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Overview

 Soil mapping

e Fractured rock aquifers

e T1/T2 /T3 /T4 aquifers

e Characteristics of T3 / T4 aquifers
e ASTR research outcomes



Legend
Soil Landscapes of South Australia - Mapping Data
Calcareous soils
| Calcareous loam on rock
[ Moderatety caicarecus cam
Calcareous loam
Calcareous loam on clay
Calcareous gracational ciay loam
Shallow soils on calcrete or limestone
Shalow calcareous loam on caicrete
Shalow zandy loam on calcrete
I shatow redioam on limestone
[ shatow ioam over red ciay on calcrete
Gradational soils with highly calcareous lower subsoil
Gradational sandy loam
[ Gradatonal ioam on rock
Frisble gradatonal cay oam
Hard red-brown texture contrast soils with alkaline subsoil
777 Loam over ciay on rock
Loam over red ciay
[ Loam over pocrty sructured red cay
I Hard icamy zand over red cay
[T ironstone graveily sandy loam over red ciay
[ Loam over poorty sructured ciay om mck
Cracking clay soils
[ 5 cracking oy
[l Fec racking ciay
[l 5rown or grey cracking ciay
Deep loamy texture contrast soils with brown or dark subsoil
[ Loam over brown or dark ciay
[l 530y toam over poorty ziructured brown or dark cay
Sand over clay soils
Sand over sandy clyy loam
Bleached sand over sandy day lcam
Thick sand over clay
Sand over poorty structured clay
Deep sands
Carbonate sand
Siicecus sand
Bleached slicecus sand
Ironstone soils
Shallow to moderately deep acidic soils on rock
B Aciac gragational ioam on rock
[ Acidic ioam over ciay on rock
177 Acidic sandy loam over red clay on rock
[T Acidic sandy loam over brown or grey ciay on rock
Acidic gradational sandy loam on rock
Shallow soils on rock
| B
Deep uniform to gradational soils
[ ceep ssray iosm
[T Deep abie graatonal ciay loam
777 Deep hard gragational sandy icam
Wet soils
Sane zoi
Miscellaneous
. o

Net appicane
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NORTHERN ADELAIDE PLAINS
SUITABILITY OF LAND FOR IRRIGATION

3 4 Kilometres

1

SOIL
CHARACTERISTICS

Mare than 35 cm sandy
topsoll over permeable
clay or clay loam

Between 25 and 35 cm
sandy topsoil aver permeable
clay or clay loam

Between 15 and 25 cm
sandy topsoil over permeable
clay or clay loam

Between 10 and 15¢cm
sandy topsoll over

(i) impermeable clay or
(ii} dense nodular calcrete

About 5 cm friable
clay loam over permeable
clay and clvy loam

Between 30 and 40 cm
silty clay loam topsoil
over permeabls clay
and clay loam

About 10 cm sandy
topsoil over dense
nodular or shaet calcrete

Saline soils

TYPE OF
LIMITATION
Subject to wind erasion,
high water requirement

Subject to wind erosion

Deep ploughing ar
ripping inadwisable

Shallow
(i) water-logged in winter
(ii) subsurface stone

Access difficult in
winter due to
bogay conditions

Paar surface structure,
access difficult in
winter

Surface and
subsurface stone

Salinity

SUITABILITY

Suitable for vegetables
and glasghouse crops

Suitahie for vepetables,
alasshouse crops, irrigated
pastures, lucerna, fruit
treas and vines

Suitabla for shallow rooted
vegetables and vines, fruit
trees, Irrigated pastures
and lucerne

Unsuitable for irmgated crops

Sultable for vepatablaes,
glasshouse crops, irrigated
pastures and vines

Suftable for vegatables,
irrigated pastures
and vines

Unsuitabie for irgatad crops

Unsuitable for irngatad crops

PERCENT. TOTAL
AREA

3%

282y,

25%

103%

15:9%

85%

0%



NORTHERN ADELAIDE PLAINS

SUITABILITY OF LAND FOR IRRIGATION

MAP SYMBOL

Kilometres 0

SOIL
CHARACTERISTICS

Mare than 35 cm sandy
topsoil over permeable
clay or clay loam

Between 25 and 35 cm
sandy tapsoil aver permeable
clay or clay loam

Between |15and 25em
sandy 1opsoil over permeable
clay or clay loam

Between 10 and 15¢em
sandy topsoil over

(i) impermeable clay or
(ii} dense nadular calcrete

Abaut 5) cm friable
clay losm aver permeshble
clay and ciny loam

Between 30 and 40 cm
silly clay loam topsaosl
ovar parmeabla clay
and clay loam

About 10 cm sandy
topsoil aver dense
nodular or shest calcrate

Saline sails

Scale-1:50000

2

TYPE OF
LIMITATION

Subject to wind erasion,
high water requirgment

Subject 1o wind erasion

Deep ploughing ar
ripping inad+isable

Shallow
(i) water-logged in winter
(ii) subsurface stone

Access difficult in
winter due to
boggy conditions

Paar surface structu re,
access difficult in
winter

Surface and
subsurface stone

Salinity

3 4 Kilometres
[ e e—

SUITABILITY

Suitable {or vegetables
and glagahouse crops

Suitable for vepetables,
glasshouse crops, irrigated
pasturas, lucerna, fruit
trees and vines

Suitahla for shallow rooted
vegetables and vines, fruit
treas, Irngated pastures
and lucerne

Unsuitable for irrigated crops

Suitable for vegatablas,
glasshause crops, irrigated
pasiures and vines

Suitable for vegetablas,
irrigaled pastures
and vines

Unsuitable for irrigated crops

Unsuitable for irngataed crops

PERCENT. TOTAL
AREA

83%

282%

10:3%,

15-9%,

8.5%

0%

16%



LEGEND: Soil types

Tyw

aristion: Mot than 350m sardy 10ps0il over patmeabie clay ¢ cay loam
Umits: Subjest b wind erosion - high walar raquicement 3% of oWl area.
Bullabilly: Suitabis for vegetatiss and garshous s cops.

~ Type: 2
Characteristios: Hetween 26 and 35om sandy leps o over permeable olay o day leam
Um i . 202% of bial

Bt wind ar
Suilabiity: Sultodle for vegelation, GiasInauE s 510p3, ¥1iQOMA Pasiires. huzerns, Fult i

and vines.

Type:
Characteristios: Batwesn 15 ang 26am sandy tops ol over perm

mi%: 0940 pisughing or ripping inadvisadle. 20.5% of tow! ar
Sutobiy: Sulladle ke shollow ro0ksd vege ng vines, fru

‘e clay o diey loam

o3, ir7igated pastures and luerne.

Type: 4
cleristion: Datween 10 ond 15cm sandy tops olf over kmperm sable cioy o dense noduor calorels
Shallow, wolar-lopged in winter, subsarface stane. 10.3% of bialarco.

Suilabikly: Unsultatie for urigated srops .
St Kilda Tek
Characteristios: About 60cm friable cley loam over permeable clayand dlay loam
Limita: Acsess diffault in winter cue 1o boggy conditons. 15.9% of biatares.
Surlabivly: Sullotie fur vegelaties, GBsshous € 07ops, imgoiad paskures and vines.
Type: 0
Chavactanabies: Betwson 30 and 400m silty day loam 1psol over parmesble sley and olay lam
Umits: Poor o ruoture, o3cess diffioutl in wi 8% of i N
tnbiy: Suiteble for vagetaties, xrigaled pestires and vines.
Tye
Sol types reproduced by PIRSA from: Charactaristics: About 10cm sandy 1opsoll over dense naduler o shaet calarela
Matheson (1976). The suitability of tand for Umils: Burbise and subsurtace atone. 0.7% of tol eres ,
Irrigation In portion of the Northern AdelaidiePlaln, ORISR Unisutinie. B+ iraetid erens:
South Austalia. Specifice Land Use Survey 8810 . Type: 8
Soll Conservalion Branch, Depl. of Agric. SA. 2 0 2 4 8 Kilometers Craraciaiatio: Suing sads
@ Mop: e —  ———_______——— i iy | L% 4 a.
Cadastral Map: e Suitabiiy: Unsultatte for #rigaisd erops
Dept. Heritage and A Alfalrs, SA

The suitability of land for irrigation in portion of the Northern Adelaide Plain, South
Australia (After Matheson, 1975 and Soil Conservation Branch, Dept. of Agric. SA).
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Schematic Cross Section (North-South) of the Northern Adelaide Plains portion of
the Adelaide Plains Sub-Basin (From Martin & Hodgkin, 2005; after Zulfic, 2002)




Adelaide Plains Sub-Basin

Stratigraphy

Semaphore Sand,
modem alluvium and
beach gravels

Saint Kilda Formation

Hydrostratigraphy

Unconfined Aquifer

Unconfined Aquifer

Description

thin sand aquifers
near coast

thin sand, shell
aquifers near coast

Pooraka Formation
Keswick Clay

Aquitard
Aquitard

Hindmarsh Clay

Aquitard, Q1 - Q6
Aquifers

predominantly clay
aquitard with
interbedded thin
sandy confined
aquifers

confined sandy
aquifer, most
significant in eastem
side of NAP PWA

Undifferentiated
Adelaidean

Fractured Rock Aquifer

Carisbrooke Sand Aquifer

confined sandy

_ aquifer, thickening to
Dry Creek Sand '% e o weast
Croydon Facies g T1A Aquifer semi-confining bed
- confined aquifer,
c thickening to south
'é Upper Limestone T1B Aquifer e —
5 Munno Para Clay confining bed, absent
w | Member Aquitard in north of NAB PWA
& H
S Lower 3 thick confined
E Limestone g aquifer, sandy and
T | Ruwarung £y thinning in north and
& | Member 'ﬁ 2 north-east of NAB
Aldinga ® g PWA
Member 1o = | T2 Aguiter

mainly a confining

bed, minor
Chinaman Gully T3 Aquifer occurrence as a thin
Formation Aquitard, sandy aquifer
Blanche Point Formation Aquitard mainly confining bed
Tortachilla limestone

thin confined aquifer
South Maslin Sand T4 Aquifer

confining bed,
Clinton Formation Aquitard restricted extent

confined sandy
North Maslin Sands T4 Aqu_rfer agu_lfer

mostly localised

confined or semi-
confined aquifers

From Martin & Hodgkin (2005)



T3-T4 aquifer

Bedrock

Sand and
Iimeetone

Limastone __- Sand and silt __- 90-1613

Schematic Cross Section (East-West) of the Northern Adelaide Plains portion of the
Adelaide Plains Sub-Basin (From Martin & Hodgkin, 2005; after Zulfic,2002)




Hydrostratigraphic units
Hindmarsh Clay

Semaphore Sand
T
Munno Para Clay
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Blanche Point Formation (GGE)

Adelaide Plains Aquifer Extents and
State Observation Bore Network
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Existing T3/T4 Obswells

PTGO76 Kangaroo Flat Ll
No yield (A20]
9,340 mg/L Ward Belt
SWL=-7.39 m@2015 ..., E—— 7
(Tes) Two Wells 2 /s g 819 ,
4,3/09 mg/L m Gawler Ci
' A1) SWL=-0.8 m@2003 Evanston Park Va
PTGO13 Port Gawler (Toc)
1.26 L/s '
1,957 mg/L 9 Q ! MPAO65
SWL=2.44 m@1970 Virginia ‘ No yield
(Ten) Buckland Park 6,590 mg/l— Blakeview ol Para Wil
No SWL smithfield Yattalunga ;isg?ftﬂ’.;
.'):zrkr
PTGO75 m (Tes) abeth Park 4
0.1L/s .7
Elizabeth One Tree Hill
9,015 mg/L PTA092 +
SWL=-0.37 m@2007 0.57 L/s llg::r =
(Toc) 11,271 mg/L Edinburgh  IE0) f :
SWL:-185 m@ZOOl 2016 Google 5km 1 ] TermsofUse Rep :a"t :11'_;’1 UL

T
Tes = South Maslin Sand (Tes)

Ten = North Maslin Sand
Toc = Chinaman Gully Fm



1) RalER A —
Adelaide Plains Brine Investigation

Redbanks Fault
»

. Gawler Rver !

49,840 mg/L |
(Tes)

65282005 %

; NORTH {
| ADELAIDE ﬁ[\ :
‘6628-2389_1/\ PLAINS !
W628-2394 * -

6628-4070

67,800 mg/L

(Ten)
“U t
284122 .
3 : » : para R\Ve
Gulf of St. Vincent Littie AA{\/\
: \
AYATf7 42,400 mg/L (
!
Sy A (Towa) =

L e
Figure 8 Locations of saline groundwater across the Adelaide Plains with size and shape indicating salinity (mg L-1)
Marker symbol indicate if sample has a hydrochemical signature of hypersaline water (triangles) or unknown (circles)
The samples span different aquifers but are mostly from the T3, T4 and FRA aquifers, and were taken between 1966

and 2005



Table 13 Summary of T3 Aquifer information (zone 2)

Depthto Top Aquifer

Well Location of Aquifer  Thickness

and Number

Salinity Water Supply

(mg/L) level (m) (L/sec)

(m) L)) |

Edwardstown 186 9 15850 3 <1 Investigation well completed —
No. 755 South Maslin Sand (Unit 15)
Mitcham 238 4-26 4500 52 ? Investigation well completed —
Railway Station South Maslin Sand (Unit 15)
No. 16

St James 226 5 8410 - - Investigation well completed —
Reserve No. 17 South Maslin Sand (Unit 15)

Gerges (2006)



Table 14

Aquifer

Thickness

Summary of T4 Aquifer information

Salinity
(mg/L)

Water
Level (m)

Supply
(m°/day)
)

Well Name Depth to
Top of
Aquifer (m)
Allenby 532
Gardens
G M Michell ~432
Grange 500
Elizabeth Oval 345
Dry Creek ~438
Port Gawler 254
MESA
investigations
Port Gawler 300
Penrice 330
Minda Home 414
No. 773
Fish Farm 7356

Pelican Point

39 100000to 25 61 tested
140 000 38 tested
see full
analysis

15 ~ 30000 3.5 ~ 160
to 40 000

39 SMS Not known Not known  Not known

7 16 100 14 12.5 L/sec

25-62 79 000 to Flowing 8- 10 L/sec
88 000 18m above

ground

36 ~21 000 Flowing 9 Flowing
m above ~5 L/sec
ground

17 SMS 55 000 Flowing ~ 40 L/sec

15 NMS ?2-5m

above
ground

26 40700 Flowing Flow 4

21m above L/sec
ground

79 ~ 2800 Flowing 1-2 L/sec

?10m
above
ground

Max DD ~5 m;
unable to test this
well at high yield
because of casing
size restriction (3")
max DD ~ 1.8m

Bedrock salinity in
order of 50 000 mg/L

Drilled by Beach
Petroleum Co.

Investigation/
production well

Bedrock salinity
50 000 mg/L at
318m below ground

Completed as
production well in
both South and North
Maslin Sands

Investigation well,
completed in South
Maslin Sand (Unit
15)

located on the up —--
side of Red Bank
Fault extension

poor supply
large drawdown

aquifer material are
very poorly sorted
and contains large
amount of clay and
lignitic clay

Gerges (2006)

NMS = North Maslin Sand

SMS = South Maslin Sand



ASTR at Salisbury

IW4 Well no 23045 (T2ab)

ASTR Site

IW3 Well no 22535 (T2ab)

Res‘\de“"‘a\

RW2 Well no 22532 (T2ab)

pd[| 2

IW1 Well no 23047 (T2ab)

OP1 (12a)
© P2 (T2¢)
OP3 (12a)

RW1 Well no 22533 (T2ab)

Parafield Airport

IW2 Well no 23053 (T2ab)

Extraction pipeline to Parafield storage tanks

© Piezometer
@ ASTR Injection Well
@ ASTR Recovery Well

0 50
—_— —
metres

Kremer et al. (2010)

377 ML flushing, followed by 30 ML injection and 106 ML recovery

Residence time before recovery >150 days
Mean residence time of injectant 255-306 days



ASTR at Sallsbury

(a)
f[-]
W-003

Model C

RW1

w1

010
w022
035
048
061
Wo.74
087
B 1.00

Figure 20 Cross-sectional distribution of mixing fraction at the end of the injection period simulated with models C (a) and D (b). Horizontal scale:

300 m, vertical scale: 60 m.
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Figure 21 Cross-sectional distribution of mixing fraction at the end of the recovery period simulated with models C (a) and D (b). Horizontal scale:

300 m, vertical scale: 60 m.

Kremer et al. (2010)



ASTR at Salisbury

(a)
f[-]

-1.482e-02
1,120e-01
2,389e-01
3,657e-01
4,926e-01
6,194e-01
7. 463e-01
8,731e-01

nEn

(b)
-]

-1,642e-02
1,089e-01
2,341e-01
3.594e-01
4,847e-01
6,100e-01
0 7.353e-01
I 8.606e-01

Kremer et al. (2010)
Simulated mixing fraction after 6t injection and recovery phases



