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DEPARTMENT OF MINES 
SOUTH AUSTRALIA 

GEOLOGICAL INVESTIGATION OF LEAKAGE 

FROM AROONA DAM 

FINAL REPORT ON DRILLING. 

INTRODUCTION 

Drilling of the four diamond drill holes recommended 

in the interim report* was completed on 30/7/62 and pressure water 

testing of the holes was done in the same week. 

This present report discusses the results of drilling 

and testing and the remedial measures indicated, 

GEOLOGY 

The main features of the geology which require reiterat-

ing are the dip of the thin bedded quartzites with their inter-

bedded shaley sandstones upstream towards the dam (northerly) 

and their strike across the narrow ridge forming the reservoir 

rim, on the eastern side of the dam; the presence of numerous 

joints of two main systems; the narrowness of the ridge and the 

presence of a blanket of talus up to 15 feet vertical thickness 

on the western slope of the ridge, 

ENGINEERING GEOLOGY} 

The results of the drilling and testing broadly confirm 

the supposition that leakage is coming through the ridge in a 

network of interconnecting cracks rather than through a number of 

discrete cracked and fractured fault zones. 

The cores of the diamond drill holes testify to the 

multitude of cracks along joints. Total number of joints in 
the cores were counted and the count ranged from kO joints in 

* 
JOHNSON, W., 1962 - Interim Report on Leakage from the rim 

of Aroona Reservoir, 
UNPUBLISHED REPORT, DEPT. OF MINES, S. AUST. 
5V155 
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a 14 feet long section of the core of AL3 to 200 joints in a 

19 feet long section of the core of AL2. The majority of these 

cracks are tight. This is shown by the pump-in water tests. 

In AL2 between 52 feet and 81 feet the loss was .58 g.p.m. under 

a collar pressure of 20 p.s.i, and 280 joints were counted in this 

section. In AL3 the loss between 52 feet and 81 feet was 8 . 7 

g.p.m, under a collar pressure of 20 p.s.i. and 82 joints were 

counted. 

The general tightness of individual cracks is confirmed 

by a calculation of the mass permeability of the ridge over the 

1000 feet long section downstream of the abutment of the dam. 

Assuming an average water depth in the reservoir of 55N feet, 

a leakage rate of 8,000,000 gallons a week, and an average water 

gradient of, .1 ih the ridge, the permeability works out as 10 . 
\ 

millidarcies, which is well down in the range of permeabilities 

of naturally bccurring materials. 

The water test results demonstrate also the effect of 

position in the ridge on the opening of the cracks. In D,D.H. 

AL3 no pressure was obtained with the packer set at 4l.5 feet 

below the surface (maximum pump rate 13 g.p.m.) and generally losse 

were greater in this hole than in the other 3 holes. Cores from 

the holes and the profiles across the ridge show that AL3 is in the 

narrowest section of the ridge and at a position where the talus 

is thicker. This may be a sufficient cause of the increased 

opening of the cracks.. 

Owing to the steepness of the slope of the ridge the 

thickness of rock between the hole and the slope surface increases 

comparatively slowly with depth. The effect of this is shown 

in the water test results. In each hole the increase in rate of 

water loss is proportional to the length of hole tested, up to a 

certain depth below the surface, varying in each hole. At 

this depth the rate suddenly increases,indicating a sharp 

increase in permeability of the surrounding rock. As discussed 

in the previous paragraph the variation in depth at which this 



occurs is due probably to the situation of the hole in relation 

to the bedrock surface. 

Water levels in the various holes show clearly the 

increase in groundwater gradient southwards from the left 

abutment of the dam. This can be due only to a decrease in 

permeability southwards, which is consistent with the expected 

tightening of the cracks where the ridge becomes wider and 

higher. 

REMEDIAL MEASURES 

Hie investigations have shown that it should be 

possible to prevent most of the leakage by sealing the network 

of cracks in the ridge through which the water is flowing. 

It remains to discuss how best this can be accomplished. 

In my opinion the grouting of the cracks by a single 

row of holes, commencing at the left abutment of the dam and 

finishing between AL3 and AL4, would stop 90$ of the leakage. 

Grouting any other length would stop an amount of the leakage 

proportional to the length grouted. 

It would be unnecessary to grout below R.L. 805 as the 

indications are that the cracks below this level are tight. It 

would be unnecessary also to grout above R.L. 860. Therefore it 

is suggested that if grouting is done that the holes be drilled 

from a bench excavated in talus to intersect the talus/bedrock 

interface at R.L. 860. 

Because of the general narromess of the cracks a 

maximum spacing of 5 feet centres for the grout holes is advisable 

At this spacing 180 holes would be required to grout the entire 

required 900 feet length of the proposed curtain. Drilling would 

total 9,900 feet and vertical holes drilled with an AX size solid 

bit would be satisfactory. 

It is believed that the cracks would be groutable with 

thin mixtures of cement grout. Tests should be made on the 

existing drill holes to confirm this opinion. 
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The only alternative to grouting would be to form a 

clay blanket over the inlet area for leakage. This would need 

to be at least 1 foot thick and protected to prevent erosion 

by wave action. An area 1500 feet long from 200 feet north of 

the intersection of the projected centre line of the dam with 

the eastern slope of the ridge to beyond the major curve in the 

reservoir run to the south would need to be blanketed. This is 

not considered such a permanent and satisfactory solution of the 

leakage problem as grouting a curtain from the abutment, Estimati 

of comparative costs would show which treatment would be the more 

expensive. 

Natural sealing of the ingress points for the leakage 

by silt will not help materially in reducing leakage during the 

life of the coal field. 

CONCLUSION AND RECOMMENDATIONS 

The test holes have confirmed the opinion expressed 

previously that leakage water is traversing the rim of the 

reservoir through a network of interconnecting cracks which 

individually have narrow openings. These cracks tighten south-

wards as the ridge forming the rim becomes wider and higher. 

Prevention of leakage by grouting a curtain of holes, 

at 5 feet centres in the ridge, extending 9^0 feet south from the 

left abutment should be possible. A total of C^tyOO feet of 

drilling would effect this curtain. The only alternative would 

be a protected clay blanket over the 1500 long inlet area of 

leakage in the reservoir and this would not be so permanent as the 

grout curtain. 

It is recommended that the economy of these two methods 

of leakage prevention be investigated. 

Senior Geologist 
aNON FERROUS METALS SECTION 

WJCERF 
3/9/62 



DEPARTMENT OF MINES — SOUTH AUSTRALIA Hole No. A L I 

GEOLOGICAL LOG OF DRILL HOLE 
Project AROONA DAM Location. LEFT A8.UM E.N X. RI.Q.CE EXTENS ION 
R.L. Ground . ...831.-..Q.4 Co-ordinates Angle S.OZ Azimuth 
Purpose of Hole INVESTIGATE LEAK AGE...CHANNELS THROUGH...RES ERVQiR R I M 

Degruo ot Weathennq 
Shown in Core 

DESCRIPTION 
Deoth L , , l 
and . » n d 

Size of L o » C o ™ 
Core ' « » 

STRUCTURES 
Joints. Veins, Seams 

Faults, Crushed Zones 

NOTES PERCOLATION TEST 

83/04 

Water Level (Date) Deoth (Ft.) , p lenth 
Dr i l l ing Water Return " " " o l 

Character ol Dr i l l F r o m T o GPM PSI T e s < 
Cuttings : Mln. 

Grey osryu/ar ytsorpife 
bou/c/er's 

ft// 

Z/'/770/7/Ve 
0/7 y'o//7K? 

sT70a ,er**/eA' 
/r&rc/ 

Grey //sre /o /*/ea//'urrr 
oro/nec/cri/arfj>//e 
/f/oc/v'sn rryarryor/j/-
es-Ous- s/a/zr/rry o/orry 

' ce/~/&Ss7 See/s 

- 33 . 
- - a -

^ ^ 4-2 
__ /CO 

826-04 MX - Z f ^ 

/O 
IOC 

S/o/y 
C?S7c/f/0/7e 

Grey /r\y/7s/ucerr/ 
sr/ec//u/77 to coarse 
yrvt/srea/ yisar/y/fe 

• | ' C/pse/y S/Oacec/y o/rr/s 
Z&' ' • -

3/ee2 
ML. <520-* 

_ yoor/ec//>7/o 
- Orryu/c/r* />/ocAs-

20 • : &6 
/ 

o^/Z/o 

cZ/Y/o 

i 108 

Grey /p ps/r/r/s/r yrey 
/77ee//u/77 /v coarse 
yrcr/rrea/ pi/cr/y/Ye 

soo-7/ so __ 
<SO//V7-

COC/V7-
r /20 

o c/4> - ise/~//co/jo/>7/!r 

23,4-/ •&£ to / 
'•3 20 / 

1 28 40 / 

. 79004 4/ - v.;- f 

A/or^s 

/. Orera// core recovery - 9£-3% 

2. //?<// V/ c/csa/ j 'oz/7/s /7o/ //7c//ca'/ea/ 

V?. J o / r r / S e / S 

/. 42°-€C° erf- /90° A> AeaWs/vp' c///> 
2. 75°- 78' » /00 " 
3. 3£° " /SO -
4-. /£" » 270 " 
S. SO" 290 " 

I ! 

Drill No. 

Type 
Dri l ler 

Commenced 

Completed 

Logged 
Sheet No. ' 
Drawn 
Checked 
Submitted 

Vert. Scale.... 

Sheet of . 

Drawing No. 

250—7.60 0036 



DEPARTMENT OF MINES — SOUTH AUSTRALIA Hole No. A L 2 

GEOLOGICAL LOG OF DRILL HOLE 
Project AR00.NA DAM Location.LEFT ABUMENT. RJ.D.GE .EXTENSION 
R.L. Ground 8.7.6.'.5.S., Co-ordinates Angle 9 0 Azimuth T 
Purpose of Hole I.N V.ESXI GATE ..LEAKAGE... CHAN.M.ELS THROUGH RESERVOIR RI M 

ROCK TYPE 

Oefueo of Woatherlng 
Shown in Core 

DESCRIPTION 
i Deoth L l 1 ' 

„ . and . 
R L ' SizB of L o s C o r e 

Core ' « 1 

STRUCTURES 
Joints, Veins, Seams 
Faults, Crushed Zones 

NOTES PERCOLATION TEST 

SZ&35. 

Water Level (Dote) Dooth (Ft.) . tenth 
Dr i l l ing Water Return " , „ of 

Character of Dr i l l From To GPM PSI 7 " 1 

Cuttings > i Mln. 

Qrey orryu/or- <juar/j//e 
Acv/cfers /atp/srA/s/r-
6 off yy/>s/femi/s 
c/cryey SOS7c/ rrro/r/ JC 

Greyfi/re /o /r/ec/tum 
Quorfy/Ye 

S77ec//0S77 /rare/ 
£//T70/7/fe yasrt/n ere  y  

Coo/z/rys OS7 
jo/rr/ rcrces 

/S' O" ' 
20 ' 4 " 
63' e" ' 

to 
€2' 6" 
7£' S" 

fo 
78' O " 

* 
S/rar/js 

S0/7c/s/0/7e 
&ec/s ore 
So// &c/oyey 

-A a": — 
" x z ^ v 

,/0 

— \ - j&nt cfocA sef I 
— \ 
— N 

/oo & set 4 

~z>(€yo//7As 

I-.'..—X " 
• y , IOI , 

— . O/rct/y seorr7 
•• \ 

o 
core 

_ x too 

40 'a; , 
/oo' 

so— 
-

too 

I C/ose/y s/bcrcec/yo/h/s 
\ Crvs/jetf jo/ye 

C/oysy S/ /Z o/ SO '3" 

i :.V 

— » . 6o— :•. 

/02 

100 

. too 
- Cs-us/recf j>or?e f/t/cA 

too 
: 7o-

_ S//p/rfcri's/r"7y & 
jbosxr//e/foy o/WA 

- Crt/s/rec/ ?of7e /"f/r/cA 

100 
fx*/ 

yeafoffe 
-j//er Yo -ot eot/zrjy 

Cr-vsAec/ s/ra/y so//c/-
sfo/7e 

736 56 So 

A/Of£S 
/ Ov&ra// cone recoresy - 97% 
2 On/y crus/rec/ j>o/7es & Jones' of exce/of/ona //y 

c/ose/y spaced Jo/rrfs /naZ/ccrfee/ 
3 Jo/rrrs ^ 

I I 

~ V ; o' A>na/cerr /rrssr?a// 
':.' . ; •yb/eces 0/0/79 /rrferseef/sro, 

~ c/ose/ysfioceatyo/nfs of 

_ V- i Pro/T7//7errr jo/r?f/'/-ry 
- . V. rS'ose/y sjboeet/ /o/'frfc 

20 BO 

3/- 7 • 6^ 

/•O // 2 
/3S20 2 
•378 401 2 

4/S8X) I 
•46 ! 4 
'•£8 X)\ 3 
J-86 40 2 

62 80 
•34 20 £ 
e6 40 3 

COOA/r 
/S/r£/?VAL A/O. 

/O'O" /o -3 3 'S" /SO 
S3'8"/o S2'6" /20 
52'8" /o 7/ '0 " 200 
7/ '0"So 80'0" 80 

Oz)oS. 
Sef /. •42"-GO" of /SO" fo Aec/cS/rrj c//y> 

2. 7S°~7S' ctf /OO• " " " 
3. 35" - /SO- « " " 
4. /£" - 270" " 
£. 60° " 2300 " " " 

Drill No. 

Type 

Dri l ler 

" Com me need 

Completed 

| Logged 
| Sheet No. i. 1 
I Drawn 
' Checked 
• Submitted 

Vert. Scale.... 
Sheet of 
Drawing No. 

250 - 7.60 8036 



DEPARTMENT OF MINES — SOUTH AUSTRALIA Hole N o . / I / . . J 

GEOLOGICAL LOG OF DRILL HOLE 
Project AROO/VA. £AA! Location. #/£><*£.. £i(JM£//>//... 
R.L. Ground 81.4..-.<?.£.. Co-ordinates ! — Angle 9.Q. Azimuth -
Purpose of Hole MM$JM>AI£. A£MM£. T//.&0i/.GJ/. ...3MM.MOM. JtfM 

ROCK TYPE 

Degree of Weathering 
Shown in Core 

DESCRIPTION 

S74-03L 
Pinkish buff Ony a /or 
yc/artz/te bou/c/ers in 
brown/sb 9- p/nA/sb 
buff si/ty 9 s/,$/7ty 
ctoyey grit 

(To/us) 

Quartz ife 
har</ to 
rr7£o/it/rr? 

hare/ 
Gyp*ri//r? 

presenf 
i/7 crcrcAs 

to 

/9' O" 

arey i^crrr^/re m osyt/iar 
fro/7 O/n C/T/S 

tkcJ by pin/r's/r cement , 
tuff coarse ora/neci 
Co/c/fc 
P/nfrisb fey 9 tvfiifisb 
grey, w/tt? some yreeniit? 
jrey bonc/$ foint/y 
beoi/ect f/n& To rr?ec//v/n 

yro/nec/ £ uartzif& -
some, coarse /oyers 

STRUCTURES 
Joints, Veins. Seams 

Faults, Crushed Zones 

NOTES PERCOLATION TEST 
Water Level (Date) Deoth (Ft.) . _ lenth 

Dr i l l ing Water Return , „ " „ ot 
Character of Dr i l l 

Cuttings 
in sure 

i From To GPM PSI 

24-

-MOO 

Yery t/Jt/e 

JO_ 

i -: 

' too 

100 

//morr/fe 
in Jain/ 

croc As or 
OS 

coo/iny 
on 

>n/ /aces jo/, 

Pinfr/s/t yrey 
fine jra/nec/ fo 
very coarse, yroinec/ 
yoort~z//& in bec/s 
Ye" to 2" f/b/cA 

/n/b /o/eces 
2" roS" /on? m/itf? mi/c6 
^ varfzi/k — ruM/e 

r jo/nt set J , 1'e/iica/joinf 9 /o/nts i sets v, 1, 95. J  

frocturec/ zone 
1 Heov//y Joinfec/ , 

Verfico/Join/ 
Toss/AAe feu/t oauye. 
/3 joints afo/f Se.fi 

P/entfutjoints set / 
fyht 9 cen^entea/ 

Core broke/?//? pieces 
o/ono bea/o/ino jo/or?& 
joorTmos 9- yarr/co/. J JO//7/3-
8 Joints 

6 Joints sets /, 2, 9 

y Joints /"- Z"o/>art. \ 

49 Joints 
of o// sets. 

835 8Z 
3/7 6 2 

4/^ m/j - £ 

52 SO 

• >\'. 88 
es /o z 
8-7 20> 2 

PthAisA arey course arai/go 
<H/crrfizii& /filer jbeo/c/ecf yvi/fo 

roorTe oroung/ 
60 

, 8/ueisb $rey s/?o/y fine, 
sands fa/7 & 9 f/nA/s/ to 
ye/Zows/? f/ne. to /77ea//i/m 
qrer/nee/ scrnd'sTbne. tn fo' 

to fy" /tea's-
fe //o wis/? yneer? Jrey 

Shty/y SarrotsAne 

Grey trOr?s /lsc er?t 
f/ne to m ediu/77 
yroir?ec• sarre/stb/re 
yv/'/J? p/nA/sf? spots 
/n top 2.' 

•98 -

-109 

79JSS *>__ 

47 Joints 0/o//sets • 
in this see/ton 

Possib/e fou/tpar'. /S 
~bec/o/in9 /' eras bet/ 
st?o/y sono/stone. 

30 to joints of 
a// sets. 

- Core bro/cen a/on 
Vertico/ Joint intersect/nG 
joint sets /. 9 2. 

72 BO \/o\jr 
16820' 2h 
2 -2 40 2 

/V07£S. 
/. Over a// Core recovery = 86 

2. Very /z///e /imo/7i/?c sfdn/ny 

3- Join/iny no/so c/cs/ey Syooce-c/ 

4. Jo/n/ sets. 
/ 42°-60° 0/ /SO" /o Aec/cJ/ha c/Ao 

2 75"- 70° " " "  y " 
S JS" " '£0° " " " 
4 // 270 * '' " " 
£ 50° — 0/ 290° /o /bea/e/zhy c/,jo 

Drill No.. 

'Type 

Dri l ler 

Commenced 

Completed 

Logged 

Sheet No. j 

Drawn 

Checked 

Submitted 

Vert. Scale.... 

Sheet o f . 

! Drawing No. 
xsa—iM KM 



DEPARTMENT OF MINES — SOUTH AUSTRALIA Hole No. A1L 4 

GEOLOGICAL LOG OF DRILL HOLE 
Project Azoo/sia Dam Loca t i on. I f f T„.A&U.TM£ty.T. &OGE /fj^X^r/S/.Q/st 

R.L. Ground S Z & L ^ k Co-ordinates Angle SQ. Azimuth 
Purpose of Hole CtfAW.MELS Tk&auGM. /&SS£tgJaS0/JL <&/#• 

Degree ol Weathering 
Shown in Core 

DESCRIPTION 
Depth 
and 

Size ot 
Core 

Lilt 
and 

Log Core 
rec'y 

STRUCTURES 
Joints, Veins, 'Seams 
Faults, Crushed Zones 

NOTES PERCOLATION TEST 

Wator Level (Date) Deoth (Ft.) L o s s p r M tenth 
Dr i l l ing Water Return " i n 'sure 

Character of Dr i l l , F r o m T o GPM PSI ' 7.®"' 
Cuttings i I Mln 

3ro*/n /a/us anga/or 
hare/ yuar/jz/e 
/>ou/ders >r> &rov*n 
S/igfyf/y c/ayey si// 
js/$e.d tpuorf^ sane/ 

'Q • 

Qaar/^ite 
'hare/ fo 
/nee//urn 
Aard 

predom/n on t 
reddish 
t/nge /o 
h/ho/e Core ' 
due /o 
deposi//'on of 
interst/fiat 
//moni/e 

S/ght/y p/nA./sh grey 
/rons/ucent coarse 
gramec/ moderote/y 
hard g/uar/j/'te /v/'fti 
hratvn subspherica/ 
sp/ifs formed bg 
/n/ers/itio/ s/oining 

2o 

Abundan/ jo/nfs 
& fractures. 

30 

Shjbf/y yr-ot>s>irA-asey/no}/. 

Neutral to pink.ish 
juorf$/te b/ith faint 
hedd/ng /am/na/ions 
predominancy fine 
grained-

/OO 

50 

j '-'rey fine grained 
| yuar/^/'/e /o/nk 
1 yrety meet/urn /o 
! Coarse yra/ned 

spotted yoorfe/'/e 
1 /r> Seds y&ry/nj 

firorr) 3 ' /o 3" 
I /.rue thickness. 

60 

\ ' . 
- 1 •. \ /OO 

<1 
-

-

- . ; /oo 
- i 

Joints principally 
of set 0 spaced 
maxi/m/m "apart, 
are rage spacing 

i v /"to 2* 
; S AH joint cracks 
^ partial/y S///ed 2* 

cemented *i/hyet/ok/ 
powdery materia/ & 
h/acJr mar>p0r>/Yerot/s; 
hard c emen/. 
Verf/co/ jo/nr 

Poss/h/e fav// zone 
parat/ef to bedding 

Strongly jo/n/ed 
core 

-52 60 2-tt 
3/ 
4-4 

9U 4 
22 4 
42. 2 

7o 

_ Core broken in pieces 
t „ 

• /00~ Greenish c/au seam I 
Core broken 
a/on g numerous 

Fracture*/ 
core 

<9/3 -5V 
St - 7-62 

-it 8! m. 
212 
3-2 

10 S 
20 5 
40 J 

• * > * • S * 

I 80~ 

• /00 

• /oo 

Jo/'nfs of sefs 
0 * Q) 

N O T E S 

Drill No 

Type 

Driller 

Commenced 

Completed 

/, Okerat/ core recovery =• 19-4 %>, 
2f Indus/duct/ jomts not indicated. 
3.) Joint sets : 

42* to 60° af /90 ° to bedding d/p 
75° to 78° at /OO' 
35° ot 150* 
15" at 270° 

SO° af 290° -"-

Jo/nt counts : 
13 '6" to 36 'O " 

47'f0"to 65'6" 
/80 - ZOO 
f40 - /50 

, . ' Vert. Scale... Logged ! 
Sheet No' i Sheet of. 
Drawn 
Checked !. ' Drawing No. 
Submitted 1 tso-7.« 
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