage of data

surpasses that obtained 11V drillin~ methods, each electromagnetic reading tends to

aVt~I:II',l' dat.l PH'! it lalger area and so is less susceptible ttl random errors Of

short 1t'! III fluctuations b!mWht on hv changes in precipitation



its importance In Ihe PI,,·t(llla"'\Vit\\:l't·ISrat1d-\l·'C(:llIgitl~., (Galltt'llgl area lor water

sllpph It IS well. therefore. til examine tht' nature or the constituents of concern. in

particular. thos'.' added to the "tilnln~\\atei directlv \ ia runoff (1( indirectlv. via

seepage from the mine lit-posit" \\IlIUI1 tl\l' studv area t lable I I)

IluzardGold Millillg

HilMe Streams
Constituents ofTOII,\/1lI1111WI

eN. so,j'll) IXI p7,--.~---+
11111 It,' CN, so,

lnorganic unuuum \\asle ql:; OO()

Orgalll(; uranium \\astl.'

calar~ sl for sulplnrric ;IcHI~~,~ .=_T-==' ..l...-~_.1_1_1l_() __ ---,.-L II_c_a\_~_1_1I_Cl_n_!~__ .......l1

\'.0

Table 1.1: South V'rict1n go/tl mining 1I'1l,\t(' stream tt/a excluding water)

( ~S,I.R.. 1991. 'Huzardous Wast» ill South ,·VH('a'.)

Environmental scienttsts involved with the remediation of' such hazardous wastes arc

Irequentlv faced with the problem oflocating subsurface contaminution and delineating

features that influence its development ovet tunc, without till' expense and disruption

caused bv drilling (Jl'Opl!\sk's ol1cn, an arruv of techniques to assist \\ ith mapping

and quantilvitu; the extcm of thi'Sl' pollution plumes

,,1',1/1/' 111;:11lid did 1111'/" • 11''''11/' \Iu./('/'''/'/I h,/'.II.1,I//\ \11/\',' .. il'(l1I1' ' !llli
ua.ur)! \1",/(' (tJ'fl1i.f' I l\,f,';Hldilt hLC.Wc/I'iU\ Hd,{t aiu! (1"Olll" \011 hu.umiou»
\I '''ft'



known ,llIpli! tilt' ddIHl1t:IlUi '.,"1" 11, 'llllit'!l;,d llllp.!t h 1'1p, ,lhllnj nun,: dlaJiliW.V :md .u
do ..w t' 01 n/,Clat lOI):" 1l!1Il~ ¥ ("", It",..·, \\ :'1,' ah:wdont'd w !1h"111 111,: nnpk!Jl('(llaf lOll of

adl'ljllatt' I'Pliutl!lfl '''ilIj,'! !!ll\\'.I1!\·" \', ,I lI.';lIl! manv ,)1' "wilth \til\'a\' '. Itt"

resource- ,II" (ullt!llHl1;ltl"d h\ .nH\lI', po!lulllW 'IHl'.lltlll'nt, whn h ',t'~'P illl.' Plo!!lld

'\ ater "uppitv, t herehv tk,IJ alii!!!! \~a! ,'I qn rlitv ,md limiunu irs IIS('1! ilness

Generallv. uncontrolled municipal and indusu ial dischar ,L'.t'!, and a tailure til place water

quality issues \'OllCIIl I cntlv wub water sllpph priorities on till' development agenda has

It'd to II situation of varet pollution lhat requires immediate and extensive attenuon

(Dcpartllll'nt of Fllvimnllwntai ,'\ILm'i. 1qq2)

1.J Nature '~r'l1le Problem

l-ot the past centurv gnld has been mined from the Witwatersrand conglomer al~s ,1:11.1

subsequentlv extracted from tl\\' OIl' III a 1)[\)~I.'S'iwhich produces large quantities of

waste, rich ill sulphides Ovidanon (!rth~'sl.'"ulphidl.'s produces sulnhuri« add, which

in turn. kadlt'~'and tr;lIlSpoI Is pollutm,t'. metals into till' environment l-ut thei more.

III manv cases. signilkant (\lIll',,'ll( I atiuns r.f III ;!II IIIm ocelli in silll w It It the gold PIe

On extraction of the gold, the 1II<t1l1l1ll1remains and forms patt 1'1 tli{' \),astl.' stream

nH~SI'waste products III)S~' a tluvat to I ommumnes in the vicinitv \If the nUll,'s. hllih

through all horne and \\ at 1,.'1hOlm' lta!l"'pnll PI' 11 '\1\' component-

III theil studv Ill' WltV';IIl'1 Sland nnne ,"'pP'ilIS Ioncs ,'I al (II)XB I calculated that

sl.'epa~!,I.',lfactd \"arl'l thlfll tllt's(' 1\",((" t~, rdl'il~nl "0 (11.)01ll!",alt" ill1l1 the catchment

of till' Vaal Ban al',~' Iht'SI' \\ ater- exhilntcd tvpi ..:<l1charactvnstics of acid dr ainage

emanaum: flPtll nune It'Sldlll'~' "!s\·\,,ht'H' 111the world Watet !,ampll's extracted liotu

manv ,II tilt 1(1\'<\111\\.'1', haw \Iddl'd \'1\ Im\ 1"11values tatl1}1lltJ, between . 7'';' and

, 'j (.l1}1ll~'"l'r .II I 'l/'i)\ I Mor l'1l\l'! ·.lliphatl' "llmpl ised a lal~J,l'plOpottioll or till'

IOIl"'II.~t' uf ',alts III the dr;!I!I.H~t· ,1Ili! rln- brn'\il ~'Ohllli ,If till' st,'\.'pagl' water III and

around till' "~'I,'IM!',1.' pond'> llh!1I:alt'd tit" prc,;c:lt'l' ,II (l\ldi...cd iron lhis rapidlv

nWll';1sill,' n '111.''''111 anon d' ';alh III IlK' \ aal Ha' rage 1', ill ,'onsldl'r a!:k concern dill' to



t.

pIll' 'I hli ';'11.1 \1'PI,lfll'" L in III

'"l[1ltjdjlh HIP'I,llll IjdI11l".\

1i~1"[1''''llllll ~illll,ltll'"",I,Ii' ,ldl~IU,'IPd'I.i{q I' "Ulll!l'llll~" l'dl r dl II

/1\ ',,'\;I~,\ (l'liPlld,\)\.) ,1.111(1 II! 1.'11'\\ ,'I<'.! q,ill"li{i lli1Ij,'IlPlhl,) II)\[DIP,)I-'

III Ih",Ilt'dm,l,\ It! iunuoduu :"1 til 1',111,1((" "'1 Ill" ',111',1111'1(,1.)111 11011'11(,110,1 PIIIIS

\P' II ,)111 I" ,11I1I,11i 11" .'11011 ,1111

Ill. H( ,;11111111 P" IllIji 11';(1' ">111'" HIlIl 1\11(1.1.1\\ 111111Illn', ',lh" Hllw Ill' ,illl, "I 111III p,nu ',iuU.\IlPW \1

,)If! ,)11'II! 1j.l,)j.1 '>I II!))1.l1l111I1'.\ "WII,"lI'ltl ""I:Jln ...qll~ l',Plll II\1 .) Illp 1.''11 "1I11.1nplh).'I

jI'.)IIP"«l [,)dli \1.)\ \IP~1.)11,),1,HI' ';,),"1111'111 I'll')"; ,'IIi "(')'Y IIi pUP "1'111", 1'.)WPI(I1"!I0.)11l1

111",,01 (WIll .uour ot "'[,)11) ...111\1 ll',';I III .'11111(11\ '1,'111 IHllll ,JI! 1',,( IIl'If! I,I"'IIUII!1 ;r;iUIlJ

-\1'1'1 IPIl[ \\ ,),wdl, IIIIHI Jil ,)~iI'IU,~:\ h)d lIWII,I.' P \'1 p.)),),)!llh)" {.1),1I .1 II' 'II: 1.'U'lli ~'i;'IIJ

'1Ilmu Plill" ')\11 .)"UdUhl.I IF'"[ \\ ';II~"'\11111 ,1\1)\11 hI ,)1\, I jI' ';.'l1',,,H,r :.\~II~lit nm .)n~";\F'H~1

\'/1J!,liJJl1]t' '/UlJH to ,\','!/.Icldo,ld jli,}!./J .:1 tH/.l l'~'

'IIndt'l ,) \0 iduu III .)flllllUI',~ "1)(1l1l')lU

.) ....~l!1 1111'>lI,I'1j 11'1II1l1I'j;\ltll.IJlIl pUP j1~)f'.;'O[tlPOljPtll IP1Il.1Il!llll~.1lI ')l( I IHllllllll1d .Wl1!\\

Pllll'll,i ,illlj .. I\.) III IPlIIl.111ld I'll lIilllUP I lit It!.) 1111),) 1I11111:m1l1llll (V,W,lOIll.1'1U I})I\II pun

'i"'''J')''I,\·~U,) 11.)111,)\llI"1' (II (h'(I[) (1'1,\ 1<'\;11\ ')ldlllP\,' 1I~1 \'1 Ipll"''',)1 01 p.)("Pl(

F,o') \\111pUI' \lIIHP:IFII.J \111'1" I I(."lll pm: ",)1[;)111.) 11l"1\1I1l (1',\1" '.l((h);;.In "",)lIl'lP.;Jl ."111.1

" ~.IJIJl/lltll//) ,\11,I1J.l1l1)1I n
1',111,,/,1./ nonnuuunn«. I ,IINN\ ." /111/1 I uPI' 01 JI'l/II IJod )111~JlII ;i'IIUfI/llJOlli

'111>//1 11l1li1lIjlltl1 !II /tI,IJ,\,1 ,1111 Ii, ;;'lIlddl1U1 nnutu ,)tll "I ,,-,,mdll/o)
11"'111 ,1\/111'/ ;"ll.tnllllOllI '1/1 :J'IIIt'III" ['.1,\ i)\I/ri IIlJ "UI,lWltt II/ill/ill/P

,'1/1 {// \ ,'till/III I ,l\l/l,'I,I,'{ .'11\ "/'"1/111l1 illll} IIIJII \11,/,1/11'.1 Ilillfllll'II<"I.'lfI

III \,,71111"1 I til lI11i/iI//IIl/l1\,J ,llfi I" "",'f,.! 1'11/)/1 [,'///1 ,II/I /III ';;'IIlIIlIlIlIl/\

/,,)/I,I,AIl, " ,!;I'I''lll''j i/IPlIIllII'JII'," ,,'1/1' '1"0 /"I,\,I}lbJi vt \.),1.111' I' lpl/\

11/'" ",h/ '1/111 ,11'I'/IIIIi',11' II' ,)//\ n .IIU" ""'/1'11;'(1111//1' i I 'll'l\ 1'1111,,';1'
I" 11/,'1'1,1 I'!!' II, "'! 'III ;,'m',,I/"Iddp if! 'l'I'! ,llf! "! "1.'/,'1 ;;'/11.11/"1\"



ill", p, \ Ij'''.';II'.I'' ',1111111' 1111 id'

Will \IIPtllh1"ql' 1111\\ 1',11"111",,1' \1!\iI)IIPlIdl (l',l!ljl.ll' P,)\IH'I1It.l ,1111 01 II'

"'<W\\ pUllln;i P;IjI'IlIUWl!h1' \1111(.'1'1 1I111(\\ JO 'Ijilt! ;(md./I'w pOl' iifltl'I!llIIlU/ p.1m

",HII ••1.1W' 1'1~llhl"\ll I.~plfll nL'i \!:tll ',,)iPlll', !lillll'(IlIHT:llI,I,1 1,ljP,,'!'IlII1I!>; II) ',,)1I11llllp.1!

(l'II';\qd.',hl,lllllOIII','llddl· .1111(q;;d !';'Il1''!Il\\ (,,!tI"I'\: pilI' "·,IIIIII'I.),}II) (Ii "lIlPIO,'-'V

II(1\1( ;',V).)I1,)

pill: I.n"l\, '!}illr '11-1"1 ntH" 1" I,) .w/I!l,,1 \11..,,11(\11 .I\IP·HFI jlllP ,\111111[",\1111<,11

.,t: lpll" .. "'PUll! !I'd IP.'lIi, \II1,1',io11)\11 ,11ll1l1l·))')P ,11 I'[1".,,),1 )fI', 1I.1\. \ III ,1wq IP!II"\

III ,"'11" '''ldUt.lIJl! ''I 1';1\\1'1[,11 "1'\\ QU,11..,\'i 1'~II!1jlP.I" \(1<\1111).)',; .'tlll 'i;UIlI,h' q;IP \II

·;·i.1.1,'IlS (1111)11111)(1UllllJ "1'1JIIlbl'.I01!l'Il,),)IIlld pUI' 111)111111"1.11;1)P\\ I'U[I\)Ii • .I" :!,Hp.'lj')P

,)ljl ;iul \(11\L '>ltPIIJIl.IiI0) p.)li1Il1"Pl,1")SI.'I', 'lfd!).);; plil ·,j',!',illll\,l';1I11' 'Ill .10 uouuann

.llp 'j,1\"\\,Ht )"1\ ;11,),1,\I!if 'P "HIlPP ,,;illllll'l .111', IP"lld"Ij\ .1)"P\\ l' "Ill ;1,"l!mp

-'lIl ,),ll1."lrtlllll II'll I " 1·\1.1I1m ll'd 11',\HIlI,)"lll,l,; 1'111' 1'\1';;010.)';,111 \ IIIII jl'l'P\ pIP ;lI1111nJ

-"II ,lll'~iq'i, I\111 1'1 l',Nllltt \i~llIllH 11.Hr ";,)lIbllllp,1) J1',1111\,11,' plll~ '!,'1';J,)" ')11.)';,) HI IV

.l\IJII.~qll" ,1!{1;;11111\1.11'.1'1"I!ll:dp) ,lnllllllp;\1 '111l1.)qlll;\HIl

'>I ',,11'· \\(110;1;1 II' llll~ \P.)'",! III ',illlll"P 'il! Ipn·, ",poq).)111 lIOIl ).) ';'1' ,J \Nh'd\.~ plll~ .1 'ISH 'lUI

JI\ )IlHIS l!tll!l'\j.)"qo }'.lllp IIII'!) ll;lpplll PIlP ,1,Wjlll'; ,1111'\III,"\q ",)IIlIP,~~PUI' S),),'!qll

,)QI,l"; "1 \HIIII" 11,)111Sl "PUlP,;lI' P! )1', \11(11),).1 ,I" '1.;i~llII!\1'1: ,Hlhlllli ill! 1 "p,)lqo 1-""1"
P"1lt 11I ~itllil',\t)1 III Pll~\\l'lIth\ P't <l!U1'I'L'" ,;mddpll! q;iIlP!l1l "')~P(\q .lIlI ,iIllP;I),)1'

HIPU .. ll\'ljP,111ddc .I" ,)',[111'1 IW(I,i',1 i' (1)1I! 'hlllT'IIl' II ·,1111 ',(ii11IP!jIl,))1I11) 1l1.)1I1.)F)11IP1~1

pUI' \li"iP}\ \li \IPllllll\U ji' II II ':11-" \11(HI!ld.l,l'ill" Iljlll .. l'H! ,j I ',),)1:1111"1111"

,1ql ,1" '"Hll.l\hlld il ,HI! In ',UPijl'ltl:' ;1"n 'I p,l[l,W,,11' ,'II: ',\,1\.111', 1!!,W,\qdo.)l)

.~·uonL';ff/J~'J'J ' n.~'.UlailO::lll) '!:J'
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4. (iEOLO(1}' OF tnt: crrv DEEP STUD}, AREA

TIlt' gl"Olll!.'S of the -tudv area. shown ill a pll1posil~'gl'nlll.t\lcal map (I·i~!.I1II· ' ')

comprise- rocks Iiom thI.' Central Rand (nnup, it subdivision \11' Ihe Witwatersrund

SUpt'J glllup With the C\!.'l'PIIOIl of a slIlg!t· hed of shalt', 1111sglIlU(l is composed

cntirelv PI' all'IHICl'nUS and rudaceous lod,,, 1\\ II ',lib!!! oups mav h. distinguished,

namclv. the Johannesburg and 111\'Turtloutciu Sllb~Htl\lp'"

A chaructcristic of' 111(.'quartzu ••: b~'lb \11' Ihe lUI Ifonreiu Sll\I,:~l(l\lp is their vcllow ish

uppeauurcu and at gillaceou i nature. ill contrast \\ ith the clean, w hit I.' quai tzites

~'1ll'{)1I1l1ered ill rhe Juhanneslmr g Suh!.!l oup

, ,



I,

O;XIl( II' ].)",)\loP

(l~lIll.,\~,i); "IIllllIPPI\\) ,)11I \\! 11'1(1 "I,,;"i~In'" LllIllllll', III -"'Ilhlll'" p.)I1Hl(,;,) \,11'.': (1.)1'1111111

llllll lP(lIl11" UI ,),)IlI!l'llllql' 11"1() III j"!' 1I111l \ UI 1IIlIIlp PW \l~,i\,I "If I )1' ),11'1 p,)"\od\,)

,)111 1111\1.1 ,,,,(dlliWi I.'llll\', 1"1l1ll IlIll!! PlU) wq ,;ll1lllll"." HO!! .Ill .U[llI''1I' ,)111 Ijld.) II

"ill I PIIIH')1( In 11' llPllPPI\i\ ,!lll \11 ~i!lt';\IPII''\ f1,),\q ,I \1"11lI1 PI Pl,wq '.illlllPI,\.HIO!l

,)111 100)H;ill",) \111JIl ,)lUll ,)1\1 1I~"dump pill'S ,liP III lllll( ",' I" ',qllhp "I P,1P;'))011i

(wI! """,\I\ld slIl1 "\ 1111111'1'1\1\,111 \111111." I' .IP~I!1ll'llI ,)1\)(11 .HllIIlp ',dUIII!' ,1111 'lliNI

"nil lilt· q 1"0( ll,), IIi lll'lJ \\(ll\i !~I(.)1,'1''1 ')111 Iplt I \\ UP,)II'Il"qll" ,)Iii \.1 "Ij I ltl (l ~iUI

'.lIllllP\J,)"!111 Ipoq 1111[11(11" )llli PII.)J,ll''l dHV11'!\C uo n 1111 11,011111' p.111 'IllO,' '"

.,.ind,),,<; III1IU \1'\\I~ "dtllllP Pili", JIl 1,I\1'{ 1','11101",'1 ,]"IIl'I,1 hll!hl ,I'll I"P11I1I11III III',H

.1(1 suuo; 1',),,11'1\\1 "'ilIPlll Iii \\IIIP\ PIIP ,ilP1ldjll" III ".1'>11'1,,,1 IP,'q ),)\ 11111 PI'II ,1111\.!

,)ql ,}J.1\1'\ ';,I,WI l"'W\\~J\,'1 !hl 11.\')od' •.1 pili"'. (1,\111<11,\1 VII" 1l1l1,11\1I ,)111111 II) ,tll:lllh

,)111w .illlisPltl.l Iltw I'IIPS ,)tll 1["1101111 .IIHI,,,,,, q~..\ I,)ll'\, l,ll'HIl'IP 111,11',)Plj\\ dUll'"

pm", ,~l!lJ" ,)"1''1 ,I'll II' \l,lltlr'll ',tlll!.;,'1 I)',il "I I',HI!IIHU 1,',\\ 11'111'\ "IIt1ll1'llllilld

IlW IIiIll, H', I" ,\,111,\·,,,1111 ,\111 11.))1',1111\11 !'Illlwq ,)111 III /ldlll/'/III\/I' ,1111 I" '11'111'"



IS,I,1 1(''11' \\ ,I. 11' j,' ,tlll'lIl111'!"!l ,·)lInt!

-)'(1 ""1111\1) ',lIPI 1111.'1,11,'11\\ ,11.\\,1 lh'tll'!II" P·llljllll HI' III '1<'11'111''''.1 ''I ct 111\\\\11"1

III '~lll\d ,1111,!"lillllq'I\1) ).','111' ,illUI'I'I.lIl1t.l 111.1)',\', ,;1111'1,11\ 1.111,1 III !H ( ')'III!IH~1

.1111,'1 'II PI 1S,),p.11lJ\l!11l ( ,) {l HPll',I\I'Il')1 ,)tp '·Il,l\ih\,1 ··I:I'IH"'tl!!II·'llHL\I~q\lHII

111l11111111d.'ql ,imsnp,' \I,)\Ij.)P WIlII.'PI'q 'l'HIlHlll.l l';o,l! "Itl ,hi "I ·dl'.lddl~ pm' PIIi\\\

.'ttl ltllll(.llhHl(1 ,dUIIlP,I1I \1,)IlP \ I' III PIll!"1 !I,l.lq .\ \1'11 1'11,11'1''1 III '.,11 \hl', 'lJpqdlll'L'r

"nil \/lJ!llf\P(I/I,'/ \1//lPI',/OIlf/ .11.1\\ 1'II,'I'l"q ,)ql ll!' II III Ii llIlIIIP,II1HI ,)'ilt'f I' 11'111

.) ..111')'j SllllllilP .11Ij (SSt>! jl' 1.) ·;,)\lPj') 1';)'" ,),;I'd""" ·'1111" 1"", 1,,'jl1I'1" Hl\\\llq .)111

til 'oi (II III III 1~.1pili: 1.111". ;"it:IIlPIP W{1lI III III ul I" j.l ;'IPl.I1'1j "UI"IPI\lllIPI!

,)ll{dlll)IIIIlHOltl,1\1.1 ,Ill ',l!\lIl1'I'H!pd I,l ,l,'d.l~,\h! .1111 \'1 P,IW,'I[lUI ',1'\\ '"mpl',.ll ,)Wlt!

d;),,( I \\1,) "lJlJll "1Pq.l\~"1 "ljllll ;iUIIIIL\,\ll q'\\ 11(11)1'1'1\<1 uti II 11,)<, \11'11' l \1I1~1I.'I,\Pq !VI! I

(t 1:-\1') (.njlS Pill! U,H,iPllll j)

U(lll1~PI\(I l1111li[Il" 'P,I,)IIP,\! .Ill ,'11:1 "ljlJ" llP\II,I,'!WI!U,) .11[1 q,Hl(lIl!lI'Il,)!')I"1 'Ill p.h \Jl~Ill,)

"lj \11m I III H),)P,) I ."1[11[\\ 1'1t.'!,Wq l1\llSIPI\i) 11011 ,)Hld,)! jOljlIlOlll,)q,~ .1\\ .'1,"1(10)....) III

;1111 \Ij P,)lP "),.-'1,I.W ;'11 \PIll I' pup ~: ..,Utllj.)I\"I}] P,),"I,I,)llI I,ll< 111.'1") I P,)!Il\lllj,)lll;\ Iq]H

·"1\11 _III .~[lIO" 1(,\11(\\ IP ,'lin "l{1 ,)11'1.1(')'\"(1 10 ,IS \! 711',\ \I'W !:II."Ij,)J)lj 1111?l!.\)

'lOJJIW,l JII.,!:i0IO!U r'~'f

1l11I)Pl,")IP;i I'IW ,11PIj!1Il1l1 p.)Il11h.11 \llPlt,) 11(11)1:\1),11' W'llIh'1Q) •

plW "llIl[dl'l" IPPIll P~~!l(h.iIII !\) IP ,i.lJ;ll!1S •
(j 1I0!l,W.'llq '·:1-)11 .'1 U\l \11\1j,11: W'IltPl(,) •

""uqd j,) I!' \\ 1111111 11,1,1\ \1',111 \ l!pqP(lJ:\ V •
,N~qd "ltU;),;t~,i .\1111,1 ll;l,l\\\1 ,1\1 \llllql~IIP \\ •

(~/td Nlll\' 1lI~ ,)lodJP llilll.WIJ!l\l'1 pup lhH'.ur:.j\,\ ;;llill:Uh1IjP

,lIP !II lln~.\1 1l,)1l[\\ 'i.)',ill1:q,) ,IllIll'j,\(Jiu,)1 IHlHI'.l~,'" pill' IPIlllHj' \Ij

p.hJH',\ ')\1 ,,' p.)\.lll,l'l ',! II.dI1'IPII,ltl m' ,,, '.'"l lU1I1 ,'Ill I ,1111lf'1.ldl\Ll I
o

--



3.2 J/£'(llll.euc/Jillf.( uu! Mlgrutitm Process

The proc~'~S llf acid !',l:lH'ratIOl1 't'mkrs ll.e PP(l··\'vatel l'apahk "f molulisiru; hvavv

metals and other soluble consntuents contained ill the waste 'lhe IlIdil)1 envuunmcuta]

impact (If ARI> is not realised until this pUUI qualm water mli'Jatt'~; awav from the silt'

of gene rat ion and enters the 'l'l'~'i\IIIP,environment It I~the high mcral loadings in th\.'

water cmerging from the waste which is most harmful to tilt' environment

Metal solubilitv and contaminant migration ure controlled hy <I number of naturallv

occurring phvskal. chemical and biological properties of mine waste facilities The

mobilisation of metals h principally controlled by chemica] HI~:tnrs while the rl(ll'~'SSl'S

that occur along the migration route are gnwrncd hv both phvsical and chemical

factors

3.2. J Physical ( 'ontrols

Tile intluence I)t' pl!v';lcal pf()Pt'lti~S are most important ill controllinu the 111ft' of

movement of contaminant tronts. the amount or dilutiou and tht' dt·gn·c nt'll1ixin,t! that

occur s ht'l"" ('('II the c.nnamimu ion source an.i the let:l'Ivlng environment Impor lallt

factors 111 this 1\'I',ard irh.'ludl' cluuatic ,'pndltiIlI1S, \\;IS!C permealulitv and PUI\lSltV,

availabilitv of POft· water. pore wate: (lll'S~url: ami tilt' pnll.·\'SSl'!> Ill' mechanisms of

movement. whether bv stream I1tl\\ 01 diffusion (S R K, II)~Nl Generallv, tht' phvsical

plOJ!I'ni\,,; n]. till' underlv Ill.!', "llilslIl r~h'~'sn atil tend to (\ IntI nst quite sl!',nitkantlv wit h

the (lVt'rlVIll!', \\,I'.h' 11).11('11,11, I (",Ill till!' ill .1 IlUI1lIWI tit contannnant tlOl1b which all

migrate at dilh'1 eru I at\'~;

3.2.2 Chemicul controls

',',',,'1\11',' \' filch dell" milll' ttH' Lill "I' aCid 1';\'IWt.ltipll mav Ill'[he pnru.u \ ,h"lIlll'al '



On the IHlwl hand. th,' \l\~'1'I1l r "I '1I'l'
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rhl' initial rcacuon wlnch inv. )lws the l'\l\bt!l III \)f tine .[" ,1ll1l'd pvritc may be

formulated (LIm l:'H'1l and Silver. I I)X()) as 111\ln\\S

'1

~ t l.. ) h'" . 2SrJ; . ~;!I'

(Solid i water I gas) - (rl'nnl!~IrO!!, sulpbare and II

Caruccio (] %8, cited by Kleinmann et.al. 1 (IX]) has shown that till: most reactive
pyrite is the framboidal form due III the presence \11' pyrite granules less than u 5~lm in
diameter

The dissolved Fe", S(\ and II represent an increase in the total dissolved solids and

acidity of the water and unless neutralised, the increased aciditv is uenerallv associated

with a decrease in pI! Providing tilt' sllrn1lwdlllg environment is Ill' an ll,\jdjsjll~~

nature, most of the ferrous iron will he oxidised III ferric iron as !()lIows

For pH values exccediug :; .~" 5, the ferric iron will precipitate as h.'(OllJ" leaving

little h" Itl solutioll while simultaneouslv lowerinu till' pl l

Any Fe from reaction :-' that d\l~s 11111(llt'l'ipllall,' !10m solution throu .•~h reaction

mav h' absorbed in till' oxidation lit' additional fwritt'

Bas~~d (HI these Slllll'lilkd basl\' n\I\'lllllH,. the pl\l(~'S'; (If aCId l\l'!ll'rat!.'11 that produces

lion which ultimatvlv pll'~'lpllal('" ,IS h'(OIlI. 11M' h' I\'ptt·:'l'ntl'd II\- (Il\' \.'tllllhtllat!l1r1

oil e,H~(llllh L " and ; t l I W \ .uid S R Jo." , Iqq( l)

I ('.\

I'



3. Add Rock Drainuge

Add rock drainage (ARD) is tht' term used t(1 dcline drailliWl' that ()I.'\'uts as \l result or
natural oxidation (}f sulphide minerals col1taltlt'd in rock whidl is exposed to air and

water ([)\VA and S.R K. 1l)(}O) Ihis phenomenoll is often referred to as acid mine

drainage (AMD), however. this term mav he misk'ading as add drainage is not

necessarilv confined to minin_!! activities, but can occur wherever sulphide-hearing

rock is exposed to the ntmosphere and to moisture For practical purposes. the

principal ingredients in the ARD process comprise reactive sulphide .ninerals, an

oxidant, particulurlv oxygen from the atmosphere or trotn chemical sources and water

or a humid atmosphere The oxidation reactions arc often catalysed bv biological

activity. The chemical and biolollical reactions yield acidic water which has the

potential to mobilise anv heavy metals that may be contained in the waste rock or

elsewhere. therebv causing a poteutially detrimental impact Oil water quality in tlk'

receiving environment.

3.1 Till! Acid Generation Process

The IHPCt'SS (It minim: generallv results in the L\XpOSUre or mint' wastes and tailings

which contain sulphide minerals, most commonly, pyrite (Fe\,.). ttl air and \,-"ItCI,

resulting ill the production or a~'idlty and elevated concentrations Ill' sulphate and

metals This i~;it l'\lIlSl'qUCI!t'l' 01' the oxidation otsulphur in the mineral tIl a highe:

oxidation state and if aqueou» it 1111h present and unstable, the precipitation of ferric

iron with hvdroxide (I) W A and S R K, lqqO) In the emil'S where the sulphide

miner al" all' III III wac(I\l' \1I t he wd, l:olltains suflicient alkaline material to neutralise

the acid thv acid .!'I'IWI anon 1'1on'~,s I'; llt eventcd

;\ w:\',II' rovk plk t·. tllllsitilll·.! "chl'matit'allv in 1'1)'111\' ; I ,IS an l'xampll' illustratina

thv )l('Ih'ralllllln'~;', Ill' au.! ~'I'I1\'T;ltil)l .md tn!".latiP[J 1111' tigUl~' "hows a mixture Ill'

I I· I· ! ! 't '1·11 IIIl' 11l1t' th!' 11Cltl'tlTlll souicvs 1,1' (IX,I',l'lI and water and acid',11 p III 1<. ;!l1I (la'ill (1\ I·, ,. ' .

.I~\'IIl'1at 1,,[1 1" nvun all ...I! II lit \'( \'Utlllll' \~ !Iell' f Iw>;(' inu: edients <\1\.' III coniact



W~'1 R~r·l,1i
"Hd Mil'!I!1

Figure 2 1 Iota! Count Radlometrit 111/{J~,' ofthe TH's/Rand (Told Mme. l/roH'mg
elevated radiouctivitvlcvols over the tailing» dams and surrounding wetlands.
(Tailings dams and \\'<ll'(e rock dumps outlined ill dark blue, wetlands indicated ill
light blue, The Radiometric data arc <'\[1l'cssed in colour; with blue indicating
lower levels and red hizher levels ) ('Utel Cactzec. 11)9())
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All additional SOU!\'!.: of environmental pullution afhing from rtllflint!, activities IS that (If

air pollution III thl! form of dust and radon gas, (a radioactive ga~ produced bv the

decay of radium) This g;\S is odourless and colourless and being denser than air, tends

to collect in buildings built on Of out of radioactive material TIll' stahle atmospher-e

conditions tvpical of the Highveld winter exacerbate the problem bv leading to the

build-up of atmospheric radon, to levels as high as 200 Bq/m' the 'normal' radon

content for such soils ranges between 25 and 50 Bq/m' The presence of the radon gas

thus poses it potential threat to operations which have and still intend to make usc of

mine tailings for cement manufacture and till on building sites.

One of the primary concerns regarding such pollution is the bin-accumulation of toxic

materials in plant and animal tissue and their consequent concentrations further up the

food chain Although there arc numerous reports from local mining communities in

the Witwatersrand area pertaining to water-related illnesses. there is very little detailed

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

In light of this shortage of rigorous research, Coetzee ( 19()(l) concludes his report by

advocating thl.' application of Geogmphical Information Svstem (GIS i-based ris~

assessment methods to the Witwatersrand Basin as a whole Such assessments would

allow one to determine tilt} magnitude and extent of pollution problems and therebv,

assist in the priori! .sation of remedial actions and the forecasting of potential tillI"c

problems

II
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J-1g11 re ,Ii,3: 111('rc'!iistM(~'(If (l rod, [ormation as ufunctian (~lporo,\i~~'

taficr MI~~w. /99.1)

.'1.2 Tile Resistivity Method

~IIH\nt,which is

introdured into the ~'J!llllld 11\ means IIt' point l'kct!l1dt'~; l'lu- resultim: voltage drop

ProdUI.l~d by till'; cuuent i~.1111';ISIIIl'd ,I\'!\I~':;l'lltetltial elcrtrodvs in the vicinity Ill' till'
current 11(1\\ 1-:1I;l\vlt·dl~l· uf the 11Ml',tlltlldl' Ill' til!' potentia! dill!'. ,\ V. tlw apl'lit:d

GUI!(~nL 1 and tIlt' d('('!ll1(k sl'p;uathlll l'rtahh' ..1 qnanntv known as the apparent

resistivitv tu Ill' \'\lk,1Ial\';I ,I~,hl!ll)\\"
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Archie's I aw IHh\l'\ ct '!!'Illw", unlv 1\1 " {'I't'\ II'''' .
, I, " " • ~ IIO!!' I I' ill .1ll1" matri-, fimnation

I'he n.'sist" 11\ "I' iI \".tll'! "iltllnlt~'\f 1,1I1UHI',uhdall'd allm um III till' .lhs\.·111:~· of anv

matrix conduction etlccr-, IS :'j\ en b\ tilt' equation

p,

nit.' influence (If pnlil'ill\ 1111tIlt' 11."..1,,11\ itv 0 a md\ Illl marion IS clvarlv illustrarcd in

Figure ",: \:: nnln \,1' maunitude dmn!!,\' in P(ltIlSJtV allll!h~11 \;uiabks 11"111/' equal

results III a 1\\0\1 \' .der nuunuude .:hangl' III tonnation re...isll\ 11\ II is important til

establish Ilw l\'si')II' 11\ Ill' illt' f~lIIl1atl\11l ill quesnon under "nounal' 01 uucont.unin.ucd

conditions

A simple !'YJ)\'l.lh,.\·d \ H'\~,", Ilit' !aII'I' I ;tn!'t' III II'slSlI\ It1\'" 1111llld III lOck" of \ .lllahk

p(llO~itl\'!' ,I'. t hI" '~'\'1lI III 1ht' II c,li !lIUI! ,.j h\dm!',l'"lpi~l\'al I'll'b!I'I1'" I...giwn 111

hUlIll' ,,~ lilt ". 1.111"1" Idkd III P,1l1;1 \ ,111.1111III III t~"tll"" I allglllg tiun: !.\Il1dstOlK'S

til Ill\' I. 'v', I" 'lHh"lbiltt\ Iw·nl\ II' 'It'll'> .md \\ !'II '.pt !nl ba'"llt-, hlil .It~\I Idk~'1 the

dled!, III ~'\'"hl,"II.ilPh" ("1'.1'" In ~'I'III'I.lIIh""I'l'hHtH'!'I'" whivh iucludv \h\llltt'llllg

hvdrotln-rm.rl ,:lk1,1'111111 l"il.!llh' '.II'/,UlilI', .nul h.l\ llUIll.!'" !I'lld hI ll,.hll\' tlu- 1l'~'I"tl\lt\
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Figure 5.2: }?('si.\tMty OfSoluttons Of Sodiu III Chloride As A Function Of

Cuncentration Ami Temperature (After Dakhnow, 1962)

5.1.1 Resistivity And Porosity

In I (}.12. Archie first recognised the j;h't that tile ratio of bulk rock I esistivity to the

resistivity of the saturating fluid and the porosity are directlv related over a wide range

of values This empirical relationship. (Keller & Frischkneckt, I \Jh{l) known as

Archie's l.aw takes tilt' fbllowiru; fllr III

wlwl'l' F is the formation tactor,

1" i~;till' bulk rork resistivity,

.'S
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Figure S.l: Relatiolt!l'ltip between resisrMty atul cnncentratinn for

various salt solutions tit a temperature of 18"(,

(After /)UkfWII', 196~)

However, sodium chloride is tilt' primary and often the only salt present, so corrections

can be made for the presence Ill' other ions I'hcrefore, one may llsllIllly ,,'\Sllmc an

equivalent salinity in ter ms (If a salt such as sodium chloride in ~~ah.:uhlting the

resistivity of water A p,raI'Il 1\)( the rapid CllrlVersioll from resist!\ to conductivity

and to approximate sodium chloride (NaC!) concemmtion ill milliurams per litre, at

different water !t'Ill)ll'ratull:s is shown in h/',Im' 'I .~. In tlw • ',~;l' or ground \V.l(t'l

where tempe: atures ar- Ielativvlv constant and lISWlI .PI,rO\II,tatdv ~)()!I the Cnl'l~'1

will be IW~I,li!,.ihh.'(!\kY~'1 ct. al. 1"<)·1)
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Ihis studv I', Ill'! \'I1fl~'l'l!wd \,1I1t am of'the"" ",h"" dlld \\111 Ihrldill,' h' restricted tl!

~!~'\lh19l\'al Iiumat inns \\ hirh ha\ \.' at lea"l ,PllW d'}f"It'l' Ilf pllllla1\ III Sl'I.'I'lId,1! \

pow ..;!" Ih t;u tilt' mau« ll\ ,ltr(1d, ItI!mations tr.msuut 1,1",.,.i,al current due 1<.\ till'

mineralised \"111.'1!lUI lll('\ contain III ll\lll'~' tla,'tll!" l:l'Ilh and 1f1 ..,llt"1l 1(IIW' Ihis

is known as "/1\ tr.dvt« (1I11dlh1l01/

S1l1t:~pure water is hllll..",d 11111\ til a vetv ',mail dq·Il'1. eondurtiou ill pllif \\;111.:1'>

depend» hU~I'h lIP the CII/II cmranon Ill' dl\\uhcd 'dil', III f!I'Ill'lal 1\11 a :.,,,iwn

porosity, a md, which cunt.un-, ..alllll' w.rtet wuhi» its PPl\'S will have a gll'atC!

conductivitv when the "allllll\ 1'1'111,' \\atl'l IS Il1gh than when It IS l\l\\ The (/eg/('I' 01

suturatum (amount of water present) and the cttccttvc },01'1'\/1\ III ••listrihution oftllal

water ,I[\.' additional 1:llIm" \\hl~'h influence the resistivitv pI il medium I!\dkr &.

\\I1\.'It..'~' .wd I. ,\1\.' llt~· l"II~'\,'IllI.l!IIII1" \,1' the \,ill<)l.:, ~'atl\lll" an.! anions III ..,plll!in!l,

1\!SPI:\~tl\ 1.'1\ "lid I ,l1Id 1 ,II,' [11('" ;!!IIllllil and ~'atlllllh' \'qllh alent conductanvcs Ih,~

equiv alent ~1.llldU\I.lI'I.T'> .uv Ii111~'11l'lh 1'1' ,'plll:,'n!rat it 111 and n-mpcr.nur« (i)akhll' .\\

I I I III ' i It' It'll ~'I)\.'\.'ll':' \'\ 'Iiunonlv found IIIIII pt.lI:tlo,V '>IIlIT till t'qlli\;1 t'P! \ nih Ill'; \.\....

I li '1' ,I 1'1 tl the dlllll' II ,'\IIl1PII',t110nIII the 1'1.'lind water IS nor~1I1Ul1( \\at\,l \ It t'! 1I11 \ :, I!.', I \ ~" v '

llu-. l~ rllustratcd
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detcrmiru d IiIHII till' vruVI' I iSl[H'. th~'~;I~ 1\-;111'>11,'l'stl!ll,lk' •. IIH: field cut n':, :11\' then

forward modelled' usuu; ,I Srhhllllbl'II'.t'!CUtllllll(t'1 muddlill)' pld!'.lallll.'allni VFS ; I

FN a three '!i\y~'r\~deart h. tlw apparent resisuvitv 11,11(\\\S olll' \,1' four bask types as

shown ill Figure ""

II/lit' II

t.ll

j"I' I'
l i.l

/'11/1" J\

fd)

l'igur« S.5. Four bas«: 11'/"'\ of thn« ,Iayt'n-I{ 1'('.\i.\th'i(I' ('/4r1','.\: ((I) 1', • I'~.JI"

1)'1'1' II; (M 1'/ ' I' .. I'v , Tvp» to' (I') I', ' 1' .• P., • Tvp« h:

(dJ Pi' I', . I' ," 1),/1(' {j.



.'.2.2 Electrod» Laynu: A lUI Field Procedure

A variety of electrode cuntlgurutions arc possible, all of which all' suited to speciflc

applieation« Since the presence Ill' IHlI izonta! til !'.~'lltly dippillg beds of dim..tirw

resistivities is best detected by thc l'xpallding spread, the ."it'll/umherger tgradient)

technique was emnloyed fill deter mining. the depth, structure ami resistivity of tilt'.

nat-lying sediments of tailings dam (41.4) For tilt' Schlurnber g.el arrangement

illustrated in Figure 54, the apparent resistivity is given by

is the current (Amperes) and

t\~' is the potential drop (volts) (T,'1I'h 'd, IINO)

, .'

( I

<," -h '1""(;" tilulIl'Il'" ilIl4.\irlltilll: III<'.\'dlilullb,·rlft·" "/t'ell'm/I'Figur» 5'..1: ," tu ... l'1 I
nm/igut'lltitlll (t4tl'r 'It'/Iimit 191)t )

, .~'.



5.3.3 Interpretation

A tvpical profile (11' the ekr,twl'\agnctk response due to a vertical conductor is shown

schematically in Figure " "1

Host rOCk

Figure 5.7: Horizontal 100!, electrolllagnetic (IlU~M) re,\f'()fut!for II vertical thin

.'i/f('('t conductor (~f POO1'llfll/ good otltilictil'iO', Horlzontai scale: :dIM

{Modified after Botha et. al, 1991)

The l'I:SPll!\SC proflle is SYJ1mwt! it' about the y-axis and has .1 !ll:~~:ttivc anomaly over the

conductor. flanked by two positive "shouldct II The Il'Spl)!1S~\ is explained by Bothn ct

al (I (It);',) as follows

.. When both the uuusmitter and receiver coils are 1,1 one side of the

conductor. the response is pnsitivl' as the primary ant! secondary

magnetic lit'lds lllt.'a:-'lIl,'d at the receiver location superimpose (i e

addl

• Whvu eitlu-r IIw Il'CIt'VI'III.UI'.millt" ,'ot! i~, !th',Md dircctlv uver tltt'

rnndw!ll(, tltt' Il·~ip(lr)'.,' Pi /('lll dill' to thl' '!l'lll \'dllpli!l!~ c(lItligtJIatioll

of the (11110. with tnc ~;l'l'\lnda[\ 11l.1~'.!ldIC field \H the cunductur,



1"'1

II

III is the primarv tI1i!l',lldk field at tilt Il'C,'I\\'( ~'Ilil,

(') 2;c1

PI> is the lWI meubilitv or 11,'('sl':lI:t'.

rr is the ,t'Jl1IHld rlllldlldlVitv (mho/m 1,

.,/

IIw 1,1, .. 1 of tilt' secondarv tn the prinuuv magnetic field IS linearlv proportional to the

terrain conduetivitv Given tills ratio, tit" apparent condu, rivitv i'1dicatl'd hv the

instrument is dl.'lIlIl'd Iiom tlw tHcel'ding as

I (it, )
,.,nL.,\\;l ,'rl,

5.3.1 lnstruntcntation

.\ l'rI'qIH'!ll'v domain -vstcm known ,h till' I \1 q., Wi,S !lsl'd in till' '>1.1\1'\ The ~\~tt

I', ,1!\\P 11l.l!' (hHtahh'. I'Pll'.p;lill!', ,)1"41 t!all~Il1I!!t'! ,m,1 a !I't"('!W! \'\,il which all' llexiblv

\'lltHll'l'It'.j I,v ;1 ,;thk" wlll..!1 ,1, h it'> a It'li'(''(W(' !I,11ll tilt, u.uisnurte: I"pil Ihe

tr.m .nutt>: .un] Jr'n'I\TI ""t!" !1I,I" fll' 11I'ld III :l 1I1111.'II111al (If \('1111'011 I"Clplall,ll

C,jlllif~!ILIII\Hl III ('Ide! til ,!I'll', t IIIl' \('lIkal and 1tl'Il.'dntal m<l!'.!lt'ti,' 1"ll'1l(H1IWllh,

n";l't,',ll\I'I\ \h,'lliW'll! (I! lilt' Illd'" I'. t'T111l",tI ;1"; ,111'1<111\\' !lIt ,If Iti'lw!\\\'('llllh' \'ltl~i



1;11'1,hI' a t ln \'\' III liun Ian'! UII \1,' ill \\ Illdl tln- I'b !l1\':!1 dkt'f ,,11 h' v.uiou, t lUll

la\I'1 s Ita-, hccn ';lll)I" \'s'.\',I' 1111'1'j' I' , "I II \' Sill"!.' 1\",h!I\Itv '1~.tljl1l1!I(llh that .11[' qUill.'

different Iiom each \lthvl call It"!li to ',Imilal soundin.: ,'UIW:., \'\t'IV 1Il!\'lp!\'latipllllllhl

he based on th« i!lle!',1 arion Ill' ,!II f~I'Ulllgll';I1 a(ld ~.'\'llr"!V!'I\',!l illiin Illation availabh- Itl

tbe ~'IllH'V at ea

5.3 11U' Electromagnetic Method

I;,k'ctlllmagrwti~' methods dil1('( prinripallv from elecn ical method" ill that nil contact

with the medium is 11\'n'S~,1I \' FIll th~'IIIIOI e. the i:.1\\'11tllll:t1',llt'ti\' Il'rillliqw' I nOI \'

f apid to n llldlll:t and thvt di111.' idval It jf Il'\'onrli,issaflL~' studies A t I ansmitter COil h

I,'IWf!',isl'd with un illtt'rnatin!', current at all audio tIcquvncv alld a Il'1'dH'1 coil I:,

located a ,'\.'1 lain distance away llu- tunc val Vil'l', Ill.l)',Ill'tic field, I I" al [sin!', thlm thv

altcmatiru: l'IIIH'nl in 11ll' transmntcr l'oil induces \\'IV small l'unl'fll~: ill till' earth

Those currents .I'\'IWI atl" a secondat V magnetic flcld. II,. which is ,\\'I1:;\'d 11lI',("llwl \\ ith

the I'll1nal\ lield hv [',' II'l'l'!V\'1 \'1lI1 The phasl' and amplitude olthe runvnts induced

111til,' !\'\\'iH'( coil <11\' a liuu-tion ul' the elccnicul \'lIll tuvtivitv Ill' tilt' e.uth uutcrul

llw lotal mavnctic lidd is Iltl'a'illH'd III 11'1111'1or till' \ plta!',t' mlllln'l! in Ill\' 1,'n'tH'!

1:011

1111' \ Iltldlll!1tl

(I Ill' 11',1.1", j" II'klll'.! (I' \1'1"'11<11\ \ f,'1 ,I dl'l.uh'd dl"I'll",tP!l PI' (hI' indurtiou

llllllllwll l l«: .1"dlllLll llla,'lll'lh tld.l I' '1Il'll .1 ',lllll,h" 111111'111'11 .. , tlll,".I' \,lllablt·"
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SOllllciitlN lnterpretution errors: Due to the interdependence of the resistivity and the

thickness of a laYI.'I. ambiguitv in sllunding interpretation may arise owing til lWII

lill'tOls rill) first is known as tlll'/'I'II1('/I'/c.· of cqurvalcncv which is defined as follows

(Slwlitl: I'l'lI)

111'11 \'( ... ducttvc layers lit/I aury IIfClI'b' Iltt' .I11111!' t'/eC{f'{l'itl cttrrcnt (I'
thvirranas otthickucss til rcstsuvity (known as IlIl/g/{lit/llle11 conductunc«,
SJ 111'(' the satn« lw« "".'1/\(1\'(' 1c~1(,1''\ 11,11, ('(11'1)' 111'<11'(1' th« same ciectricu!
(/1111'111 t/ {/it'/I' 1(',\I\{/I'/(1' tluckncss produ('/,\ (AIlOII'II ciS IfWI\Tt'f'.\('

/I'\I\«III(\', Tt arc th« samv

It i'; tlWll'llll\' ill1l'os~\lhk III obtain a unique model unless (IlK' uf the interdependent

l'iltartll'll'p; has a "11\1\\11 value If'hoteholes exist which have been drillecl to a suitable

depth. it h (lPs';lbll' In calib: afl' tIll' elvcu ical S\luntlmgs lind obtain thv II Ill' rcsistivities

Ihnll tIlt' known tlll\'klll"i.'I('" II ,s important til Ill'i11 in mind that !\l'ollwkall'ollt:lcts

I'he 1"111. ,11'/" pI \111'1'1,", \/Il/l 11l.1V aJ.,p h' .i ',I111! n' III' aml-iuuit \ it! modellun: Slwnl f

(11)'11) ,h'tllll'~'thr- 1'!llI\,lplt' ,h t(lll,j\\~,

1I','\I\ltllll /,1\('1\ I,mdill' li,'" /,,'[11,','/1 (OI/.II1.1I11.\: /'1\/, (/1,' t'I,',ll'/cllllr
"'IU/\'(t/. IIf I: ,hi' 1","/11, II" !h,';lllu.MI!'\\ .m.! ,,'\/\1111/1' atv Oil' \<1/11('



• Wlu-n hIlt II '{Iii,. ',tl addk- thv vonductor till' "vl.'utld;\( \ llU)'JWtIC Ikld

mvasurvd at till' rcn'jv\'r cui I (1PpOSI"; the l'rilll(ln field and till' response
t:,rwgatiw

Conductor coupling rdl'rs to the or ientati. 111 between tilt' t.u gl'[ and till' pi imar v

electromagnetic lidd Fur a coruluctur to Ilt' ener Ised hv tilt' magnetic field, optimum

coupling is nocessary This occurs when the magnetic field b perpendicular to the

laruest surlac« 11l' till' 1\ inducuu

Till' ~wn('ral aspects of the tcsponse of electromagnetic profiling methods .ue studied

with the aid or II'SPlltlSI.' di,lgranls (11' the tvpe shown III l-'igun: ~ X, The cflect Ill' ;\

dipping conductor produces an asvrnrnotric anomuly with a higher positive shoulder on

the down ..dip side ()wr the edge of It horizontal sheet conductor, the highest positive

peak IS located outside the l'd,lW and the negative peak ;,'\ located over and inside the

l'dgl' lmvrprcrution or such anomalies involves tlw measurement 01' till' amplitude of

the anornalv (ill mSnl) HOl1l the peak til the average lit' hackglOlInd level as shown III

Fi~\lJrl~ ,," l'hi-, amplitude, measured at two O( tht ce intercoil spacirws, is plotted

vcmvallv Uri tl.ll'irW P'IIW1 til tlw ',.111\(' scale as hglllL' '; q TIll' data is then shilh'd

"ll!l/ontallv and vertirallv Illl the )\r uph until a satislltn'll\, mntch is obtained.

,...hvr t'tlll( HI the lit'pllI I'; r ("iii ollthe \ ;I\i·;

it



ItIIl\lI1lP!'t"lll'i1l1". hnlll til!.' In "Id Ih,' .:" Il1dl\' lnkf'.'I)I!., c,,'I'<llaH(llh \\1'11.' 1I"~'dkl!

II.lH·I"'~' I \11 ,tIll'1l1pt \\;1', m.uh- I" ,p.,' a· ,,\,'lI ,11111111.'11 nd .·.p.lI'l!l" 01 II! tI1\'tn.''>

hut 1111... .rppro.u-h \\a~ ah;llld(llh:d dill' to tln- el\'dfh,almh:tl"lt'lh'(' 'illi',nl hv u\t'r!wad

1)(l\\,'1 "til'" I he ·,talioll "1';1\'111 al(lll:~ 1111' Itll~'"tt<lH'ISl'd \\,!,- Jlllll !J1l\\t'\ef III till'

'KitHI\ 11flht'llldillliadufI' .''!In.';. tlu: "P,I\'IlH', \\;f<; reduced t(l "111 III "lIkl III improve

upon anonul- resoluuon

\ mlmht'l Ill' limitnu; iad!'''' III't'(k'd III Ill' taken into a~'~'(llllllill 1l1lkr In ,'pllllli"l' thl'

design or til", dl'dIPlll<ltUWlir -.1lI\ 1;'\ \ it' ,'lIltw.lIIIOI"l' III Iht' IIHlIl or

• lrafll, ll\)hl' the S\111I1ll'1l1 h(lUlld",'. of the "!lIlh 'lIl'a IS [lonkn:d 11\ .t

hils, 11lg.lm11\ and n lIlseqUt'lll h lid·' measurements \\('1\' I "'U udcd

OWl !h~' Ida!l\ L'h "quieter" wwl.vnd period

• I k~ 11\1IllaglK'1 ic vouplinu t 111~ \'Ill','! i:-. ~,tn.'lI1l;' It,urhlcxomc a~ II

II.'SUlt:-. from tilt' mutua! inductance between \)\l'lhl.'ad P\)\\L'! line

(';;;oll.'l alld til" elccu \lll\a~~!wtll' ,:\llb and (ahle Till.' dt'r\tl\m<l)!lWtll'

n1IlplllH.' dll.xt ....an Ill' qtllt~'lalgl' \\ IWI! ,I' '1:\ wue lavouts arc used

1 It'd!omacncti, mrer I~'Ivlln: \\ as t'Il~'llllllll'l cd 011the lustcrn extreme: ..

of'hoth 11111..'", I and' due to till' powvt lines III till' nearhv vicinir, I'he

IWhl' 1Il,Il11ksll'd itself :1', ;j ',111\\ \;111;1111111 III thv output IlIl'll'l I,·,!thug

<Illd 1.'IlIlSl'lllll'llIh lk~' \ Itlolllllih \H'H' ;\\I,'ra,!'l'd out 11\ tln: Il'n'!WI

• 1 1.1\ 1.'1"l". \\t'I\,' ,h;"H'h,'d !,1'lpt'lldl\'ul,1I hI 111,,' ...1111--\' ,II' til\' a~'S\1Il11~d

(\\dtanh" \'I,tdll'llt ttl '1Id,'1 III Ill>! dellnv couductivitv pl~ak" tl''illltin~~

troiu liill nuvd ,lqlllll'h



results III <Ill err: I! Ill' I ',0 II II! "! " t, I, • idi
,', l,1 cr. ,I PUll Ill!', 0'1 the strl'll!;th ot the SUhSllllill'C

condurtot lhe illt~,!coil ~;pa\'lfH~h tlH'dsur ,I .J"'! "JI, ,
, ' U t ~, I(JIll,,I " ,,\) that t he 1\'l~l'l\l'r simply

reads a meter tn accuratelv Sl'1 th,' coils !\I II ' . "" , , . ', ' Ie correct "'PdUt1!', which can ht' l uin, ':\I)tn

or 40 nK~tll'S so as I\l dircvtlv \ II ' If ' -fle '''r h t ectrve depth ,)1 exploration (Table " I) The
Illcasurement recorded at the rvcvivcr coil i ' [II It ,I ' 1 " ' I 'S 0 t\ Il\H wav 11~'t\W'''' the transnuttcr
and rCL'l'IWI coils The tcrrain e I'" " I' I' .uu «, OIH lit tivttv IS uisp awd on a scconu meter which is
calibrated in terms of milli-Sivtlwl1s pel metre

Intercoll I Operati Itg Maximum
I

Maximum ~I

I
Splicing (m) i FrequenC:I' J' / ' I Exploration

I
....1:1' oratlOlIl

I
I (Hz) /)epth (III) I /)"I'th (m)
I i
i /1"1'1;'11111,', I I 'ern, <III

I

j 1)/1',,/,'\ I / )/1'"/,,,1
!

10 I (1·100 7 ,~ 15I

.'!l l,hO() I~ 1()

,10 IIlO HI on

Table' 3, l : HqJ!oratioll depths [or l:'JI3.f·3 lit various [requencic» atu! intercoil

,\JllIcitlg~ (J/m/itil'd aftor MC';\'L'i/I, I 98fJ,I

in orde: to 111~'al(' fbtl '1111 ed aqulfl'I~; whkh <11'1 as nan ow conductive WIlt'S 1)1

shl'\,t hkl' conductors, dl'l'ttllnhl~',lWlii' plOlilill)', was l';\lIil'd put at till' base or Il'sidlil'

,II.; and (Ill thl' Nouhcrn and S,'lltlwIIl banks of til\' Natulspruit Rive: (I ''i,I',lIIl' 1 I)

lla\\'I~\'S I ; \W1\' ~,\I1\t')\'d with all iutercoil ';Ph:IlW Ill' ,'(1111 ill both ,Iw htlti/olltal

r.nd \\'Iltl .. ll nlpl.t: \1 !lIod,". l lu- lillln"1 lIIod\' was III t'!t'! I\'d III ',iI"" tlfthl' improved

depth ill 1lt'llt'tlatitlll and tlu- Il'dlll'l'I! "'l'll',itl\UV It, Iwa! ',lIIt;I('J' (,'hall)',\'~ in vondurtivitv

(f\ld'ktll, j<l>'li) In ,'ldll tIl dJllt'II'lltlall' 1",lw\" ~1lI!l1t'1' condurtivi'v



''''I,II).1h'lI »,itlll.))r\\.lj1 .. Pill' ':!Il1111H1tllll WIllPldi!.Iil ,illll!" ;uU'\\\Ii[l' \\PI·'1111

\\.lll J'\ '''~.HI·1';,-,11.'1\1 .,.,1111 .'Il\hll III .1\1,1 ,,,IIII'~II,)~iIllIlJ\lld '.IU·,1.1'., \ llllPj .,,'IIllI.'r,1I

I ,til: ,,'.1I!II',''') 111.11'..1il.)lll,)"l'q III P-)lP 1I11.),1!l11) ,\t! PI'IlI \\ plllll.l' \ ,)lUIlIO \ l',.~hi II!I -'til

.'" hi \1' q ;1111\11 m[lI,llpU,),!J"d IiIHl.I.1 lip l' III 'I-'II i 1lI.1HI.I',1:q,)Ill ~;IlU!l! "Ill! 1'IIIIl \\ urup

"Up It< I{lh11l [,ll[1I1H ',,)1111",,)1 PUI: ~ It Utl'P '"illllll'l HII'II ;;'IIIII:ilP!I(.'IIIn:."Ill·; h'll!'\\.)I'i\'\\

\11\ .'nll'ld 1I(,11I1.)\,I:q ')"t~J(£Nltl ... ,llf! "11!'((l,, ,'I "1' p. It .)~P\PII 1\ I ',1' Wllll"l)!l

;11!!I", ,)111 1111 .~ II IlWP ""!!IPVl.l1l ""I:q .)1(1 II' f\lli'. "1'\\ ,"j.l\l'1l .1HII"I.)~ P \llVUH

IW'p ,il!l!lllhll ,)111111.1P,)iI" ,11.)\\ (~ I ',;1\ I ""!il11I1! \ll \11"1' ..)1 ,1:\l11l '.lIll'l"'~1

.,111111"1111(11111:11,',1'11 ·;t IPlPWIIl ,)1';!''\\ \\OIII'IIl' 1111)11·"HUIlI!) .1111III ;il!lPW( .)lIlPIlIl"

".Wllthllll', .llp III .11Jl1'1ll;1',Ll(,1I11 I.)lt.'q l' 1IW''' lit I;'PUI til lI,r:1I1S ,1111\1.111,,(I~1 "111.111

II<1111111'Id I" ,) \ Ill> ". 11Il' \lIm;"" I' ',p I It IUI'P ',.m1flPl l',".ill,illl., I (}n\(.l) 11' 1.1 .,;'Il II 'I'

\;,'lhV ,I \11'!1PWI.I '.\\lIll~1I "I' 1.'t IPlll"

("111\1'" Ill) '>1,'1111111' P,'llllPI II ;111',1,11 \!!,'!!ltl.k, ''1",' d', ~I~~(d III Ij"I"~,lll1llh',) Ipll'.''';l~1

t,)il'\\ ,'lfl \'1 P,IIIHUP1·)1' ',1'\\ l!)lq\\ \\"11 1.111'\\ I'PPII',,!,!'. \\11111'11" .111 11011.',)111'

.)Ill "I '[ P'Illllp,.1 ld ud P,lI l"I)l'.lld I," \\ 11 I\ II '" ". I.! \ l' II '" II. ;I'll III 11,1"I" lll\ 1,1

IIU P,I!ll'~'Hl!d q '.,)"\.1 I'll .'IIH'.;,I', 1'1!l' \11 \II.lnpll' ',' "IU,I HIII\!'[ "1(1'. ,I

mo.,)},! .1~).t.m,\·j1J.),I'.Ji/lIrM,u) J:");

.-~,-.,.
\ ~~"

"



',lI~Yl'''''!\ 1'1\ d~'t'l't'l !;t\l'!

HUt'1pI t'[ath in, Il,!flll'i\

III I )d,i\ -Timc lill'rh"d·, .Hid

III till" !,.!!t!dlbr "Illd\ the lI11\'tI:II'\", h"I\\\.'l'r1 '.lIhSllrt;\~'t' l,I\,'r~,lit' flPI! pal,lilt'l ,llld

sUb';C'ljllt'llliv, thl' \d\\i'llw', I'h[;Urlt'd Irom llw curve ;Ut' ,If'l';([\'!lt .'0.1 thlt trUt'

H'lll< Ilw; Bp!}t ,IIl<lI\II,al all,l d\'I,I\ tunc I11t,thi1d.. \\\'It' ,lppll\'.1 III tlil' 1!l!l'!pll'[a!!I1U II[

I trh' I I hI' i,JUr'r Ill"!!j, ,.I h !ht' 11,,1';[ "Wi,'~'ptlbk- ,\1' tht' thll'l' 1fI1I'II'!t·l.llldll !c'dlflqU,'"

[lith" ,!lllh'lllll\" \\ph'all\ l'lh'l'J llll \'1 1,,1 \\IWl\ d~\IHn:' \\1111 Ic·l!ad,·!'. 11l,II .It t ' ,un.t'd,

ii,' "d,1\ 11/11<i » ih,' ,!dt,'l,'I1,,' ",'III,'c'lI Iii,' till,',' ,r.llld/h '1'C I/f ;'1 ri/.
/'/11,., ",,1\,'/1111',' 11/ ttl /1/'11</1,1 til '/"II!III,ll'/IJ.tfIJ IJII"/{l~h th. II/'!'t" l.I\!'1

.m.] tid' 111'1,\ It Htluld h.tv« 't,'nl Nt$\,,.J!;n,}'j to th, It'~ld, 1,," \t'/f'~ iH tlit'n,)l

Ihi;'Nf!f!1I,ll/t" Iii hIJnfi.',hi"/'df)J 'lIlht','Nfl"!;/,(; fj",\'d;f1Iuh :.l ~j



plnp.W;lIll'll 1 filii ,I .,,,'It:lIl1 an"!.- Ill' lrili,it'rr,,' i'.lI' 'I j, rill' • rI. /1 ,JII,'/" Ilf

IIIt'ldt'lh'(" I:, fI\tdlt'd, ailJh",( .tIl ,'I rli1' \'Plllfilt'·"',J'lfl,t1 I.'f)t'!"\ I', 11,\t1',111l1It'd lilt" tlw

hi~~hl'l vclocitv medium Wh('11 ,I I;tV h 1'lllh'aB\ 1,'fLh'!t'd It II awh .t11l!H;llw hpur.dal\

bl.'t\"c~'n tilt' t\HI Illt'dia ,It tilt' IIwh\,t of tlie t\\(l \ .,.t(lCllh'" rulth\,f1l1PI\', .IS the

criticallv rella,'led I;lV travels ahl!1,~', this bound.uv, It continuallv l'ytll'I<ltt'S ~\~ISnlll,'

waves III the I()\l,o\', velovitv la\\'1 tltat Ilt-palt tiom thv boundar, .It til,' atlgk' of critical

incidence l'hese waves alt' rcterrcd h\ a...111''/.111(1\'('\, 11 is the arrival times of these

headwuves that all' recorded and \.'t1ll\l'lll'd til produce a vi-locitv depth 'l'I.'tiiltl. which

is ultitnatelv used to map the sub-an J:ll'l' structur 1,,' of the 'ill!WV ill't';l
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·,t

1'.\11' 11mI', .\111 ill !l"1lI" ,In' ·,Il,.l'll Ill' \ hl'IlI'VI,1 lI'lf!I.II;! "Ijl

"t.1np p."'dl ',P\\ H11l11~p ,llll,H.I.I.11 !1'IW"'th''11' 'llIll" ,Ilp.l·' ,1',,,dPlIl ,1111 h'! ,Pl'llll'.

tlllIWP .1111 liP 1'.111\1"1 ,Iii' ",)llut{dn.),; I'llI' "IllI\l\lJ'III' ,HI' 1 \,'11.1 W'Il 1"'11'111'11',\

.111''.[lIlII',llhP j'1II' 1'.11',11"" ',I 1!1l1l'T ,l\lPI.l.pl \ 'hIHfH'Ij' Ii 1)1', !"I I ',HHn iiI

\ 11"''',\1.111 .1 I' ,.),) 1.\' 11 ',I II pili' ·,.mllll.1 \t'li : I,ll!" .Ul'lI11', ,If!! !" !:I'tjl' \"1,1 •'ljI I.ll ',11<!l11'1 n' \

"UOll' ','./JO.! 11O]lIJ.1"1:1

IlOlllWJdJ,'JlIj 1'1IJ :ill!\\.),IO.It/ tl)llCl f·t··~·

I \1111\" ·,!tIIIH P,lIlddl~

,~lnp""(1ld PFlU ,)111,1" tlllIllhL'~,)p II PI'I"1l l' hli H \(l'IPdl!\ "I I'Ht.'J.l! ",1 1.1111'.'1"1111

(111)(>1 '>,'11l.mll '.\! ) I):\'') P dll!lIl1l!i ',1 1"llPld ,1111 !!.I11\\

'>1'011.111.J.Hhl "ljl ,iUIlIlP l!"i:lj ..." ,\.)1\\1 "dl'tp"d 1I1.l1lil.) "11'.)" lpm \1l1~lIIhlll".)1.1dIUl'

• , \pttnw\\1lddl' "'\\\'11' 1(I,)tllllll'>llI .1111 \1,\11t'1j .\,,1'1\1\', I' \1!I' 1111\1 ,),'111"" ll\\\"~'l

11'111.\1\,) III' tlhll,I 1',)11'1,111" ',I W;ll"\" ,Ill I lollll!II1'q "ip "1 Juq ll'1!P 11,111\\" 1l'IlPlII

III' \\1 p.)illtlll.\l.lp ',I \,II'dlll! J" Itll'I',W .11J I .1Iqd 1.1,1)', !' 1',IIIt,;:, Villi" ',P\\ IPHI\\

PIIHIII'lj ('lllh1d 11.)1 I' \'1 l"ll,htll', ",1'\\ .'.lllll'·' \,01,\11,1 ,1!P plll' 1,.),,11 ,.,~",\ q\h~l;il'Ul"'''H'I

"'1 •. 1 ~ I 1,\\1111'11'111'1111 ·\\11 '1prq', ""PIII jll'~I.lll1 III p.'Illll!!<'1!I ~'!P)I'l1PIII \1I11!llh

"ttl,iUlI111'11., IhHU', I}U ;: liP p'\"'[d'>l1' pili' p.1111[1hm, ·)(1' \"'11 'Pl!\\ Ildl'I,;O\II',(,'"

,1111 III .1IqP,\ \q 1'.) nnu-uuu ,) II' ''''''j!Hhw 11!l "II-' ,)·,,\111 "'\"1' «lun .IU 1.1-,;.' II) "l!lllll' hll \

.'!I!I~"\', "Ih)\ll".' Will (PII1P'>llPllI ,)lhHld"'11ll1 ", 'hhll' ',I ,\IIIIlld,I"" \, \I~\\l' .1,)1l1'1"IP

,'lllII \', 1",)111111.1(\,;;;) ',q).)l\,IP ,,11NI,\', ,11<110 \U', 11: ',,,1\1",\ ."!Hh[,I·, '11',ll',i" 11'\"11'

"1111'111' HillI\'IU! 1l'1l1ll1lhll' It' i.ll'dllll ,\111 ,U\\1-< 1",,11111" \!,ill'l ,)111 ' ..'IIl',I',11ll q)lIl'\

'ldl'! \iUl'd,\', I' q' 1[;,.,1I\"j IfUIII!I!l'.lllltl' I,; ,1',11,liP 'q\'.I"'.lIi 1',!I!I,'lIl IIlI!Pl'IPt \1,.1"1,1'11

uountu.nunuvu} l't .1::'



5..1 rill' Seismic Rvtractton Het/wl!

111,' hasI( tt'\'tUlIqllt' tIt' ",'hlllh' Idtdl'!l\lt! ,'('!l',\,\ (,I "l'lil'L!tltl" ""fllpn",.IPIl.ll \\a\t"

and rlll'.lslllirl)' til,' tum- lequil\'d t;,r till' \\.1\1:', t .., tt;l',d IlI'lll tht' 1l1l1'llhl\t' l'n~'r.t',\

!'Illllll'l' 1\1 it St'!It'S \)1' t',t'''phlllll''\ dh['O'.t'd ,d"tH' .t ~ll.m:ht li!l~'di[l,~,'t\,'d tll\\,\tlh tltl'

S\lU1t',' Propa!!1I1111[1 Ill' tht' \,.tH". ,h.'pend, .• HI tlu- \·laS!II' prpJ!t'!!\('S and til" dcnsitv III'

till' rocks t!twugh which ihev IritH'! h nfll it 1-..1111\\k'lh~t'I It' till' !T;hd limes and till'

distunces travelled. \)11\' attempts til rvconstruct tilt' path" II!, the scisnuc \\<I\l'S

Strucrur al information I', inferred til un .nte: prctatn 111 1l1\'! fwd'i ha"ed I'll thv r.m s PI'

l'11l'rgv propagation

rill' pIlll'a,!'.<ltillll Ill' seismic t'II\"rl~\ rht"\ll'll su!l,,1ll1:1\,'\.' !aV\'h h des\'lIb,'d hv tlt\' \alli~'

law that gO\t'IIlS the pll'pa~',atHHl ,,1' IW,!tt ravs throuuh Irallsl'art'll! media, nallll'!\

Snell's I.I\~whidl statl's tilt' 1'(111\1\\l!l!'

III

!'

\I II!'!,' {II/Iii' (/JIg/,' til th:: :111 'I,k!lf 11.11,' wtth d \ cl.« If> '1,1 \

H: /1 th: ttl/gl.' o/',II<llI"I!! tlllti

/"1 tl«: r.rt/'./Ih rcllc/lIIt'lt" 1,\'11,'11111, i'N/ I

I I 'I 1/ ,il II Iii.' 1,'/'111/,' /'U/I" Idl.l''!)r' 1,'1Iht 1,'11,/";"// ", 11II,\~I1./1 ,,,'111/, ", "

I I J I • 'II liI'!IIII,J ollli,'"hl'/lI'tl"//I,i~jl(lm IIl1t' mlll,'!!.1 /,1,/.';", /I'! ,""'t'!IL ,I "/' ,

fldl/\/1//\\/nl/ vcl,« tlu'» .. i Iht' fill' 111,11<'1/.1/1

';,wll'., 1,,1\\
t' 11111',ll 1I1l'It,h'Ill f'" 1:, tit" nhvsical\\ nil llit' ph\'llI'"i1'lId!l \l r

1111':'" I'h"!I(lIlII'na ,11\' IIItJ.,tl.lt,'d III ('1)'1111'



FiJ[lIre .i.8: RC'.'.flOtl!it·diuJ:ram used ill tilt' lnterpretatian oIEM/.U ..,1
atunnallos ,\/IOH'S (:tIi't'/ of l'uryiuJ: {Iii} Oil pr(~til(' ,VllllJ1l'.

(·Uil'r l/c/\('iI/, 1(80)

(To
'l\ho/m I

J • S l' It
) ,

1 'j I, I
• 1

1'1
I,'

1Jcol'thnetcrmuuuton oj Hcctromagnotic ( '11111111 ('tor..

(. flll'r MI'\('i/l. 191M



Figure 6.7 :ELECTROMAGNETIC PROFILE 4
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I he ,'I'lh ormtaut !tIUl'a',' 111,1lIlPh!lld~' "I Ill\' \\1'11 ddlilt'd ,lI1PIIUl\ III Ilt'Ul\' (\ , \\1111

llt~' lllli,';I',l' III lllil St..'jldLltl,m ,!lP)'I.'..h thaI tltv 1~",pOli'.~·h ,',1I1Wd iI\ "'\'l'l'a~.',I: \\,Il,,!

1l1l:!lalhHl (t"h'ndI'H' I\i .l dvpth (,t appl (l'lIllall'h ;1) mcu l'S) ii" nppm".'d II'

nV,1! -sut t;I~'l'...ahui t \ \ anat 11111'.

1 xanunar« II! ,If ,I h: l!('liok III!! pI pdul'ni !" SRI....!Clkd III '(!llt'~ t'l .II l t)XS) III lilt'
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Figure 6.5: ELECTROMAGNETIC TRAVERSE 3
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(hgllll' t-. 21, \\ hich an' all III e\.el'~'s ,)1' to metres \\ ilk. represent minor s~'l'page

plumes occurring ill localised legiolls ofrelauvelv permeable quartzite

Figur, ..' (I i shows a singlc-poin: anomalv at Station (l(l which Illay be attributed to the

presence of a IH:at(1\ metal bOlt!: -le 1.';)SlIlg situated at a depth of I Sm

6.2 Electromagnetic Traverse .2

'J he survev results I'm the horizontal .:nil nlllngurati~lJl (Figul'l.' II 3) show a series

(I-VI) of anomalies representative of vertical or sub-vertical fractures or fissures

occurring at a maximu.n depth of ~(l metres I'he most prominent of these features,

viz. Anomalv 1\', l)CC'IIS at Station 31)1) Ihe relatively steeper right-hand "shoulder" of

the response indicates that the conductor dips in an Easterly direction at an angle of

upproximatelvSf The ma ximum apparent conductivity t)f this anomaly is I SO mx/m,

which is signiflcantlv higher than the most pronounced anomaly' evident in Profile I

(I()O nix/metre)

Anomnlies L II and \,1 are centred at Stations 25, ';()':; and :'i\)t.; metres, respectively

and ;\11.' indicative of fractures Of fissures along which seepage of contaminated

groundw ater occurs These conductors dip at angles \11' "".(111 in a westerlv direction

I'he negative ,\l1\II1Ia}, \' dips ~I,l'ntl\ to the West. while \nomal) III represents it

\ ertical conductor \\ itlt a ma ....imum apparent conductiv uv or <)() mx/m

I-igurt' (I 1 depicts the profile tiu till.' horizontal dipole mode (vertical coil

couflguration) and is characterised b\ a HII 100wr noise level than the vertical dipole

mode 1\\0 ))(1Slli\e peaks (! and III \\ ith maximum apparent resistivities or I SO and

21 t) illS 'Ill, aI,' cenuvd (1\,.'1 Statiolls .~ql) and ·rm, respectively I'hese distinctive

features cottvlatv \\1111!ht' m'~i!!J\l' tH'llding .monulics encountered at Station« ~S.:;



~--------.-----------------------------------------;--------------------------------
16000

140.00

120.00

Qj' 100.00
,_
1U
E
i7> 80 00 1,
g
z-..s

60 00t5
::l
'Cc::
0o 40.00

2000

0.00

(2000)
0

Figure 6.2: ELf;C1RQMA§NEJIG_EROFlbE_1
VLEM - 20 m integ;ojl.§._Q8cing

700 I
._.- ._........_ .... .""".~ ."'_, __ v .... __ ._•• _. --"'- .. __ .'.(,'~,':,t:,_. ....w_

lOll ;Oll <lU\) bOO
:.It; 111< .'" (Ill j



120.00

100.00

80.00
.....
i!:
'Q)

~ 6l1.00
5
~.~
ts 40.00
:::l
'C
C
0o

20.00

(20.00)
o

0.00

Figure 6.1 :ELf:CTROMAGNET!C PROFILE_1
HLEM - 20 m intercoil sRacing

o Q

P 0 0

•
o

IIll tH1P 01.1

..• iii Ii

•••
I!!

..

100 200 300 400

Station (m)
em _

DO

500 600

If)

rJ
IH'l !!lllillilil

700



Figures {1 I and () :~, which depict ihc profile ... for 1'\1 traverse L show the results rot

the 2(1 metre vertical dipole (plane or the rllll" horizontal) and the horizontal dipole

mode ... (plane of till' coils vertical). tt'spL'diwl\ Buckgrouud ur uncontaminated

water values \WII.;' found to 1tL' between Il() and (ft mS,IlK'tn.' Ihg.Ull' () I) Both

profiles are character isl.'d b\ the presence of two svmmetncal anomalies corresponding

to Stations ~;\)()and "1)(1 vnomalics I and II (Figure 6,1) illustrate tht' typical response

of ncar \ ertical conductors In an induced elect -uagnetic field, i e the profile !'assl'~:

through the background \ aluc of conductivitv, namelv. (10 mS/m, at (\"0 locations.

symmetrically spaced ap.n t b\ a distance approximatelv equivalent to tw icc the

intercoil spacing (·HI metres in this casel i\'lcNdll (ll)XO) explains the response as

follow» Wlw!I the u\n·~··3 is some distance awav Irum the vertical conductor (in

excess of t\\ll inrercoil spacings). till' conductivitv measurement corresponds to the

correct response tll( the homogenous subsurface or "half-space" C\S the instrumetn

approaches and passes 0\ er the vertical conductor till,' (11111:111tlow in the conductor

becomes essentiallv th, same ;1" II' It were III free space: thus I-ti\ing rise ttl it

I1cgalt\ c-trcndinu anomalv a~.indicated hv vnomalv II

I h ..' maximum apparent conduvtiviues at tilt' eflectiv« depth of exploration (~n mcues)

lot till' verucal dipole mode an.' 100 and So illS III Ill! anomalies I and II, respectiv ely

Figure " :: shll\\:' t hat till: correspundinu appal ell! vuruluct ivit Il!S till till horizontal

dipole mode. \\Itl1 an exploration d~'pth (If I" metres an.' o.,(lllll'\\':'H higher \11 12 and

I fillS nll'tn.' It'srll'f..,tiwl\

II1\',>\.' anomalies <11\' mdicatr, t' 01 ncar-v enical fissm t'S or Iiactures \\ it hin till'

(l!h~ I\\i~l' iJllpt'll1ll'ahk qilatl/ltl' which provide conduits for till' movement of

L~l\lllWh\ a(\'1 11t~·ln oad conductive /(Illl'... \ and B (J igul ~ 11 I). and \ and B,



oxidat lv 111 pi ill ,"';S Willie: and I\lO~, \ I"l, I) haw sh( 1\\11 : llat bacterial activ itv is found

ill n',',ll'ns lll'IIl!',h moisture content and IllV, pl l I lowevc: , ;It ."I'';IIL'1 dl'plh~ within till'

deposit, where conditions mav ht' saturated, Il'\Vp'l'!1 diffusion would seem til be

dep: esscd (0 a level unable [I) : upport till' bacteria

6.6.3 Elcctricul Luyer 3: Perched Alju(l~'r

All sounding l'lIIVI.'S reveal till presence of a laver PI' contaminated ground water

starting at depths ranging between 5 5 m~'trL'S in \TS I and X 0 metres in VI~S ,

This layer uivcs rise III the very lew apparent resistivitie« ((11' tlw order (If I ()

ohm.metres) This ,. nuuctive zone IS indicative of an unconfined aquifer Ii I.' the

aquifer is not overlain by material of lower l'el'll1eahiitty and consequently, tilt'

water-table is "open" tIl the utrnospherc) TIll' transition between the zone of' aeration

and the zone of saturation (ll! phreatic zone) marks the position of the water-table

This transiuon is ckally illustrated in Fig!l!c 11. 13

6.1J.·1 Electrlcal Layer 4: Resistive Basement

LIV(,I ; is hounded below by a legioll of highly resistive material corresponding to the

unweathered crvstalline quartzite comprising IlK' hcdrock A Pl'lllll'ilbility contras:

~'~\isls between this law!' and the snits (If the uverlving Laver " ll'~lll(ill!~ in an

innl'ilsl'd flow of cnntaminated water a]tlllg the soil-rock houndarv A slip,ht increase

in rvsistivitv with dl'pth III this (l'!!ioll (as sh\l\ ..n in h,l~lIIl'S II In (I 11 and (I 12) mav he

a function 0]' dl'cn'asing pnll" fracture, fault and shear IlIth' porositv tim' t\l inct cased

lil!tn',lalit' load This posluJ;uitlll would Iw\'d hI bl' runtirmed by the results (It'

(l\1!1,!llllt, data II h woll hl "wI' rn mind, IHl\Vt'WI, Ihat tiaclwl's and J:IIt!h alt' known

io u-nuun PPl'llll) (kpll!'> 111\'\n'S~,of I -krn dtl\' til dt'p,trtll!~'s 11\1111lith(lSl.ltic loading

whrnrvc: tlu- Illainl ~llll1pmll'llt pt'111I' ~.l!t"." [C'IP,PI i'; IItlll'r tlun vertical

, ,, ,
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de,p,rn' of nuusturc \\<1:; plht'lv\'d III lhi" "oil wate: ht'll Ih\' appal\'111 1I:"i"tl\itil's are

,111\Hl\al\\Il~;lv 11l\\, FUll bl'l rnon-. a thin laver ot crustv material \\ il:> 011:;('1 ved in 11v:

lIprWI 1III III of 11,(.,'dam with till,' implicatioll Ilia! till' elevated conductivitv Iv\d~ may

bt.' atu ibuted 1\1 a 1\11',1\salt conccntrntinn within this laver

Note that this is not tilt' case as shown hy Sounding;; The apparent resistivity (If till'

liIs! lave: is all order hlglwi ( Ill!) ohm meters) The absence of "l.lectrical l.aver l "

in Sounding:! is due til the substantial l'lOsioll which has occurred in this localised

area

\1'

\ I I
1 ~ t l I

"

FigU!'I' (I. /I}: Ivrtica! F/el'lricll/ Sounding / (I us /)

(;\cl{.' If,'" (hi' ("1111,'1/1 dl'! fllld,' '1'1{. III,l' 'I/Id II'" 11'11,,/\ Iii,' "1'1,,1/('111 1!'\/\I/I'Jn')



Ialuc h 2 sununanvc-, the IvsUlh of Ihlt'l.' vertical electrical soundinus which were

carried out along Tril\t'! se [ ines \ c-. I H's~ and \\:~'-' (hgmc " 12) on Tailinus Dam

,f!.~ l'hese results are presented YJa"liirall\ 1!1 the form or II depth-section it: Fiuure
(1 U The reader IS referred 10 luuucs (I 1(I [1 II <'111 ( 1"1' ·tl I .' I '.r- ,. • "l 1 ~ 01 Ie t reorettca cur\ es

obtained Hom tilt' Vertical l.lectrical SOllmiing Modelling Procedure I'he field data

and numerical results otrhe modclling an,' presented in Appendi« F

NPflh" \1 S I 1 ..1
d

V'
t1.'

Laver " ime Ir~'s) Iaver ~ trnctrcs)

(, 1

In I

Table 6.:: R4'\IIIts of J ertical Electrical Soundings, )'(,,\1~3.../towillg

indlviduul layer thicAIH'S\('S,

6,6.1 Electrlcu! l.aye: 1: ('011" vial ,~1uterlul

Soundings 1 and ) indivate till' presence (It' a highlv conductive uppermost law! which

represents tIll' thin partiallv satur ated \'IIIS! llccUlTing (11\ the s.utuce lit' the tailings

dam I his laver forms pall ofllw /lllW \lfal~lillilln, eommonlv referred to as the vadose

milt ..' in \\hkh "'ltll all and \\;\1\'1 occupv the 1'\1l\'s Meinzer (lq'l.~l tcitcd h~ Bell.

1II') \ ) div idcd thi: lOlll' mto tlu ev ~lIh/1 IIICS

II S(III w.uer

HI interntcdiatc Ill'll and

iii I t!l\.' laplllal \ tunue

llu- IIPPt'llIH ,,,t PI ""li \\ .tll'l belt 11111\'splllllilll;' 1\1 \'l\.'I.'llll.'al law! I in Vi'S 1 and ~

di ...d"IIP\ .....\',;!t\'1 mr» thr ,lll11l1"p1l\'(\' h\ \'\apotrau"pllatilltl \lIl1oll(\h it certain



1111.'1efore ~'\llhld\'r:t\~l 1lw I 1,'''11ItS Ill' but h 1hI' '1('hlllle ,lIId dCI" romagneuc SIlI\ ev" Ill)

tlli" area. tlw /1 :IW of anumalou« ~'I)II(!tl\:Il\ It\ mil' hI' 1.:"pL.lIl}1..-d [1\ 1\\1) pos:-;Ihk

i) ( 'onductiv \' /lIl1l' ..B. mav he ll'prl'Sl:lltatiw or a region of planar

discontinuities (01 faults) along which dl~pbc~'Illl'llt 01,.

bedrock Ita" occurred Such a zone would pro\ ide a conduit for Ihl..'

110\\ uf gt'(lUndwatl'l Borehole fl'SUItS would he I1l'\'I'S!-.<ln to ascertain

the eXIl'Il1 of such a fault and the de).',tl'l' ofwater accumulation In this

area

ii) lutrusivc dolerite Sills and dvkes an,' commonlv encountered in the Citv

Deep Studv vrca (.Iones et al, I!)SX) WILI\' tlll'~l' IglWOllS features all'

present. l;'ll.'tUil'd vondirions are enhanced along contacts leading In an

accumulation or groundwater and 111.'IlI.'I..' anomalouslv high conductiv itv

values Olin.' again, borehole information would be necessary to

conllrm the presence" of such igneous intrusions below Station Ill!\ on

the seismic profile



rile studv area has a Idati\dv uniform geolm'.\ llansl~lli!l'd and residual soils all"

approximatelv 1<': metres thicl, and "lightly weathered quartzite is tilst encountered at

dept hs I al1!!lI1)! bet Wl'CIl ~ 7 and g '" metres

The depth section confirms the basic gl'lll11gV shown on the composite geological map

(Figure ·l I) Further l'olTnborating evidence of the subsurface geology is shown in

both the drill cuttings logged from the percussion drilling of the boreholes drilled Ior

water sampling as well as the horehole logs supplied hv SRI( (Jones 1.'1al , jIJ(;S)

The average velocities calculated fOI the upper, intermediate and IOWl'!' layers arc ,f:?~.

IM·l and .WI r.; metres/second. respectivelv Qualitativelv, such velocities arc

indicative or a colluvial topsoil underlain hv a relativclv weathered. hard rocl., which ill

turn. is underlain hv an extremelv hard. unweathered basement rock (The reader is

referred to the classification (If roel, hardness, weathering and seisuiic velocitv

characteristics III Appendix F)

,\s previously mentioned in Section (J·t there is a localised zone of enhanced

conductivity. All (Figures (l 7 and () H) I'his feature coincides with a basement "10\\0"

situated at a depth of 7 I metres and centred at Station 31) (Figure () I)~ 011 [he scisrnlc

profile One nUI\ inter nom this correlation between elcctromngneuc and seismic

results. that the concentration of contaminated water mav well be due to the localised

depression in the basement rock. providing graviratiounl control on the movement of

the water

Similarlv. the electromagnetic profile t()( II It\ I.!ISl' .~ and thl' seismic profile mav be

correlated where a second and relatr, d~ IlHH(' pronounced zone of enhanced

conductivirv B, (Hgllll' () ~), i" ass()~'iatl'd in part \\1111a basement "low" which spans

Station« % tu I HI Oil the seismic profile (H~urt' (11.» TIll' Northern edge of the

electric zone ilppe,lI S hI coincide w lilt a localised basement plateau In the region ·,f

Station JlIX (i'iLUIIl.' (l1J). however, there is it t:\irl~ sudden chang« in basement profile.

pllssibl'v due to a localised fault where displacement has occurred i.t a sub-vertical

direction
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6.5 Sei.wlic Refractlon pf'(~tile I

ligurc (l q show« the seismic depth section derived from till' results of a rctluction

sl'isl111C sun {". \\ hii'll \\<lS t'ondu(wd along a north-south ueuding proflle at tltt' bast' of

tilt' sand dump Ihe profile runs p.uallel tu the strike of till' dump and spans a length of

·lOO metres ( l'his profile i:, located along the same SlUVt'\ line a" that tor

l-lectromagnetic Tlawlsl.'·P Ihe raw data which arc presented as travel-time curves,

all.' presented in APPl'IHli\ J)

Distinct velocitv la\("l~ \\CIl' readilv It's, lived by application of both delav-rime and

analvticul methods <I;, SI1\)\\1l ill Table () I (The reader i;; referred to Table D I,

Appendix D t~11 il more detailed presentation of the calculated \ clocities and

thicknesses COlTl'Splllllling to each of the se\ ell profiles)

Depth Rang«

derlvedfrom

borehole log«

(111I'Ir(·.\) (metres)
r--.--""_O~'--'-.""'","-'",' -~" ....-- ..--,-- -...-'_---,------ f-"---,- ....~-~,.-.,,,~,~,,-

Reddish-brow II

colluv 111111 ,J.l )
-.-."~=,,"-~ ....,,.,......1---" ._"._ ••",,, -=- .••-.-I----.--.--,,~..-."..~--

lit//(Jlo:~l'

1'1Il!.J..,!t-gll:\

\\.:.lIh,:I\\I,m.i

,light l\

\\1.';1111':11.'\1

a IIII

"II.·dlhh ..p,l\'\

D,'ptll Rango

derivedfrom

seismic 1'('\lIII,\

III , ..I~

I';

1i'l(lci~I'Rung»

(metres/second)

I"l·..'O(l;

,,, .._
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• .'\ detailed description of till' principles underlying \dd Rock Drainage

\..as presented Results of prev j(IIIS studies undertaken over till' past

decade \H'IL' Il'\ iewed and compared to results obtained dllling the

course of this studv. n".nlts of the geophysical ground methods "hll\\

broad agreement with the hvdrogeulogical model of the transport or
waste leachates in the groundwater, initially proposed bv Jones et al

( II)XR) Relatively low lewis of contamination were observ ed at the

NO! them extrcmitv of Traverse ·k while it steadv increase in

conductivitv (hence contamination) was observ ed ill a south-westerlv

direction

8. CONCLl'SIONS AN/) RECO/l,lIt.fl::NDATIONS

Ihe objective oC the studv was essentiallv three ..fold namelv, 10 present a detailed

(1\ >.'1\ iew of \l'l(l Rock I>winage and nrev ious studies rl'l<llinl! ttl the Citv Deep Studv

An""L III obtain it better ('slimatl' tot the prohahk' extent of the groundwater

contamination and to pro\ ide informnuon needer] to design an effective ground water

sampling and ground water qualitv monitoring programme Conclusions reached Ilom

the fhregoing literature research. field Iexults and analvsis thercofai e as follows

• SUI tace gl'\wll..'ctrk'al and electromagnetic profilim; techniques alford a

Ielatr, elv fast and cheap means of determining the most Il~asiltk' '/II/ilt'('

locations 1(11 It'st well drilling. provided the contra-t III till' conducrivitv

Ill'contaminated to natural ,l',lIlund\\att.:'l is sufficientlv high

It \\as found that tilt' hurtzontal 11Ilsitiollin,L\ or shallow wate:

l'O\)t'IlI\lllaIIOIl could Ill' determined nccuratclv using IIll'

dcctmnla,PJWlk technique. !J11\WH'r. without vcriflcation nom
hllfdlok d.ltll \llIh a hwad vertical rallg~' could Ill' giWll Ill! till' fil'I',1i

olt Ill' ':llnlallll!lll t~'d \\ at~'I

111l' \l'lttUII dt'I'IJI~'al"'lllllldmg (n,''''ls1iVlt\) teclmiquc provcd useful in

I I, . (' I II "1' of d~'I'IWI uroundwarvt contamiuation as evident intl'llH';tllr' l.'" ,"



Figure 7.2a
Avorage TOS composition for Sito 1511

pH :::2.6 rns :::973

Figure 7.2b
Average TOS composition for Site S12

pH :: 3.8 TDS :: 767
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water in fractures
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\\i:,llh~'l",1 'Ill' which '11 I 'l I ' ,, ,'< I, h u-u.: \ III 'lil'd II\( rau II' ,'1'1l1Jllw!\ '>' llil

Ilw"I,,' ti,h'!llIV" ,lit-. ,I" ,) !':"~'I\"11 ()Ih,'" HI tll\' 11',II,'llll" "','ll" 11' '" 11(1unon ~p!\·.ld" ul'ldl\

B"1 dh ,I...' .. (ud!l·" \\ Pill.! h' needed Ie' ;hl'\,'r!am the pI\',,\,'I1,'\,' ,,1 Ii .It'IU! ed and

"',jb"l·qll~·t1!I\ \\l'at!l\:lt'l!I!.',lll."'U" llllnhl\Hh \\hld: ,\,'ult! enhance the rate ot'I'pl1utHHl

movement whei« lh~'ll' '" ~~l\\lllld "aIL'! 11[1\\ (\ltlWh\.'h where wide. solid .md

unweathered .1\1.,\ .... ,Ill.! ,ill ... 1'\.','U! L',I"Ulld water 11,1\\ ,IU\lS'" thl: intru ...ion would he

impeded and often pi 1:\ l'll{,\i

Ilk' ," Ill-:t'!'lUai mo 1,1>.. I pwpn'I.'d b\ Ion ...·.., et ,.1 (I '}S~q '1~t'd the lindm,l!" "f

conductn 11\ mca-urcmcnts t.tkcn at thv ba'lt'" Ill' tailitl!-!~ dam ... ,H "md H,~ 111\.')o\.,

!-ll'llrh\.·mi.-,ll ll'~llihobt.uncd b\ the WaitT Rcsearcl: Comnu ..~,i\III (.Junt· ... et .II I<ISSI

indicate that alth(lu~':l SUh'Lll I:I,'\.' "'IlK· ... (If concentrated wastewate: all' cv idem at the

!IdS!' ,,! residue 1I 3 1,1l1ITlg'" dam. 11,1 b a 111111t' seriou ... pollution threat Surface

'iamplI!l)l "..: SII h situated downstream lli'tailings dam H ,L while Sl::: I'" located

upstream pI thc rc-iduc \ l'(IIllP;ui;,{lll of Site" II and 12 n 1~'.tlIe"'1:::1 illustrates ~hat

tbe pnmarv I..'tl\ ironmental contanunnnt. n.unelv. sulplun, ~,llh, (1,'(lI1S l!l 'IllhsUllliall\

llluhel conccnn atl( Ills '11Silt.: S II

nll\~sldll\' U t ,md llaH'I',\,' ,'. ,', -r.uatcd d\l\\)'.ill·am Ill' th ..• re-iduc Result .. from til\.'

hOI ll<l !I!,i! dlPllh,: -ur ,,'\.., {:~il men l' ill Ict (nil SIM<.'llh!.) indicate maxuuum nmducti. it'

\altlt:" "t (j:' illS III jill I L!\('i '.\' I \\hIll tilt' \\\\1 1)111..1 conductive l~'alllrl's al(lnL~

I, 1'> I.'l'o\' :; In "I dn! Lil hI! 111'1\,Ilw"" \1 :' III IllS 1I1 .md Is! I mS III

lll\"!!: 1,1", !11\11I,1:lldl, I",ul!·, ll!dll;ll' that I aIlIll'!', Dam ,U l dill'S Ilhknl P\)"'~' it

1111'1<''.!'III)!!, p"ll!ltll'lI tll"'.11 ,11.1111\' ,:dllt' 1I



7. ('ONC}:,'PTl fAL GEOll},DIU)LOG/C·tL :HODEI.

ground water at the base of the residues 4/,; and .1I ~ is illllstratt'd ill Figure 7 I and

described as fnllm\s

Rainwater accumulates on till.' surface of mine residue during periods of precipitation

and a large proportion cunsequcntlv infiltr ares Into the residue material collecting the

prodlll:ts of pyrite oxidarion and gradually increasing th(' thkknl.'ss nf till' aerated or

oxidised zone Results of the resistivity survey indi, ttc that the current limit of

oxidation occurs at a depth of ·t.1 metres for tailings darn ·ll ,l As this zone IS

rclativelv thin, there is minimal vertical retardation and the contaminated water reaches

the until-dying fractured bedrock unimpeded A combination 111' till' horizontal lavering

and the permeability contrast between the coarse-grained. weathered material and the

pr actically impermenhle bedrock encourage a perched water-table to develop

Sl.'cpage consequently occurs tovvards the sides ofthe tailings dam

In till' r~'~',i(lll or residue 41.3, the weathering (lj' sediments 1.~(lll1prisillg tilt' Turffonrein

SlIhgr oup produce» a variablv thin weathered zone which has the characteristics Dr an
unconfined aquifer Contaminated \~' !1l)\ ...." at the shallov, depth of ; to X ~; metres

altHh~ tilt' soil-rock houndarv, parallel to th; surface in a south-easterlv direction and

ultimatelv into the stream where it mixes with tilt' surface water Borehole piezometer

result- oht.uncd bv SRK (cited bv .lones ct al, I ()XX) indicate tl..rt a small proportion or
thi: ~,t'epiU'.t' i~not intercepted hv the stream, ! l' a dt'gn'l' lll' c.mtatmnatcd \....ate: has

penen ated tilt.' nonp. H OU7. bed: ock bv means of t) adlli \'" \II faults \\ hich provide

l'tltldillh t~1lthe sl't'pal'l' ,lfl'l(llllld\\;tlef al dt:pth~ III t·\n"," pI's; 1lll'tll'S

/;,t,' f uto'; ,,/I,tu,,Ji OJtl,/i'J' i, }\,' / !,'ll (hi' i!:il:/];' ')1"ilJ;~jr! I: ill' 01; t',,_ll'iI,+j'i/ll\ ,/,)lh'\

;/ }\h, iJn./{};r f'l'\U/:" 'f ttll' ",'ltl'tJ~ \U,\,,~

,I
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Figure 1)7: SI~ISMI(: I~I~FI~A(:rrI()N lJINI~7
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Al'pemli.\' t': Calculatinns (~tS£'ismi(' Depths.

For a mnltiple-laver problem, tlu- Delav Iinll: Method I', Plt':,l'nlc'd IIv \lIHl[ll~\ (Ill'll)

as Ihllp\\s

(a) hI st laver

V:\ (first laver velocity correspoudinj; III futward plunk') and VB! (!irst lave:

VdtH:ity corresponding til II'VL'rSl' profile) are computed rrom '11.' first SIIIIWS (If

the traveltime curve The t\VO velocities must be approximately equal, il'not,

the surface layer is 1I0t IIIIilill III from 11Ill~end of'the line tll till' othe:

Vi \':\ VI, is till! true velocity

(h) Secutul lay et

sin! t. 1
, I'.,11 slnll, II

I I,
I '

x

'"t), 1, \:"t.
''( (

" '.

: \

.~~'!;:",
" '\

"

I ,/'\/111' till' \('Ctlllti 1111'1'(',, 11.1•• ' ' .
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Seismograph Settings

Nt il\IBl'R OI' ('I J\NNU.s

RH'ORl> liMF

RF(,ORD S}'1lc

SAMPI.I:,INILR\'AI.

DIJAY T!!\,1F

SIGNAL I~NI fAN('(',Mi:Nl

STORI' IU-:C \11

lI\lIN< r

DISPI.\\

II \Rn ('OP)

INl'l I (!\WI I'\\;(!

.!:'t lmilliseconds (U'>l'I.,detiI1L'tI)

H bits hv IO(H) sampled points foreach channel

Il tuser-dcflned)

SU\:l'l..'ssi\!! shots may he SllllUlle 1 ill digital

memorv, to aid detection of weak signals The

mnximum stack count (number of summed

shots) that can he displayed is 25"

lp to I:! sets of channel settings teach set

consists of gain and trace size settings 1'01 all I:!

channels) mav Ill' stored in and retrieved limn

non-volatile mennuv

Built III davhl',ht \ isible eRr "in (12l'1ll)

dl,W\lllaL \\iggk' lIan' (II \a:iahk'·atl'a displav

~·ilp.thiht\ "I;! pI\(.·I ...hori/untul bv ~~'1(1 pixels

vertical SL't III variable area display

Bllllt III pnutc: 1'1(1111'1
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·ippemlix B: Seis...mle refraction sm't'c~l':fiek! pr(}('et!uU'('lEmll~\-1225

Sdsmograpll settings

I'relt! PI'lU.·etllll'f!

iI I'he gl'llphllll~' cable \\;IS laid out along iI straight lilll' directed toward

thl.' source or "shotpoin:" Call' was taken to minimise the adverse

dlixh of \\ ind "noise" b\ firmlv planting the lwopholll'., in the ground

and ill SOl11l' instances, hv shallow burial IhL' rustling of grass 01 small

hushc: was il\ oided hv locatinu the geophone« in an open,

iiI !lit' I~ ~:\'\)J1hllnc~ \\ 1.'1 c connected to the cable, which in (Urn" was

,'lll111tCh'd III the sigHal input connection on till' instrument's front panel

(l'igllll~" 11) TIll' ucophouc-interval was set to ~lll

iii) TIll' I'll II R opnon was sct to O! I L the m.Acr SIll to a midrange

\ aha,' of I" and the I>U.A Y to ()

1\ ) lilt' rxrn \[ RH OR!) IlMF was set tll2"() milliseconds hI,.

vstimatinu ; Il' rotal n avcl time Iiom the hunuu,..'1 to thL' Ill! thest

gt~llphIlIlL' \ !~!(l{)drule ofthumb slillcs that till' record tune in

'II',. I 'It'll! 111" 'IIJIJf'O'I:imatdv equal !tl till' "pil'ad length in IeetIII I I"t't,'lllll,', '. (0 I ,.

SilK,' almo',! all\ )"'(llll/.'K material has it P-wave vclocitv in cv.:I'SS or

lounn ...( i(hlll '.1 1111', \"n"'llIl·~ tlu: all arrivals will be detected (I (i&(,

\ )



l'hat IS, ha\ lilt'. t.kridl'd 1I1l a value 1111 ~itwlnch the', the effective depth or pcnetratum

llndl'l till' c\ll1\hl i\111 B I l. thl' muxunum probable ,l'I' 11lilt! cunductivitv i..estimated

and the npclalll1f', Ii~'qm'lln is chosen S!lIhat eqllation (above) is it\'.\ <\\" sati"til'd rill'

apparent cnndurtiv uv \\ 11Il'h tlw 1I1'..tuunvnt lead .. i~.then tldilll'd hv

1.ifr



lhcsc t"pn'~',~lOlI". atl' l'Olllplicatcd tlllll'llOlh ,If the variable ;'\ ,,,,dl rn 1111'1. IS a

l'\lIllpk', function or Iivqucncv and \'Ill\dU\tlvit\ IIm\t'w( ,I'. will Ill' shown hdll\'

under certain co nil I!ions thvv ran Ill' gll.:al 1\ suuplificd

A well 1-110\\ 11 d!,11 ,1\'I\'lIsl i~'\II a hOlllOI!l'fWllUS hall-spac« b till' electrical skin dept Ii)

which is dellned as tilt' distance 111tIll' halt:"sp,lI'l' that it pwpngatlllg plane wavv has

travelled \\ IIl'Il II'. amplitude has been atll'llltatl.'d to (Jin 111' the amplitude at till'

surface The skiu d~'plh is gi\~~11h\

and therefore

The lilt I." t Itt' uite \,,,11 <.;pad!!!' divided b\ the skill lil.'ptlL IS tklitwd \I., till' induction

number B. wherc« 1Il

I I It IS a simpk' mattl'l tn ·,Ilo\\ that till.'NIl\\. if B 1'. mud) kss than 11111\\ (I \' Y'

. I 'I .'1 -e t I t'l ' "impll.' I.'\Plt'SSI111lJ1dd ranos nf'cquation« (f) alll ( I~\ ucc I ,~ .

., r -II I' IIlI\\ duectlv propo: tionul tIl theI he IilWHllllllk or' the "'-"llIlda1\ m<l1'·!ldl\ II \ '

I ma,",lIt'tl\' field leads thl' pt muu vand Il.l' Ilha~1' of tilt' ',l't'llIa <11\PllllllHi cunduvtivitv ,
lleld 11\ q()

I . • must make " \\'1\ much less than 6In Ilhlkl' B tuuvh h's', 111.111unitv \\1' "Cl' t 1.11 \\1 ., .

and tltll'>



Appendix A: Theory Of Operation At Low Induction Numbers.

Consider the two coil conflgur ations shown in Figure A 1 In each case. the transmitter

coil is cnl'r~\isl.·d with altcm3tillg current at a frequency, f I Iertz The measured

quantity is till' ratio of tlw secondary magnetic tield, II, , at the receiver when both

coils are lying on the surface of the homogenous half-space of conductivity, tj, to the

primary magnetic field, III' ill the absence of till' half-space (i e as if the coils were III

tree space), The spacing between the coils is s metres

Horizontal Dipole Mode

O~l'!ft,

U'n'ltlvlfy

Vert ic cl DIpole Mode

Figure Al: J 'entcal clfullwrizoftttlJ dipole coil configurtltiotls.

The field ratios for vertical and hor izontal dipole configurations are giwn bv equations

(I) and (2), respectively

l""\. !II' .! II

(!J ~l.rrl

J I

,./. {l) !') f (}ys f .t(y,\:) + (ys l)jt"'}
(I' ~)

, "['\ ". . ... .1'

, I n I 3y,\ + {ys) ). :
((,;)' . 1(1\
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Figure D4: SEISMIC I{EFl~ACTI()NLINE 4
Shotpoints: 99.0 and 132.0 metres
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Figure D5: SEISMIC I~EFRACTION LINE 5
Shotpoints: 132.0 and 165.0 metres
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Figure D3: SEISMI(: I{EFI~ACI10r~LINE 3
Shotpoints: 66.0 and 99.0 metres
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Figure 1)1~SEiSIViY 1 R\(il1"n1ll~i "U U~ D
Shotpoints: Om and 33nl
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Figure D6: SEISMIC: IlEFI~ACTION LINE 6
Shotpoints: 165.0 and 198.0 metres
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Figure D2: SEISMIC I{EFRACTION LINE 2
Shotpoints: 33.0 and 66.0 metres
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Figure {'2: Angles for third layer.

Compute temporary qunntitics which will be called P. and Q,

sin /','
I', ,
" smal, I

sin (1..

('OIllPllIt' dip at top tlfthird IlIv\'1,

. I" ',I . 111'I" 'It·!tIl1l11 tlH' v\'rtkal,
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Appendix F: Cla,"'.')'ijicatiml OJ'Rock II i )" "em ness, Iexture .:ind Seismic
Velocity,

Rock hardness Weathering Identification criceria
dN,cr iptLon descript ion

Very soft
rocK

Completely
weathered

Soft rock Highly
weathered

Hqrd rock

Very hard
rock

SllQhtly
we,ltller"d

Seismic
veloclty
(m/s)

Topsoil < 4,50

Totally 1iscoloured and
decomposed, in a friable
condition with only trag
ments of the rock texture
and structure preserved.
External appearance is that
of soil. Material crumbles
under firm blows with sharp
end of geological pick.
Piec~s up to 3 cm thick can
be broken by tinger pressure.

450 -
1200

Weathering extends through-
out rock mass and material
is partly friable. Rock h~s
no lustre. All material
except quartz discoloured.
can just be scraped with a
knife, indentations Imm to
3mm shoW in the specimen with
firm bloWS of the pick paint,
has dull sound under hamme'r'.

1200 -
1500

Slight discolouration extends 1500-
through the greater part of 1850
the rock mass. ~:~erial is not
friable (except in the case ot
poorly cemented sedimentary
rocks) . Discontinui ties are
stained and/er contain a
filling comprlsing altered
material.Cannot be scraped with a knife,
Hand !pecimen can be broken by.
a single firm blew with geolog1ca1
p ick .

Excavation
character

Easy
ripping

Hard
rippin~

Very hare
ripping

Penetrative weathering
developed on open
discontinuity surfaces, but

1850 - Extremely
2150 hardripping

111
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