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SUMMARY

A pfoposed site fér the storage and dispogal of low level
radioisotopes prdduced in the A.C.T; has been evaluated by drilling, pump
besting and'infiltration.testing. The gite is underlain by several melres
of clay soils beneafh which is extremely to highly Weathered, fraétured,
porphyry. " The hydraulic parametergs of the soii and rock indicate that the
Lyavcl Lime Lor pollutunt; through groundwater to a posuible discharge
point 1 km away, woﬁld be about 20 years. The.additional delayS'iﬁcorporated

_inLo the désign of the facility arc expected Lo enable the storage of

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



-INTRODUCTION

At the'request'of the National Capital Development Commission a
hydro@eoldgical investigation of a proposed site for storage and diéposal
of radioisotopée waslte was carried out in 1978. The site is in the south—

east corner of the West Belcomnen landfill site (Fig. 1).

Prbposals fbr digposal of low 1ové1 radioiéotppes-produced in _
A.C.'I'. hospitals and research institutes h;ve been developed by L}T;.Frazer
& Associates Pty Ltd (1977). The driginél'broposal was for>storage in -
large diametef borehéles to- a depth of 7T m and'it was on this basié that

the hydrogeological investigation was undertaken.

. Previous gcoiogical investigationg in lhe area inclﬁde studies of

the geology of the landfill site by Vanden Brock (1971)7and Jacobson (1978),
and of fhé-nearby Ginninderra sewer tunnei by Lang & Purcell (1976).

Dhuring this investigation three borcholes were drilled by contractors,
Stewart‘Bros Pty Ltd, and pump tests»and.infiltration tests were made to
deterﬁine the hydraulié parameters of the équifers. In addition,-a dye
tréciﬁg experiment is being conducted in conjunction with the Centre for
"Resource and Environmental‘Studies, Australian National Uhiversity;

Anéiyses of the cation exchange'propertieé of drillhole samp;es were made .
by th630SIRO DivisionbofvSoils, Canberra, and groundwater samples were

© analysed by the Australian Mineral Development Laboratories, Adelaide.
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Soil, inciudihg windblown sand that has been subjected to sqil
"forming procenses, and exlreemely and highly weathered rock, mantles tho
,‘disbouul sile to depths of'% to 9 metres. Thé windblown sand ranges in
“thickness frdm 2.to 4 metres and lies on the 'C! horizén of a truncated
residual Séil on dacitic or rhyodacitic porphyry, mapped as granite

porphyry by Lang & Purcell (1976).

A red podzolic goil has formed on.the windbiown'sand5 whiqh-wasl
probably a fine-grained red sand whgniit was first &epoéited. The podzolic
- soil profile consists of an 'A' horizon of about 10‘cﬁ of grey—brown sandy
il 6n a‘Fow'ooutimotPOSEOF pallid silt, which overlies a 'Bf horizon of :
1= orbpiu§lihic, dark Tcd?brown, heavy clay (CH). The pigolitic clay

~overlies, in places, a mottled zone of red, orange and grey hgavy clay.

w.ho:r:o bhe windblown sand ig Lhin,. wc{].l;]'l().'r.‘il'l‘{'; ancl J'_]_.luvia’l;ion ol
clay have -been extensive throughout the soil profile and there is ﬁo o
horivon wjfhin the windblown sand. Where the gand accumulated in preater
thickucgsoq; Lhere is a_'C} horizon ol pale grey, sbtreaked with.rod énd

yeilow,.fine'sandy clay with_manganése and limonite pisolites.

BEDROCK _GLOLOGY

The illuvialed windblown sand overlioé highly to ext:gmely,
WcﬁLHcfud pofphyﬁy ol granilic compoai lion, The porphyry i of lale
Silurian ace and intrudes volcaniclastic sediments includingAshale and
:nundstonc, ofaeariy late Silurian age. At the Qisposal gite, the porphyry
ig generallyxcoarse—grained, inequigranular and holoorystaliine, qnd

“component ¢rystals range in diameter from 2 to 4 mm.aqross; Component



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

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

Three test holes were drilled with tungsten carbidé bitsrto a
dop£h of QO'ﬁ; allrwere completed in_moderately'weathered porphyry (Fig. 2).
To the depths drilled, the porphyry is closely jointed, with-an averagévof
10 joints pef metre of NMLC drill core. " Most joints interéected were
.smooth and slightly open, and joint surfaces werercommoﬁly stained with
manganese; At depths bétween 14 and 20 m, some Jjoints were filled with'

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

Geological logs of the nearby Gimninderra Sewer Tunnel show that
“ab a deplh of H0-6YH m, joinls are Light and are cemenbed wilh coleile;
Lk haog reduced  Lhe permeabilily of Lhe rock mas: Lo oxleemely low valuoed

along Lunne L geclioms up Lo 100 m Long.

HYDROGEOLOGY Ol DISPOSAL SITH

FRACTURTD ROCK AQUIRER

The‘fractured rock aquifer is_unconfihed, and the_pétentiometric
surlace Qoincideé with the water table or phreatic surlace, i.é; the
‘ajquifer is.uhconfiped in this area. The phreatic surface, défined as the .
surface.at which in situ groundwater is-at atmozpheric presgure, ‘ranges
in doepth »l‘)e lween 11 and 14 l'll. l>o_fl.Qw,(‘.‘1:011.11(1 surlace (_]-“:i.p,‘. 2). This menns

‘ thaf the‘équifer lies somewhere in the inferval ol 11 to 60 m'belqw the
‘surfabé, i.e. in,thé inlerval in whicﬁ joints are possibly open. »Figdre )

shows  lhe likely schemalic path ol deep groundwabler circulabion In the

! fractured rock.
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Aquifer tests have been conducted on the aésumbtion that ground-
water in the fractured rock équifer flows in accordancebwith Dércy'é Law,
whiéh‘can be'summariséd ag | |

Q = Aki
where A is the cross—sedtional area of the aquifer, k is the hydraulic
conductivity'and i the hydraulic gradient. Thug ﬁhe Darcy yelbcity'of
groundwater floQ is given by

= ki,
vy

F'rom the Darcy velocity, which is an abstract ooncept-rather‘than a real
flow rate, the mean pore velocity can be obtained ag follows:

Vi =

3
where ='effeqtivé.pqr§sity of the aquifer.

The travel time t) fof g lracer moving with thcﬂgrOUHdﬁater'and
“_discharging-to the éurfacé at distaﬁCe I, from its point of entry is_given
by ﬁ.=-%Mf. A 1in§ar flow path'is assumedlfor estimating travel time;
 thn aclual Lrayo] path for a pollutant would be more tortuous. >Thié
discrepancy résults'in calculafion of a higher than actual gfoundwater
velocitj_from point fo point and henoé'a short¢f trave1 time, thergby
introdﬁcing a éafety féctof into the calculation to offset Qariables-which
'cannot be ‘estimated reliably. 'An example'of such a variable would be the
occurrence of a shear'zdne of high-ﬁydraulic conductivity occurring very
close Lo Lho Tlow path, but nob intorsoctcd b& any ol thC'Lﬁrco‘drill holes.

Tr much a zone occurred it would reduce travel times below those calculated.



LSTIMATION OF HYDRAULIC PARAMETERS

-The transmissivity of the fractured rock aqﬁifer.was estimated

as followss

(i)

(i1)

‘A 10-houx dra,wdown Lewst was made on bore No. 22 (1-.1{, 2)
using boxes 21 and 2) as observation bores. ]

A residual drawdown test was carried out on the pumped

bore on completion ol pumping (lig. 1).

(iii) An instantaneous~head-change or 'slug' lest was perfermed'
o the pumped bore (Fig. 5);
Results of these tests are summarised below:
Jursug L ﬂWANMISFVMW
" Drawdown (observation bores) Result invalid because the maximum
: : : drawdown wius only 10 em in onc obgservabion -
bore. Atmoopherio pressure variations
during teal due o nlome aclivity probahly -
0VD1pIIHlOd drawdoyu duv*to pumping.
Residual drawdown .~ T 0.18 m /day (see PJg. 4)

:Tnstantaneoue'head change S 0.12 m)/day (see Fig. 5)

§

pe
5

The mean transmissivity of 0.15'm3/day was adopted as representative

of "the fracturcd-rock aquifor immediabely gurrounding the pumped bore.

jTo calculate the-hydraulic conductivity of the fracturcs from the

mean trangmissivitly, an assessment wag made of the tlotal fructure opening,

an determined from erJ]-coro fracture Frequcncy and openin s Lrom holes 21,

- 22 and 23.

" The fracture frequenoy was measured as 10 per metre, aund the

. ' 4 .
average drill core fracture opening was estimated,to be about’ 0.25 mm., To.

check that Lhe average drill core fracture opening is repreoentative of the
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-ffaéture opening'in the rock mass, rnoference was. made to published tables

relating hydraulic conductivity to fracture frequency and fracture opening

(AtteWell & Farmer, Table 11.9, 1976; Hoek & Bray, Fig. 52, 1974). It
was found that the estimate Of_fraoturé opening was consistent with.

measured hydrvaulic parvamelers (Appendix 2).

The horizontal groundwater—-flow velocity was calculated by two‘
hethods which gave gimilar results. The first mefhod Qas to calculate
the mean hydraulic conduclivity for the aquifer from the'meaSuféd trans—
migsivity and the'séturated thickness of the aquifer that gave rise’to the

measured transmissivity.  Thus,

T = kb where T =0.15m /day

and b, the saturated aquiler thiokness = '[ m
oo ko= 0.1Y
. ; ]
= 0.023 m/day. . % i
ThelDarcy VClQCity,.VL = ki where i, the\hy@raulic gradient = 0.014

= 0,025 ¥ 0.014

1t

3.2 x 10_4m/day

Substituting this into the equation for mean pore velocity or appareﬁt' .

-Velocity,’the rate of gfoundwater flow through the open fractures is

6btained, i.e. VM = VD where %, the effective porosity = 2.5"-x'10_3

%e2 X 1OE4

2.5 x 1670

i

= 0.13% w/day

Phus, Lhe lravel Lime Lor 1 km Lo Lhe nearcst probable -digcharge point

would be 21 YGays.

1

iR}



The second'method was to calculate the'vélocity*of flow through

- the fractures. Using the relationshiﬁ T =7Kb,,but substituting the total

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

k(f) = T where T = transmissivity
bNe -
’ N = fracture frequency
'0.15 e = fracture opening
=7 , S o
7x10x2.5x10 k()= hydraulic conductivity

of fractures :

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

Substituting the hydraulié conductivity for fractures into the
equation for groundwater flow veldcity, V = ki,

9 x 0.014 = 0.13 m/day.

1

we gob V(.{') :

Thus, the velocilty of {low through.fractures is 0.13% h/day; The travel time
o " - V ) 7

for 1 ki to nearest probable discharge point is then = 10”7
o ' ’ 0.13

= 7692»days
= 21 years

We conclude Lhal the travel time Lor o pollulant in groundwatcer

flbw through the fractured-rock aquifer would be aboﬁt 20 years.

CINITLLPRATTON PRSTPS

Tnliltration testing of the soils was carried out al three

differént 1evets in a trench excavated by a backhoe.: One dimensional in--

Fillralion capacitles were determined by measuring the rate at which water

Tlowed out of aipermeameter in order to maintain a constant head of 1 to 2 cm

in a %0 cn diameler ring. 'These lesls were run for three different ‘soil

antecedent moisture contents.



Thé_resqlts>for the first 4 héurs are shown in'Figqres 6,_7 and 8, In
site NQ; 1, the fop,of the ring was éet at 60 cm below ground suffaqe.
The Sdil_material was a reddish broWn‘silty clay with numerous sesquioxide
piooldilens uquuLurC wites casenbinlly masnive with abundant, unconmecloed
clay—coatqd @ogavoids. The antecedent moistlure éontcnt for each ruh is
.Showh on the respeclive .curves (Fig. 6). An aﬁomalous feature of ‘the
teSt§'was the.apparent increase in iﬁfiltration rate after about one hour
_following'ﬁhe iﬁitial Shérp decline. It is thought that the mechanism
_responsiblerforbthis behavibuf is that as thé_voids Become proéreséively
'_filled with water, enfrapped aifAis comﬁressed and tempoparily restricts -
the pfogiess 6f the wetting front. Appareﬁtly,the'deléyed air ekpulsion1
bakes Dbetbween 30 minutes and 1% hours, uffor which the medsuréd‘ | |
jjuﬁﬁLtwLLion rale uctﬁlcu down again':ynl Lhen docrguuou vory u}owly willh .
ime.
Site No.'é was selb at 85 cm below gréund surface. . Thé soil wag

Similar'in'structare and texture to sité-1, but the colouf was yellow brown
and clay éontent'was slightly highér. AL the lowest anteoedéﬁt mdié£ure

conbent (I, 1) the phenomenon ol delayed air expulslon wag again experlenced.

Site No. 5-(Fig; 8)'wés set at 3.5 .m below ground'éurface iﬁ.the.
ipallid Zoho of the Qeathering profile. The c¢lay content is‘éenerafly o
iloWor.than i bes 1 and 2y with most of the clay oocurring as.clnyskiﬁsv
‘around.quartz:grains and vein and plane fillings. . Pﬁrosity of this ﬁbrizdn
e higher (nﬂu)ul; P(Wﬁ) wi bh H.}}iﬁﬂFiri(ﬂLUL |yn0|ujrtjxnﬂ ol anJNIPVV(YUIU.
© Tlowever, gince moﬁt-voids are clay-coated or filled, dclayed air cxbulsion.

in alno experienced in this horizon.

From-cxlrapolation of the recession curves of the infiltration

tests (Fig; 6), the apparent hydraulic conductivity after_24'hours‘bétween_
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WEST BELCONNEN INFILTRATION TESTS
SITE 1, G-60 to 0-80 metres

Reddish brown silty clay with abundant

Fe pisolites. Generally massive.

Constant head 2cm .

Final infiltration rates(fg)—8 mm/hr (i)
(after 6 hours) -9 mm/hr (ii)

=12mm /hr (iii)

AMC —Antecedent Moisture Content
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WEST BELCONNEN INFILTRATION TESTS
SITE 2, 0-85 to 105 metres

Yeilowish brown silty clay with abundant
Fe pisolites. Massive.
Constant head 2cm

Final infiltration rates(fg) —10mm/hr (1)
(after & hours) 6 . mm/hr (ii)

2 mmihr (i)

AMC = Antecedent Moisture Content
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INFILTRATION

407
WEST BELCONNEN INFILTRATION TESTS
SITE 3, 35—-37 metres

Pallid zone of lateritic profile. Pale,
4 _ mottled reddish brown and sandy clay.
Thick cutans in. places. Massive,porous.
Sesquioxides, angular quartz.
Constant head-0-8cm(i)
2-0cm (ii)
Final infiltration rates — 14 mm/hr (i)
(after 6 hours) 9 mm/hr (ii)

AMC — Antecedent Moisture Content
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9.

60 and 80 cm varies from 0.03 m/day to 0.05 m/day, depending upon initial

moisture content. I'rom 85 cm to 105 cm (Fig; 7) the*range is 0,001 m/day
to 0,02 m/day, and.from 3.5 m to 3.7 m (Fig. 8) the range is 0.10 m/day to

0.1 m/(]u.'y.

Two infiltration tests were made at each»level and the resﬁlts

vafied by ‘as much as'60%. This is attributed to the variability of. the

a0ils over short distances rather than any shortcomings in the technique.

Itﬂshould be noted that constant head tests over—estimate infiltration

capaoity from natural rainfall.

- From the above résults a - minimum admittance time of about 14 days
ig required for a slug of water to travel from the ground surfacé'to a

slalic growndwaler slore ol 12 .

DYE-TRACING EXPERIMENT'

A tracing experiment using a fluorescent dye, Rhodamine WT, is

- being undertaken in oonjundtion with Centre for Resource and Environmental

Studiés; Australian National University. . About 4OO gms of Rhodamine WT

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

bores -is being monitored. At the time of writing (7 Augus£ 1978) no dye’

hddfbeen observed in the closest observatioﬁ bore 30 m away. - The
cénéentratibn of dye_in the input hole is now about‘400 micrdgrams per
litre representing only a small fraction of the original dye'inpuﬁ;' The‘
ekpérimcnﬁ'willfbe cpntinued until significant.results are obtéined; in'an

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

The.cation exchange qapacity of goil and rock in.drillcore
samplés_has been analysed by the CSIR0O Division of Soils, Canberré. »The.
results are given inbAppendix 3, and schemafically in a crosS sectiQn of .
>the site in Figure 9. The énalyses show that'therciayey soils near the
top of the goil profile have a cafionjexchange capacity of 10-20 milli—:
equiyalents pefcent; whereas the weathered porphyry has a cation‘exoﬁangé'
capacity ofraboﬁt 5 milliequivalents percent. The clayey soils have'a.
greater'capaCity for the ionic absorption of, and for iénic exchanée wifh,
.bdlluﬁﬁn{s than the weathered porphyry. Catioﬁ exchange’capacity may not.
'ﬁé rgievant Tor thé'porphyry ag pollutants would -travel mainly-in'fractures

©incthe ﬁorphyry.

HYDROCITEMISTRY

one full cheﬁical analysis has been made of water from eadh‘of‘
Hfive mbnitored piegométersrat the West Belcennen Landfill Site (IMig. 1),
'whioh includes the proposed radioaotive¥waste disposal site. '"he analyses,
caﬁriéd ouf by AMDELi(Jaéobson;,1978) éhow,a range of similar-éharacter—

Cistics when their ionic proportions are plotted (see Fig. 10).

;The énalysis from Bore'9;(6.1 m deep) shows low ionic
'concentratiéns, and probébly intersected perchedrgroundwater.in colluvial
mnturiﬂin; gédium-chlorido io virtua]ly Lhe only nnlL prosogt und im in.'

a Veyy’loﬁ éonéentration; Water from Bore 2 (4.2 m deep) appears to haQé
bunn_ dopfvod - from exclunively Fracﬁurodnrock aquiters, ﬁhd:sodium ch1oride
‘ .';ncl sodium hicarbonnbe are preogent in volatively -I'lri..o;l‘n ummoul’;’l:':l. Liongs (Mable 1).

Bores 8 and . 22 (6.4'and 20 m deep'respeotively)'appear to‘contain groundwater
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derived [rom botlh decper'fracturod—rock aquilers and from shailow, perched -

éqﬁifers in soil. Bore 12 (6;1 m deep) appears to have.intersected almost

wholly pefched‘groundwater.

Boroé 2, 8 and 10 have flowed at times during the period that
they have been monitored. This is significant beoauSe‘they are close to

seepage'afeas that have been attributed to groundwater from beneath the

_ridge that includes the radicactive disposal site.

‘Table 1 shows the theoretical concentrations of salts that are
in. gsolution in groundwater. The water sampled from Bore 22 at the
propoéed disposal sife, apart from being quite saline, has a theoretical

'Concéntrati0n>0f»4oo me/1 of M3012, which indicates that the groundwater

~would be ghightly corrosive. 'he carlier proposal of digpoging of

wasles al depthg of about 6 wm in auger holes could have brought the

“containers intlo contact wilh aggressive groundwater at times of high

phreatic surface.

TABLE 1 - COMPONENT SATTS OF GROUNDWATER TN FRACTURED-ROCK
- AQUIFERS AT DISPOSAL SITE.

Bore 2 (mg/l) Bore 8 (mg/l)‘ Bore 22 (mg/1)

Ga (HOO5), 332 - 446 398
Mg (HCO,), 256 139 | 9
e S . I — ’ 16% 7 104
Mgy § A | 7 5 _ 4
Na €1 ' ' 522 o7 352
(R,Na)fwo3- o S : 95,f ', 54

Na 11CO,, ' ' 571 - -

7 D . o : .

Na, S0, _ 2 - -

calculated T.D.S. 1334 969 .1 910

ST : 78 7.6 7.0
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.BURTAL OF WASTES

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

wais to bury radioactive wastes in large diameter auger holes at a depth of

6= m. - Ptéliminnry regnllas of this iﬁveﬁtigation hnve,led to a
modification. of the design, and it is now proposed that the wastes be stored

ih.asbesfos-cement cylinders extending from 1.5 m below ground surface to

S 2.5 m oabove it.  The space surrounding Lhe cylinders will. be filled and -

- the £i11 material will be waterproofed.

In the worst possible case of a container starting to leak
immediately after disposal, then the‘pollution,trdvel time is expected to.
be about‘20‘years, although the amount of pollutant will be diluted by an .

unknown factor. Tor complete radioactive decay, the material should be

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

abtivity'remaihs.“ At the West BelConneh site this means that material

with a half life of up to 2 years could be buried in the ground with the

expectation thaf decay would be virtually complete within the estimated

travel time through the groundwater system.

" The meaéures,inoorporated.in the design, such ésiwaterprodfing
the,cqmpound and -the dispésai of containefs in cased holes, will delay
movement .of pollutants into the ground. The.disposal of fadioactive.
waéte ih stainless steel drums would introduce,an'additioﬁéi major’deléy

into the system.” Drums containing liquid wastes should be packed in an

~absorbent material such as. Kieselguhr. With these . provigions, material

wilth o half® 1life ol 5 yearn could be nalely dinposed of at-this site.
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CONCLUSIONS

The most significant delay in the passage ofAinfiltrating water

“through the disposal site to. the nearest dischérge point, tlakes place in

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

tr@vel»time is'estimated-atrabout 20 yéars for a distance ofioﬁe kilometref
The7infiltraﬁibn'Qomponent of the travel time is relativeiy insignificént,'
i.e: é delay of about 14 aays.. _H6wever,'owing to.the gﬁéater_ionic
adSbrption-potential per metre thickness of clay-minerais in the

unsaturated zone than in the fractured rock, the burial of wastes at a

-hiéhervlevel'in the unsaturated zone is preferred.

The study has_nbt_been‘sufficiently detailed to identify possible’

" high tranSmissivity zones. between the proposed.disposal/storage site and .

1ikeiy discharge points. It is expected that the results of the dye test

will show whether or not a fracture—zone>with'shorter groundwater'travel

times exists.

‘The incasures incorporated in the design_of the digposal system
are expected to introduce a significant delay into the_travel.time of a

pollutant; Tt is expeéted that material with a half lifevof>5 yeérs could .

_be ‘safely disposed of at the site.
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APPENDIX 2

ESTIMATION OF FRACTURE OPENING



ESTIMATION OF FRACTURK OPENING

_I£ is very difficult to assess_the fracture opening in a rock
.'vméss from'the joint separation evident‘in drill core;reven when 100%
fécovery'is‘achieved. To check that th9>assessed fracture opéning>Was
congintend wilh the annéﬂﬂod trnhumluuiQity, référcnco waﬁ que»to tablen
rpl#ting hydrdulic Qonductivit&, Lracture frequenqy;apd fiubfuie opehing»
(Attewell & Faymer, table 11.9, 19763 Hoek and Bray; Fig. H2, 1974
(Fig.52). By applying.measured fraéture frequency and Various-Valﬁes of
fracture opening to the tables,'a range of values of ﬁydfaulic COnductivify-
wefé oﬁfained, These were checked by using the éameivalues of frgbtufe
frequency and opening to calbulate hydrauliq-conductivity by.an ;ferqtive
procedure, using the relationship T = kb, se.. wheré kisthe;hydraulic
cénducfiyity;. : biétﬁe'sgm of all fracture.openings thrqugh.the satufated"

thickness of the aquifer, and T has been delermined empirically.

Ih tﬁisbrelétionship the aquifer'thicknesé; b, is é function'of
fractufe opeﬁing (e), fract?re fre@ueﬁdy (N), and'saturated'thickness of
_Lho aquifer (b'), i.e. |

| b=ec. N .. b".... where N and b' are known, and b and'eh,

are unknown.

Frbm Attéwéll aﬁd Farmer‘(1976) table 11.9, hydraulic conductivity
(k),-is prdportional.to the fracture frequendy and the fracturQ opening, . |
'li.e.,.k:ve‘. N - | |
-and,fpr aﬁy.parficular fracture opening, e,
| ko= k'.e.N_.}.;rwhoré kt is'abconstant

h j..’e..’ l(' = ](
) 1 eJN

lSubstituting this into the eQuation relating traﬁsmissiﬁity,‘hydraulib '

‘conductivity and aquifer thickness We_get;'



T - k' .G.N,.E.N.b'.

“or. e T = T

CktUNZL DY

.where ali fhe:values to the right of_the equation are.known.
Tﬁen, various 1ike1y values of e can be selected and the cofrespending
7 value - of k! determlned from Attewell & Farmer (1976 Table 11. 9) u31ng
:constant fracture-frequency, , of 10/m. The values of k' so determlned‘
'a11ew caiou]ation of corrospondlng valueq of" fracture openlng. jWhen a
value of e is selected that agrees with the calculated value, then that
Ifracture,open;ng-le the correct mean_separatlon. : L
_e.g.;Aesume e -='O 25 - |

10 ~4 x 86 4 X 103
- 0,25.x 10 =5 x. 10

1

#hen k'1

feea,k'y = 34,56 x 10° days“1

!
=}

:but, e 2'also

K, NE S p
- i‘.G.-, e 2 ‘..': 0016

34.56-x-102 x 10° x 7

e : %‘1/7 x-10 "m - = 0.265 mm

e ,tlmate of e is correct.

uétimates of frncture dpeninp, e,'that afe greater or 1ess than
"0, 25 mm give calculated vqlues for hydraullc conductiv1ty that are WLdely

- ddfforont Lo the onpJnul cotimato.
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Comparisonof pore‘and fissure sizes (N'is the number-of fissures
per metre and &'is the fissure thickness) in porous and fissured- -
materials having the same nominal petmeability ) '

- Table na lev‘fém |

Permeability

o (effective) doiticrons
o cocfficient 2o -
m see ™! () LIN = | m 1IN =010 m 1IN =0.01"m
107! 1426 5340 2480. 1150
1o~ 452 480 - 1150- . 530
_ip-3 182 1150 530 250
104 T80 530 250. 1S
108 6 250 1S C53
S 1076 118 53 .. 25
1077 53 25 12

‘Permeabivl.iiy coefficient k - cm/sec

s

0.001 TT0.005 Te.0i T T T T 005 0ng
v Joint - opening e - ems A
Figure 52 : Influence of joint cpening e snd Joint spaging b on +the v
(Frows Hoek . pemcabllity coefficient k in the divection of a ;z( of LA

gkgmﬂ,r‘?M«) Sinooth: parallel Joints in 3 roci MaES,

FIGURE 11 _
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APPENDIX 3
EXCHANGEABLE CATTIONS AND CATTON. EXCHANGE
" CAPACITY -OF DRILIHOLE SAMPLES

| ‘determined by

HT. Beatty, CSIRO Division of Soils, Canbérra

April 1978



EACHANGEABLL CATIONS AND CATION EXGHANGE CAPACITY
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117.5"‘ 2.0 7
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Ca -

1.9

2,2

3.9

3.9

3.2
3.0
3.0

3.3

41
3ud
1.7
2.8

2.8

2.6

Mg
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) 204-

(mlllloqulvalents percont)

‘ Ma
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4l
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0.22
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i
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