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SUMMfU:iY 

A proposed site for the storage and disposal of Im{ level 

radioisotopes produced in the A.C.'r. has been evaluated by drilling, pwnp 

teutillC and infiltra~ion testing. '1'1113 site is underlain by several metres 

of clay soils beneath which is extremely to highly weathered, fractured, 

porphyry. The hydraulic parameters of the soil and rock indicate that the 

LrL1ve.L Li.llle for pol1u Lantu Lhrough grounuwL1te:[' to a pO:Jui ble diocharge 

point 1 IGn away, would be about 20 years. 'r'he additional delays incorporated 

in La the uC:Jign of the CacLLity arc expeoted to enable tho storaGe of 

radioisotope wastes with a half life of up to 5 years. 



, INTRODUCTION 

At the request of the National Capital Development Commission a. 

h,V<lrogoologi.cal invo:]tigation of a proposed site for storage and disposal 

of radioisotope waste was carried out in 1978. The site is in the south-

east corner of the '.Jest Belconnen landfill site (Fig. 1). 

Proposalu for disposal of low lovAl radioisotopes produced in 

A.C.'l', hospitals and research institutes bave been developed by L.T~ Frazer 

&, l\ssociates pty Ltd (1977). The original proposal was for storage in 

large diameter boreholes to a depth of 7 m and 'it was on this basis that' 

the hydrogeological i.nvestigation was undertaken • 

. Provj.ou8 g(~oJ.oc:ical illvestigatiolls ill Lhe area :Lncludo studies of 

tho ge010gy of the laridl'i 11 site by Vanden Brock (1 ')71) and Jaco bso11 (1 CY78) , 

and of the nearby Ginninderra sewer tunnel by L~ng & Purcell (1976). 

DUI'.Lng thil1 inveG-Ligation throe boroho1es wure d::r.illed by conb:actol's, 

stewart Bros Pty'Ltd," and pump tests and infiltration tests were made to 

determine the hydraulic parameters of the aquifers. In addition, a dye 

tracing experiment is being conducted'in conjunction with the Centre for 

. Resource and Environmental Studies, Australian National University. 

Analyses of the ca:tion exchange properties of dri1lhole samples were made 

by theCSIRO Division of Soils, Canberra, and groundwater samples were 

analysed l)y the AustraJ.ianMineral Development Laboratories, Adelaide, 
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2. 

SOILS 

Soil, including windblown sand that has been subjected to soil 

J'Ot'lIlill,": p.I'()(:(;;:;W:J, alld r;xl,r(~rnr;]x ami liif';h:Jy wcal,]wr'cdro<:k, lInnl;loo tho 

d-L:Jpo;~al 8:L Le to depths of 'J to 9 motros. '1'h8 windblown sand ranges in 

. thickness froin 2 to 4 metres and lies on the 'C' horizon of a truncated 

residual soil on dacitic or rhyodacitic porphyry, mapped as granite 

porphyry by Lang & Purcell (1976). 

A red podzolic· soil has formed on the windblown sand, whJch was 

probably a fine-grained red sand when it was first deposited. The podzolic 

soil profile consists of an 'A' horizon of about 10'cm of grey-brown sandy 

::i11. on a few cOllti.lJlctl'oIJ~ob: pallid G.i.lt, wIdell ove:d:i.eo ;,1 '13' ho1'17,011 of 

'I-? III of' piuol:i.ISe, dark )"ed:-brown, IINLV,Y ela'y (ell). 'l'lw pi(JoJ.J Uc clo.,V 

overlies, in places, a mottled zone of red, orange and grey heavy clay'. 

Wlw:t:c Llw windblown uanc1 in th:i.n, wl.:Jal;llc:r.'inl~· l1[[r1 D.luviat:Lon. of 

clay have 'been extensive throughout the soil profile and there is no leI 

itorioz,on Vlj thin the Ifl:i.ndblown cand. Wher~ HID [Jand accumulated in c;:reater 

thickllOtn)e:J, Lhero is a 'C I hClL'izon of pale grey, fJ Lrcakod Wi'bl1 rod and 

yellow, fine sandy' clay with manganese andlimoni te pisoli tes. 

IJI;;lHIOUK c:~:o.r,oGY 

'l'he illuviated windb10wn sancI overlies h:i.C·hly to extremely, 

",(~aLI·lu.r:(~d porph'yry or {STaid. Lie uOIllPODi. Lion. '.L'lle jlO r.' ph,Y r,Y iu oJ' lato 

'Silurian 8.,'3'e and intrudes volcariiclasticsecIiments including shale and 

. r:andn [;onc, of ea:cly lai.e Silurian age. At [;ho uif:.ll1osa1 si te, the porphy.ry 

if3 Gonerally coa.rse-grained, inequigranular and holocrY8talline, and 

component crystals range in diameter from 2 to 4 mm across. Component 



3·, 

minerals in approximate proportions are kaolinised feldspar 70%, quartz 20%, 

biotite 10% and rare hornblende crystals which are up to 1 cmlong. 

Three test holes were drilled wi th tlll1gsten carbide bits to a 

depth of ?Om; all were completed in moderatelyweaLhered porphyry (Fig. 2). 

'J'o the depthB drilled, the IJOrphyry is closely jointed, with' an average of 

10 joints per metre of NMLC drill core. Most joints intersected were 

smooth and slightly open, and joiIlt surfaces were commonly stained wi th 

lIlanB'anese. At depths be-Gvleen 14 and 20 Tn, some joints were filled with 

red plastic clay. Detailed logs of the drillholes are given in Appendix 1. 

Geological logs 01' the nearby G.i.nn.i.nderra Sewer Tunnel Show that 

aL a depth of )0-6)11\, jOillLs are Ut";lr~ allll LLre GUlllellLeu wiLh GalciLe; 

Llli.Lt il:1.U ·,I.'ulilLcud Lite' pt)I.'III!~1I.1)i.liL,y or Lilt) I'()ck IlIa:1:: 1,0 ux.LI.'clllul,Y low vnJ.uou 

a LOJl!j' LU.llllUL Ul)(!U()U:J up Lu IUO III L(JIlg. 

HYDROGEOLOGY m' DISPOSAL Sl'l'E 

FIli\C'l'lTI1[i;1) ROCK AQUlfo'F.1t 

'1'he Irac Lured rock aquifer is unconfined, and thepoLont.i.ollletric 

~c:l.t:r1'ace coincides with the water ta.ble o:r.' phreatic BurfaGe, Le. the 

a'luifer is unconfined in this area. ~lhe phreatic surface, defined as the. 

surface at which in situ groul1.dwater is at atmospheric pressure, ranges 

jll dL'I'LIt l>CLvJt)Ull II ami 1~ Iii l>elow.C;l.'liIUltl :ill.l'r'aCu (Ji'i/,;. 2). 'l'hin llIoans 

tha'~ '~he aquifer lies somewhere in the interval oT 11 to Go mbelowLhe 

su.r:/.'ace, i.e. in the inLerval in which joinLu arc pouuiuly open. li'igurc :3 

uhowsLlw l:lkely GChCllli:LLic PiLLh oJ.' deep r;:rOlllHlwu,Lo:r Uil'uu.Iu.LioJJ .Ln Lbu 

fractured rock. 
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4. 

Aquifer tests have been conducted on the assurnpt;ion that ground-

water in the fractured rock aquifer flows in accordance with Darcy's Lmv, 

w:hich can be· summarised as 

Q = "Aki 

where l\. is the cross-sectional area of the aquifer, k is the hydraulic 

conductivity and i the hydraulic gradient. Thus the Darcy velocity of 

groundwater flow is given by 

. V := ki. 
D 

From the Darcy velocity, which is an. abstract concept· rather than a real 

flo'll rate, the mean pore velocity can be obtained as follows: 

v := V 
M D 

¢ 

where 0 =. effective porosi·ty of the aquifer. 

'rho i;ravel time t·, for a tracer rnovil1f,' with the gTolindwater and. 

discharGing to tho surface at distance IJ from its point of entry is eiven 
L 

by t = VJVJ' . A linear flow path is assutned for estimating travel time; 

I',h(~ n,0tiln,1 I.ravol path for· n. pollutant would be more tortuous. ~lhiR 

discrepancy results in calculation of a hiGher than actual groundwater 

velocity from point to point and hence a shorter travel time, thereby 

introducinG a safety factor into the· calcul.q,tion to offset variables which 

cannot bo·eshmated reliably. An example of such a variable would be the 

occllrrenceof a shear zone of high hydraulic conductivity occurring very 

<: 'I or-:e Lol.hu flow rn.Lll, l)11t no I; .i.n I;crf,wel;cd 'by any of tho -LIll:co tl r:iJ.l hole:::. 

Jf ~mch a 7Jono occurred it would reduce travel times below those calculated. 



5. 

ESTIMATION OF HYDRAULIC PARAME'rERS 

,The transmissivity of the fractured rock aquifer was estimated 

an follows: 

(i) !I. 10-ltOUl' urawuown teo[; wan IIIwJe on uoro No. 22 (il'ig. 2) 

using bores 21 and 2'3 as 0 bserva tion bores. 

(ii) A residual drawdown test was carried out on the pumped 

uore on completion of pumping (I"ig. 4). 

(iii) An instantaneous-head-change or 'slug' test was performed 

'" 
Olt the ,pumped bore (Fig. 5). 

, " 

Results of these tests are summarised below: 

11'li:~ ;r)1 rpW\NSMTSSIVTrl'Y --'------
Dr,awdown (observation bores) Resul-~ invalid because the maximum 

llrLJ.wd_owll wa:J ouly 10 elll in ollcolXlOl':vatioll 
~ore. Atmospheric. pressure variations 
(luI'Jnt': Lcril, duo 1;0 (ILor'lll acl;:ivity p.r'obahJ,Y 
ovc'rpI'i r\'l;ccl drawclc);YJl: dw' ;;1;0 PlJlIlpiJI{-~' 

tl. " '" 3 . " ... ,''t, ' ~:', .:: •. ~~.!. 

0.18 m /day (see Fj:g~ :4') , He:1 irlu[Llcl rawdow n 

Instantaneous'head change 
1, 

0.12 m.J/day (see Fig. '5) 

~ 

The meantransmissi vi ty of 0.15' m3 / day was adopted
i 

:as representative 

C)J' tho fJ'actlJTOd-l'ock aflujj'e:r' :irlllno(l iatoly Durryumline -1,110 [>lJInperl bo:t'e. 

'J10 calculate the hydraulic conuuc tivi ty of the f:r:ac tUL'CS from the 

Olcan trancrniosivJty, an asues:JIncn[; wau made oJ' the total Iru.cture ollen.i.ng, 

an dcterlll:ined from drill-core fracture frequency and opening, from holes 21, 

22 and 23. The fracture frequency was measured as 10 per metre, and the 

, \ 

average drill core fracture opening was estimated to be about'O.25 mm. To, 

check that the average drill core fracture opening is representative of the 
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. fracture openinB' in the rock mass, l"C!ference was. made to published tables 

rolating hydraulic conductiv.j.ty to fractuTo frequency and fractureoponing 

(AUewell & Farmer, Table 11.9,1976; Hoek & Bray, Fig. 52, 1974). l:~ 

was foUnd that the estimate of frac'~ure opening was consistent with 

lfIeasured hydraulic parameters (Appendix 2). 

The horizontal groundwater-flow velocity was calculated by two 

methods which gave similar results. The first method was to calculate 

the mean hydraulic conducLivity for the aquifer from the measured trans-

missivity and the saturated thickness of the aquifer that g,we rise to the 

measured transmissivity. Thus, 

T = kb where 
2 . 

T = O. 15m / day 

and b, the satul.'atcd aquifer thickness = '( m 

k =2& 
'( 

= 0.023 m/day. 

'.L'llo Darcy veloci ty, V
JJ 

.- ki wlwre 

= O.O~~) x 0.014 

. ,t: •. 
'~ 

'1," 

i, the hyLL.t'Q,ulio gradient 

-4 = 3.2 x 10 m/day 

= 0.014 

Subo titllting this into the equation for mean pore velocity or appm.;ent 

. velod, ty, the rate of gToundwa tel' flow through the open fractures is 

obtained, i.e. V
M 

= Vn where ¢, the effective porosity == 2.5 x'10-3 ' 

¢ 

- '/' 'l 1 0~-·1 - ).L x 
:::3 2.5 x 10 . 

= o. 13 m/ rl.'l.y 

'J'hLU..i, [,he LJ.'LwoJ. L.i.lIlo fo.t' 1 lOll LoLllC noaroo L p:L'obablcd:i.GchaJ.'go point 

would be 21 yJ~fs. 
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The second method was to (.-:alculate the velocity- of flow through 

the fractures. Using the relationship T = Kb, but substituting the total 

fracture opening for the aquifer thickness par3Jneter, b, we derive 

kef) = T 
bNe 

where T = transmissivity 

_ 0.15 
- -4 

7x10x2.5x10 

N fracture frequency 

e = fracture opening 

k(f)= hydraulic conductivity 
of fractures 

Thus, tpe hydraulic conductivity of fractures is 9m/day. 

Substituting the hydraulic conductivity for fractures into the 

equation _for groundwater flow velocitJr , V = lei, 

we {,:ot v(f)= 9 :x 0.0171= 0.13 Ill/clay. 

Thun, the veloc:i;t,Y of flow through fracture:;; is 0.13 om/clay. The travel time 
7. 

for 1 Jon to nearest probable discharge point is then = i-OJ 

0.13 

= 7692 days 

=~~rs 

w(~ cOlwJudc)Lha L tI1C I;ravol tillle foJ.' n: poLI.u. Lnnt :i.n g:Toun<lwa(;or 

1'10'N through the fractured-rock aquifer would be about 20 years. 

] NIi'I I .'I'UNI':! ON 'l'EG'L'8 

TnLi.lb:aU.on testing of the soils was carried out at thI.'ce 

different levels in a -trench excava-ted by a backho~. - One dimensional in-

En. Lra Vi.ol.1capacitJ.es were determined by measuring the rate at which water 

flowed out .of apermeameter in ord(~r to maintain a constant head of 1 to 2 cm 

in a 30 cllluiameLer ring'. '_Phese tests 'Nere run for three differentsoi-l 

antecedent moisture contents. 



8. 

The results for the first 4 hours are shown in Figures 6, 7 and 8. In 

site No. 1., the top of the ring was set at 60 cm below ground surfaqe. 

The soil material was a reddish brown silty clay with nume:roussesquioxide 

pJLloLLI.(,::; 1.:I.I'II.l:I,IIr'() W[I:U e:,I::C:III,Ja11,y 1I1:J.:::ILvc w1Lh (1I)1I.11<l<1.r1"I" 11.lIcOltnccl,()(1 

clo.y-coaLed rnego.voJdll. 'J'he antecedent moioture content for each run is 

shown on the respective curves (Fig. 6). An anornalous feature of the 

tests w~s the apparent increase in infiltration rate after about one hour 

following'the initial sharp decline. It is thought thattlie mechanism 

:l'cspomd.lJle for this behaviollr is that as the .voids become proeressively 

. filled with water, entrapped air is compressed and temporarily restricts. 

the progress 'of the .wetting front. Apparently the delayed air expulsion 

takes be I;woon 30 Illinut'C8 and 1,\ hours, afteI.' which the moasured 
,~ 

illJ'LL i.:J;'al,:i.ull 1.';1.1.0 UO Hlou dOWII again alld tlWll dc)e.r.'oaUDu vo:r:y olnwly WJ'I.ll 

tililc. 

Si to No. 2 was set at 85 em below groLilld surface.. '.L'he soil was 

similar in s-GI.'uc-G·J.re and texture to site 1, but' the colour was yellow brown 

! 
and clay con Lent was siightly higher. At the lowest antecedent moisture 

eOlll,ell L, (L"j /';. 'f) I.lte jlhollUllIOllOl1 of de.Laycd ail.' oxpu.Ll:lJon WUl3 acain expo:d.OllCOd. 

Site No.3 (Fig. 8) was set at 3.5m below ground surface in the 

pallid zone of the weathe:J:':i.nc: profile. The clay content is p;enerally 

lower. than :::i Len l.r.Lnd 2, wj th mont of the clr.L,Y occur.ring as claYGkiml 

around. quartz. grains and vein and plane fillings • Porosity of this horizon 

. if I Ilii':IIf"I' (:d'lllll; ;.()t;f.) wi 1.11 11. lfi'-':I1'i f'iC::1.111. proportion 01' pJnnn.r vo"i.cin. 

However, (1ince lIIont· voido are clay-coatod or. filled, dolayed a.ir. cxpulsi9n 

in alno nXf10.r.i onGed in this h9r..i.7.on. 

From OX LrapolaU.on of the recess:Lon curves of the infiltration 

tes·ts (Fig. 6)., the apparent hydraulic conductivity after 24 hours between 
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WEST BELCONNEN INFILTRATION TESTS 

SI TE 1 I 0·60 to 0·80 metres 

Reddish brown silty clay with abundant 
Fe pisolites. Generally massive. 

Constant head 2cm 
Fi"nat infiltrCltion rates(f6 )-B mm/hr (i) 

(after 6 hours) - 9 m m I hI" (ii) 

-12mm/hr (iii) 

AMC -Antecedent Moisture Content 

··(iii) 19·<?oJ.o .. AJ':'.<;.·· 
_-----------~·.~.-:-.:-::~:-:~~-·~~·~·.:;:.:.·:·::.:.:.:..:::·~·m~~~·::·:~·.:..:.:i~fo/o-AMC-

------ (j) 17·6 °/0 AMC ...... 

I 

180 
1 r 

21 0 I55/A/~/4-~ 240 FIGURE 6 
I 

90 120 Time (mins) . 150 
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WES T BE LCONNEN INFILTRAT ION TESTS 
5 IT E 2, 0·85 to ,,05 metres 

Yellowish brown silty clay with abundant 
Fe pisolites. Massive. 

Constant head 2cm 
Final infiltration rates(fs ) -10mmihr ("i) 

(after 6 hours) 6 . m m Ihr (i i) 

2 mm Ihr (iii) 

AMC .. Antecedt>nt Moisture Content 

". ,'. 
\'" ,". 

\ .... 
\. .... . ~ (i) AMC 17-5·'. '< ..... . " ..... 

"­
"- ........ '- .... 

-------~................... (ii) . AMC 20·~~ 
----:-.-.~.~-------------------:---------------- - - --

....... ........ ..... ....... ............ (iii) AM C 22,3 ., • 
................. _ ........ __ ............................................. __ ... -

Time (mlhS) 

3'0 6'0 9'0 . 120 150 180 210 f55;A16/.2IS0 240 FI6(.1RE T 
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WEST BELCONNEN INFILTRATION TESTS 

SITE 3 , 3.5 -3-7 metres 

Pal~d zone of lateritic profile. Pale I 

mottled reddish brown and sandy clay. 
Thick cutans in. places. Massive ,porous. 
Sesquioxides, angular quartz. 
Constant head - 0·6 cm (i) 

2·0 cm (ii) 
Final infiltration rates -14mm/hr(i) 

(after 6 hours) 9 mm 1 hr (ii) 

AMC - Antecedent Moisture Content 

( i) 

~ 

AM C 18°/0 

(ii) AMC 2f..:10Lo --------------

----

120 Time. (mins) 150 180 210 I55/4/6/215"1 240 FI6URE 8 
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Go altd DO cm varies from 0.03 m/day GO 0.05 m/day, dependinG upon initial 

moisture content. From 85 cm to 105 cm (Fig. 7) the range is 0.001 m/day 

t~ 0.02 m/day, and from 3.5 m to 3.7 m(Fig. 8) the range is 0.10 m/day to 

(). n lII/da,Y. 

Two infiltration tests were made at each level and the results 

varied by as much as 60%. This is attributed to the variability of· the 

Go:i.J n over ShOl~t distances rather than any shortcomings in the techni.que. 

It.should oe noted that constant head tests over-estimate infiltration 

capacity from natural rainfall. 

From the above results a minimum admittance time of about 14 days 

lG n;quired for a slug of water to travel from the ground surface to a 

:; La !,j.t< 1'~·.I.'()I.Llldwa LUJ.' u Lu.I.'() U. L ·12 Ill. 

DYE-TllAC ING EXPERIMli:NT· 

A tracing experiment using a fluoreBcent dye, Rhodamine w'r, is 

l)einl~ u.ndertaken in conjunction with Centre for Resource and Environmental 

Studies, Australian National University. About 400 gills of Rhodamine WT 

were injected· into bore 22 on 2 May 1978 and the travel time to observation 

bores·i-s being monitored. At the time of writing (iAugust 1978) no dye 

had been observed ih tbe closest observation bore 30 m away. The 

concentration of dye in the input hole is nOly about 400 micrograms per 

lih'e representing only·a small fraction of the original dy·einput. The 

experiment will be continued until nignificant. resu1ts are obtained, in an 

attempt to refine the estimate.of pollution velocities. 
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CATION EXCHANGE CAPACITY 

The cation exchange capacity of soil and rock in drillcore 

salH[lles has been analysed by the CSIRO Division of Soils, Canberra. The 

resul ts are given in Appendix 3, and schematically in a cross section of. 

the site in l~:tgure 9. The analysef~ show that" the clayey soils near the 

top of the soil ·profile have a cation .exchange capacity of 10-20 milli-

cqulvalents percent, whereas the weathered porphyry has a cation exohange 

capacity of about 5 milliequivalents percent. The clayey soils have a 

greater capacity for the ionic absorption of, and for ionic exchange vii th, 

.pollutants than the weathered porphyry. Cation exchange capacity may not 

1)(' rel.evant for the porph;yry as pollutants would. travel mainly in fracbures 

.i 11 the porphyry. 

nY.rmOClmMI8~lRY 

One full chemical analysis has been made of 'vater from each of 

LLve moni tared piezometers at the West Be:Lconnen Landfill 8i te . (Ji'.ig. 1), 

whJ_clJ incJ.udes the proposed radioac·tive-was Le lLi spasal 8i te. '.l'he analyses, 

carried o'ut by AMJ)EL . (Jacobson, 1978) show.a range of similar character-

isHcswhen their ionic proportions are plotted (13ee F'ig. 10) • 

. '.rhe analysis from Bore 9' ( 6.1 m deep) Ghows low ionic 

concentrations, and probably intersected perched groundwater in colluvial 

111:11.( ~ i"j aIn ; fJoeLiwlI ehlo:r:i.c1 0 iLl virtually UIO 01l].V naIL pl'cIJen t anel in :i. n 

a ver:v ·low concentration. Water from Bore 2 (4.2 m deep) appears to have 

lll'rn (1 () r' [vc>cl from e:xclurlively rr8.c tl.lrod-·rock [trpli fern, arid sodium chlori de 

:11111 :IOtlJIIIII hicaT'lHlIl:I.!;() :l.I'('.proLwn!; ill l'ol:dd.vn:I,Y hi.e:h l~(l"f\nlll;ral;.j.onil ('I':i.h~l.l' 1). 

Borer:; 8 and 22 (6.4 and 20 m dRep' respectively) a.ppear to conta.in grOlllldwater 
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duri ved from both ueeper frac Lureu-I'ock aquifers amI fro III shailow, perched· 

aquifers in soil. Bore 12 (6.1 m deep) appears to have intersected almost 

wholly perched-groundwater. 

Bo.t'OS ;~, 0 and 10 kwe flowed at times during the period -that 

they have been monitored. This is significant because they are close to 

seepage-areas that have been attributed to groundwater from beneath the 

ridge ~hat includes the radioactive dispo~al sit_e. 

Table 1 shows the theoretical concentrations of salts that are 

in solution in groundwater. The water sampled from Bore 22 at the 

proposed disposal site, apart from being quite saline, has a theoretical 

conc~nLra-l;ion of1 00 mg/l of MgC1
2 

, which indicates '~hat the erOlmdwate:r 

wOllld bo G Ugh Uy corrosive. 'J'he earlier pro po sELl of dioyooinC: of 

WUGte:c: aL depths of about G llI'in auger holes could have brough[;the 

CUll L<.l,j,llOL'S into canbc,!; with uggressivegroundwater at times of high 

phreatic surface. 

rpAnT,E 1 - COMPONEWr SM,TS OF GHOTJNDWATER IN FRACTURED-ROCK 

AQ[Jll~EHS NIl DISPOSAIJ SITE:. 

Bore? (mg/l) Bore 8 (mg/l) Bore 22 (mg/l) 

Co. (HC0
3

)2 332 446 398 

Mg (HC03)2 256 139 95 

Mg' f30 ~ 163 104 

. Me; Cl :.!4 '101 
. ,2 

Na C1 522 j2T 352 

('K ,Na) NO" ~5 ' 54 
) 

Na lICO" 571, . :> 

Na2 S04 '(2 

calculated T.D.S. 1334 969 910 

pH 7.8 7.8 7.0 
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. BURIAL OF WASTES 

. The original proposal by the consultants, L.T. Frazer & Associates, 

W:1.:: to bur.y r.arli.oae tive was tes in large diameter auger holes at a depth of 

(,-'( Ill. Fr.al:i.minaT',Y :;'r~OI1.J. Ln 0 r thin 'irivm:d;j ,',;ation have .led 'bo a 

moclification of the desiGn, and i ~ is now proposed that the wastes be stored' 

in nsbestos-cement cylinders extending from 1.5 m below ground surface to 

~z • 1 II/I abov() i [;. '1.lho apaco. :JUTroUtHl.i.nc; LllC eylincloro' will. be f:iJ Jcd OJld 

tll<' fill material will be waterproofed. 

In the worst possible case of a container starting to leak 

immediately after disposal, then the pollution travel time is expected to 

be about 20 years, although the amount of pollutant will be diluted by an 

tmknown fac tor. li'or complete radioactive decay, the material should be 

stored for 10 times its half life, by which time 0.1% of the original 

activity remains. At the West Belconnen site this means that material' 

·wi [;h a half life of up to 2 years could be buried in the ground with the 

expectation that decay would be virtually complete within the estimated 

bravel ·time through the groundwater system. 

The measures incorporated in the design, such as' waterproofing 

the. compound and'. the disposal of containe.1:'s in cased holes, will delay 

JnmTemeh tor' .pol 1u tan ts into the ground. The disposal of radioactive 

was'te in stainless steel drums would introduce an additional major delay 

in to -the oys tem.' Drumo Gontaininrr liquid waotes should be'packed in an 

tch:10:eboni; material flUCh ns Kiescl{"uhr. With these ,provisions, material 

wi 1,11 a half Tifo of 5 ,yoo,1'fJ Gou,ld be fm.fely d:i.rJpooed of at thi.fJ oito. 
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CONCLUSIONS 

The most significant delay in the passage of infiltrating water 

through the disposal site to the nearest discharge point~takes place in 

the saturated zone, i.e. within the fractured-:-roc1c aquifer system. . The 

h'avel time is estimated at about 20 years for a distance of one kilometre. 

The infiltration component of the travel time is relatively insignificant, 

i.e. a delay of about 14 days. However, owing to the greater ionic 

ads(irption· potential per metre thickness of clay minerals in the· 

unsaturated zone than in the fractured rock, the burial of wastes ata 

·higher level in the unsaturated zone is preferred. 

The study has not been sufficiently detailed to identify possible· 

high transmissivity zones between the proposed disposal/storage si te and. 

likely discharge points. It is expected that the· results of the dye test 

will show whether or not a fracture-zone with shorter groundwater travel 

tjmes exists • 

ilihe measures incorporated in the cJefJigll 01' the din posal sys telll 

are expected to introduce a significant delay into the travel time of a 

pollutant. tt is expected that material with a half life of 5 years could 

be safely disposed ~f at the site. 
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~u /..-t, ..... /za., fe.tf: air" a 

~! ~ 

'-.~. 

'~ 

<:.~_.),.ItJ~lk .r-.!--r &\ 7' Jo;;)~'i 6"0": 

'J .:).)."t c.:.v./-c.cu '(j.,/'-C.. I--....J'-.. . .•. 
c: . c:¥-~ fn i.Mvf ~ c:( 'J l.>. 

~ .J! 
'/' elr ",t.. .. vt!' 

Feed ____ • _. ________ .,,___ _ FrocturtJ Log- "!,umbkerdol fractures per 25cm of core. 'ZOnes of core loss 

. klLhc....~fJ.,.. "oc e m. 

Core Photo.graph Negative No. 
Black e. White· Colour' ".' Depth(ml 

Core barreltype ______ . .'_..... . 
L :1'0. f vII (,S~,tt\) 8eddlng 8 Joint Plones - Angles ".'ii measured relative to a plane normol . .fo 

Driller - - -.. . ... - . - -... y -t/J8 eoa </ds. 

Commenced .. ?-f:~'J:- :7?.___ ,.". L I" _ '. . 
. ""O,er Ovo measurements - --L.. I.evel ",/JM /Jole In progress at specified deptl 

----~- ...... I'! .. 

----:--:"'--,. 

~;:~:Ie:y f.b.-I( ~~ ~ ~ JL !.,;vel in completed /Jole Q(I SpBcllied date. ":'-------':"'-
Ch . --------'-... 

L- eeked by - .. - .. - ........... '-. : L l0!5/AI6/·. 
----J ______ -_. __ .-. __ . ___ .. _ -'.---'--"-~'~---'C--- .--.----:..-'"--~-

.... .,----- .. -~ 
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BUREAU OF· MINERAL RESOURCES, 

GEOLOGY B GEOPHYSICS 

PROJECT __ _ 
LOCATION ___________________________ ~ _ ~ _~:.. _____ . ____ ~ _______ :.._ HOLE Nctl. __ 

.• . ·.0 u .. 

GEOLOGICAL,LOG OF DRII.,.L HOLE 
ANGLE FROM HORIZONTAL ·(e),_J_~ __ ,., DIRECTION __ ,~, _______________ .! 
COORDINATES __ , ______ , ___________ RL OF COLLAR __ ,. __ . ___ ~--~----- I SHEET _~ __ o~_ 

Doscription 

lith910QY, colou" st,ength, elc. 

·Slructu,es 

Joints1veins, seams t foult,etc. 

I/. tv. ~ rv/.(.</. 

~!..:;rrot't>·:~ 

SC ..... II.IN., ,,,,I­
I"t.M '/..V"{~i( 

;/o,C.J";/,/r 

7re'1<~" 

.0(1' ".f (') ~ J"-;'6o 

,'e"'" "'(.'-;.7' 

" 

I( 

;:::~~ (',( 
. /' -~, rv·/J~ 

~.v. h-,."./,k· "~r( '/ . 

..... ir /V/</,~~ ..... 

c",..t) VI" H"'I-~' 
~.c.:r 

2. I ...... "'r' );··'0............ .c, i~ 

o,ill Iype . (;e;>'7 c.c 
Feed. N-yoti~("ut:. 
Co,e bO;,:I' t~p'e- . ~H L C: . -
o'ille, ., , L- ,. 7a;'V;~' - ,-. -
Commenced '2-"2..' ,'2. ... ~ Il 
Comple.ted 

LOQged by 

MIP·f1221 

" 
~ /). 'ihOH-N~ 

/'v''- '. (' <It,) /1;;, ..... ;·1< ('1.' •• ..( 

I, 

II 

Notes 

Froctur(J Log- Number of froctuo"; per. 25cm of core ZOffes of core loss 
. blocked In. 

Bedding 8 Jomt Planes - Angles ,I.' e measursd· relative fo a plans norinol to 
. tl18 COl d '1xis. 

Woler Level Meosureme(lts-~ Level whan hole iii progress of specified 

...5L.- .. evel in comple fed hole Qi! speCIfied dole. 

·Checked by 

Core Photograph Negotive No •. 

·oe.p.t~(~l) Black a White Colour 

L--____ , ________ .,l.~_,. ____ , ___ . __ _ ____ ._. ______ .. _ .. __ ~ ____ ,.,~ __ L_.. . I 55/At6/ 
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BUREAU OF MINERAL RESOURCES 
I 

GEOLOGY & GEOPHYSICS Geological log of Auger Hole 

'W~t 8e/co"" er? .. 
Project:·. .H..ole: 22. 
. Isof-ope- fJisj/CCo/ .'::iif-e_ 

Date: 23·2'78 logged by: Pb.#. 
--r----~---"-.~--~-.- .-~.-.----.----. -.~ -'1" - •..• ~~--.--~.~.~. 

ENGINEERING 
SOILS DESCRIPTION 

(rext, plast.) 

'£0~ . ..sa,.,dg s;ll,- ./r-Iable. 
C-Y70 cl4J' .... . 

k' sh'l'j heavy C/O,! c 
o6undonr ?isollfe.s -, 

ILLLLl' acrvss. 
'so"'dy ~ea'Y c/~ 

lea,., da:; 

Slt'll;' hear; c/c?..!/ c 'o"'SO;'l/~<; 

.$and'f clc:y _/owq­
Srif1Yh~J C/~ 

I./ei/ J~d.eASa.-.d c 

~O;o-f.e lear? c/a..:; 

we/! . c;/'"aded SOr?c7 C 

Yo /liMe ka..--? c/ t2;y 

/Jbo.-d I,::;>0.j 01' I/..w. 
/'°7JJ~!I recorere cI 

/Oc;..v, lenS71-. 0/ C6>r-e 

rcco~recl (c.ff/. /'07/-'1 
, I . 

-t:- 6.e-In"Ic..O pOwer-CUA 3.e.c 
re.tvso.:(. . 

COLOUR 

Po Ie or dark 

.&:sh~ 
Permeabilily 

(kl 
~a..E= '" v 

i~Groundw.ater 
o Observations. 

D I hi!' r~ea.p;/;i4f 

Y~J~~'I M 
/"/ Ie-

low I< 

lobV' k: 

/~./-O . .-.od 

k. 

ff'1'a::::Y ~A.ok-

K. 

~ GEOLOGICAL 
PEDOLOGICAL 
DESCRIPTION 

[

Eolian Residual j 
A lIu via I Col/uvial 
De Com posed roc k 
Horizon A, B .. C 

Buried soil 

4eo~~ 

Ie. I hO,.-i2-cv? 

?07'J'J) 
/I 

_Not sampled Checked by: . Pi>. //. 
::: no c..o~ 

DrilierL. VC7rv/..s Drill type,GE-7'-1"CC)-

re COvCff'o..;t 

MII'I) -)011 
--.---.... ~- ._ ... -- -. .. ~--~-/ .. ---.;Z 

....... 01:..... 1.55/AI6/ 
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BUREAU OF MINERAL RESQURCES, 

GEOLOGY a' GEOPHYSICS 
~., '. 

~:' 

HOLE NO l,l!_. 
GEOLOGICAL, LOG OF DRILL HOLE ANGLE FR~M HORIZONTAL (e)~_~ ____ DIRECTION ------~-------.:.------li 2,g' 

COOROINAl ES ____________ . _________ R l.. OF COLLAR _______ .____ ______ SHEET _____ 0 ---

Rock typo 
and 

C.,hI. 

c..w.-llW· 
dO-~e-

.:, . w· --#. tv: 
da.c--/1i!!! 

D.scription 

Lithology, colour, st,ength, 8tC. 

IN. ':'iZcllC/h7p' . -h'rte ,Jr";~'/r?.ed 
d~c-/~ ~IJ. eA" b.:J (.,O~ -
q~n~ _1A/' d.a.~/r~ 3:1-

V' I 
I?-,I--.., . 

Notes 

I 

1

,1 

I 
i, I 

I 
I 

structure. 

Joinrs-,voins,. seems I fault,etc. 

. C~J, -fJ,/k4 1/;01,-,/5 

./tjJl'l'rIJ 6o~ . 

n-7e?sr J'o/nT:r ~. 

0""''''''';;'''/ -/-0 ~ 

." 

.I'~ oct::. ~ .a r- 3''0'' ~ 

O1.k7'S .; o .... e. /oi....,." ~ra./k 
TO ~X15 k :f 1e..v1'Z. oT 
70/, .~ ?--.tPr ,.-V;--r iT 

c:.I.o5"~(JJ0';v? -k-/' ar . 
/ ..... ~~/f -.ra-~' h-..r(",tvl'"/~ 

Pl'v< -,1.0'. c:y"r////;' 

Drill 'type _ G£ n C <..? . -_ .. _ .. - ----
Feed _________ . ___ . ___ . __ _ Fracture Log - Number. of fractures per 25cm of ·core. Zones of c.ore loss 

blacked m. . 

.. Core Photograph Negative No. 

08pth(m) Block a White Colour 

. Core barrel type . _"Y? r1· c... 
Onller k· . .:rM.l/f~.: -- -
Commenced 

Completed .. f.1>.if ~ 
LOQgod .by 

"t1 (PI, ;~'1 

8edding 8 Joint Planes - Angle. ,,: ,. ·measured reldtive to a plane normal to 
the can' .Ixis. 

Woter Level Measurements - ~ !.evel whun' nolo in progress at sp.eCified 

..5L. L9vel in' completed hole Qf specified dote. 

Choi:kod by 

----------' 

____ .:.. ___ .,a< 

. I !l5/A.IS/ 
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BUREAU OF MIN ERAL RESOURCES, 

GEOLOGY & GEOPHYSICS 
G'ebloglcol Log of Auge~ 

CI 

Hole 

(o{ 4-
r.D. If-. 

,. 
fr).e.d f3.€ Ie.. e>v~ ..... £2,....... Ret. "'(; CCJ. c -hv.e. . .~", e..e--/ 

Project: ls~ D"i)fO~,J Hole, 23 
. <"",.11 c" 

DoteI263."2 .. 78 Logged by: 

CI 
a . ... 

ENGINEERING 
SOILS DESCRIPTION 

(Tul, plasl) 

/c'oie ~:II:J Cl~..( }.,Jy:; hJ..e 
S4~~~ ';D/~o;1 

v. slilf" i!c'.d-< ~(7J ('<i.Jd4,,1·, 

!.<<IIki~d /,S'..>'I,/e;.- Ie 

.f:'v...e· jrlW'.ii~;j·)'s; I ~j"" 
S'u"'fA.t.(j k:'tw.. dtlJ 

A. c .).i .":; I(',;.,~ ,('0.) 
tJi 1/ ... . j?/S,,/,7f,f <_,I F.-I 

Hi-, a..........l ,~',v-~ c( 912 rel•hI .. ,(. 

l/..$fl/1 Sa.......L, 

C(,7 :JY~< "~J'J ~' 
t.::1 t,.:'J- Co?o--t'/<'.(: r.-...,( 

i:'ly, 

rO!o c..cv ... rt'J or C":".I:t-,~~ 
~~ o'f. cLa~rj s~ 

{.t ~ laoJ.-lt.-., -c;.fvv-J;>5, ( 5 c) 

(; 
..ll 
E 
>.. 

" • 
• 

;:) 

c'-

o ri II e r; L.. . ':;-~vi.r Drill type;. f$~60 
...•.. _---0..;.':"" ... _--.-.-- ........ __ ... _--- - ... _ .... , .......••. , _._ .... - .... 

COLOUR 

Pal. or dark 
Comb,·cot. 
R-'8,Y-B 

/'d....... . 
.'j<.lw.",ut-

jJloPt"'''' 

~ Pel'meabitity 
~...; (k)' ;)..... . 

.~ X -.------. 

~ ~ Groundwat.er 
. ci t ' o lsc.rvi\lloliS . 

h.,·-~u{a..t:-J 
....... olrl-c,l,· ~ 

pal" 8' c,::J) rl 
fUP( ,,:;:., 

fw""~ lI.O,.,I. ~ 
'j~(lON <!. 

t., cld, H,., t.i. 
G1-,t . .l~I\-j' 

f{'t!.·(.'l~v~ t 

r'L~. W~!'''J 
t<llr/. . 
:::;c ... \ Ih;;i <',{ 

'-'-, 
\..-., 

\ 

"-
'~ 
~ 

.~ "~l/,,",,, '{.­
r"~;'< >:ht',hl "-..' 
• '.J Ill. '-'1 
(L ...... ..... ,'I'.ot:,f . 

~. 

'\.... 

"j 

ft:l(-e. 

Ch~J~ 

J 
e· .. 
> • ._ ~.Il 

~~~ 
"" I) ~ 
""LU 

" ;; 

~ 
II) 

~ 
.j 

'­.. 
'!t 
\I 

.:; 
~ 
(I 

GEOLOGICAL 
PEDOLOGICAL 
DESCRIPTION 

[
Eolion R •• lduatj 
Alluvial Colluvial 
Decomposed rock 

. Horizon 'A, 8, C 
Buried- lo"il 

?vi).;\.q.(.(e>-...... -' 
\/(-/,.. (,j...", . 

.sCl~·( -

8>0 ~~ri'z-,; 

'g I ,/,xofrUM 

No r~CIIII2.-~ . 

• Not lompl.ed _ Checked by, '. /.0. 1/, 
o •• ~._ ._ ..... ~ ....... _~ •••• __ .,_ ...... . 

;-

,. 
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IUREAU Of MINERAL RESOURCES, 

GEOLOGY & GEOPHYSICS 
G e 0 I 0 9 ical l 0 90f Aug e r 

Sleer { 

Hole 
,~ 

Z c{ 4-:; We. s1 e(~1 (~'()'lYI e':'-, i!L"...t'(; 0,; cfiVc> 

Proje C t: Jc:cAc'fe r?J5(0':,Ct( Hole., 23 
. . Stl-e. 

Dotei 28·2-18 logged by I r. 1>.l-h .. 

~ 

! 1 " INOINURING E 

" SOILS DESCRIPTION !;-
·0 

:J: (T.~t, pla.t) -u ... " Ii. .... • 
0 :::> 

/eav7 e'/a;jfj. eve/!_ ISc 
l!r,;:{ of-e.d ,h? e0'c-'-'n /0 M'1-f: 
s:C)/-, ;(-1 

~ , ; 

G'ii~J-
"::'·.'1' 1','1, 
r;~,t, 

b~; I(:'C?r;> .s4"-IO;Jc'/~ .1'<lo'/,:! ICL­
cIC''''n,) 10 lea.-, c !c~e'-r Sa~lc" 

,/./ 1 ",-'e!I?lI-'1.d~'·~(F")'C/ 'i{~:l.(1IyISC 
'::"!:Y'<'; .SO.·,,/ ,.r:- 'Y}'y',:Y:"(,, 

/ _ . '/ .11 I ,./ /. \l.s, l.'t! iii, "Ye? <./14::. 
I.i'·"·', 

'i ~ ,'\'~'.' \J ' 

'Il.:!~;., ... ti, 
'C, "1'{ f r.;" ,fl, 

.' f"'" 1H~' 

0~~ .' '. 
7 I/, s/ c/{?Y(,)1~ Iv'c!I':!<iCI-f.' • .l . 

.. ', '.' Ii} I~. .fx; C t.«'O:<': ,(C;'-, "./: IStY 

.; " ;', . -- / ' '. . ,,~: C'(_""yJ"?J~ e! ,yet c .. r0 

H 

/7C /"2 C- C" b C::!.~ J 
·')1'-'> 
" , 

r3.o 
~; '." !!..-4 c'-c'Y--e. 

. '~ 
c<-) !(7·).l,JS S'O-IVLjJ IGcl 

8·s-. 4y . IOn t:l. d's C7:J-(lOv7 , ' 

.' i l 
" ' :f}( 

9Jt:'! 1<- rev!« ""30' ''''0r;d 

Drill"r, L,:]qyv;~ Drill type' G ......... co 

COLOUR 

Pal. or dark 
Comb,col. 
R-8,Y-6 

J . .. 
, ' )'-" 

'3: Pe"nH~nbllt.ty· .=:>~ 
~ _1 (II)' .~ ~ ~ 
:) Q.., 0 () ... 
-;; v :( ... u 
. - ~ 

~:( GroLJl1dwn\er 
ci' .' 

Ob.servn\lons 

e 
:>. 

.~ 
.,,~ 
'I' 

jl:lk o/?:2v'YC: ! 
".,J);-?:' [yea,",,? t' ~ 

• . \j 0;:' A:' (.,{ s- 0. ~ 

ttZ/?::; ~ J' 
~ ,$ I 

. .1 

~ 
j 

>-, 

~ 
\l 
~ 
t' 
(3 

v,M 1 s/h,t'?v,l-"fl 
J-<'-' !It;...,..' 

It,,;; ,f,1~~;j 

C" -/I"c"t.t.-1<:.:' ,c::.. 

("',. C'.-c.'J,~; /t.: 'ff~ 
)Lf( ,t;'-i!l ,(,fIe 

I fJcdc'- ;!;(OW'7;sl/'/" r!. df./l { . , fll~~""(' 
(,),,', h'M c/ . // 

J (',j,',rr,:t...) 

I . I 

No ru::.w 
.Not lomp;:?' Chocked by, 

OEOLOGICAL 
PIDOLOGICAL 
DESCRIPTION 

[

Eolian .RealdVOI] 
A.IIV. vial CollvY.iOI . 
Decompo.ed"ock 
Horizon· A, e, C 

8urled .oil 

'C:..' h tJy iza'l 

iv . .,"/ 0/ c: tv; 
rOck /h Ie r 

h Dri ~_~,-, r 

c,' It N-t'2-r.-,. 

c. IN: c~c~'k, 
! " / : c c~or,'2o;1 

/'.1)1/ . 

. , 
" 

., 
l 
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BUREAU OF MINERAL RESOURCES, 

GEOLOGY 8. GEOPHYSICS 

PROJECT !~~!-J?~~~:'~~-!:~~f~J.?l2f~L-:?;~~_-, 2.3 
LOCATION ___ ~ ____________ h ________ ~ ____ . __ " ______ . _____ ~ ___ .___ __ HOLE NO ____ _ 

GEOLOGICAL. LOG OF DRILL HOLE 
aO'" , . 

ANGLE FROM HORIZONTAL (8l_./_' ______ DIRECTION ----------.-----------., -? A-
COORDINATES _____________________ RL. OF COLLAR ___ ~ _____ ~ _______ . SHEETw ___ OF:'L 

Ro,,11 rYPIl 
and 

De~re'e of W60thennQ 

O •• cription 

Lithology. colour, strength, etc. 

~ W. t!.I' br'i.:>vv,. :~I, "f..el/.;Ji.-v ,. 
) J ./~ct,,·t, II~?'" {c;'.....,.>?.., CI<!Z' 
1C'l&!<:I _ • -../ 

,L/.",!, ( .... onrJ~ cl'c<o~·-cr,.J"", ci 
) re",w;(,{.·1t:> C"~.I'f''? 5,.",.:1. ! 

C. tAl. It"/n ':/;1<:'""1':j) ""C'd-'J~.,./e:'. 
s·<~..t. (h\f'v.J '1/,t- ;(.," .... 7

1 

,1' ~t, Ik ·('I<dc(). i 

/l.w. 
t/c.cik. 

efa •• :k c;rvJA'>i,l""f" 

/' .. c~....';~ I" h~J~.rI' I"" 
cI""J~f" _"",d- (/'<1.,"' .... ;; 
In ... c,. 'A:J C'f>,~, ~ .• """ .• ~( 

M'W"("';~ !I.w. ,:i<:<c:k Ivt-, ;tl.... 
~.rc~ •. I'>J. A> t.."j. ,>/1 f'l~ i''j(,?<?,:·k:,.,,-I Iv 

1/ IAl It .. "" iJ"'-'tI-!y1-'-.~ Sa......d. 
,.,..~ ~I Y 

u"J ~ I /t.'l.l S ~ /!) '/<'(,J.-y, 
v, Iv , ~v #v ~' "::J .. /.' a....... c. a...., .. 

. , t! (~?V1 • . .. V 

Ii. 1""/.,(. •• : 

11.# -,t£'o "'-t. 
p(c .. (. ;k 

(I/);" (j'lj,r.k( cJ,.., ; ....... I(.I>L 

l~J:' ....... 711 n..:f o/-u. '" <- /1-
'Il,:.:"- ... -{LA'~ c ia;p-'-1 1 

'hh ~.;..., C.ot<-'-'~ Sa.......,. 

tJif;/i'II.1« -r ;~!l:O C-?i%C;;;;:&4 ~~ 
t..Je./I- '$rtUl'ad S'a- "y' 

-·-··----1 . 
6>ci:;'r>J";ze 01' /VI. 1--/. dl:?et,le. 

(Iv.;;! l't'Cc<Cr> 
I t7t<1 C ,. 'k ltv S' ;"'''~1 • 
k/J/ez-.-f 6,,-e.-..k 
c (/f"r:';'c~/"J vYld'..v 

Ill? I ...... ,-/ l'i!J/),T. 
6.ve blrt!.~k./ I-hor<?­

e. "'7 t'Jt't-...~11 jD/~I/7 
Ik;>. ",,- C'rOS,,' ~ .. , it?,~,/o! 

',,la' 

~;!I;llt· f!:·f ( !"jl 
i" {, ! ~ .:.' \'~ ·7 

Vi' 

Y / Ib':Sl"hr.J'~dl'o<i ! '. 
/ V .. \~ 

'Y. . ji~ 

Drill type,g§l'::i_~______ Noles 

Strucluro. 

Joints,vain.51 6eams I fault,etc, 

close:; jo;,rrkcl' r:?~",1 
d/'fcl..jJr 7J~"Je,RI'. JO:''-, h .,:t t 
o ,.,~; <) 0 ')./..:; C-c.)YE> c.z xi'S, 

vel"Jdl'vs ..... 7 jc:.J; ..... ~../_ 
(.')/;r~'JJr<f'.JC1,;;:'r c' ..... )"'-.-.1'4-
A ___ ..-.d~"'() . 

M(.t/.. .(ac • .4:: I r~r'1 C(Of .. t..., 
.?r,;, -Iv("'~ I)." f>:>/...::>. ,.,;',v·d~.,. 

(70 ".. <:/. k c-t:> .... '" .:1. ><-rr) . 

e/I?5.:1,/ A-o: <' ,ti"",,,,-t' t'~s Gl tc .... 'f4-

H ... c:Y.. - &.;.>o..k..-l j'c>,.'),1'r. 

. -c7os~/.z 
J.o e'< >--1J; 

• ..... ...... .j" ....... 

jo/nk-;!' a-r 70 (.v'll) 

11'r~:JJy~etf ,40 __ t;t 
~"'~Y~~. 4~~ij .t:>I..'-J /0 ," 

jc'4'n!.r-, . ..... ~u~ . ~~7s-"·;:C)o 
-/0 Cf-/>qr. CVr~ .J,~/<d 
,.-~iy-<'-lV<7. J~Io~. 
.4-e l!{/~J /oM. ../o'll-r.f;r 
a:-f- i.l-J <> Y lo'" ~ ~so . .. 
9i-'/-k C-(.~............... /t'.?j r )01)., f:r 
~ s/tn.:>c;;./L /-IA-ve V#-1':/v.4n;-, . 

6'/ () . .r 4~ Nw f c..~, 't- A'-e 
1'1"0,, w " . 

Core Photograph Negati~e No. 

j~ 

-~~. 

.:,.' 
c. 

It 

Feed ___ ttl!)_ c ________ . Froctur~ Log - Mblumbkerdof froctu.-es per 25cm of core. Zones of core loss 

. . . t--fLM C-_ s-U oc e m. 
Depth(ml Block a While Colour '.of 

Core barrel Iype ___ ... _____ . .. . 
. ~{~-JCI..rf [J,-o(, J....:stvv Bedding 8 Joint Planes - Angle, "re measured relative ,to a plane normal to 

Driller .. _ . .... .. . the C'}(" axis 

Commenced . __ L·3::1¥__ ,. . /_ S < lIS Water Level MeaslJrements-...Y._ Level whan hole in progress at specified dept. 

Compleled . _ .. r'-r5:~~O-i(-iJ"cl:( .-SL Level in complefed hole Q.n speCified dafe. 
Lo~~ed by ... 

--------;~. 

-------:;"~ ... 

MIP!l221 . Checkedb\, 155/A 161 
I------.. -~---- -------_. 
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BUREAU OF MINERAL RESOURCES, 

· GEOLOGY 8 GEOPHYSICS 
. .. ~~ . 

ANGLE FROM. HORIZONTAL (81 _________ DIRECTION ____ ~--~---- ••. ~-----;. 
COORDINATES _____________________ R .. L. OF COLLAR _______ ~ ________ • SHEE:r4:.0& GEOLOGICAL. LOG OF DRILL HOLE 

Rock Type 
and 

Degree of Weathering 

Description 

Lithology, colour, strength, etc. 
Structure. 

Joints, veins, seams " foul t, etc. 

Drililype . ~l:;,.::?,?!? ____ .. _ 
· Feed ____ .~_~~_I(b .. ____ .. 

Core barrellype __ Jf!~~~ _ .. _ 
Driller ___ . _!:: ~!?1}:i(_t 6. _ 
Commenced ._ c _!~~: :Y. ___ _ 
Compleled 

LOQged by 

· M(Pfl221 

/1 

j(;)ihif a-l'" Cld' ~ .~ 

VC:t""1~''''''~'',1' at§-"" ~ jt?")..1" 
.&v·;w"~ H~'f' C' .... /'" ) • ..:;> c> ,cuez.,..,.;!T 
~ /L,. ~ C:....,. 1"<' fr<r,7~ ex... 'rY. 
e)!' 70j)_k~q )O~)'117 c.r <f); 

. Notes 

Froctur~ Log - Number of froch'res per 2!5cm of core. Zones of' core loss 
bloCked /fl. 

Bedding 8 Joint Planes- Angles are measured relative fa d plane normal to 
the COr e axis. 

Wafer Level Meosuremenfs-...Y... Level whM hole in progress at specified 

~ .. • Levei in completed IIole qn specified dote. 

Checked by 

Core Photograph Negative No, 

Depth(m) Block a White Colour 

----- .... "':":" ...... 

155/AI6/ 
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ESTH1ATION OF FRl\C'l'Um; OPENING 

It is very difficult to aE~Sess the fracture opening in arock 

mass from the joint separation evident in drill core,even when 1o<Y;6 

recovery is achieved. To check that th<? assessed fracture opening was 

(~Olw.i.:1t.cn I; wi Lit the anflnrJoc(l tran r:Ifl.l !I I Ll.v:L 'Ly , l'oferonco waG rna<lo to tahlen 

reJ.atinrr hydraulic conc1uctivit,Y, fracture freq-qency·arHl fracture opening 

(11. ttewell &. J!'armer, table 11.9, 1976; Hoek and Bray, Fig. 52, 1974 

(Fig.52). . By applying measured fracture frequency and various values of 

fracture opening to the tables, a range of values of hydraulic c6nducUv.i.ty 

\yere obtaine·d. 'rhesewere checked by using the same values of fracture 

frequency and opening to calculate hydraulic conductivity by an iterative 

procedure, using the relationship T= kb, •••• where klsthehydraulic 

conductivity· 
. . 7 

b i~thesum of all fracture openings through the saturated 

Lhicknoos oJ: the aquifer, amI rr has been determined empir:i.cally. 

In this relationship the aquifer thickness, b, is a function of 

fracture opening (e), fracture frequency (N), and saturated thi.ckness of 

thr. aquifer (b l ), j •. 8. 

b = e. N • b ' •••• where Nand b' are known,and b ande 

are unknovm. 

From A tl ev18 11 and Farmer (1976) table 11. 9, hydraulic conc1ucti v:ity 

(k), ·is proportional.to the fracture frequency and the fracture opening, 

i.e., k",e. N 

a1'ld for any particular fracture opening, e, 

·k == k'.e.N .... 
Lb.,k' = 2 

e.N 

whore lc' is a constant 

Substi tuting th1s· into the equation relating transmissivity., hydraulic 

GonduclivHy and aquifer thickness we get; 



I 

Ii 

I 

T ~ k' .e.N.e.N.b' 

2 oro °e ;::: T __ 0_-
k'.N2 .b'0 

where all the values to the right of _the equation are known. 

Thun, varJous likely values of e can be selected and the corresponding 

v~lueoof k'determined from Attewell & Farmer (1976 Table 11~9) using 

oconstant' fracture o frequency, N, of 101m; The values of k' ·so determined 

allow calcula.tion of corresponding values of fracture opening. When a 

value of e is selected that agrees with the calculated value, 0 then that 

fracture . opening 0 is °the correct mean separation • 

. e.g •. Assume e 

then k'1 

. 1 ' l.e.,( 1 

o 2 
but 00 ealso 

. 2 

= 0.25 mm 

;::: 10-.4 x 86.4~ 103 
3 0.25·x 10- i1D 

- 34.56 x 102 days-1 

;::: T -----'--------
k'. N2. 2~b' 

l.e., e ;::: 0.16 
34.5'6--x-1-0-2 -; 102 ~7-

.• e -f '0 -8 = 7 x ·10 m = 0.265 IlUn 

'estimate of e is coirect. 

F,8Ulllates of frnc-r,ure openinr,', e,' that are greater or less than 

0.25 mm give calculated v8.1ues. for hydraulic conductivity that are ,ddely 

d:L:f'J'cl'Ol1.t to 0 the orJr.~inl.\l· ootimuto. 
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·/?ELA.TIO/VSh(/P BETWEEN TOINT ~PAC/NG &."OP£N/NG 

&. HYDRAUL/C CO/vDUCT/V/TY 

Table n·q (h:-o ..... 

A-ftewel/~.ra..:-lYIer; !'17b ) ; 

I'er/.ll('ah.ility 
("//(,I'iil'I')· 
(.:() ('jJh' ic II I 
11/ .1'('(' - I 

10- 1 

10":1. 
10-3 

10-4 
10-5 

10-6 , 
10 -7 

.'10 1. 

1.0 

~ 100:- 1 

~ E 
v. 

10-
~ 

... ~3 
~. 10 
'3 
<.::­
.... '10 \II. . . 
o v 
>. . ~51 

.... ·/0 
" ,-"1 ,,.. 

.0 
III 

~ 10 
l.. 

&. 

Comparison 'of pore ;and fissure sizes (N·is the number' of fissures 
per nwtre and o'is the fissure thiCkness) in porous andfissli.red . 
matcri<lls having'the sanle nominal petmeability 

-- .---- _ ...• ----

I . 

I rt 
. T b 

i ~ .. ;~'{ 

-8 to _ l .. __ ~ ___ L. __ ... ~_. J ••. _ ••• l . ~.·J~ .. __ .l._ •• .,.'J-- • .J ..•.. l.-·~-.------- ___ .. ~I_ .. _._ .. _~ •• __ , ........ ·.,·f. __ .I_.~. _ ...... AH: 

'0.00, .. 0 .. 005 0.01 0.05 0.1 

Ji)/nt· o p.tn-i I'IS Ie-ems 

.~. 
F·i'j~r~5;2.·: r;·'/lvenc.q, ('·fj13int op"n,n9 .Ce and j,;;i(t 5pb/!;na ben -f:h .. 

('::ro"",, /'lOLl:.. ".ef'm~ab; , j ty t!oe(.f Ie I ertt' k H, t~l.ct i i"d.,t 101"1 0{ a' $:a:t .of 

~l.B("tl.jJ 1974) Sjtt .... o.th:. 1"'Ir-aUe:1 . Joll1ts. irl .~ 1"0.& 1'iII,!l·5\O<; 

.::,;" 

'. \ 

.. , 

L FIGU~e 11 
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APPENDIX 3 

f 

EXCHANGEABLE CATIONS 'AND CATION,EXCHANGE 
-CAPACITY' OF DRILLHOLE SAMPLES . 

. - --

llo'~orlI1inod by 

f \_ 

H.J. Beatty, CSiRO Division of Soils, Canberra 

April 1978 
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EXCHANGEABLE· CATIONS AND CAUON EXGHANGE CAPACITY 
. , (milliequivaients perce~~ i 

I 

DOREHO~.lL?1. 

Depth pH Cn r·ig lIn K . CEC 
. (~). 

·0 - 0.3 6.3 1.9 0.93 0.89 0.23 12.0 

1.0- 2.0A 6.9 2.2 2.4 0.40· 0.16 ·10.0 

3.8-4 .• 8A . 6.2 3.9 ·6.3 4·,; 1 0.03· 22.0 

9.1-10.9 8.2 3·9 6.6 3.4- 0.00 13.0 

12.4-13.9A 8.6 3.2 3.6 1.8 OiOO· 6 .• 0 
, i 13.9-15.4A 8.7 3.0 3.3 1.3 0.00 5.5 

15.9-16.4 8.6··· 3.0 2.3 0.91 O~O1 5,0 

16.9-18.4 8.3 3.3 1.7 0.58 0.00 4.0 

10.4:"'19.6 8~5 4.1 1.5 0.54 0.02 4·.5 

0.3- 1.0 6.4 3.4 1.8 0.22. 0.18 10.5 

1.'75- 2.0 . 7.0 1. '7. 3.6 0.93 0.19 1.3.5 

2.8- 4.0B· 6.~. 2.8 7.7 2.7 0.09 18.0 

12.4-:13.9B 8~6 2~8 3.0 1.9 L 0.00 5.0 

13.9-15.4D . 8.4 2.6 2.4 1.1 0.00 4.5 

j., 

, 
Ii 



BOREHOLE 22 

Dept}). , pH Ca Hg Na K· CEC 
(m) 

. 0.5 - 1.0 6.8 4.6 1.8 0.14 ' 0.43 . 12~5 

1 •. '75~2.0 7.0 3.5 2.7 0.18 0.39 13.0 

2.0 - 3.0A . 6.6 3.0 3.2. 0.28 0.19 . 11.0 

3.0- 4.0 6.2 2 .. 3 3. '1 0.40 0.11 9.5 

4.0 ~ 5.0 6.3 6.0 , 6.4 0.86 .0.07 20.5. 

n.o - 9.0 6.5 6.4 6.1 0.83 . 0.19 15.5 

9.0 -·11.0 8.0 6;9 7.3 0.76 0.07 11 .0 

11.0 ,..12.5 7.4 9.2 7.7 0.76 0.05 13.0 

12.5 -13.7 8.0 12.8 11.5 1.2 0.11 17·5 

15.2~16.7 8.6 6.3 3.3 0.73 0,00 5.0 

16.7 -17 .45 8.0 4·.7 0.96 0.36 . 0.02 3~5 

1 '7 • 45-·18. 2 7.7 4.3 0.97 .0.36 0,01 4.0 

10.2 .,..10.95· 7.7 4.4 1 • ·1 0.26 0.00 4.0 

10.95-19 • 3~, , 8.1 . G.O 0.0'7 0.33 0.00 4·.5 

19.34·-19.7, '8.1 7.4- 1 • 1 0.40 0.02 6.0 

0 - 1.0 6.5 4.2 1.,6 0.09 0.38 12.5 

2.0 '-3.0B . 6.3 2.5 3.0 0.26 0.12 12~0 

4.0 ... 5.0 6.5 5.9 6.3 0.87 0.10, 20.5 

12.5 -13.7 7.9 10.8 9.0 0.86 0.08 14.5 

0 - 1.0 6.5 6.7 5.6 0.8.6 0.12 18.0 

2.0 - 3.0C 6.1 4.1 6.1 0.46 '. 0.15 19.5 

/ 

1/ 



BOREHOLE. 2.:2. 

Depth 
. (m). 

pH Ca Mg Na K CBC 

0.5 .... 1.0 G.6 ~ .• 7 1 ~.2 0.02 0.38 14.'5 

,1'~.0 - .-.1. 1 7.1 5.3 2-.'0 0.07 . 0.55 1~.O 

, if, 1 '1 7 7.1 3.5 2.2 0.18 0.30 1:3~5 . .•.. .- ... 
2.0 ~ 2.25 6.2 :3.1 2,"9 0.39 0.28. 15.0' 

2.25":' 2.78 . 6.1 1 .6 2.1 0.~33 0.1'5 11.0 

3.0 .,. 3.4 . '5.9 . :3 .1 5-.'0 0 .. 73 '0 •. 16 20.5 

4"0 .- 4.5 '6.l ' 4.5 6.3 0.98 . '6~'21 23.0 

4.5 - 5.0 6 .. 1 4.8· 5.9 1.0 . 0.17 22~'O 

! 5.0 - 5.5 6.5 6.0 . 5.8 ,0.95 0 •. 11 21.'0 
.' 

I 6.0 - 6.25 6.2 5.1 6.0 .0.68 0.13 ,~0.5 ' 

6.25- '6.4 6.4- 6~5 6.2 '0.98 0.13 . 22.0 

7.0 - 7 .• 25 7.4· 9.3 5.7 b.91 0.'08 12~,5 

8!0 -9.0 7.8 8.6 '6.0 0.89 0.08 14.5 

9.12"';·9.60 7.5 8.1 5i5 0.16 a.bs . 13.0 
, 

10.~,5-10.9 . 7.7 8.2 . 4.9 . 0.71 . .. b.05 10.0 
I 10.9 .-12.~,· ''{.9 9.2 . 5.1 'Oa1S 0·;;05 . 12.0 I 
I. 
I 

'12.4 -13.9 8.0 8.6 3.9 . 0.'72 0.03 8.0 

'13.9 -15.11- ·8.0 8.0 2.4- 0.65 0.00' 6.5 

15.~·.,.1 6.15 8.0, 7.9 L4 0.73 0.03 8.0 

16.15..;.16.9 .. 9~6 13.2 o/rj 0.59 . b.01, ·8.0 

16.9-18.4 8.5 8.2 1.7 0.60 0.06 r'{ .0 

18.4 -19.6 8.5 5.7 1.0 . d .. 4C} 0.06· 6.0 

4.0 - 4.5 5.8 3.7 . 6.1 1.0 6.~8 '24:.5 

5.0 .... 5,.5 6.5 4.8 4.9 0.183 . 0.23 19.5 

8.5 ... 9.'0 . 7.3 . 6 • .5 5.7 ' 0.65 0.06 11 .0 

I 
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