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RIVER MURRAY DRAINAGE INVESTIGATION
: POTLNTIAL LVAPORATION SITES - WAIKERIE AREA
PROGRESS REPORT NO. 1

ABSTRACT

Two potential evaporation sites have been
delineated within 20 km south and southwest of
Waikerie following the drilling of 371 shallow
rotary holes. A further two sites were outlined
between Cadell and Waikerie as a result of an
inspection of geological logs of previously drilled
holes. Although the groundwater mound beneath
YWaikerie has been shown to be continuously growing,

the time required for the water level to reach a
critical level has not been determined.

_ INTRODUCTION

‘This report investigatés one possible way of reducing
the-Waikerie drainage problem'which‘is directly affecting the |
salinit& of the River Murray andjié detrimental ﬁo the irrigation
areas.» | ' ”

:The drainage prbblem in the Waikerie Irrigation Arga
has already been fairlj Weli dodumentéd. The latest proéress-
report (Killick J.C. and Allen C.M., 1974) gives a detailed
account. ABriefly, shallow impervious soils and ciays underlie
at least 60—70% of the irrigation areas, creating a perched'water_
_ table with the irrigation Wgters.’ Initially the problems |
associated with this perched waﬁer table (water logging of root
zone aﬁd.séépége of salinebwaters to the River Murray) were
temporarily solved by the drllllng of over 2%5 dralnage bores
through the 1mperv1ous layer into ‘the Morgan leestone Aquifer,

Howeve:, this method is gradually becoming inhadequate as- the

foliowing factors beéome more dominanﬁ;
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; increasing inefficiency of drainage
boreholes -

- formation of groundwater mound in
Morgan Limestone under the irrigation
areas.

" One of the possible solutions to uhe above problems

" is the implementation of a ComprehenSive Drainage Scheme,

whereby drainage water is pumped into evaporation basins. I%
has beem estimated (Gubtteridge, Haskins and Davey, 1970) that
an evaporation basin of about 600 ha in area would be required
for drainage waters from the Waikerie Irrigation Areas. The
main requirement for an area to be suitable is the delineation
oflenough impervious material,at relatively shallow depth to
act as a base to such a basin. | |

' This report deals with the results of a rotary drilling
programme that.was initiated to investigate.the,distribution
of the Blanchetomn'clay, which could act as an impervious base.
A total of 37 shallow holes were drilled within 20 km south
and southwest of Waikerie'(Fig. 1) The rate of rise of the

" groundwater mound beneath Waikerie is also discussed.

GEOLOGY AND PHYSIOGRAPHY
_ The history, physiography, land use and geology of

the area’has been previously described in previous reports

(Roberts, 1965) A summary of the geology is shown‘in Table 1. »

.Of interest in the present investigation is the

- distribution and characteristios of the Blanchetown Clay.
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TABLE 1
AGE - FORMATION THICKNESS LITHOLOGY
Recent O -20m Dune sands, llmy dune
- .sands.
Pleistocene - Kunkar . O - 2nm Tough, massive or pebbly
‘ ' ' : 11mestones overlying soft
_ grey marls. .
"Bungunhia 0O -1.5m - Flaggy, dense, greenish
Lst." : . ' limestone.
"Blanchetown 0 -21.5 m  Blue-green and brown clay
- Clay" and silty clay. - Under-
o lain in places by 0-4' of
greenlsh—Jellow very clay-
ey fine sand.
Upper Norwest Bend 2.5 - 6.5 m Calcareous sands, calcar--
Pliocene ' eous sandstone or oyster
Lower Loxton Sands O-6mn Cross bedded, calcareous
Pliocene sands.
Lower . Pata Limestone .0 -13.5 m Variable interbedded lime-
‘Iiocene : SR stones, marly limestones
o and sandy limestones.
..Morgan S 38 m 30-70"' marls and marly
Limestone approXe. limestones over limestones
L and sandy limestones.
Finniss Clay 0 -3.7m Harl.
70 m Mainly.limestbnes with some

Mannum
: approxe.

marly horizons.
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Blanchetown Clqy

The Blanchetown Clay is a thick clay of lacustrine
origiﬁ. Although overall it is widely distributed the clay
has been eroded in some areas by deflation. It generally |
occurs only a few metres below ground surface. The uppef
surface of the clay is very}undulating whereas the lower ;
'surﬁaee tends to be almest planar. The greatest thicknesses
,‘are gehereily encountered under the‘higher sand dunes and is
generally absent from topographlc lows (Wllllams, 1974),

The unitb: con51sts of a series of impermeable dcnse
clays and silty sandy clays, the colour ranging from brown
to.grey—gfeen‘with»intensive mottling of brown into grey-
green seeﬁions. The upper section of the Blanchetown Clay is
.commonly sandyidue to the common presence of secohdary.stfingers
of brown sands: Gypsum has been fouhd to be.aseociafed with
the Clay, particularly in the vicinity of the‘Suniands Irriga-
tion Area. In soﬁe Cése53 the Blanchetown Clay consists ﬁainly
 of gypsum with a small clay fraction - the concentration of
gyesum can thus affect the permeablllty of the clay. ‘

. Distribution of Blanchetown Clay in the Vaikerie Area - Drilling
"Results

The objective of the drilling programme was bto .
odtline;areas that could be used as evaporation basins ﬁithin
' 20 km of @aikerie. Potential areas woula need to- satlsfv most
of the follow1ng reoulrements (U1111ams, 1 QL) ., | o

(1) area to have 1mperv1ous base, that_is, a

sulflclcnt thickness of Blancnetown ClaJ. |

(2) basin to be at leaot 600 ha in area.

(5) short dlstance from 1rr1¢atlon areas -

ba51ns to be located w1th1n 20 km of ualforle;
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| (4) to minimise earthworks, the aréa to |
occur in natural depressions. |
| (5) minimal disruptions to local agricultural
industry.' -

.(6)Ahaestheti0'and environment requirements.

Thirty one shallow rotary holes were drilled between
8—10-7A.andg17-10-74, in the Hundred of ‘aikerie. The geological
.loés are included in Appendix 1, which also contains relevant
geological logs of previously drilled bores in the area.:'Locations
 of the bores are shown in Fig. 3. |

A total of &4 potentlal areas were outllned two as
a result of reCent drllllng programmes (areas 1& 2, Plg. 2, 3)
and,two as ‘a result of an 1nspeoulon of geological logs of
- previously drilled,holes,(Areas 3 & 4, Pig. 2 & 4).
| : Area 1 : The one with the greatest potentlal as
far as. the avallablllty of an 1mperv1ous base 1s concerned occurs
‘within 5 and 10 km southwest of the Ramco Ielghts Area and
Waikerie respectively. Here, an area of approximately 1200 ha
has been defined Wibh a clay base of at_least 51m thick. Of-
further interest is the fact that the>time taken for grounawater‘
to travcl from this area downgradlent Lowards the Rlver Purray
has been estlmated to be about 2 X 105 years (u51ng estlmated
'partlcle velocity of 11 m/year - AT, Wllllams,epers. oomm.,:.
Appendix.2)' This is.only a first approximation and a refined _h
estlmate w1ll be cventually requlred. l

There are, however, a number of dlsadvantages that
| have to be considered. '

- ‘h(a) prox1m1ty to the Blancheuown—Ualkerle ‘main

road - ae5uheulc conslderatlons.
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‘(b)‘ area is essentially flat and major .earth-
‘mOVemeﬁt would be req@ired to create a
_ reasonably water tight dépression.
(e¢) ‘land is éurrently being cultivated.

Areg 2.: The second site, which is over 6000 ha in

area"has been outlined approkimately 13 km south. of Waikerie.

Wlthln this large area, the western portion. (west of bores
WRA 4, shows greater potential. The average thickness of

clay in that portion is about 2 m. In general, the clay is

sandy, thin‘sandAlenses having been commohly intersected during

| the recent driiling programme. Vertical 1eakagé could thus
».be significant.' The time taken for groundwaﬁer to travel from‘
this.area to River Murray has been estimated (Appendix 2) to
'.bé'arQund BlX 103 years. de smali_advantages with’this site
‘ére: B | “
(1)- the site is located in a moderately s‘ec‘luded
area,‘about 13 km ‘south of Waikerie.
(2) the occurrence of intérspersed dunes which
COuld be treated to act as retaining banks. -
Areas 3 and 4 Were defined follow1ng the 1nspectlon '
| of geologlcal logs of prev1ously drilled holes (Appendix 4)
- Tield 1nspectlon of the two areas Was not carrled oute.
’ r Area % : A ponentlal area of about 4000 ha was
;outllned within 2 km S E. of the Cadell. Irrlgatlon Area (rlg.
2), A number of sultable evaDoratlon sites can be seleoted
within uhlS large area with a minimum- thlckness of 1.5-2 m

" Blanchetown Clay. ns the time of travel for groundwater to

roach the Rlver Murray has been esblmated to be about 600 yearo.

(Append1X'2),-the magnltude of vertical leakage would have to
. be accurétely[determined. ' Of further consideration is tlie

fact that .the area is more than 13 lm N.W. of the Waikerie

P . —— gpr; s am—
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' I’rrigation Area and that the:Cadell Ifis'i'gaﬁ’id‘ﬁ"--ﬁea is already
belng serviced by a Comprehensive Dralnage Scheme. -

Area 4 i dn area of around 1600 ha has been defined
nofth'of the Sunlands Irrigation A:ea within a large meander
of:the River Murray (Fig.,4). The thickness of the Blanchetown
Clay is generally greater than 2.4 m. Eajor disadvantages
with this area are:

(1) prox1m1ty to Rlver Murray - p0551b111ty of

leakage must be thoroughly 1nvest1gated.
(2) top surface of the clay is essentially
'domalain‘natare (See Cross Sectionskl, II, Fig. 4).

Major earthmoving would thus be required.

| GROUNDWATER MOUND - WAIKERIE
' The gpoundWafer moundAiSrformed beoause.the quantity

- of water passed'down the drainage bores is greater-than the
 f.quant1ty of Water Wthh can be transmltted by the - aqulfer in
,'questlon. |
| | .4 detailed disoussion ofAthe mound.created'over the
groundWater table in the Waikerie District for the period ended
June 1970 has already been'giﬁeﬂﬂ(Roberts, 1970) . The. |

. monitoring of the mound - has been carried out with an observa-

tion network of 16. bores, 1% of which were drilled in the deep

Lorgan—Mannum Limestone and 5 in the shallow aqulfer. The

'.readlngs from June 1966 to March 1075 are graphlcally summarlsed

in Plg. 5 and the potentlometrlc surface as from Narch
“1975 (excopt bore 20W, 18W, 26R - March 1974) is illustrated ’
;1n,Flg. 6. - A | '

a The same trends as dlscussed in the prev1ous report

are apparent 1n the 1970 75 perlod.‘ There_ls a_contlnulng
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general increase in the level of,the Water tdble under the
‘Waikerre,'Golden and Ramco Heights:irrigatioh.areas and,Aas
‘can be seen in‘Figure 5, the rate of increase varies with
the locality. The greatest rate occurs. in Bore 1R in the
Ramco Heights I A, Bores 26R, in the eastern boundary of
Golden Helghts, and 2W, on the southern edge of walkerle I.A.,
also have high rates of increases. In general, the greatest
rate of increase occurs in-the'western portlon of the liound.
This could be due to variations in transmissivityiof the
aquifer. |

Although the majority of the bores show some seasonal
'.fluotuations in their water levels, a number ofebores-have_'
strongiseasonal effeots'superimposed on the generai increase.
These‘bores,; namely 18H, 19W, 22W, 37W and to a lesser extent
~20W, 17, 16W seem to be clustered around the peak of the “
tmound in the Waikerie I.A. 4s mentioned in the previous. report-
(Roberts 1970) varlatlon in transmlss1v1 y of the limestoné -
A“aqu;fer could account for the greater.fluctuations in some
.bores. Unhomogeneoﬁs distribution of drainage bores could
_ also play a part - this aspect has not as yet been 1nvest1gated
:>1n the field. ) , ‘

The three bores drilled into'the‘shaliow aquifer. _
e(Norwest«Bend Formation) generaliy ShoW the same trend as the_
"Adeep bores. | | o | | | o

| Cof prlme concern 1s the 1nteractlon of the ground—
. water mound Wlth the Blanchetown Clay. 4&s a great percentage
of the reglon }s underlaln by this lmpermeable‘layer,;the:< f
majority of the drainageibores will beoome inoperative when
:ﬂthe level of the mound reaches the bottom surraoe of the clay.

The dlstanoe between the bottom surfaoe of tne Blancheuown ;
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- Clay and the present (March 1975) sbtatic level in the observa;i
.tlon bores that 1ntersected clay, together with the average
annual 1ncrease 1n the water level of each bore is given in

Lable 2.

TABLE 2 -

 Bore.'Ave:§ge annual  Distance between clay Depth from top 
No. Increase in and water level -~ of casing to
water.level (m) (March 1975) (metres) wabter level m

S8R - 1 3.2 S 15,4
wew o a8 L2 , - . 15.8
20 A 17 ‘(Jan. 75)  25.2
A W59 5 2%.5
18W S o : (March 74) 2343
P W03 2 2 | 43,20
R . 1.8 o 13.9 - 18.9
10W .06 - No Blanchetown : 9.9 :
200 - '“_‘.18' S Clay o - 25.3 (Auge 74)
299 . .13 0 - T : 26.5 '
22w .3 ., - L -
23 - .15 - - 24,
25 . .1 - 1Y,
C25AW . 32 - 26.5 -
S 26R S GBS - 2%.9
- 16.2

2R .35

"The-rebidn in the vicinity of bore MR- appeafs to
be the moot crltlcal, assumlng that the water 1eve1 observed o
in that bore is in fa0u a true representatlon of the water. 2
}1 level in that area. In view of the complex reuponse,qf the
groundwatef:mbund to the applicatidn Of:drainage water, it
is not pos31ble, at this stage, to- safely predlct the tlme _

for the mound to reach a crltlcal level.
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CONCLUSIONS AND RTCOMMENDATiOM§
Fourjareas that could further be investigated_as
sites for e#aporatiOn basins héve been outlined within 20 Im
~of Waikerie.. At least 600 ha in each area is underlain by’
| .mOre.than;d.E.n.of Blanchetown Claj. Area I_probably presents
the Best pdtential, in uiew of thickness of underlying clay |
(at least 3 m), distance from the River hurray (25 km) and
'.small dlotance from the irrigation areas.
The next step in the 1nve5ulgaulonlof the evapora—
'tion_sites-is the ¥testing of fhe permeability of the Blanchetown
Clayhand.the estimation_of-the magnicude of<eny'vertical |
| leekage through the clay. If the leakage 1is in.fact expected
to be‘eignifioant, a more detailed investigation of the effects
of theipr0posed basins on the saline groundwater inflow to.the 
_,River_Murray must be carried out.u,This would probably require ~
testing of the aouifer(s) be’cween'si.tes‘, and River. Shallow
.drllllng, possibly with an auger ohould also be carried oub,
-~ within each area %o define the best p0551b1e site for a 6OO ha
evaporatlon oa51n.
The contlnually r1s1ng water lcvels in the observatlon

. bores, suggest that ‘the groundwater mound bcneath the Walkerle
. Irrlgatron-Area-1s-cont1nually row1ng and a sUage will be -
d(eventually'reached-when the water level intersects the Blancheuown
fClay; As the response of the mound to - the appllcatlon of
dralnage is complox, it 1is dlrflcult to predict with any degree'
of confldence the time requlred_for the level of the mound to
reach a critical stage, bearing in mind that the higher the
mound develops, the faster the drainaoe will.disnerse."A
-lltcrature rosearch Wlll therefore be underuanen to oeutcr

' .understand the groth and/or decay of Lhe mound in response to
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'deep'percolation. A reappralsal of thetgroundwater mound .
1problem Wlll eventually be presented in a report in the near

Iuture._;

_'X,P. STBENALER
BOLOGIST
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| APPENDIX.
GEOLOGIGAL LOGS

-~ Shallow Rotary holes drilled between‘8.40.7% and
17.10.74. Driller D. White, logged by X. Sibenaler,
air circulation. . o S

‘3.5 m Dune sands and calcrete

4 . Calcrete (and calcreted limestone?)
.6 ‘ Sandy marl

6.2 Fawn grey sandy clay, brownlsh at depth.
5 m - ~Dune sands and calcrete

3.9 ».. Sandy marls

5.6 - Brown sandy clwys, mottled greep-wrcy
8 . - Fine (clayey) sands (less than 10% clay)
9 -+ TFossiliferous whitish fine sands, micaceous.

2.3 m  Fine brown sands (dune sands)

Bl Calcrete

5.5 . - Brown mottled green-grey sandy clays.
5.8 Fine yellow1sh Whlte sands.

1.5 nm Dune sands

2. . . Calcrete '

4.9 ~ Dune sands, sandy, silty marls at depth
5.8 Brown, mottled green, sandy clays.
>6;9‘m ' Red brown .fine sands with' calcréte
. 12 - Yellowish-white fine sands, mlcaceous.

- Fossiliferous at depth.
”'Abandoned in wet silty sands. Less than 1 m}_

3;7.m" Top'soil'and calcrete -

6.5 Brown very fine clayey. sands

12  Yellow-brown micaceous sands.

! Top soil and calcrete

1.0
3.7 . - Sandy brown clays, mottled grey green.
5 Yellowish fine to coarse sands, micaceous

" calcareous grey green sandstone at depth.
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-»Top soll and calcrete
Fawn to brown clayey, silty and sandy marls
Red brown clayey silts:

Top soil, calcrete and minor llght brown clayey
sands

- Fawn, light brown silty and sandy marls =~
Clayey sandy: silts

Dune sands
Calcrete
. Off-white sandy marls
Grey green mottled brown sandy clays

- Yellowish f£ine sand - micaceous

E- :

< .

Calcrete (top soil)c

- Fawn sandy marls

WA O -
a3~ @ -

~J o B:‘g

Dark brown very sandy clays -
Yellowish fine %o medlum fine sands - mlcaceous

~ Calcrete
Fawn sandy marl
Grey-green mottled brown sandy clays

- Olive sandy clays

RO E SO YN

iU W oy
N

@
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"~ Greater % of sands; yellow-green sands at depth
Yellow1sh green grey fine sands

-~ Top- 5011, calcrete and calcreted llmestone
"Fawn sandy marls : _
Greenish, mottled brown, sandy clays browner B
- at depth (ollve—ﬁhakl) .
Xhaki clayey fine sands- '
" Whitish grey very fine sands, shell fragments,J
. at 5 5 me. o . ‘

‘Top soil calcrete
bandy marl : -
is above with khaki-green claJey fine: sands -
"minor shell fragments? 2.8-3 m. N
Brownish, mottled green, very sandy clays or
clayey sands :

" Yellowish-khaki green very fine sands (sllts) W1th
abundant fos51l fragments at depth. .
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iii.

- Top 5011 and’ calerete
" . As above with calcreted grey green 11meonne7.

Red brown very sandy clays (clayey sands?) .
Grey green calcareous sandstone.
Shell fragments at 4.9 m

bune sands (0-0. 1'm) calcrete and sands.
Light brown silty and sandy marls.

" 2.5 m thin layers of calcreted sandy limestone.

Calcreted sandy limestone? - grey green.
Yellow brown fine sands - (less than 10% clay)
Yellow~khaki micaceous fine to medium sands.

- Thin calc. sandstone. Traces of fossils at depth.

N

. Sands
« Calcrete

Light brown (fawn) clayey silty sandy marl.

..;Very sandy clays (clayey sands) mottled greyémreen.
- Khaki brown fine sands - micaceous
" Whitish and yellowish fine sands to medium

coarse and calcareous sandstone. Fossiliferous,

- .micaceous.

ANNI00

<~

Top 5011 and calcrete
nght brown marl

 Red brown clayey sands (sandy clays?)
" Brown sands - fine to coarse

Brown sandy clays or clayey sands. Thin Sands;
Light brown, ‘mottled grey green, fine sands
(10% clay) ..

'~ Red brown very sandy clays (clayey. sands) w1th
- %thin fine to medlum coarse sands.,
Light brown fine sands - micaceous. -

lOp soil, calcreue and mlnor ﬂreylsh green llmcstone.

" Fawn sandy marl.

Grey, light brown sandy clays. :
Light brown clayey silt and sands. - Minor grey

. green calcreted limestone?

Dark brown sandy clays (clayey sanas) - thln sands..

Fine red - brown dune sands
. Calcrete
- Fawn, light brown marl’
“Brown khaki to ycllow1oh very fine nlcaoeous

sands. T055111Lerous at depth. IMinor calcareous:

’ oandstone.
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0 - 0.7
0.7 - 1.5
1.5 = 2
2 - 2.8
2.8 - 4
4 - 4,7
4.7 . «10.7
0.7 +“12
o l'_“
- O.?Im
7 =107
0_7 - 5 '_
3 - 3.6
5'06 - 06'
VR4
0" - 0.5 m
0.5 - 1.8 .
1.8 = 4
& =56
) ’.\:.rREE '. o
0 -3.5m
2.5 = 5
57 - 5.6
WR26 o
- 1,m‘b
- 1.8
8 -2.1
.,1 - 506 .
WR27 .
- 1m
- 2
- 2.5 -
.5—"._4-'
- 5.6

C AV

Calcrete

Tavm sandy marl

#¥ine red brown sands

Green - grey, mottled brown claJs

-,"Greylsh green to brown clayey sands (very sandy
~ . clays

Light brown sandy clays
Greenish grey light khaki very flne sands.
As above and calcareous sandstone and shell

- fragments (shells)

Top soil and calcrete

- Light brown sandy marl :
- Dark brown, mottled grey green, sandy clays Uluh

thin sands

- Mainly brown sands, thin clays g
- Fine %o coarse sands, micaceous, fossiliferous

at depth. Calcareous sandstone.

-Top soil and calcrete
" Very fine brown sands

Red brown clayey sands - Clay conLent 1ncrca51ng.

Cwith depth (2.7 = 3 m very sandy clays?)

Brown, mottled grey. sands, micaceous. .

‘Top soil, calcrete, fawn sandy narl. 3
- Red brown, very sandy clays T
. Fine grey-green sands.

‘Topsoil, calcrete _ ‘
. Fawn brown sandy and silty marl.

Red brown -sandy clays .

- Grey green and llghu brown flne sands, micaceous.

Top soil and calcrete

Sandy marl

-Bandy clays'

Abundant sholl fragments in grey, llght green _f
limey matrix.
Very silty yellowish fine sands.



- Top soil, nodular calcrete
“Calcrete Uluh fawn silty and oandy marl

~ Brown, grey green clays - sandy.

g

o =

U1 WO 0O
~J\J1

4-8 n green clays becoming sandier at 7.9 m.

Dune sands

. Calcrete

- Fawn silty marl ' o
Greenish khaki (sandy) clays - mottled brown
"Calcarcous sandstone, foss1llferous (shells)
flne brown yellow sands. .

Calcrete
Light brovn marl
" Dark brown to brown khaki sandy gypseous clays.
Sands (fine to coarse), gypsum, shell fragments
(2.5 - 5 5 sands) ' S : .
(3.5 - 8 gypsum, sands)

Dune sands

Calcrete ‘

. Tawn marl, groy green llmestone , :
- Green khaki clays becoming greener with dcpuh -
sandy.

Sandier grey - green clays (clayey sands)

ﬁlne green - grey sands. _



D Simplified C0070wlca¢ Logs of rreviously Drilled Dores
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2 ¢ lh— ’15.'24'

43
G - 1.22 nm
1.22— /1/109

g

L

G - 2.4 n
2.4 -,
£.9 - 7

7 - 7.6
5C

4985_ 507
5.7 = 7

b

-limestone:

j.52 b}

i3

Calcretbe

- hard, pale green
recrystallised, oyster
with thin merly clays

Linmestone: fragments

Limestone:

alcrete with red brown sandy clay
red, brown, shell fragments
tone: sandy, with oysters and wmarly

ity )

3o

/\bl@(\
[\)U’) .

~J
:Tj
O O

-1

Calcrete and greenish limestone
Clay: - brown, mottled grey-blue
Lim ostono. with oyster fra:ncnts-

Calcrete
Clay: mnmottled grey and reddish
CGypsiferous at depth.

Limesgtone: with oyster

DIroOwWNn.

fragments and Dryoczoal

Calcrete
Clay: variegﬁted blue-green-yellow slightly
ollty towards bas

N CaD

Sands: yellow-green, fine, micaceous with
“(‘ LCI‘».) ’

Llu tone: sandy

Sand: dune sands

Calcreto :

Clay: Tblue-green, becoming silty at bace
Sand: white to light yellow, fine

e
Viile
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Sand: dune sand

Calcrete: hard pink calcrete with thin sands
Sands: orange brown, fine to medium
Limestone: hard, sandy

Sands: red brown dune sands overlying fine fawn
mica ccouc sands.

Calcreve ‘
Sand: light brown clayey sand, and greenish
vellow fine micaceous sand.

Sand: brown to ll“ho brown, fine to medium
sands. Thin ohalWOU calcrete.

- Clays: blue- green, with calcareous mauerlal
- at dopuh. S

- Band: greenish-yellow, fine %o cosa arse
ulcaCbéhS.

Sand: buff, fine, slightly micaceous.
- Thin calcrete at top. '
Calcrete

Clay: ©Dvlue-green _ _ .
Sand: yellow-green, micaceous, fine.

Calcrete :

Clay: browvn mottled green, silty. Becoming
siltier with depth.

Sand: oyster bed in yellow grey fine sand.

Sand: . fine to coarse dune sand.

Calcrete ,

Clay: Dblue-green. ‘ A

Zand:- yellow green fine sand and sandstone.
with oyster fragmentses
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15C.
0O -1 Calcrete and sand '
1.8 = 3 Limestone: hard, grey-green
3 - 73 Clay blue-green
7:3 =11 Sand: yellow—green flne sands with oysters
14GC |
—_7;9fm ._'Sand‘ brown fine - medium dune sand

9 -~ 3.8 ~Calcrete

8 - 9.8 Limestone: green, calcreued at top

8 ~14.3%. ~Clay: blue-green : '
0 - 5.2 d Sand and calcrete :
5.2 - 6.1 Limestone: green, calcreted at top .~
6.1 =10.7 . Clay: blue-green. -
0.7 -12.8 Sand: yellow green, fine, mlcaccous, oysters

: at depth.

. SUNLANDS AREA
o - O.6lm1' Sand: medium grained, brown :
0.6 - 5.2 - Clay with Sand: sandy clays with thin sands

S . and calcrete fragments.
5.2 - 5.8 Sand: fine to medlnm, yellow-green. ross1l frag—

. ments.
5.8 = 6.7 . Limestone: sandy, oySUer fragments
6.1 - 8.5 Sand: clayey, oyster fragments, mica flakes
8.5 =-10.1 Sandstone: calcareous, shell fragments
10.1-11.3 - Sand end grit: fossiliferous
1M1.3-35. 4 Clay: calcareous, sandy, f0381llferous grey

e -and brown. Bryozoa at depth.

3% .4=51.8 . Limestone: grey and fawn.
0 - 1.22'm Sand: red dune sands : . ,
1.2 = 2.7 . - Calcrete: minor red sand, rrreeniéh limestone :
S o 2.4-2.7 m
2.7 = 6.1 Sands: numerous oysters, sllvhtly micaceous.
Aﬂ§ o :
0 . = 3.4 Sands: red dune sands
3.4 - 4.8 " Calcrete and green limestone
4.8 - 8.8. ‘Clay, brown and green.. Sandy towards base.
8.8 =13.4" ‘Sand: yellow and white sands. Llcaceous and

shelly at depth.
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3 000

m

55
0 - 0.9
. 009 - 20/‘ )
2.1 -7
7 =10.7
&S
- 8.2
02 ""905
.5 =10.7
0.7-12.5
2.5-17.1
7.1-18.6
- 0.9m
.9 - 1.8 -
Zoh =21.3
2’]-5"24‘.4
o
- 3.4
R TR
- 7.6
.6 ".905
98 .
0 - 3%.1m
2.1 = 3.7 -
3.7 =10.1" -
10.1-11.6
- 6.1 W
./l-"" 908 ’
a8
0 de_ﬂ.eﬁm -
1.8 = 10:1. . -

" with depth

" Calcrete,

" Sand: brown
" Calcrete and greenish llmestone

Clay: brown and green
Sand yellow—brown, fossiliferous oysters av depth

Sand: reddlsh fine dane sands

. Calcrete
- Sand

Limestone, greenish, marly
Clay: greenish and brown

Clayey sands.(,)

Sand
Calcrete : . ) : - '
Limestone, greenish, becoming soft and marly
Clay: greenish, brown. |

Sands: clajey, yellow green at top. Yellow,,

“micaceous at depth

minor sands
Limestone, greenish

Clay, yellow and green, s1lty
Oyster bed '

.- -Sands, minor calcrete -
: L1m05uone, greenish -

Clay, green and yellow,151lty. Bccomlng sandy

" at depth (9.2 m)

Sands, oysters.

" Sands, red and greenlsh—grey brown clayey sands
‘Clay, light grey, .
Gypsum

uhln sands .

‘Bands, red: o
‘Sands, very clayey

Sands, 1ncreas1ng quanultles of rrey clays
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- 1.2

- 1.8 ~Calcrete

- 2.4 Limestone, greenish

- 7.9 Clay: brown and green, sandy at depth uhin;marls.
- 9.8 Oysters in sandy matrix. .
-~ 6.1 m - Dune sands '

- 9.2 - . Dune sands with calcrete and llmestone at base
-10.1 ~ Sand: yellow clayey: ‘
-16.2 "Clays: blue-green and yellow brown.

-18.6- Sands: clayey, oyster fragments

-.1.2m  Sands: red, fine to medium

-~ 1.8 . Calcrete and sand ; ‘

- 2.4 . Calcrete, -clayey sand and green clay

- 4,6 ' Dband with oysters . .

- 6.1 - Sand, micaceous,

- 0.6:'m Sand and calcrete

- 1.2 = Calcrete

- 4.3 Clay, with gypsum

- 5.5 .  Sandstone and sands, Wluh gypsum

- 7 Sand, clayey :

- 8.5 Sand, with oysters

- 3 m Sands and minor calcrete

- 3.4 ~Limestone, green

-11.9 . Clay, blue-green with brown

- 12.2 Sand mlcaceous, clayey

=155 | Sands

- 0.9 m"- Sand and calcrete

- 2.4 . Calcrete

- 5.5 . Clay,silty

-10.4 Sand : '

-10.7 Sand with oyster fragments

- 2.1 n ~ Band, clayey

-3 . - Sand and clay .

- 3.7 Sand, very clayey '

- 6.1 -"*Sand, Wlth recrystalllsed llmestone at depth
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“Sand and calcrete

- Calcrete

Limestone (green) and marl
Clay, blue—green

Sand and calcrete :

Cley, brown and green, thin llmestone and
oysters at depth

- Oyster bed :

Sand and calcrete
Calcrete, green leestone and soft marl
Gypsum .
Clay and gypsum

- Clayey sand and gypsum
Sand, with oysters '

Sand and calcrete
Calcrete and limestone .
Clay, blue-green and yellow
Sand .and oyster bed

Calcrete.

Green limestone and marl
.Gypseous clay

Gypsum

~ . Sand

W~IU\TV 3 O O
1O o O

no
)

ISRV
* . [
RO

ro
n

-|

Gypsum '
Clayey sand, gyoseous
A Sand Jnlcaceous '

Sand and calcrete

Green limestone

Clay, grey green and brown
' oand, clayey S

- - Limestone

‘Sand and. calcrete

" liarl and sand

W~ O

0w

)

O\ O
o -
Sy

" Sandy marl and green sandy clay

- Band
Calcrete and marly sand
_Clay, olue green



Kidla

0 S 3.7m  Sand
3.7 - 6.1 Sand and marl
6. - 1.3

Clay, brown and blue-green

RAMCO AND GOLDEN HEIGHTS IRhIGAT OIf AREAS

AN

Bore No.
IR
0. = 2.1m Soil and calcrete, minor sénds -
2.1 - 4.9 Clay, green-grey. Oysters in basal 15 cm-
4.9 - 7.5 0 Oyoter bedo, sand : ‘
7.3 - 11, *. Sands, nlcaceous, calcareous, oysters
11 - 24,4 . Limestone
- 24 4 - 4u.2 . Marly clays and nmarls
A2 = 7.2 Limestone and marls
2R
O - .2 m Sands: brown and fawn, fine-medium
2 - 4 Calcrete and greenish limestone B
4 - -5 Clay, sandy and silty, grey green and rcd .
5 - 8.2 . Clay, green, gypseous , , o
8.2 - 8.5 ° DSands, flne, calcareous
8.5 -15  ° Clay, green, gypseous
5 - 16 . Sands, green, yellow, claJey
6 - 18.6 Sands, gypseous
4R | :
-0 ~ 3;4 m Sands - '
S hW = 5.2 Calcareous sand and calorete
5.2 = 6.1 . Limestone :
6.1 - 7.6 Limestone and sands
7.6 - 8.5 ‘Sands .
" 8.5 =.10.1 Limestone -
0 - 0.6 m° Pink hard kunkar
0.6 - 1.2 . Brownish hard sandy kunkar
1.2 = 1.8 - I'ine and medium brown sand- o
1.8 - 2.7+ 'Green and brown fresh water llme5uone passing
~down into grey marl. :
27 - 4.8 °° Variegated blue-green clay ' :
4,8 - © .7+ Yellowish green sandy clay with' flne shell
- ~fragments. -
6 -8.5 Fawn and light fine oaﬁdc and oanay llmeuuones
o ' with oyster fragmenus.@..
o | |

20;ﬂ m f_Sands with calcrete,at%top

ol



0O - 42.5m
12.5-13.7
13.9- 14.6
14.6- 16.8
16.8- 20.1
R
0 =3 m
5 - 5.7
5.7 - 6.7
6.7 - 8.2
10R
. 16.2- 171
/]70,]"‘ 29.:/) )
29-3— BO°5
52+6- 33.2
128
0 --9.8
9.8 - 11.%
11.3- 14.6
44{6— 471
138~
0 - 5.5m
5.5 - 8.5
8.5 = 10.4
J4R
06.-‘ 1.2
02 - 2.7
7= 3.3
.9’— 4‘05
.5 - 10
10% - 11.2
11.2- 14.5
4. 5-719.4
10.4- 20,3 .
22.4-2n

»iii,.

Sands, calcarcous, claycy in parts, calcrete :

- Green clay and sand

Limestone
Send, clayey, oyster snells
leestone -

‘Sands and calcrete

Calcrete and green limestone

. Clay, silty

Limestone

Sands. and calcrete
Green limestone
Clay, silty

Sand, clayey

Clay

No ‘samples

Sands and calcrete

Green limestone and marl.
Clay

Sandstone

Sand and calcrete

. Calcareous_sand'and sandstone
- Sand, very clayey, calcareous

uawn llmey sand

~ Pinlk nodular kunkar - hard.
Fine fawn kunkar (hard):- and flne

Pink hard rubbly kunkar'

sand

Variegated blue—green—brown élay Wluh llmey ;

nodules
ainly brown clays

Brown clay with green rarly layers

Brown and green-grey clays '

Grev—green clays with light grey 1ayors,.

llainly fawn fine sands

Very clayey fawn and light brown uandu with

" shell fragments.

Limey sands somewhat less clayey - shell

-fra:mento.

4
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Fawvn soft kunkar and sand :

Brown fine to coarse sand becomlng ;1ner ,

downwards

~Pink kunkar and greenloh kunkarised fresh _ _

.- water limestone - - B
Marly clay - light rrrecnlsh grey ' :

Brown clay - S .

-Yellow-green clay

"Blue-green clay

Oyster bed

So0il, sands and calcrete
. Limestone, green -

Clay, brown and green .
Sand, very clayey
Sand, clayey

Sand and calcrete.
Green clay

Sand and calcrete
Marl :
Clay.

- Sands and calcrete
llarls and fine sand
Clay S

u Sénds and calcrete
A-_Green limestone and marl
Clay, green and red

Sands and calcrete, marl at: depth
' Clay, marly -

" Sand and calcrete
Sand with oyster fragments
- Sandy limestone and clayey .sand

. 8011, calerete and sand :
’-Olayey flne sand Wlth oyster fragments.

» gA_ .
I . Vo




KV e

24R
O =-0.9m _ Soil, calerete and sand .
10.9 - 3:9 “ Limestone and liney sand, oysters. .
| WAIKERIE IRRIGATION AREA
Bore |
1

Depth 55.7 m.. .No clay.

2w
0 - 6.1m°*' Sand and calcrete
6.1 = 7.6 - Calcrete clay and limestone
7.6 - 14.6  Sandstone and sand.
14.6- 16.5 Limestone .
1645~ 17.7 Clay, calcareous S R
17.7- 25.9 JMarl S »E'
25.9-154.9 = Limestone and marl o -
154.,9-175.8 - . Sancs
17%.8=196.6 Clay
196.6-21%.4 - - Sands
213 J4=254,7 - Clay .

Depth 6.4 m- : No clay

wi
0 - 0.9m . Calcrete :
0.9 - 2.1 Green limestone -
2.1 - 3. Clay -
3 = 61 Sandstone
51 _

'Depth'ﬂo;4'mf ;No clay

Depth:4.6‘m ' Wo clay

e - 4.,%.m - Sandy soil, calchUe and sand

- 4.3 - 4,6 Green limestone ' : ‘
4.6 - 7.6  Clay - sandy . ' JESRRERT
7.6 - 10.7 .- Sand, w1th oysters at deoth
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"~ BSands, clayey

L o 6lay

By

o clay

Sand and calcrete '
-Calcreted green llmestone and marl

Clay,; minor sand

- . Sand, very clayey : ‘ '
band, clayey, shell fragments at denth o

" Wo clay

S0il and calcrete

Green llmestone and marl _

Clay

Vi, |
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Estimation of groundwater flow velocity
In the reglons conolaered groundwgter flow is - _
generally in a westerly direction towards the (Rivery Murray.
‘The particle 'velocity can be calculatcd by uulnw the :
relatlonshlp 5 _
v o= .L{l = :‘J‘Z».."_ v :

]

ML>

~where Vv = particle velocity

E = porosity of water bearing material
0.2 (arblurarv value, variable)

K = Hydraullc Conductivity = 10 m/day (from
-dquifer testing, variable)

i = gradient of potentiometric surface -
-_1 in 1650 (breatest gradient)

From the above pa;ameter approximations, the ground-'
~water flow ve1001ty has been estimated to be around 11 m/year.

- Area 1

‘ Dlstance from this area %o the Rlver hur ay along
flow llnes is appro ximately 23 km.

x Time regulred %o travel that distance is ..
approx1mately 2 x 109 year

irea 2. .
' Distance to River Murray - 35 km
.. Time of travel 3 x 107 years ..

. -irea.ﬁ c | . _
; ' Distance tb;River MurrayAalong flow‘lines - 6.5 knm .

}','Time of travel 0600 x 105 years.

Note:' Thcoe cutlmaulons can only e rewaraed as first
. approx1mutlonu.t A more rcflnod approach will
.ovontually be requlrcd.
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APPENDIX 3%

SUMMARY OF WATER DELIVERED TO IRRIGALTION ARTAS

WAIKGRIE IRRIGATION AREAS

Year -Rainfall Area-Under S uuantlty Dellvered

: - in inches." Irrigation (acres) in kcre: /fcet - in 1ncheo/ft
1964/65 .. 11, 24 : - - 3925 ' 15900 : 48,6
1965/66 - 8.5 %3925 . - - 17000 - . '51.9
1966/67 . ..6.6 E : 3925 - . - 17600 - . 53,8
:1967/68 - Q.4 N o 4150 S 1660Q = - 48
1068/69 10.5 1450 45400 . 44,5
1969/70. - 7.5 4150 46700 - - u8.3
1870/71 2.5 4150 - 15900, . £5.9
1971/72 - 8.5 4150 . - A7720 - o1
1972/73 15.5 . 4150 o 7900 51

1973 /74 252 4200 113500 - - 52

GOLDEN HEIGHT S/RAJ“O IhQIG“T ON AREAS .
550 1850 R Tog!

N

1968/69

0.5
1969/70 745 550 o 2100 © o 45.8
1970/74 2.4 550 - . . 2801 S35
1971/72 . 8.5 560 . . 2016 L a3
1972/.7% 1.3 560 : 2100 . 45
1973/ 74 23.2 . 560 1506 28

‘ote the lcsser aDpllcaulon of water in the o
- - Golden HEeights/Ranco I.A. where a 5p*1n~11ng system.
is used as compared to channel system in alkcrle,-

' .Lol&. .
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LEGEND.

Roads and Tracks

Bore hole number

Bore hole with
thickness of clay and/or sandy clay in metres

Quthine of potential area for evaporation basin

Vertical Scale @ 1 2000
Horizontal Scale 131 680

SCALE
KILOMETRES O | ?; KILOMETRES
LEGEND
Sands of*® Mines Dept bores with

zﬂ total depth ond dlevation
Clay (Blanchetown °= 1 metres above sea level

Clay)_ — Veon Sea Level

FENCE DIAGRAM OF DISTRIBUTION OF BLANCHETOWN CLAY

SCALE IN KILOMETRES
i 2 3 4 5

1 i

I

FIG. 3

DEPARTMENT OF MINES — SOUTH AUSTRALIA

RIVER MURRAY DRAINAGE INVESTIGATION
BLANCHETOWN CLAY ~ WAIKERIE AREA

POTENTIAL EVAPORATION BASINS

HYDROGEOLOGY Compiled Scale: 1163 360
’ X.5.
SECTION Date:  March 1975
\ B, T.E.
) o A Drg. No. 75-3G5
Director of Mines Ckd. 0829 + 6929

1000~9.73 E407
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SECTION I
Blanchetown Clay
Borehole Number
=%, Gypsum
HORIZONTAL SCALE
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I A ] /
! 'SCALE
, 0 2 4 Xms.
j - | |
| FIG_4
- DEPARTMENT OF MINES — SOUTH AUSTRALIA
[ RIVER MURRAY DRAINAGE INVESTIGATION
AREA 1V

- - GEOLOGICAL SECTIONS SHOWING BLANCHETOWN CLAY
SECTION It :
‘ Drn. X.S. |ScALE: As Shown
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