INTRODUCTION

The degree of connection between poor quality water in shallow
clayey silts, and underlying productive aquifers is of critical
importance to land management. However, past groundwater
investigations have only focused on the productive aquifers.

Research aimed to address the following questions:

» How deep does irrigation water drain ?
* Does groundwater quality vary seasonally ?
* Are clayey silts a source of salt ?
» Does groundwater pumping increase vertical recharge ?

An intensive groundwater investigation was undertaken at the
Pullaming site during the 1999-2000 irrigation season. The
physical and chemical properties of the subsurface clayey silts
were thoroughly characterized. Groundwater samples were taken
from specially designed piezometers before, during and after
groundwater pumped from the deep aquifer was applied to crops
by flood irrigation. Samples were also obtained from nearby
irrigation bores and piezometers and the Mooki River.

INVESTIGATION TECHNIQUES

* geophysics — EM31 & electrical imaging & EM39 downhole
« drilling, core recovery and piezometer installation

+ automated monitoring of groundwater level, EC, barometric
pressure and rainfall

« core analysis — EC1:5, porewater chemistry, moisture, hydraulic
conductivity, bulk & clay mineralogy

* hydrochemical & isotopic analysis (C'4, H3, §'80, &2H)
+ PHREEQC geochemical modelling of mixing

RESULTS

Key geophysical, stratigraphic, groundwater level and
groundwater chemistry data are presented in Figures 1-3.

1800 — Groundwater salinity
£ e
S 1700 —® °
) | Response to
3 flood irrigation
O 1600 * initially + 25 uS/cm
Downhole 5 - \ then freshening
geophysics § 1500 —| MWA\”
Gamma EC, g 7 "’NM
07 - = 3 1400 — g o weed
1 |Tesy ©
a1 B L L B L B A B B B B
10 Upper B 1 2 3
B Clay unit 12 _| Groundwater s
1 levels s
1F 1
20 — u—, . . .
E Middie __ Groundwater pumping
o Clay unit 1 & irrigation periods
£ 14 16—
£ 30 —
g7 ] |P3 El P34 (32 m)
o 1 T z'\ﬂf
1 Irrigation H P54 (52 m)
“7 Lower ore 2204
4 Clay unit 4676 m KR
] 2— 4
50 —
1 |ps4 b
1 = Main 2
1 aquifer i | (‘
° LR 2 — J'AL
0 go(zoso 300 400 500 i !
EC, (mS/m)
Gamma (cps) S I B L B B L B B

ous o ostrt ® ® ® P O O ® ® ® O O
2% 0P o o F 0P o o o 0P
a2 0% @ O 3 AT a8 e )

1999-2000 Pubswimar00.grp
Figure 1 Site stratigraphy,
piezometers and downhole.
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Figure 2 Groundwater levels and
shallow groundwater salinity
during 1999-2000 season.
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Figure 3 Hydrochemical indicators of downwards leakage of irrigation
water sourced from deep bore, 1999-2000 irrigation season.

IMPROVED CONCEPTUAL MODEL

A significant proportion of groundwater pumped from the deep
aquifer and applied by flood irrigation, leaked rapidly through the
clayey silt unsaturated zone to the shallow aquifer (Figure 4).
Based on various hydrochemical & isotopic techniques, about
30% of the shallow aquifer was replaced by fresh irrigation water.

Hydrochemical changes were also observed in the middle aquifer
(35 m depth) due to leakage. Limited leakage occurred through
saturated clayey silt to the deep aquifer, confirming that
productive aquifers contain mostly palaeowater.

Flood irrigation

TR
Shallow aquifer | € >

Middle aquifer ﬁ>
I
v 3

Deep aquifer
insignificant recent recharge

* Advective solute ,

transport

g Diffusive solute
transport

pul-conc-modelaif

Figure 4. Improved conceptual model for groundwater flux at Pullaming.

CONCLUSIONS

There was a clear relationship between pumping and increased
downwards leakage. Salt stored within the clayey silts was
partially mobilised during leakage, but was mostly bypassed by
preferential flow. Long term trends in groundwater quality and
shallow groundwater level remain unknown. Further work to
quantify leakage and groundwater quality impacts due to
pumping is important for achieving sustainable groundwater
management.

REFERENCES

Timms WA, Acworth RI, 2002. Induced leakage due to groundwater pumping and flood irrigation
at the Pullaming Agricultural Field Station, Liverpool Plains. UNSW Water Research
Laboratory Technical Report 02/208 (available for download www.wrl.unsw.edu.au)

Kline CC, 2001. The hydrogeochemical significance of an aquitard in a pumping environment. M.
EngSc. Thesis, UNSW School of Civil & Environmental Engineering.

Timms W, 1999. Pullaming site drilling completion report. UNSW Groundwater Centre.

ACKNOWLEDGEMENTS : Funding was provided by Land & Water Australia, NSW Department
of Land and Water Conservation. The technical expertise of George Truman (DLWC), Mark

Groskops, Rolf Beck and Chris Kline were appreciated. The NSW Department of Agriculture and
manager of the property Noel Murphy is thanked for access to the site, July 2003

CONTACT: Ph. 02 9949 4488, Fx. 02 9949 4188, Email: w.timms@wrl.unsw.edu.au

CONSULTING, RESEARCH AND TRAINING TO INDUSTRY AND GOVERNMENT SINCE 1959
Quality System Certified to AS/NZS 1S09001:1994



