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DEPARTMENT OF MINES 
SOUTH AUSTRALIA 

Rept.Bk.No. 70/120 
G.S. No. 4509 
Hyd. No. 2260 
D.M. No. 1487/1/68 

A summary of Drainage Investigations 
in the Waikerie District of the River Murray 
Irrigation Areas, South Australia during the 
period July 1967 through June 1970 

INTRODUCTION i 
A programme of investigation into the problems 

associated.with underground drainage in the. Waikerie district 
has been.in progress for nearlyyears. An earlier report 
(Roberts and Cramsie^1969) summarised activities and results 
up to June 1967 and"the present report completes a review of 
the investigation to June 1970. 

CONCLUSIONS 
1 E v i d e n c e from water level readings made over a four 
year period from July 1966 through June 1970 indicates that 
the 'mound' created on the groundwater table below the Waikerie 
Irrigation Area has a complex response to drainage of surplus 
irrigation water. 

A significant rise in the mound can be detected on 
the western side of the Waikerie Irrigation Area but no definit 
correlation can be- established between this rise and the 
activities of the private irrigation areas, Golden Heights and 
Ramco Heights. [ ) 
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The peak of the drainage mound in maintained-by a 
single borehole with less than two years record« In the summer 
irrigation season the. water rises to within 4-5 feet of the 
surface but no' forecast can be made of the rate of rise of this 
peak level through the next few years because of the cyclic 
nature of the record (Fig0.2)0 
2o Drain and pump-in tests on Borehole 28W showed that 
discharges of at least 1 cusec could be achieved over short 
periodso However, the problems of long term use are not understood 
in detail and much more testing would be necessary before the 
technical feasibility of a ma^or scheme was establishedo 

Difficulties exist in the design of high hydraulic 
heads and the possibility of strata failure and subsequent loss 
of drainage control are severe because of the thin cover of 
strata over the main aquifer limestones» 
3o The presence of sand aquifers has been confirmed in 
strata of Eocene age to a depth of 1070 feet„ 

Preliminary design work has been carried out for' . 
drainage testing at two main horizons (Figc8)o 

• RECOMMENDATIONS 
1o Servicing of the observation borehole network to 

ensure that valid measurements are obtained in ' 
the future o 

2» Continuation of weekly readings at all the observation 
boreholeso 

3° Remove the water level recorder from Borehole 22 <>W 
and instal on Borehole 3 1 t o study change near 
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the peak of the groundwater mound„ 
Instal a water level recorder on Borehole 26.R to 

study the growth of the groundwater mound towards 
the west o 

An exhaustive review of'design and operational 
problems associated with deep borehole drainage 
•before further work is undertaken on Boreholes 
27W and 28W. 

INVESTIGATION PROGRAMME 

Observation Borehole Network 

Following an early assessment of the mound created on 
the groundwater table of the Miocene Limestone aquifer by under-
ground drainage activities in the Waikerie district, further- bore-
holes were drilled and other boreholes incorporated to create a 
network of 13 observation points (Fig.1). In addition readings 
were commenced at ^ boreholes located along the northern edge of 
the irrigated zone.to monitor water level changes in the shallow 
aquifer complex associated with the Recent dune sands and Nor-^-
west Bend Formation west of Ramco. 

Since 1966 three reports have been issued (Roberts, 1967 9 
1969 and 1970), containing details of water level changes as 
recorded in the observation boreholes. 

Details of the present borehole network are contained in 
Table 1 and the available water level readings for the period July 
1966 through June 1970 are summarised-iri graphical form, in Fig.2. 
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Drainage Testing 
As a result of the series of pumping and drain-in 

tests carried out in the Miocene limestones at several 
localities, further and more elaborate tests were conducted 
at a site near .the peak of the groundwater moundo The 
tests consisted of drain-in and pump-in tests with the use 
of observation borehole^ to obtain better values for the aquifer' 
parameters<, 

The location of the test site is given in Fig<,3 
and the geological relationships are illustrated in two 
cross-sections in Fig04<, 

During the first two series of tests (serial Nos„ 
270868 and 050968) a single observation borehole was used 
(Borehole 27W0) Subsequently a second observation borehole \ 
(29W) was constructedo 

•Table 2 summarises the aquifer characteristics 
obtained from the first, and second test series and detailed 
test data are given in Appendix Ac 

Test Procedures 
The procedures employed during drain-in and pump-in 

tests were basically similar to those used in normal pumping 
tests- The surface equipment is illustrated in Fig„5« 

Some difficulties were experienced in accurately 
measuring'the pressure head applied to the aquifer during the 
pump-in tests despite the. utilisation of a battery of pressure 
gauges« 
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Water was drawn from the nearest irrigation channel 
and care taken to avoid the intake of silt laden water which 
could produce a clogging effect in the aquifer.. 

-Test Failures 
The "basic•experimental set-up proved relatively 

satisfactory and breakdowns were generally-mechanical in origin. 
During the second step of the second test series 

beginning 5th September, 1968, a critical problem arose after J40 
minutes with the apparent rupture of the pressure cement seal 
around the 6 inch casing in Borehole 28W. This led to a leakage 
of water from the drainage aquifer at 80 feet up to a series of 
thin shallow aquifers associated" with the Nor'west Bend Formation 
and Recent strata above 40 feet. 

The probable mechanism of failure is illustrated in 
Fig.6. Repair work was carried out at 28W by reaming but the 
hole and pressure cementing 8 inch casing to a total depth of 
150 feet. In addition a second observation hole was drilled to 
improve the quality of readings obtained. 

A third series of tests was commenced on 8th October 
1968 but results were unsatisfactory. The behaviour of Borehole 
27W, during the third test suggested that strata rupture had 
also taken place during the second test and that this had not 
been 'healed' by the second pressure cementing process. As a 
consequence, the .test programme was abandoned. 

Exploratory"Drilling 
From the regional geology of this part of the .Murray 

Basin as evaluatedby Ludbrook (i960) potential drainage aquifers 
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were "believed to exist at an economic depth "below Waikerie. 
This was in part confirmed by Borehole 2W which was drilled to a 
depth of 772 feet in July 1965 and passed through three sand 
horizons in Oligocene-Eocene strata. (Lindsay, 1965)° On this 
basis Borehole 27W was drilled to a depth of 1,080 feet to sample 
potential drainage horizons preparatory to the conducting of 
tests. Mr. W.K. Harris (pers. comm.) has established from a 
provisional palynological examination that the borehole was 
completed in middle-upper Palaeocene sediments and that the base 
of the Tertiary could be expected at about 1,500 feet. 

A geological log of Borehole 27W is included in Appendix 
B and Fig.7 illustrates the results of sieve analyses carried out. 
on certain of the sand horizons intersected. The analyses have 
been used to design casing and screen strings to enable the bore-
hole to be tested in two separate zones. 

Preparations for testing are now complete, including 
the drilling and casing of Borehole 28W to 1,070 feet to act as 
an observation borehole. 

Geophysical Logging 

Logging was carried out at Borehole 28W on four 
occasions to investigate the effects of draining "fresh" water 
into an aquifer containing highly saline water. The type of 
logging carried out included:-

16 inch normal resistivity 
64 " " " 
6 ft. " 

Micro-Inverse resistivity 
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Point Resistivity-
Self Potential 
Gamma 
Neutron 
Caliper v.. 
The relative permeability of the Miocene limestone 

aquifer sequence between 110 and 360 feet is well illustrated by 
. resistivity logs shown in Fig.8. The general conclusion may be. 
drawn that the highest effective permeabilities lie between 110 
and 280 feet. Little drainage appears to have taken place in the 
basal 80 feet of the aquifer. 

- . HYDROGEOLOGY 

Morgan - Mannum Limestone Aquifer 

The hydraulic situation created by the drainage of 
underground water in the Waikerie district contains two elements:-

1o The rise and decay of a 'mound' created on the 
original groundwater table. 

2o The effect of the drainage mound.on the movement 
of underground water towards the main valley of 
the Rivery Murray. 

1. Fig. 1 illustrates the potentiometric surface in existence in 
June 1970 while Fig. 2 summarises water level fluctuations at 
observation boreholes in the area affected by underground drainage 
over the period July 66 through June 70. 

An examination of water level trends shows an overall 
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rise over the period of record or seasonal fluctuations which tend 
to mask the general trend. 

A steady rise is most easily discernable on the western 
side of the drainage mound (Boreholes 17W, 1R and 26R.) 

The maximum recorded rise occurs in Borehole 26R, 
located on the "boundary between the Waikerie Irrigation Ar6a and 
the private irrigation area of Golden Heights. At present there 
is no direct evidence to suggest that irrigation at Golden Heights 
since its inception in 1959» has been the prime cause of this rise. 
No drainage boreholes are in use at Golden Heights but the sub-
surface geology (Roberts and Cramsie 1969) suggests that shallow 
seepage water may migrate in an easterly direction from high 
ground near the centre of the irrigation area. Private 
observation points are maintained by the Golden Heights Irrigation 
Area to check, this possibility "but the records have not been 
consulted for this report. 

High seasonal fluctuations occur near the peak of the 
drainage mound (Boreholes 22W and 31W) and along the edge of the 
river valley (Boreholes 18W and 19W). Without more detailed 
knowledge of the irrigation pattern, the reasons for the greater 
seasonal fluctuations in these boreholes compared with other 
observation points are difficult to elucidate. A major factor 
may be the variation in transmissivity in the limestone aquifers 
with a lower value leading to a more marked response in water level. 

Table 4 provides a summary of water quantities delivered 
to the Waikerie Irrigation Area since the investigation began. 
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TABLE 4 
YEAR 

1964/65 
1965/66 
1966/67 
1967/68 
1968/69 
1969/70 

RAINFALL 
IN.INCHES 

11.24 
8.45 

6.55.' 
9.36 
10.47. 
7o45 

AREA UNDER 
IRRIGATION 
IN ACRES, 

3,925 
3,925 

' .3,925 
.. 4,150. . 
4,150 
,4,150 • ' 

QUANTITY 
DELIVERED : 
IN ACRE/FEET, 

15,900 

17,000 

17,600 

16,600. 
. 15,400 
,16,700 .. 

Assuming that 25% of the water applied during 
irrigation is not used by plants or is lost by evaporation, 
approximately 4,000 acre/feet is contributed to the groundwater 
each year, which is equivalent to a steady drainage rate of 
5.5 cusecso 

Drainage is achieved via a numbeir of different 
flow paths which are illustrated in diagrammatic form in Fig.9. 
The basic flow equation is:-

; I = E + D + L.S. + V.S. ' 
where' I = Increment from irrigation and rainfall 

E = Evapotranspiration 
T3 =-Drainage by boreholes. • , . 

L.S. = Lateral Seepage 
VoS. = Vertical Seepage. 

Calculations given in Appendix C indicate that 
^steady state conditions would be maintained in the drainage mound 
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"below the Waikerie Irrigation Area by a steady increment of abOlit 
i 

2»4 cusecs (D + V.S„) Thus, about 3«1 cusecs is drained by 
lateral seepage (L.S.) through the upper aquifers. 

The above figures must be treated as very 
approximate since they are dependent on ill-defined aquifer 
parameters, especially the storage coefficient(s). 

2. Contributions from underground drainage in the irrigation 
areas to the main River: Murray valley cannot be determined with 
accuracy at this stage. Calculations given in Appendix C suggest 
that the flow may have increased by a factor of at least five 
since irrigation began, but in absolute terms the discharge is 
not high. 

The problems of quantification are illustrated 
by the discharges obtained from calculations in Appendix Cc 

Refinementof the transmissivity value (T) for discharges along 
the river valley is not possible and considerable gaps in the 
observation borehole network make slope assessment (i) hazardous. 

G- T ROBERT 3 
ASSISTANT SENIOR GEOLOGIST 

HYDROGEOLOGY SECTION 
GTR:CF 
10.8.70 
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OBSERVATION BOREHOLE 2?W 
Section 553, Hundred Waikerie 

Bore log 

Depth Description 
From To 
feet feet 

0 - 1 Sand, very clayey, fine to coarse, dark red, 
1 - 7 Sand, clayey fine to coarse, subrounded grains 

becoming marly below 4ft. 
7 - 20 Limestone, sandy, quartz grains fine to madium, 

some recemented pinkish brown. 
20 - 35 Sandstone, clacareous, subrounded quartz fine 

to medium yellow brown. 
55 _ 80 Morgan Limestone-Mannum Marl, silty, yellow-

brown 35-55'« greyish 55-65 » yellow-brown 
65-80*. Driller reports 'Limestone'. 

80 - 100 Limestone, v. slightly sandy, soft friable buff 
with some red-brown stains. Bryozoal, Driller 
reports 'collapsed. 

100 - 123 Limestone, slightly marly. Limestone in hard 
bands. Very fossiliferous - bryozoal. Pawn 
and buff. 

123 - 190 Limestone, slightly marly 3% sand, fine grain 
bryozoal and shelly. Some hard cemented bands. 
Grey and yellowish grey. 

190 - 270 Limestone, slightly marly some cemented layers, 
fossiliferous. Finely sandy in places. Yellow 
brown to yellowish grey. 

270 - 300 Limestone, small increase in marly content? 
fossiliferous, grey. 

300 - 310 Limestone, hard, cemented shelly, grey and 
grey—brown. 

310 - 330 As for 270-300'. 
330 - Limestone, marly, probably some hard bands 

fossiliferous, grey. Driller reports "Marl" 
from 350'. 

o 
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Depth 
From To 
feet feet 

Description 

355 -

300 -

460 -

470 

385 

460 

470 

485 

485 - 498 

498 - 499 

499 - 505 
505 - 558 

Notes on tubes: 
505-506 feet, 
515-516 feet. 
527-529 feet. 
529-530 feet. 
551-554. feet, 
557-558 feet. 

Ettrick Formation, Mainly Marl, with some 
limestone, yellowish grey. 

V 

Silt, calcareous, and marl, with 20% fine 
quartz, sand. Microfossils, Buff and light grey. 
Clay and Marl, glauconitic. Glauconite grains 
increasing down section. Medium greenish grey. 

Mainly clay, calcareous with fine sand and 
plentiful glauconite grains. Also rare medium 
grain pink quartz. 
Clay, slightly calcareous, a few glauconite grains. 
Dark grey. 
Sandstone, calcareous, very shelly strongly 
cemented. Grains quartz subrounded max. 1mm. 
Grey. 
Sand, fine to coarse, max. 1.5mms. (rare). 
Sand, samples taken for sieve analysis throughout. 
See results for details. 

Contains sandstone, nodules 5 cms* across strongly 
cemented, rounded fossiliferous 
Sand/clay mixture dark grey. 
As above. 
Sand, clayey. 
Sand, clayey* 
Sand, clayey and with patches of clay and lignite. 

558 - 578 

578. - 600 

Sand, clayey, fine to caorse grain, subrounded 
quartz, max. 1.0mm. Clay content decreasing 
down from very to slightly clayey. Medium grey. 
Sandj slightly clayey throughout. Mainly fine to 
medium grain with scattered coarse grains to max. 
1mm. Subangular to subrounded quartz light to 
medium grey.-
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Depth Description 
From To 
feet feet 

600 - 627 Sand, mainly medium grain about 0.4mm, subrounded 
martz, light grey, 
llean sand 600-605ft. 

620-625ft. 
Slightly clayey 605-620ft. 

625-627ft. 
627 - 638 Sand, and silt, slightly sandy. 630-635ft. 

dark grey. 
638 - 640 Sand, very shelly,, medium to coarse grain quartz, 

subrounded max, size 2.0mm. Grey. Driller 
reports "Blew". 

640 - 672 Samples probably not reliable as for 638-640ft. 
but samples very clayey. Washed sample 655-665ft, 
and contain hard claystone,pellets 2cnu across 
and strongly cemented sandstone nodules rounded 
up to 2cm, diamfeter, Driller reports 'layers of 
brown shale, sand*, sandrock - 640 to 672ft, 

672 - 695 clay» shelly, silty and sandy. 685-690ft,, 
dftrk grey and greenish grey. 

695 - 715 Clay, silty and sandy lignitic. Quartz grains 
rounded to maximum 1,5mm, Fossiliferous, traces 
of pyrites. Med-dark grey, 

715 - 745 Clay* lignitic? silty slightly fossiliferous minor quantities of subrounded quartz to max 
1,5mm, Pyrites. Dark grey. 

745 - 755 As for 695-715ft. 
755 - 765 As for 7l5-745ft* 
765,- 801 Logged from cores at 768-771ft., 790-791ft., 

800-801ft. 
Sand, fine grain, mainly 0.2mm., clayey and 
lignitic with thinly bedded clay, lignitic, 
dark grey at intervals. 

801 - 830 Clay, sandy and silty, lignitic sand mainly fine 
grain quarts max. 0.4mm. Sand content increasing 
to about 50% below 820ft. Dark grey; 
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Depth 
Prom To 
feet feet 

Description 

830 - 831 

831 - 840 

840 - 842 

842 - 860 

860 - 862 

862 - 880 

880 - 915 

915 - 925 
928 - 932 

932 - 934 
934 - 955 
955 - 966 

966 - 1000 

1000- 1015 

Sand, clayey* fine to medium grain. Clay as 
thin beds and pockets. Lignitic. Dark grey. 
Sludge sample - as for 830-831 with high clay 
content. 

Mainly clay, lignitic with thinly bedded fine to 
medium grain sand dark grey. 
Sludge Samples. 
Clay* sendy. Probably as for 840-842 feet. 
Clay* lignitic* Thinly interbedded mainly dark 
grey with light grey. 
Clay, dark grey becoming lighter down Section. 
Slightly sandy at top. 
Clay, lignitic probably silty in part. Grey 885-
890 feet. Dark grey to black 890-915. ; 

"i , ?;• 
Clay, dark grey. i ji 

;' i' 
Sand, clayey and with discrete lumps of clay; mainly 
coarse sand to fine gravel, max. 5.0mm. sub- V 
rounded quartz. Shell fragments. Clay increas-/ 
ing below 930ft. Grey to dark grey. 

Clay, dark grey. 
Clay, light grey. 
Sand, medium to coarse grain max. 72.0mm. 
subangular and subrounded quartz. Slightly clayey 
955-96O feet. Clayey 960-966 feet. Few shell 
fragments 955-957 feet. Slightly incaceous. 
Light grey becoming darker down section. 
Clay,, light grey and medium grey, slightly sandy 
995-1000 feet. 
Sand, clayey throughout very clayey 1002-1003 feet, 
medium to coarse grain with fine gravel to max. 
20mm. subrounded to subangular quartz. Medium 
grey. 
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Depth Description 
From To 
feet feet 

1015 - 1025 Mixture of clay; grey to dark grey and black with 
varying quantities of sand, mainly fine to medium 
but with some coarse grain. 

1025 - 1033 Sand, clayey. Fine to coarse grain. Max 2.0mm. 
Subangular to subrounded quartz medium-dark grey. 

1033 - 1039 Sand, slightly clayey mainly,fine to medium g?ain 
with some coarse and fine gravel to 1.5mm. medium 
grey becoming dark grey 1037-39 feet. 

1039 - 104-5 Sand, mainly medium to coarse grain wifti gravel 
to 2mm.; plentiful and rare to 4mm. Becoming 
increasingly coarse down section and increasing 
quantities of gravel. Slightly clayey to 1041, 
with clay increasing down seetion. Quartz 
mainly subrounded to subangular. 

1045 - 1047 Sand, medium grey and clayey and lignitic fine 
to coarse grain with scattered gravel. Quartz 
dark grey.-

1047 - 1050 As for 1039-1045 feet with gravel to 10mm. 
1050 - 1060 Clay, sandy. Dark grey. 
1060 - 1070 Clay, sandy. Medium grey. 
1070 - 1075 As for 1047-1050 feet, gravel - rare 10mm. 
1075 - 1081 Sand, clayey, mainly fine to medium grain with 

some coarse grain quartz subrounded. Grey-brown. 
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0 -" 1' SAND, very clayey, fine to.coarse, dark 
red. 

T - 7' SAND, clayey fine to coarse, subrounded 
grains "becoming marly below 4ft. 

7 -"20' LIMESTONE, .sandy, quartz grains fine to 
medium,' some recemented pinkish 
brown.. . : 

' . ' • ' * * . • • ' * * 

20 - 35' 'SANDSTONE, calcareous, subrounded quartz 
fine to medium yellow brown. 

35 - 80' IvlARLi, silty., yellow-brown 35 - 551 
greyish 55 - 65' . • 

• yellow-brown 65 - 80' 
Driller reports 'Limestone 
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80 - 100'. -LIMESTONE, v. sliechtlv n a n f l v , ' 
, friable-buff with some,, red-̂ browr. 

' stains. Bryozoal. Driller . 
reports 'collapsed. ' 

100 - : 123 V LIMESTONE, s l i s r h t l v m a r l v . T,ri moK+.n-n* • 
•• in hard bands. Very fossili-
. ferous -bryozoal. Fawn and 

v;,, /•;. . .. ;. buff. ' 

123 —•190 LIMESTONE, -sliehtlv marlv aanri , f in» 
• grain bryozoal and shelly. Some 

• v : " hard cemented bands. Grey and 
yellowish grey. 

• . i 
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'190 - 270' - ' LIMESTONE, ..-slightly marly some cem-
:• ented layers, fossiliferous. 

•. Finely sandy in places. ,.Yellow 
- "brown to yellowish grey.' 
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270 -/ 300' 'LIMESTONE", snail increase in marlv 
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-T- - ,460 -.470' CLAY and MARL, elauconitin. FX! an- : 

• T — R 
-R 

NR-

conite grains increasing down . 
section. Medium greenish grey, 

47£L 

T -T 

470 -485' Mainly ] 
• CLAYv calcareous with fine sand and 

plentiful glauconite grains. J 
"Also rare medium grain pink 1 

'.;. quartz. ; -

X 

470 -485' Mainly ] 
• CLAYv calcareous with fine sand and 

plentiful glauconite grains. J 
"Also rare medium grain pink 1 

'.;. quartz. ; 
\ 

-x.—: 

• •• • .:.':'•. • ' . / . ' , ' . i 
485-498' . CLAY, . slightly calcareous, a few . 

.. glauconite grains.. Dark grey. 
42L 

R O I 

510_ 

. I 

/ZIL .V '̂.VT1;' 

' 498 - 499' SANDSTONE, calcareous ' very shelly 
v ; . s t r o n g l y cemented. Grains 
•i" ' • • quartz subrounded max. 1mm. 

'•.••• ••"•'• .'..'•• Grey. 
499,- 505'. SAND, . fine to coarse, max. 1.5mms. 

- (rare) 
505— 558'' SAND,. samples taken for sieve analy-

..•••/•";• sis throughout. . See result's 
for details, 

• - Notes on tubes 
505-506feet. Contains SANDSTONE, 
nodules.5"cms. across strongly 
cemented, rounded fossiliferous 

• 515-516feet. SAND/CLAY mixture' 
dark grey. ''."_.• ' 

-
527-529fee.t..; as above. 
529-5$Ofeet. SAND, clayey. 

5% 0_ 

•'.'y/.V 

A 
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610 

/2a: 

640« 

B SO 

551-55^ft. . SAND,-.clayey-

557-558ft. 
558 - 578' 

i " 

SAND, clayey and with patches of clay 
and lignite. 

SAND, clayey, fine to coarse grain, 
subrounded quartz, max. 1.0mm. 
Clay content decreasing down 
from very to slightly clayey. 

• Medium grey. 

578 -: ,60.0'. SAND, slightly clayey throughout.. • 
Mainly fine to medium grain witfc 

.. scattered coarse grains to max. 
1mm. Subangular to subrounded 
quartz light to.medium grey.. . 

600-627.' 'SAND, ;Mainly medium grain about 0.4mm, 
/.. subrounded-quartz, light grey. 

Clean sand 
Slightly clayey 

• 600-605ft. 
620-625ft. 

. 605-620ft. 
62^-627ft. 

627, - 658 ' SAN^ and SILT,, ; slightly sandy. 
, 630-635ft. dark grey. • 

638 -.640' 

640 - 672' 

SAND, .very shelly,;medium to coarse 
grain quartz, subrounded ma^. 

. size 2.0mm. Grey. 
Driller reports 'BLEW 

SAMPLES PROBABLY NOT RELIABLE as ' 
for 638-640ft. but samples very 
clayey. Washed sample 655-665ft 
and contain"hard claystone 
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6'C0_ 

pellets 2cm. across and strongly 
cemented sandstone nodules 
rounded up to 2cm. diameter. 
Driller reports 'layers of 

. brown shale, sand, sandrock -
. .. 640 to 672ft.. 

67(L RV*\T A 

672 -695' 'CLAY, shelly, silty and sandy. 
/ \ .. • 685-690ft., dark grey and-. 

/ greenish -grey. 

GFIT 

" S R : 

j £ 

700 

695 - 7151 . CLAT, silty and:sandy lignitic.. 
. .•/•• -.. ;. ... . Quartz grains .rounded, to 

' t V " ' . ' maximum 1. 5inm.\ fossiliferous '.. 
: : \ , ;.- traces of pyrites. - Medr-dark '• 

;..';..;/".', grey. v . • .- • . 

7|0_ 

M 

715 _ '745' CLAY, lignitic', silty s-lightly '. 
-•'..:..;-' •:. fossiliferous minor quantities 

\ of subrounded quartz to max.' 
• ; .. • .• • 1.5mm*^Pyrites. Dark grey. 

745 - 755' As for 695- 715 ft. 

750 

—ni . — -• • 
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E'-Er 
755 - 765' 

i 
. As for 715 - 7 4 5 f t . 

— • — 
755 - 765' 

i 
. As for 715 - 7 4 5 f t . 

7C0_ 

765 801' .Logged from cores at 768 - 771ft. 
.780 -781ft., 790-791ft., 800-801ft. 

772_ 
' ' . • " . 

:.; SAND,fine grain, mainly '0.2mm. , 
..clayey.and lignitic with thinly 
' bedded 

CLAY,. lignitic, dark grey at 
intervals. ,'... 

78£ 

VI l 

:•'• 

72£ 
* * V " '•) 

$'00 

\ '- ir-' 
801 - 830 rV •.'CLAY,-', sandy and silty, lignitic 

,'";sand mainly fine grain quartz 
-. . max. 0.4mm. Sand content in-
• creasing to about 50% below 820ft 

• • ' •..•.-Dark grey. . •;•'". 

S'iJL •• . .. . 'V -

8i 0_ 
. IEE 830' -831' ; • .SAND, clayey,..fine to-medium grain. 

Clay as thin beds and pockets. 
Lignitic. Dark grey. 
Sludge sample - as for 830 - 831 

•'.'.with high c3ay content. -
-831 - 840' 

• .SAND, clayey,..fine to-medium grain. 
Clay as thin beds and pockets. 
Lignitic. Dark grey. 
Sludge sample - as for 830 - 831 

•'.'.with high c3ay content. 
m- 840: - .842« '• Mainly clay, Lignitic with. 

L ,- •thinly bedded fine to medium ' 

-

— — 842 - 860 • .. grain .sand dark grey. 
" Sludge Samples. 

CLAY, sandy. Probably as for' 840 - R4P 
. feet. 

&S0 ^ 
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860 - 862' 

862 - 880' 

880 -.915' 

928 - 952' 

932 
93 4 

•934' 
955' 

CLAY, Lignitic. Thinly interbedded 
mainly dark grey with light 
grey. 

.CLAY, dark grey becoming lighter 
down Section. Slightly sandy 
at top. 

.CLAY, lignitic probably silty in part. 
.••-. C-rey 885 - 890 feet. Dark grey 

to black 890 - 9-35 

915 925' : CLAY, dark .grey.. . • 

SAND, clayey and with discrete lumps 0 
clay mainly coarse sand to fine' 

.'. gravel, max. 5•0mm. subro.unded 
quartz. Shell fragments. Clay 
increasing below 930ft. Grey to 

• dark grey. 
CLAY, dark grey. 
CLAY, light grey. 
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955 -.966' SAND, medium to coarse grain max. 
72.0mm. subangular and sub-
rounded quartz. Slightly-
clayey 955 - 960 feet. Clayey 
960 -.966 feet. Few shell 
fragments 955 - 957 feet. 
Slightly.incaceous. Light grey 

•becoming darker down section. 
.966..- 1000' CLAY, light grey and medium grey, 

slightly sandy 995 - 1QQ0 feet. 

1000 .-,.1015' 

1 0 1 5 - 1 0 2 5 ' 

1025 - 1033V 

1 0 3 3 - - 1039V 

1039 - 104.5 V 

.'SAND, clayey throughout'very clayey 
.; . 1002 - 1003 feet, medium to 
\ coarse grain with fine gravel 

. -•;•..'to max.. 20mm. . subrounded to 
subangular quartz.iMedium grey. 

Mixture of CLAY, grey to dark grey. 
and black-with varying quantitie 

.'•:' of SAND,' mainly fine to medium. 
•' • but with some coarse grain. 

SAND, clayey.. Pine . to coarse grain." 
• :. Maxj> 2.0mm. Subangular to 

subrounded quartz medium - dark 
'..•'•• grey. • 

SAND, slightly clayey mainly fine to 
medium grain with some coarse 
and fine gravel to 1.5mm. medium 

• " grey becoming dark grey 1037 -
39 feet. 

SAND, mainly medium to coarse grain . 
. with .gravel. to 2mm. plentiful, 
and rare to 4mm. Becoming 

. • increasingly coarse down section 
• and increasing.quantities of r 
gravel. 3'. :— 
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1045 - 1047' 

1047 -.1050' 

1050 
1060 
1070 

'1060.' 
1 0 7 0 ' 
1075' 

1 0 7 5 - 1081 

Slightly clayey to 1041, with 
clay increasing down section. 
Quartz mainly subrounded to 
subangular. 

SAND, Medium grey and clayey and 
lignitic fine to coarse grain 
with scattered- gravel. Quartz 
dark grey, 

as for 1039 - 1045 feet with gravel tc 
10mm.. 

' CLAY, sandy.- "Dark grey. 
CLAY,:sandy. Medium grey. 

. as for'1047 - 1050'feet, gravel' - rare 
• • ,-> lOinm. : 

SAND,.clayey, mainly fine to medium' gi 
• ••':. grain with some coarse grain 

quartz subrounded. Grey-brown. 

.' .' • -- .. . -;•• -r : • 
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(Observat ion) 
Top of' 8" casihg 110-69 

G.L. 108-69, lAJater flow ai surface Pump in 
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6ifi casing pressure 
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