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Disclaimer: 
All care and diligence has been exercised in the collection, analysis and interpretation of the data 
and recommendations presented in this report. The works undertaken have been completed in a 
skilled, professional manner, according to recommended and accepted Australian practices and 
standards. Specific circumstances and research findings after the date of publication may 
influence the accuracy of the data and recommendations within this report. While the findings 
presented in this report are based on information that the Department of Environment and Natural 
Resources, NTG considers reliable unless stated otherwise, the accuracy and completeness of 
source information cannot be guaranteed. The information compiled in this report addresses 
specifically identified objectives of the project stakeholders, and as such may not address the 
needs of third parties using the report for their own purposes. The Department of Environment and 
Natural Resources, NTG and its employees accept no liability or responsibility for any losses, 
damages, costs or other consequences for any action taken or not taken on the basis of any part 
of the contents of this report. Those acting on information provided in this report do so entirely at 
their own risk. In addition, natural landscapes are not uniform entities and because of this natural 
variability, mapping, monitoring, sampling and analytical techniques can never produce completely 
precise results for any given site or area. As such, specific data, information and conclusion 
presented in this report should only be used within the limitations and methodology specified, and 
users need to consider and take account of the environmental variability and uncertainty 
associated with natural systems, when using findings from this study. 
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1 Introduction 

1.1  Background 

The Palmerston Dolostone aquifer formation is a high yielding aquifer beneath the Palmerston City area. 
Groundwater abstraction from the aquifer is for irrigating community parks, a golf course, sporting ovals 
and topping up suburban lake systems. Water quality in the past has been typical of weathered dolomite 
aquifers, considered acceptable for irrigation of parks and ovals (Power and Yin Foo, 1988). Electrical 
conductivity (EC), a measure of salinity, for Dolostone aquifers in the Darwin region averaged 
307 µS/cm, with a standard deviation of 47 µS/cm (Tien, 2006). 

Demand for groundwater has increased since the 1980s, especially with new developments such as 
Durack Heights, Zuccoli and Bellamack.  Groundwater modelling conducted in 2016 as part of the 
Zuccoli Groundwater Investigation determined that high rates of groundwater abstraction presents a high 
risk of contamination by saline water with any pumping following a very dry Wet season presenting the 
highest risk (GHD, 2016). Natural recovery from saline intrusion is not expected to occur in the short to 
medium term and damage from increased groundwater salinity affecting infrastructure, soils and 
vegetation is likely to occur (ibid.). Groundwater monitoring is essential to identify impacts on the aquifer. 

Monitoring of the groundwater system was conducted by the Water Resources Division between 1983 
and 2008.  This consisted of intermittent discrete water quality sampling and wet and dry season manual 
water level monitoring. A single monitoring survey was conducted in 2016, commissioned by the 
NT Government (GHD, 2016). A monitoring survey was also undertaken in February 2018 by the Water 
Resources Division, the results of which are discussed in this report. 

1.2 Aim of study 

This study focused on the groundwater resources within the City of Palmerston and aims to: 

 Assess the state of the Palmerston Dolostone Aquifer  

 Collate and estimate usage from the aquifer 

 Identify the current status of the monitoring network 

 Identify knowledge gaps regarding the system 

 Identify future work required to fill knowledge gaps 

 Recommend a future monitoring program. 

2 Site Description 

2.1 Study area location 

The study is restricted to the extent of groundwater resources within the boundary of Palmerston City, 
located approximately 15 km east of Darwin. This resource (the aquifer) is hosted within the weathered 
sediments of the Palmerston Dolostone which extends north beneath Pinelands and the Knuckey’s 
Lagoon area, discharging into Holmes Jungle (Verma, 2000). The extent of the aquifer relative to 
Palmerston City is shown in Figure 1. 

This study did not include the aquifer extent north of Palmerston City as it was considered to be at a 
lesser risk of overuse compared to the region within the City. Additionally, groundwater resources of the 
dolostone aquifer north of Pinelands are considered distinct from those to the south, based on the 
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current understanding of groundwater movement and the presence of a hydrogeological high (see 
Figure 4) (GHD, 2016; Verma 2000). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Study area – Palmerston City.  
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2.2 Climate 

Palmerston City is in the north of the Northern Territory classified as Tropical Savanna (Peel et al., 2007) 
with a yearly wet-dry monsoon. The Wet season is between October and May with the Dry season 
making up the remainder of the year.  

Rainfall data is available at several sites within Palmerston City which when combined cover the periods 
1968-1973 and 1983-2017. A continuous climate dataset is available from the SILO Data Drill which 
interpolates Bureau of Meteorology station records to derive climate data for the period 1900 to the 
present. 

2.2.1 Rainfall data 

The SILO Data Drill daily climate data was downloaded for the location -12.50 S, 131.00E on 
24/01/2018. Long term trends in rainfall can be observed in the 10-year moving average rainfall data and 
the cumulative mass residual rainfall (Figure 2). Decreasing trends in the cumulative mass residual 
rainfall curve indicate rainfall below the average for the entire period while increasing trends suggest 
above average rainfall. A rising trend is indicated from mid-1990 onwards with an average annual rainfall 
for 1995 – 2016 of 1915 mm. Average annual rainfall over the entire period (1900 – 2017) is 1664 mm. 
The 10-year moving average indicates the period 1900 – 1950 was relatively consistent with short 
periods of high rainfall between mid-1950 – 1960, early 1970 – 1980 and even higher again for 
mid-1990 - 2000. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Annual rainfall (top) and cumulative mass residual rainfall (bottom) for Palmerston City area showing long 
term trends for 1900 – 2017. 
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2.3 Hydrology 

Hudson Creek runs along the northwest boundary of Palmerston City while Mitchell Creek in the south of 
the City flows southwards connecting with Brooking Creek and the Elizabeth River.  Mangroves and 
estuarine/coastal waters line the western edge of the city. Artificial lakes are present in suburbs of 
Durack and Johnston while Marlows Lagoon features an augmented natural lake. 

2.4 Hydrogeology 

The Palmerston Dolostone aquifer is the main groundwater resource in Palmerston City, developed 
within the dolomite lithology of the Proterozoic-aged South Alligator Group. Other geological units within 
the study area, seen in Figure 3, include the Burrell Creek Formation, along the western and south-
eastern parts of the study area, and the Wildman Siltstone, along the east. These two units are not 
expected to host productive aquifers (Power and Yin Foo, 1988). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Geological units of the study area. 
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2.5 Aquifer characteristics 

The aquifer is in weathered and cavernous dolomite, considered semi-unconfined (Tickell, 1993) with 
recharge occurring by leakage through overlying sands and clays. Average transmissivity and storage 
co-efficient derived from pumping tests are 1500 m2/day and 0.001 respectively 
(Power and Yin Foo, 1988). 

2.5.1 Recharge and Discharge Mechanisms 

Estimates of recharge vary with Power and Yin Foo (1988) reporting recharge of 6.4 ML/day 
(2.3 GL/year) based on a 4 meter average annual rise in Wet season potentiometric levels across the 
aquifer extent, as it was understood at the time.  Groundwater modelling of the Palmerston Dolostone 
aquifer (GHD, 2016) estimated recharge at approximately 13.8 ML/day (5.1 GL/year). This value was 
based on recharge values used in modelling the Berry Springs Dolostone aquifer (Knapton, 2016). 

The discharge mechanisms are poorly understood and further work is required to clarify the discharge 
regime. Discharge is considered to occur along creek systems that intersect the aquifer. Discharge into 
tributaries of Hudson Creek is diffuse with seepage reported along Kirkland Road at Tivendale 
(Verma, 2000). Discharge is also considered to occur into Mitchell Creek to the east of Bellamack, and 
into Holmes Jungle in the northern part of the aquifer (Figure 4). As discharge is considered to be 
diffuse, differentiating groundwater discharge from surface water flows is complex. A detailed study into 
the discharge mechanisms is considered beyond what is reasonably possible for the current water 
resource assessment. For modelling, estimates would be made based on vegetation identified from 
aerial photography, and an estimate of associated evapotranspiration. Measurement of stream flows at 
the end of the Dry season may also be possible in a future study. 

Groundwater flow direction in the study area is generally east to west. A hydrogeological high is 
considered to be present in Pinelands and inferred from the topography in the area. This high has the 
effect of restricting groundwater flow, effectively dividing the aquifer into a northern and a southern 
section (Figure 4). 
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Figure 4 Groundwater divide and discharge areas. 

2.6 Land use 

Conservation, natural environments, and estuarine/coastal waters make up 54% of the study area. 
Residential, farm infrastructure and services combined make up 30% of land use, while lakes account for 
less than 1%.  Service areas include land for public parks, sports and recreational activities.  Land use 
mapping was used to infer water use regimes from production bores, particularly where data is limited, 
such as unmetered private users. Land use in the study area is shown in Figure 6 and summarised in 
Table 1. 

Land use was mapped by the 2016 Land Use Mapping Project (LUMP) of the Northern Territory product 
(Staben and Edmeades, 2017) and classified according to the Australian Land Use Management 
Classification Version 8 (ABARES 2016). 

Table 1 Area and classification of land use in Palmerston City. 
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Primary Class Description Secondary Class Description Area (ha) Total Area (ha) 

Conservation and Natural Environments Other minimal use 1691 
 

Conservation and Natural Environments Total 1691 

Intensive Uses 

Mining 61 
 

Residential and farm infrastructure 1123 
 

Services 638 
 

Transport and communication 683 
 

Utilities 59 
 

Waste treatment and disposal 33 
 

Intensive Uses Total 2597 

Production from Dryland Agriculture and Plantations Land in transition 4 
 

Production from Dryland Agriculture and Plantations Total 4 

Water 

Channel/aqueduct 15 
 

Estuarine/coastal waters 1453 
 

Lake 18 
 

Marsh/wetland 2 
 

Water Total 1487 

Grand Total 5778 
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3 Groundwater use 

3.1 Groundwater extraction licences. 

There are no current groundwater extraction licences in the study area. Palmerston lies outside the 
Darwin Rural Water Control District which means that water extraction from bores equipped to supply an 
instantaneous discharge of 15 L/s or less are not required to be licensed and bores can be constructed 
without a permit.  

3.2 Production Bores 

Production bores were identified using the Department of Environment and Natural Resources (DENR) 
Hydstra database. A shortlist of production bores with active status, and where notes in bore reports 
(NR Maps, n.d.) supported this status. As a result, 44 production bores in Palmerston City are believed 
to be operational, with the majority located in Marlows Lagoon in land use areas described as 
“residential and farm infrastructure”. Areas classified as “services” make up the next largest proportion of 
production bore locations. Alternatively, groundwater use can be described as irrigation for private, 
public and recreational spaces. Extraction volumes and the number of production bores per irrigation 
purpose are shown in Figure 5. The distribution of production bores on land use classifications are 
presented in Figure 6. 

Water extracted for domestic use irrigates the overlying residential areas and accounts for 9% of the 
estimated total annual extraction.  Water extracted for publicly-owned spaces is used beyond the area of 
extraction (at a suburb scale) to fill lakes and irrigate public parks, lakes and publicly-owned green 
spaces, accounting for 58% of estimated total annual extraction. Irrigation of privately-owned 
recreational spaces by groundwater accounts for 33% of estimated total annual extractions and 
maintains a golf course, sports fields, and the Charles Darwin University’s lake. 

 

Figure 5 Annual extraction by irrigation purpose, showing volumes in megalitres and percentage of total extraction 
(left); number of bores by irrigation purpose (right). 
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Figure 6 Production bores and land use types within Palmerston City.
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3.3 Users 

Key groundwater users identified within Palmerston City operate 16 production bores. These users are: 
Charles Darwin University (Durack Campus), City of Palmerston, Palmerston College, Palmerston Golf 
Course and the Power and Water Corporation.  

A further 28 bores have been identified as providing a water supply to private users (and/ or small 
commercial users) within the study area. Land use classification for these users is predominantly 
“Rural residential without agriculture”. Based on this classification, usage is assumed to be for stock and 
domestic purposes. 

3.4 Extraction volumes 

The distribution of extractions from production bores is presented in Figure 7. A summary of actual and 
estimated annual extraction volumes per user is given in Table 2. 

City of Palmerston (CoP) operates 11 bores throughout the study area and extracts the largest volume of 
groundwater (656 ML/year, based on CoP meter readings) predominantly used for watering of 
recreational space or topping up CoP owned lakes.  A portion of this water is accessed by other parties 
through interconnected irrigation systems or directly from the lakes filled by CoP bores; the latter being 
the case with Palmerston Golf Course usage.  

Palmerston Golf Course (PGC) operates two (2) bores and is possibly the second largest user, 
extracting around 200 ML of groundwater annually (author’s estimate). As metered data was 
unavailable, this figure was estimated based on irrigation requirements that vary between approximately 
1 ML/day during peak Dry season to less than 0.001 ML/day during peak Wet season 
(pers. comm. S. Trembath, 12 February 2018). Irrigation is sourced from surface water (lakes) as well as 
groundwater, in varying proportions depending on the season. Estimating groundwater use based on 
irrigation requirements is imprecise as the lakes are filled by groundwater from CoP and Golf Course 
bores as well as rainfall in the Wet season. 

Charles Darwin University (CDU) is the third largest user, pumping groundwater from a single bore at 
Marlows Lagoon to a lake on their Durack campus (147 ML/year). This lake feeds the irrigation system 
that maintains the campus grounds and nearby sports fields. Usage data is based on meter readings 
supplied by CDU. 

Private use counts for the fourth largest volume of groundwater abstraction, estimated at 98 ML per year. 
Private production bores were defined as bores located on land parcels with Land Use classification 
‘Residential and farm infrastructure’ (Department of Environment and Natural Resources, 2017).  Water 
use is considered to be for stock and domestic purposes and therefore an extraction volume of 
3.5 ML/year per bore is assumed (standard assumed extraction volume applied to stock and domestic 
bores throughout the Northern Territory by DENR). In cases where multiple bores are located on a 
‘Residential and farm infrastructure’ land parcel only the most recently constructed bore was considered 
operational. 

Palmerston College’s Driver campus (PC) has an estimated annual use of approximately 14 ML to 
irrigate the sports oval, approximately 28,000 m2 or 2.8 ha in area.  As metered usage was unavailable, 
a desktop calculation of annual usage was performed using the method described by Connellan (2006). 
Details of this calculation are provided in Appendix A. 

Power and Water Corporation (PWC) operates one bore, with another held in reserve, extracting 
approximately 16 ML/year (pers. comm. S. Papworth, 20 February 2018). Water from this bore is for 
non-potable use and is supplied to the CoP for irrigating recreational areas. 
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Figure 7 Distribution and annual extraction volumes of production bores. 

 

 

Table 2 Key groundwater users and extraction volumes. 

User/Operator 
Number of 
operational bores 

Annual Usage 
(ML) 

% of Total Use 

Charles Darwin University (CDU) – Durack Campus 1 147 13 

City of Palmerston (CoP) 11 656 58 

Palmerston College (PC) 1 14* 1 

Palmerston Golf Course (PGC) 2 200 18 

Power and Water Corporation (PWC) 2 16 1 

Private Users 28 98* 9 

Total 45 1131 100 

*Author’s estimate    
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4 Groundwater monitoring 

The objectives of monitoring the aquifer are to determine the impact of extraction on groundwater quality 
and levels over time. The locations of 17 bores that make up the current monitoring network are shown 
in Figure 8. Water quality measurements were conducted at 12 sites, levels measured at 6 sites and 
water samples taken at four sites in February 2018 by the Water Resources Division. A majority of water 
quality measurements were taken from production bores; headworks and pump installations at 
production bores prevent water level measurements.  

Results of monitoring are provided in the following section. These are compared to previous monitoring 
undertaken in 1983-2008 and in 2016. Monitoring records are kept on the Department of Environment 
and Natural Resources (DENR) Hydstra database and are publicly available via the DENR Water Portal. 
https://nt.gov.au/environment/water/water-information-systems/water-data-portal.  

 

Figure 8 Monitored network (February 2018). 
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4.1 Groundwater Monitoring (February 2018) 

A summary of monitoring field results collected in February 2018 is presented in Table 3. Field 
measurement of electrical conductivity (EC) ranged from 265 to 1057 µS/cm with mean and median 
values of 624 and 544 µS/cm respectively. A grouping of sites in the north of the study area was 
observed with EC values greater than typical dolomite groundwater (see Figure 9). 

 

Figure 9 Field measured EC values (µS/cm). Note the five sites with high EC values in the north and south of study 
area.  

Measurements of water levels were taken over two days, with the five of six sites located in the north of 
the study area.  Figure 10 shows the spatial distribution of water level measurements given in meters 
above Australian Height Datum (AHD), ranging from 16.16 mAHD east of the aquifer down to 
8.08 mAHD in the northwest. This indicates that the potentiometric surface slopes towards the northwest 
(i.e. towards the coast). 

Analysis of groundwater samples taken from four sites, RN024409, RN031124 and RN036542 in the 
north and RN036577 in the south, are presented in Table 4 and compared to indicative water quality 
guidelines (Australian Drinking Water Guidelines 2015 (NHMRC, NRMMC 2015), ANZECC 2000 
Freshwater Aquatic Ecosystem 95% and ANZECC 2000 Long Term Irrigation guidelines (ANZECC and 
ARMCANZ 2000)).  Results of EC sample analyses are consistent with field measurements. Samples 
from RN031124 and RN036542 had the highest conductivity, chloride, total dissolved solids and sodium 
values of the four sites. These sites exceed, or are close to exceeding the ANZECC 2000 FW 95% 
guideline, and the aesthetic guideline for drinking water (ADWG 2015) for conductivity/total dissolved 
solids. 
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For other analyses, the results indicated the water is of good quality, and generally meets Australian 
Drinking Water Guidelines for the analytes tested. There are a number of minor exceedances of the 
ANZECC 2000 FW 95% guidelines for Aluminium and Nickel in RN02409, and copper and zinc in 
RN031124.  There are no exceedances of the ANZECC 2000 Long Term Irrigation Guidelines for the 
analytes tested.  

 

Figure 10 Water levels (mAHD) in the study area as at February 2018. 
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Table 3 Field results from February 2018 monitoring. Coordinate Datum:  MGA94 – Zone 52. 

Bore Easting Northing SWL (mAHD) Field EC (µS/cm) Field 
Temperature (°C) 

Field pH Screened interval 
(mBGL) 

Measured Total 
Depth (mBGL) 

Constructed Total 
Depth (mBGL) 

RN022111 713754 8619210 10.37 
   

46 - 52.1 45.39 52.1 

RN022116 714189 8619511 12.08 
   

31 - 43 35.05 43 

RN022120 714364 8616559  453 30.63 7.66 46 - 47 
 

47.9 

RN022151 714561 8619118 16.16 
   

56.2 - 62.2 57.5 66.8 

RN022283 713081 8618984 11.95 
   

- 12.15 6.5 

RN022721 713951 8618796  353 30.85 7.47 37.4 - 43.5 
 

45.5 

RN023582 713564 8618662  860 
  

72.1 - 78.7 
 

78.7 

RN023588 715225 8616509  503 31.03 7.38 74 - 78 
 

82.6 

RN024409 713133 8620084 8.08 584 31.94 7.31 22 - 24 24.09 24 

RN025788 714088 8616100  981 30.84 7.49 49.1 - 57.3 
 

0 

RN028671 714157 8617015  442 31.86 6.89 65.4 - 67.4 
 

71.8 

RN028672 714441 8616331  265 31.19 6.59 45.5 - 49.6, 51.6 - 53.6 
 

55 

RN031124 713634 8619617  1057 32.6 7.37 44 - 46 
 

46 

RN035414 713529 8620058  674 31.24 7.57 41 - 43 
 

47 

RN036542 713583 8619836  831 30.49 6.94 32.3 - 34.3 
 

43 

RN036577 715511 8616021  481 31.21 7.19 54.3 - 66.4 
 

77.4 

RN036578 715583 8615179 11.93 
   

32.2 - 38.2 16.12 38.2 
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Table 4 Results from laboratory analyses of sampled groundwater, February 2018. 

Guideline exceedances are highlighted. 

Analyte 
Sampled Sites 

Limit of 
Reporting 

Guideline values 
Unit 

RN024409 RN031124 RN036542 RN036577 ADWG 2015 (Health) ANZECC 2000 FW 95% 
ANZECC 2000 (Long 

Term Irrigation) 

Ammonia (as N) < 0.001 < 0.001 < 0.001 0.003 0.001  0.9  mg/L 

          

Chloride 62 200 130 36 1    mg/L 

Colour (ADMI) pH= 7.6 (Units) 10 7 7.1 10 0.01    units 

Conductivity (at 25°C) 550 990 790 450 1 990 (aesthetic) 90-900 
1900-4500 (moderately 

tolerant species) 
µS/cm 

Dissolved Organic Carbon < 2 < 2 < 2 < 2 2    mg/L 

Hardness mg equivalent CaCO3/L 220 290 270 230 0.001    mg/L 

Nitrate & Nitrite (as N) 0.056 0.097 0.12 0.027 0.001    mg/L 

Nitrate (as N) 0.056 0.085 0.12 0.027 0.001  0.158  mg/L 

Nitrite (as N) < 0.001 0.012 < 0.001 < 0.001 0.001 3   mg/L 

pH (at 25°C) 7.9 8 8 7.9 0.1   6-8.5 pH units 

Phosphate total (as P) 0.067 0.069 0.092 0.067 0.005    mg/L 

Phosphorus reactive (as P) < 0.001 < 0.001 < 0.001 < 0.001 0.001    mg/L 

Silica (calculation from Si as SiO2) 20 17 20 17 0.2    mg/L 

Sulphate (as SO4) 9.2 24 14 2.1 0.1    mg/L 

Total Dissolved Solids 300 570 430 240 10 600 (aesthetic) 55-575 1200-2880 mg/L 

Total Kjeldahl Nitrogen (as N) 0.08 0.04 < 0.01 0.04 0.01    mg/L 

Total Nitrogen (as N) 0.14 0.14 0.12 0.067 0.01   5 mg/L 

Alkali Metals                

Calcium 48 60 68 47 0.1    mg/L 

Magnesium 25 35 25 27 0.1    mg/L 

Potassium 1.6 2.3 1.5 0.7 0.1    mg/L 

Sodium 37 110 65 15 0.1    mg/L 
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Analyte 
Sampled Sites 

Limit of 
Reporting 

Guideline values 
Unit 

RN024409 RN031124 RN036542 RN036577 ADWG 2015 (Health) ANZECC 2000 FW 95% 
ANZECC 2000 (Long 

Term Irrigation) 

Alkalinity (speciated)          

Bicarbonate Alkalinity (as CaCO3) 230 180 200 200 1    mg/L 

Carbonate Alkalinity (as CaCO3) < 1 < 1 < 1 < 1 1    mg/L 

Hydroxide Alkalinity (as CaCO3) < 1 < 1 < 1 < 1 1    mg/L 

Total Alkalinity (as CaCO3) 230 180 200 200 1    mg/L 

Metals                

Aluminium 0.09 <0.05 <0.05 <0.05 0.05  0.055 5 mg/L 

Arsenic <0.001 <0.001 <0.001 <0.001 0.001 0.01  0.1 mg/L 

Cadmium <0.0002 <0.0002 <0.0002 <0.0002 0.0002 0.002 0.0002 0.01 mg/L 

Chromium 0.001 0.001 <0.001 <0.001 0.001   0.1 mg/L 

Copper <0.001 0.006 <0.001 0.001 0.001 2 0.0014 0.2 mg/L 

Iron 0.2 0.29 <0.05 1.3 0.05   0.2 mg/L 

Lead <0.001 <0.001 <0.001 <0.001 0.001 0.01 0.0034 2 mg/L 

Manganese 0.005 0.024 <0.005 0.034 0.005 0.5 1.9 0.2 mg/L 

Mercury <0.0001 <0.0001 <0.0001 <0.0001 0.0001 0.001 0.0006 0.002 mg/L 

Nickel 0.013 <0.001 <0.001 <0.001 0.001 0.02 0.011 0.2 mg/L 

Zinc <0.005 0.02 <0.005 <0.005 0.005  0.008 2 mg/L 
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5 Discussion 

5.1 Water Quality 

5.1.1 Salinity 

The recent water quality measurements show levels of EC are distinctly elevated in some sites 
compared to historical records, possibly evidence of saline intrusion. Groundwater in dolomite aquifers in 
the region has an average EC of 307 µS/cm and a standard deviation of 47 µS/cm (Tien, 2006). 
Figure 11 maps the distribution of sites recently monitored for water quality and their relative change in 
EC comparing average EC for records pre-2000 and post-2015. Two sites in the network, RN031124 
and RN023582 located in Durack and Marlows Lagoon in the north, show increases of over 800 and 
400 µS/cm respectively. Eight of eleven sites show changes in the order of 50 µS/cm. EC records for all 
monitored bores are plotted in Appendix B.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11 Comparison of average EC pre-2000 and post 2015. Symbols indicate relative size of change while labels 
detail pre-1999 to post-2015 average values.  

5.1.2 Other Parameters 

No other water quality parameters tested produced results that are of concern in terms of degrading 
water quality, or for the purposes of expected water use. 
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5.2 Water Levels 

Risks of saline intrusion are highest during periods where fresh groundwater levels are below sea level. 
Some risk still exists when freshwater levels are above sea level, for example in the case where areas 
above sea level are inundated resulting from a storm surge. Factors that contribute to this risk include 
but are not limited to: high rates of pumping, extended periods of pumping, aquifer properties, tides and 
storm surges.  

Plots of water levels for monitored bores are attached in Appendix C. Records indicate that water levels 
dropped to or below sea level in bores RN022111, RN023813, RN24409, and RN032101 in late-2003, 
with the exception of RN023813 which occurred in late-1993. These were years where annual rainfall 
was average or greater. Years 1993 and 2003 also saw water levels at their lowest in various other 
monitoring bores. The risk of saline intrusion would have been very high in these periods. 

The water levels measured during recent monitoring in February 2018 were high compared to previous 
monitoring, where historic data was available, as would be expected at that time in a Wet season. 
However, it is clear that further monitoring data is required. 

5.3 Monitoring Data 

Water quality data for the study area in DENR’s Hydstra database is sparse with the most frequently 
monitored bore, RN024409, having eight measurements taken over 32 years. In total there were 34 
water quality sites, having an average of two records per site.  

Water level data is limited. Of 29 sites, an average of 112 measurements were made per site, covering 
35 years from 1983 to 2018. Additional but limited water quality and level data is available from previous 
studies (Power and Yin Foo, 1988; Tickell, 1993; SKM, 2010) and Final Statement of Bore reports. Only 
two monitoring events have been conducted in the last 10 years. 

5.4 Monitoring Network 

5.4.1 Current network  

The locations of the current monitoring sites are unevenly distributed towards the north and south of the 
study area with no coverage along the western section, as shown in Figure 8.The current monitoring 
network is reduced compared to previous networks. Many previously monitored bores are unable to be 
used due to surface damage, land development over sites and bore deterioration (e.g. debris, sediments 
in the well). Monitoring conducted in 2016 measured water levels at eleven sites compared to six sites in 
the 2018 survey. Water quality was monitored at sixteen sites in 2016 compared to twelve sites in 2018. 
Water quality sites are not expected to reduce in number in future as the majority of these are bores 
operated and maintained by major users. These bores are not suitable for water level monitoring, due to 
their active use which creates local drawdown, and the installation of headworks which prevents access. 

Bores where water levels can be monitored are not currently maintained. The suitability of current sites 
for ongoing monitoring has been assessed. Based on known bore screen depths and bore total depths 
measured during monitoring, it was determined that five of seven water levels monitoring bores have 
screens that are partially or totally obstructed (see Table 5). Water levels measured in some bores may 
be suitable to assess water levels in the aquifer, however repairs to headworks and accurate surveying 
of the location and elevation of each site is required. These bores will be unsuitable for pumping to 
obtain water quality measurements, due to excess silt and blocked screens preventing an accurate 
sample being obtained. This can be improved with rehabilitation work.   
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Table 5 Screen depths for water level monitored bores. 

Bore 
Easting 

(GDA94 
Z52) 

Northing 

(GDA94 
Z52) 

Swl (mAHD) 
Field total 

depth 
(mBGL) 

Completed 
total depth 

(mBGL) 

Screened 
interval 
(mBGL) 

Screen 
obstruction 

RN022117 714489 8618030 (DRY) 4.0 110.4 85.8 - 97.9 Complete 

RN022111 713754 8619210 10.365 45.39 52.1 46 - 52.1 Complete 

RN036578 715583 8615179 11.93 16.12 38.2 32.2 - 38.2 Complete 

RN022283 713081 8618984 11.95 12.15 6.5 N/A N/A 

RN024409 715549 8619990 8.08 24.09 24 22 - 24 None 

RN022116 713133 8620084 12.08 35.05 43 31 - 43 Partial 

RN022151 714561 8619118 16.16 57.5 66.8 56.2 - 62.2 Partial 

 

5.4.2 Future network  

A minimum requirement for the monitoring network should be a more spatially distributed network 
allowing monitoring of both water quality and levels, and ideally with a selection of sentry bores between 
coastal areas and production bores to monitor saline intrusion. Longitudinal coverage of the aquifer will 
provide basic system overview and act as a ‘barometer’ of drawdown distribution and effect, and assist 
in identifying natural discharge zones whose locations are currently uncertain.   

A number of bores monitored in the past for water levels, could be rehabilitated. A summary of these 
bores is indicated below in Table 6.  

Recommendations: 

o To fill in spatial gaps in monitoring bore distribution, and ensure coverage where 
saltwater intrusion is most likely, it is recommended that approximately six additional 
bores be drilled, at approximate locations shown in Figure 12. 

o Water levels and electrical conductivity should be monitored at these bores, and the 
existing bores (totalling 20 bores) monthly, either manually or through the installation 
of automatic loggers. Current production bores should also be monitored for electrical 
conductivity as part of the same monitoring program. The monitoring should continue 
until the risk of lowered groundwater levels and saline intrusion is understood and 
minimised (to be reviewed annually). 

o A surveyor should accurately record the coordinates of each bore, and the elevation 
of ground level at each bore. 

o Indicative costs for DENR to undertake drilling of new monitoring bores, rehabilitate 
existing bores and undertake the monthly monitoring are shown in Appendix D. 
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Table 6 Bores to be repaired and included in monitoring. 

Bore ID 
Easting 
(GDA94 

Z52) 

Northing 
(GDA94 

Z52) 

Top 
screen / 

slots 
(borelog) 

Bottom 
screen / 

slots 
(borelog) 

Field 
measured 
bore depth 

Works Needed 

Notes Bore 
development 

Headworks 
Downhole 

camera 
Survey 

XYZ 

RN022111 713754 8619210 47.1 53.2 47 Yes 

Yes - repair melted PVC, 
lockable/ screwed shut 
monument. Currently open with 
rag inside 

Yes Yes 
 

RN022116 714189 8619511 31.7 43.7 36.2 Yes No Yes Yes 
 

RN022117 714489 8618030 85.8 97.9 4 Yes Yes - currently open Yes Yes 
May be completely 
blocked. Attempt at 
cleaning out. 

RN022151 714561 8619118 56.2 62.2 57.5 Yes Yes Yes Yes 
 

RN022156 713967 8618851 33.3 39.3 37.5 Yes 
Yes - repair melted PVC, 
lockable/ screwed shut 
monument. Currently open 

Yes Yes 
 

RN022280 712096 8619039 31.8 37.8 
 

Yes 
Yes - repair steel headworks 
with locked/screwed shut 
monument. Currently open 

Yes Yes 
 

RN022281 712635 8619046 23 29 
 

Yes 
Yes - monument ok, concrete 
pad cracked 

Yes Yes 
 

RN022282 713065 8618668 - 56.6 46 Yes 
Yes - repair steel headworks. 
Currently bent, perhaps broken 

Yes Yes 
 

RN022283 713081 8618984 - 25 100 Yes No Yes Yes 
Casing may be 
missing - may be open 
hole 

RN022284 713021 8618991 23.1 29.1 
 

Yes No Yes Yes 
Check current bore 
depth 

RN023584 715250 8616116 59 72 
 

Yes Yes - bent Yes Yes 
 

RN024409 713133 8620084 23 25 25.5 Yes No Yes Yes 
 

RN036578 715583 8615179 32.7 38.2 17 Yes 
Yes - repair around slab, 
lockable/ screwed shut 
monument. Currently open 

Yes Yes 
Bore may have 
collapsed 

Unknown 
bore near 
RN022112 

714162 8619243 
   

Yes 
Yes - welded shut. Needs 
cutting open and further 
investigation. May be RN022112 

Yes Yes 
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A number of bores have been used historically for monitoring, but are unusable or lost. Additionally a 
number are equipped for pumping, and are therefore inappropriate for water level monitoring, they may 
be useful for monitoring electrical conductivity (Table 7). 

Table 7 Production bores and unusable or lost bores. 

Bore 
Number 

Status 

RN022120 Production bore 

RN022159 Production bore 

RN023503 Production bore 

RN023582 Production bore 

RN023588 Production bore 

RN022112 Unusable or Lost 

RN022113 Unusable or Lost 

RN022114 Unusable or Lost 

RN022152 Unusable or Lost 

RN022153 Unusable or Lost 

RN022157 Unusable or Lost 

RN022285 Unusable or Lost 

RN023583 Unusable or Lost 

RN023812 Unusable or Lost 

RN023813 Unusable or Lost 

RN023814 Unusable or Lost 

RN023942 Unusable or Lost 
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Figure 12 Proposed monitoring bore network. 

5.5 Groundwater Use and Sustainability 

Estimated sustainable yield is defined as the amount of groundwater that can be extracted from an 
aquifer on a sustained basis without impairing water quality or causing environmental damage 
(Department of Land Resource Management, 2016). The NT Water Allocation Planning Framework 
utilises a preliminary measure of sustainable use set as total consumptive volume less than 20% of 
annual recharge (Department of Environment and Natural Resources, n.d.).  In 2016, it was reported that 
pumping in the study area likely exceeded 20% of recharge (GHD, 2016).  

GHD (2016) reported estimated recharge of 5.1GL/year. 20% of this volume is 1.02GL/year as the 
nominal sustainable yield. Current pumping records and estimates, put groundwater use at 1.13GL/ year 
(see Section 3.4), slightly above 20% of recharge. Based on this, combined with data indicating salinity 
is increasing, it is highly likely that current groundwater use is unsustainable.  

5.6 Additional Future Work 

The aim of future work will be to further refine the estimated sustainable yield of the aquifer, the 
distribution of active extraction from the aquifer, and the rates and volumes of water extracted from each 
location. As it has been concluded that current use is likely to be unsustainable, a plan for reducing use 
or supplementing water supply will then be needed. 
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5.6.1 Groundwater investigation 

A groundwater investigation is required to clarify flow and discharge regimes (including Groundwater 
Dependent Ecosystems), different hydrogeological environments, behaviour of the system, response to 
recharge and the dynamics of saline intrusion risk. Appropriate thresholds or triggers levels in water 
levels, or salinity need to be determined in due course, after more data is available from monitoring of 
water levels, electrical conductivity and pumping records and updates made to the groundwater model. 

Recommendations: 

o Further identification of the sources of saline intrusion threat should be undertaken. 

o Discharge areas and groundwater-dependent ecosystems should be identified. 

o Further delineation of the aquifer extent should be undertaken, particularly following 
drilling of new monitoring bores. 

5.6.2 Modelling of Groundwater System 

A groundwater model of the Palmerston Dolostone aquifer was developed as part of the Zuccoli 
Groundwater Investigation (GHD, 2016). Efforts since then have improved knowledge regarding 
groundwater users, extraction volumes and regimes, and aquifer extent. It would be advisable that the 
model be redeveloped, taking into account recent information. A suitably calibrated transient model will 
assist with identifying effects of pumping on users and the environment under various extraction 
scenarios, determine appropriate water pumping plans to minimise impact (particularly to those areas 
most susceptible to saline intrusion) and determine thresholds where water use management plans 
would need to be implemented.  The transient model will also assist to predict water levels at the end of 
the Dry season, given rainfall (and therefore recharge) from a particular Wet season.  

Improved understanding of other factors of the groundwater system will assist model development. 
These include the locations and rates of discharge points and hydraulic characteristics along the western 
arm of the aquifer underlying Marlows Lagoon. 

Recommendation: 

o The current groundwater model should be updated as current water use and aquifer 
properties are further understood. A suitably calibrated transient model will improve 
predictions of available water throughout the year 

5.6.3 Groundwater Use 

Measurement and documentation of water extraction by major users is improving; however further data 
is required to more accurately understand water use. It is understood that City of Palmerston, Charles 
Darwin University and Power and Water Corporation now have accurate flow meters installed on active 
pumping bores, which are recording daily use, whereas Palmerston Golf Course and Palmerston College 
do not. In order to fully understand major water use, the installation and reporting of daily water pumping 
is prudent.  

Reducing total extraction volumes would be the most effective approach towards achieving sustainable 
use. Other strategies that may ameliorate unsustainable use include: reduced extraction rates; spatially-
distributed extraction sites located away from saline water sources; prioritising water use and strategic 
extraction schedules for individuals and among groups of users; reduced losses and leaks in irrigation 
systems; and use of higher-efficiency irrigation equipment and practices. 



Palmerston Dolostone Aquifer: 2018 Status Report 

 

14 June 2018, Version 2.2  Page 25 of 38 
 

 

Recommendations: 

o Large users currently without meters installed (believed to be Palmerston Golf Course 
and Palmerston College), should do so at their earliest convenience. 

o All major users should report daily usage and the number of hours of operation per 
day to DENR monthly, with DENR to summarise and report to stakeholders annually. 

o Further identification of large groundwater users may be required. 

o In addition to major users, stock and domestic users should be informed of the risks 
from groundwater over use and the need to use groundwater conservatively. 

o As current water use is likely to be unsustainable, a Water Use Plan should be 
developed to share water amongst users within the sustainable yield of the aquifer. 
The plan should be seasonally adaptive and identify triggers for changed water use. 

6 Conclusions 

 Groundwater salinity measurements in key areas indicate that saline intrusion has occurred. 

 Groundwater levels indicate declining levels, however more data is required. 

 Based on estimates of recharge and changes in water quality, annual extraction volumes are 
considered unsustainable in terms of the NT Water Allocation Planning Framework. 

 Groundwater monitoring is critical to further assessments of the aquifer including, recharge, 
discharge, threshold extraction volumes and sustainability of water use regimes/scenarios.  

 The extent of the groundwater monitoring network has diminished over time and new bores are 
needed to provide better spatial coverage of the aquifer, particularly between locations where 
saline intrusion is likely to occur and production bores. This work should include construction of 
new monitoring bores in key locations and the rehabilitation of existing monitoring bores.  

 Further groundwater investigation is required. Knowledge of groundwater discharge, flow 
regime, seasonal behaviour and response to Wet season recharge needs to be clarified. 
Different hydrogeological environments appear to exist – some clarity is necessary here and an 
indication of connectivity between the different environments is required. 
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7 Recommendations 

Water level and electrical conductivity monitoring 

1. To fill in spatial gaps in monitoring bore distribution, and ensure coverage where saltwater 
intrusion is most likely, it is recommended that approximately six additional bores be drilled, 
at approximate locations shown in Figure 12. 

2. Water levels and electrical conductivity should be monitored at these bores, and the existing 
bores (totalling 20 bores) monthly, either manually or through the installation of automatic 
loggers. Current production bores should also be monitored for electrical conductivity as part 
of the same monitoring program. The monitoring should continue until the risk of lowered 
groundwater levels and saline intrusion is understood and minimised (to be reviewed 
annually). 

3. A surveyor should accurately record the coordinates of each bore, and the elevation of 
ground level at each bore. 

4. Indicative costs for DENR to undertake drilling of new monitoring bores, rehabilitate existing 
bores and undertake the monthly monitoring are shown in Appendix D. 

Groundwater investigation 

5. Further identification of the sources of saline intrusion threat should be undertaken. 

6. Discharge areas and groundwater-dependent ecosystems should be identified. 

7. Further delineation of the aquifer extent should be undertaken, particularly following drilling of 
new monitoring bores. 

Groundwater modelling 

8. The current groundwater model should be updated as current water use and aquifer 
properties are further understood. A suitably calibrated transient model will improve 
predictions of available water throughout the year. 

Groundwater use 

9. Large users currently without meters installed (believed to be Palmerston Golf Course and 
Palmerston College), should do so at their earliest convenience. 

10. All major users should report daily usage and the number of hours of operation per day to 
DENR monthly, with DENR to summarise and report to stakeholders annually. 

11. Further identification of large groundwater users may be required. 

12. In addition to major users, stock and domestic users should be informed of the risks from 
groundwater over use and the need to use groundwater conservatively. 

13. As current water use is likely to be unsustainable, a Water Use Plan should be developed to 
share water amongst users within the sustainable yield of the aquifer. The plan should be 
seasonally adaptive and identify triggers for changed water use. 
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Appendix A - Irrigation Requirements of Palmerston College 

 

Code Description Value Units Reference 
A Area of oval (140m x 200m) 28000 sqm GIS tool 
B Irrigation period  1st April - 

30th 
November 

  

C Irrigation period (days) 240   
D Grass type (assumed) Bahia grass 

(Paspalum 
notatum) 

 Department of Primary 
Industry, Fisheries and 
Mines. (2006). Suitable 
Lawn Grasses for the NT. 
School of Resource 
Management and 
Geography, University of 
Melbourne 

E Root zone depth 150 mm Connellan. (2006) Efficient 
Irrigation: A Reference 
Manual for Turf and 
Landscape 

F Soil type (assumed)  Clay Loam   
G Available water holding capacity (AW)  165 mm/m Connellan (2006) 
H Percentage allowable depletion 30% (%)  
I Application efficiency 80% (%)  
J Plant available water (PAW) = E x 

G/1000 
25 mm  

K Irrigation depth = (H x J) / I 9 mm  
L Allowable depletion depth = H x J 7 mm  
M Irrigation volume for School grounds 

(ML per event) = A x K / 1000000 
                                         
0.260  

ML  

N Irrigation volume per hectare = M x 
10000 / A 

                                         
0.093  

ML  

O Crop Factor (Turf -  Warm Season; 
moderate growth) 

0.25  Connellan (2006) 

P Daily Evaporation (median)  6.5 mm SILO Climate Data for Lat, 
Long: -12.5000 131.0000 

Q Evapotranspiration (ETc) = O x P 1.625 mm  
R Irrigation Interval (Ti) = L / Q 4.6 days  
S Annual irrigation volume = C / R x M                    

13.65  
ML  
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Appendix B –Electrical Conductivity (EC) of monitored bores 
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Appendix C – Water levels in monitored bores 
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Appendix D – Indicative costs for DENR to complete required 
works 

 Monitoring bore rehabilitation 

o Costs can be partially included within existing work budgets 

o Additional costs for materials ~$500 per bore (totalling $7,000 for 14 bores) 

o Timing: Can be completed in early 2019 

 

 Monitoring bore drilling and installation (~50m depth) 

o ~$11,000 per bore (totalling $66,000 for 6 bores) 

o Timing: Can be completed in 2019 dry season 

 

 Monthly monitoring 

o A number of options exist for regular water level and electrical conductivity monitoring 

o Option 1: Manual monthly monitoring with water level meter incorporating EC 
measurement. Capital cost $2,000, operational workload represents ~13% of a two 
person monitoring team, cost including salaries $60,000 pa. 

o Option 2: Installation of 5 automatic loggers at strategic sites, downloaded every 
3 months, with monthly monitoring at the remaining 15 sites. Capital cost for 
instrumentation ~ $25,000 (replaced every 5 years). Operational workload similar to 
Option 1. 

o Timing: Can commence now with existing functional monitoring bores with network 
expanding as rehabilitation and new bores installed. 

 

 


