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Introduction 

1.1 Background 

East Coast Environmental Pty Limited was commissioned by Nhulunbuy Corporation (NC) to prepare 

a Leachate, Surface Water, Groundwater and Landfill Gas Monitoring Plan for the Gove Peninsula 

Waste Management Facility, hereafter referred to as the Waters and Gas Monitoring Plan (WGMP). 

The preparation of the WGMP is required to satisfy conditions of the Northern Territory 

Environmental Protection Licence (EPL18-03) issued for the facility.  

 

The objective of this WGMP is to detail the monitoring activities that must be implemented at the site 

in order to identify the movement of any potential contaminants that may emanate from the landfill 

operations and enter pathways that could potentially affect the human and environment receptors in 

the local area.  

The WGMP provides details on the; 

• locations for monitoring,  

• recommended methodology for each monitoring type (Leachate, Surface water, 

Groundwater and Landfill gas) 

• parameters to be monitored for each of the environmental aspects to be monitored,  

• frequency of monitoring, and  

• reporting requirements for each monitoring period.  

This WGMP is a living document that should be reviewed and updated on a regular basis taking into 

account new information such as varying waste volumes or compositions, results of monitoring or 

new receptors in the locality which may impact on the efficacy of the management measures 

implemented on the site. This document version is reliant upon the existing waste data available and 

the initial groundwater and landfill gas sampling undertaken during 2016.  

The WGMP has been prepared as a stand-alone document with reference to the following Documents; 

• Northern Territory Environment Protection Authority (2013) Guidelines for the Siting, Design 

and Management of Solid Waste Disposal Sites in the Northern Territory 

• Northern Territory Environment Protection Authority (2016) Guideline for Reporting on 

Environmental Monitoring 

• Northern Territory Environment Protection Authority (2013) Guidelines for Consultants 

Reporting on Environmental Issues  

• East Coast Environmental (2016) Gove Peninsula Waste Management Facility -Conceptual 

Site Model; 

• East Coast Environmental (2016) Gove Peninsula Waste Management Facility - Landfill Gas 

Assessment 

• GHD (2003). Alcan Gove – Gove Landfill Greenfield Assessment – Geological Investigation 

Unpublished report to Alcan Gove 
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1.2 Outline of the WGMP 

The report is structured as follows: 

Section 2 –  Provides the site context, a description of the sites location and the operational history 

of the site, 

Section 3 –  Details the results of the initial groundwater and gas monitoring undertaken during 2016,  

Section 4 –  Provides the Monitoring Methodology for Leachate, Surface Water, Groundwater and 

Landfill Gas Monitoring 
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Site Description and History 

2.1 Site Context 

The site is located approximately 3km southeast of the Nhulunbuy Post Office, approximately 4.3km 

by road. The site is situated within the current Mineral Reserve RO238 and is adjacent to the 

Nhulunbuy Speedway on Melville Bay Road.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Locality plan of Gove Peninsula Waste Management Facility. 

 

2.2 Site Operational History  

The site was originally used as a gravel quarry and once this resource was exhausted, investigations 

were undertaken in 2003 as to the appropriateness of the site as a landfill site.  The investigations 

determined that due to the sites location and hydrogeological characteristics that the site was 

appropriate for the development of a Waste Facility including a solid waste landfill.  
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The current facility was originally operated Rio Tinto Alcan (formerly Alcan Gove) and was transferred 

to Nhulunbuy Corporation in 2008. The facility is currently services the Gove Peninsula in accordance 

with the Environmental Protection Licence (EPL 18-03) issued by the Northern Territory Environmental 

Protection Authority (NT EPA) pursuant to the Waste Management and Pollution Control Act.  

The solid waste consists of a contiguous layer of waste materials covering approximately 2.5 Hectares 

to a depth of approximately 6-8m. The solid waste is composed primarily of municipal-type waste and 

although recycling is provided for at the waste transfer area, the waste streams may have included 

recyclables, limited construction wastes and green wastes. The waste includes putrescible wastes, 

wood, paper, plastic, metal, glass, asphalt, and inert materials such as concrete and bricks. Due to the 

lack of historic information some industrial wastes may have been disposed in the Landfill Area. 

Records from 2014- 2016 indicate that approximately 1500 tonnes of Municipal Waste is disposed to 

landfill each year. No data is available for the operational period prior to this.  

 

2.3 Previous Environmental investigations and Monitoring 
infrastructure 

Environmental investigations conducted on the site to date are limited to the Geological and 

Hydrological investigations conducted by GHD (2003) as detailed in the report Alcan Gove – Gove 

Landfill Greenfield Assessment – Geological Investigation and, initial monitoring conducting by East 

Coast Environmental during 2016. The 2016 investigations were undertaken during the establishment 

of new groundwater and landfill gas monitoring bores which included the refurbishment of existing 

monitoring bores.  

The Geological and Hydrological information gained during the investigations is detailed below.    

2.3.1 Site Geology and Soils  

The Geological investigation undertaken during 2003 determined that the sites’ soils are derived from 

the sedimentary parent material and are extremely weathered silty clay materials, with a significant 

percentage of sand. Some silty, clay gravels and gravelly clays were found in the upper 3- 4m of the 

soil profile. The sand was disseminated throughout the fine grained clay matrix and did not present as 

discreet layers in the drill cuttings. No parent rock was observed in the site during either the 2003 or 

2016 drilling program.  

All material encountered demonstrated a significant weathering history including extremely leached 

and pallid Kaolinite clays ranging in colour from white to pink, where iron oxide staining had occurred 

(GHD 2003). 

2.3.2 Site Hydrology and Hydrogeology 

Hydrology 

No surface water was encountered during the 2003 or 2016 site investigations and the site lacked any 

natural incised drainage channels or creeks. Evidence of channelised flow was only found along road 

sides and constructed drainage channels emanating from table drains from the internal access roads 

and hardstand areas.  
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Water flow is expected to occur during the wet season as either sheet flow or subsurface water flow, 

and due to the lack of erosional features or channels is expected to slow, with high percentage of 

infiltration. The surface water flow direction has been inferred using recent Digital Surface Mapping 

(DSM) undertaken during the drilling program and baseline groundwater sampling conducted in July 

2016. The inferred surface water flow direction is expected to travel in an east to west direction as 

shown by the direction of surface flows and the DSM is shown in Figure 2.  

Figure 2: Inferred direction of surface flows and DSM at Gove Peninsula Waste 

Management Facility 

Groundwater and Hydrogeology 

Groundwater was encountered at boreholes deeper than 6m below ground level during the 2003 

drilling program. The groundwater depth was identified by the “balling” of returned cuttings during 

the drilling program as standing water was only recorded in one borehole during the program and 

therefore a peizometric surface could not be determined across the site (GHD 2003).  

 

The drilling program conducted during July 2016 also recorded groundwater at each of the six 

groundwater monitoring boreholes installed. The depth to groundwater was determined by the 

standing water level encountered at least 24 hours after bore installation. The heights were taken 

from the top of monument and therefore are relative at this stage. The results demonstrated that the 

groundwater level was comparative to the 2003 investigations as groundwater was encountered 

between 7.22m and 12m below monument. These heights will be rectified to ground level and AHD 

heights during subsequent monitoring.  
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2.3.3 Monitoring Infrastructure installed on Site 

Groundwater Monitoring Bores 

During the 2003 drilling program, five groundwater monitoring bores were installed including one 

monitoring bore installed to approximately 20m (now named GW01) and four bores installed to 

approximately 6m. The 6m piezometers installed did not intercept groundwater and as such are not 

appropriate for groundwater monitoring, however three of these are located less than 5m from the 

landfill cells are appropriate to intercept any lateral subsurface leachate flow or landfill gas migration 

from the cells and are retained for this purpose. The three bores are renamed LL01, LL02, LL03. A 

fourth shallow piezometer was abandoned as this was located near the site entrance and would not 

intercept groundwater, leachate or landfill gas.  

 

During the 2016 drilling program an additional 6 groundwater bores were installed on the site. The 

location of the groundwater boreholes and the relative groundwater heights are shown in Figure 3. 

The heights recorded at each of the groundwater boreholes, and the relative heights are detailed in 

Table 2 below. The recent groundwater investigations determined that the groundwater gradient 

generally follows the terrain as shown in the DSM, in that the flow is generally from east to west.  
 

Figure 3: Groundwater boreholes and the relative groundwater heights encountered at 

Gove Peninsula Waste Management Facility 
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Table 1: Groundwater Bore information from bore installation program 2016 

Groundwater bore 

No. 

Surface elevation (at 

top of monument) 

Depth to groundwater 

(from monument) 

Groundwater 

elevation (m AHD) # 

GW01 17.49 7.21 10.28 

GW02 17.22 7.53 9.69 

GW03 26.53 10.52 16.01 

GW04 28.05 11.83 16.22 

GW05 25.08 7.7 17.38 

GW06 24.07 11.25 12.82 

GW07 17.11 8.18 8.93 
# Elevation currently approximate and only relative as elevation not rectified from monument.  

 

Landfill Gas and Leachate Monitoring Bores 

During the 2016 drilling program two Landfill gas bores were installed into the waste mass to a depth 

of 6m, and the existing shallow bores (LL01, LL02, LL03) were fitted with X-cap locking gas sample 

ports. The landfill gas monitoring bores and leachate monitoring bores are shown in Figure 4 below. 

Details of each of the bores are contained in Table 2.  

 

Figure 4: Landfill Gas and Leachate Monitoring Bores installed at Gove Peninsula Waste 

Management Facility. 
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Table 2: Details on Leachate and Landfill Gas Monitoring Bores  

Monitoring 

Bore Name 

Monitoring Bore 

Type 
Depth Notes 

LL01 
Leachate and Landfill 

Gas Migration Bore 

Approximately 5.5m 

Below ground surface  

Within 10 m of landfill, Ex -cap fitted 

to existing bore installed in 2003 

LL02 
Leachate and Landfill 

Gas Migration Bore 

Approximately 5.5m 

Below ground surface  

Ex -cap fitted to existing bore installed 

in 2003 

LL03 
Leachate and Landfill 

Gas Migration Bore 

Approximately 5.5m 

Below ground surface  

Ex -cap fitted to existing bore installed 

in 2003 

LG01 Landfill Gas Bore 
Approximately 6.0m into 

landfill waste  

Installed during 2016 – slotted pipe 

grouted to surface with Ex-cap fitted  

LG02 Landfill Gas Bore 
Approximately 6.0m into 

landfill waste 

Installed during 2016 – slotted pipe 

grouted to surface with Ex-cap fitted 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 – Photos of an installed Landfill gas monitoring Bore during initial sampling.  
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Initial Groundwater, Surface Water, Leachate and 

Landfill Gas Sampling 

During the 2016 Monitoring bore installation program sampling was undertaken to determine the 

existing water quality and Landfill gas issues on the site for inclusion into the Conceptual Site model, 

Landfill Gas Assessment and this WGMP. 

 

3.1 Groundwater, Surface Water, Leachate and Landfill Gas 

Surface Water 

During the July 2016 sampling program no surface water was encountered across the site during the 

sampling period. 

Leachate 

During the 2016 sampling program the fluid level in the Leachate/Landfill Gas monitoring bores was 

measured using an dipper and recorded levels were less than 20mm. As a result no samples were able 

to be collected due to the low levels.  

Groundwater 

A total of 7 Groundwater monitoring bores were sampled during the initial 2016 monitoring period. 

The results of the initial insitu (field measurements) of the Groundwater monitoring are contained in 

Table 3. The laboratory analysis of the groundwater sampling is contained in Appendix A.  

Table 3: Insitu Groundwater and Leachate sampling results – Field measurements  

Bore ID PH 
Conductivity 

(µS/cm) 

Temperature 

(C) 
ORP TDS (mg/L) 

GW01 5.67 499.6 31.4 100.5 310.1 

GW02 5.04 236.6 30.1 101.9 153.9 

GW03 5.31 395.5 30.7 155.6 233.3 

GW04 5.01 378.8 30.8 145 244.7 

GW05 5.68 119.8 30.9 110.9 77.94 

GW06 4.91 155.5 30.1 101.7 101.1 

GW07 5.37 136.5 30.5 133.8 88.3 

 

The results of the laboratory analysis of  groundwater samples collected during July 2016 indicate that 

the concentration and extent of contamination in the groundwater is likely to be negligible with all 

but one samples returning concentrations of metals below ANZEEC Drinking water guidelines. The one 

sample that had slightly elevated lead results was from a groundwater monitoring bore (GW04) which 

is situated in forest and is up gradient of any potentially contamination site . The results show a 

concentration of 0.024mg/l compared to the ANZEEC guideline value of 0.01mg/l.  
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3.2 Landfill Gas  

The landfill gas monitoring undertaken during 2016 included ambient air sampling at two site, Insitu 

Gas measurements at five monitoring wells to determine landfill gas levels within the cells at the bores 

LG01 and LG02 and any subsurface landfill gas migration in close proximity to the cells at bores LL01, 

LL02 and LL03. Detailed gas composition sampling was undertaken at the two LFG bores (LFG 01 and 

LFG02) using soil gas canisters.  

The results of the insitu field sampling are detailed in Table 4 (below). These results determined that 

the landfill is currently generating significant percentages of Methane in the closed and capped landfill 

cells. The older of the two cells (LFG 02) shows methane concentrations of approximately 65% which 

is slightly higher than typically recorded for landfills.  

The Ambient air sampling undertaken at both the surface of the landfill and approximately 100m from 

the landfill cells did not detect any methane and only extremely low levels of Hydrogen Sulphide (1-2 

ppm).  

The three Leachate/Landfill gas bores situated on the edge of the landfill also recorded nil to extremely 

low percentages of Methane (0.0 -0.1%) and extremely low levels of Hydrogen Sulphide (1-6 ppm). 

Neither of these correlate to typical Landfill gas concentrations.  

 

Table 4: Insitu sampling results – Field measurements  

Monitoring 

Bore /Site 
CH4 (%) CO2 (%) O2 (%) CO (ppm) H2S (ppm) 

Balance 

Gases (%) 

Ambient 

100m from 

Landfill 

0.0 0.0 20.2 1 1 79.8 

Ambient at 

Landfill 

(LG02) 

0.0 0.0 19.9 1 2 80.1 

LL01 0.1 3.0 18.2 45 3 78.8 

LL02 0.0 4.9 16.8 1 1 78.3 

LL03 0.1 6.7 13.9 66 6 79.4 

LG01 49.0 15.8 0.0 182 7 35.2 

LG02 64.7 31.8 0.1 303 29 3.4 

 

The results of the Gas composition sampling from the laboratory analysis of the gas canister extracted 

from LFG01 and LFG02 are summarised in Table 3 and the full laboratory analysis is contained in 

Appendix A. The gas composition analysis detected trace levels of Reduced Sulphur Compounds and 

VOC’s including Vinyl chloride, long chain Hydrocarbon gases, alcohols and BTEX compounds. As these 

gases were recorded from within the Landfill and no accurate landfill gas flows were recorded from 

the landfill further calculations of recorded analyte emissions to air were not conducted.  
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Monitoring Methodology  

The following methodology outlines the required Surface Water, Groundwater, Leachate and landfill 

gas monitoring to be conducted at the site. 

 

4.1 Surface Water, Groundwater and Leachate 

The groundwater and leachate monitoring shall be conducted at the monitoring bores provided in 

Tables 1 and 2.  As the leachate monitoring bores are dual purpose, landfill gas migration and leachate, 

the landfill gas measurements must be undertaken prior to conducting the leachate monitoring 

procedures. Surface water sampling will be undertaken opportunistically at any surface water 

locations identified during the late wet season.  

 

The Surface Water, Groundwater and Leachate monitoring shall include manual measurement of 

water levels, collection of field water quality parameters and collection of samples for subsequent 

laboratory analysis. All groundwater monitoring must be undertaken by an appropriately qualified 

person as per the requirements of the below  

• Department of Environment and Heritage Protection (2009) Monitoring and Sampling 

Manual 2009, Version 2, July 2013.  

• AS/NZ 5667 11 1998 (Water Sampling Guidelines – Part 11 Guidance of sampling of 

groundwater).  

• Australian Governments Groundwater Sampling and Analysis – A Field Guide  

Specific objectives for monitoring include:  

• characterisation of the groundwater regime including pressures, flows and quality;  

• identification and tracking of baseline conditions over time;  

• characterisation and tracking of effects of the landfill on groundwater;  

• characterisation of the interactions of groundwater with surface waters; and  

• characterisation of the interactions of leachate components with groundwater, migration 

pathways.  

The Groundwater and Leachate monitoring must be conducted in accordance with the Standard 

Operating procedure contained in Appendix C which, details the sampling methods, equipment and 

Quality Assurance/Quality Control methods to be implemented during the monitoring program. Table 

5 below details the parameters to be sampled and frequencies of the sampling to be undertaken. The 

surface water monitoring should be undertaken where surface water is observed flowing or ponding 

has the potential to leave site with additional rainfall. The parameters to be sampled for the surface 

water monitoring are also included in Table 5.  

 

The frequencies for each parameter in Table 5 are based on a Dry season and late Wet season sampling 

regime. Ideally the Wet Season monitoring should be undertaken between February – April (inclusive) 

and the Dry Season Monitoring should be undertaken between September and November in order to 

maximise the recording of seasonal variations in Groundwater, Surface Water and Leachate levels 

throughout the year. Where a parameter is shown as an Annual analyte the samples must be collected 

in the late wet season monitoring period.  
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Table 5: Surface Water, Groundwater and Leachate monitoring

Surface Water Groundwater 

Biannually N/A 

Annually Annually 

Annually Annually 

Annually Annually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Biannually Biannually 

Annually Annually 

Annually Annually 

Annually Annually 

Annually Annually 

Annually Annually 

Annually Annually 

Annually Annually 

Annually Annually 

Annually Annually 
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4.2 Landfill Gas Monitoring  

Landfill Gas Monitoring shall include both Surface and Sub surface monitoring. The objectives of the 

surface monitoring shall be to determine whether there is any migration of Landfill Gases through 

the Landfill cover and to determine if any migration is impacting on local air quality. The subsurface 

gas monitoring objectives shall to be detect any migration of landfill gas through subsurface 

pathways and quantity and composition of Landfill gas generated within the closed landfill cells.  

The landfill gas monitoring shall be undertaken concurrently with the Groundwater, Surface Water 

and Leachate monitoring during the Late Wet Season and Dry Season.  

Surface Gas Monitoring  

Monitoring of potential migration of landfill gases through the landfill capping shall use both visual 

methods (such as vegetation die back after a cover is established) and a walkover of the landfill using 

a flame ionisation detector (FID) at least once a year. All buildings and enclosed or partially enclosed 

buildings should also be sampled on a yearly basis for methane concentrations.  

Ambient air monitoring should be undertaken on the Landfill cells and downwind of the cells 

(approximately 50-100m) from the cells using a Landtec GA5000 Portable Landfill Gas Analyser or 

similar analyser.  

Subsurface Gas Monitoring  

The subsurface monitoring shall be conducted at the two LFG gas Wells (LG 1 and 2 ) installed in the 

closed landfill cells and the three Landfill Gas/Leachate bores (LL1, 2 and 3 ) situated near the base of 

the landfill cells.  Sampling should be timed to correspond with falling barometric pressures in order 

to obtain accurate LFG flow readings.  

The subsurface monitoring was be undertaken using the Landtec GA5000 Portable Landfill Gas 

Analyser or similar in accordance with manufactures  and each at each bore sampled the parameters 

recorded must include Atmospheric pressure, Flow rate, CH4(%), CO2 (%), O2 (%), CO (ppm), H2S 

(ppm) and Balance Gases (%). 

Gas samples should be considered for collection only when significant changes are recorded in the 

subsurface gas composition or where significant migration is detected.  

 

4.3 Data Management and Reporting  

All field and analytical results shall be entered into a spreadsheets to record changes in the 

Groundwater, Surface water, Leachate and Landfill gas parameters monitored over time.  A formal 

Annual Monitoring report shall be prepared after each years monitoring. The report must be prepared 

in accordance with the NT EPA Guidelines for Consultants reporting on Environmental Issues. The 

report shall compare the results of the Groundwater and Surface water analysis to the values of the 

Australian and New Zealand Guidelines for Fresh and Marine Water Quality and NHMRC Australian 

Drinking Water Guidelines. Similarly the Landfill Gas monitoring shall be compared to the NEPM 

Ambient Air Quality parameters.   
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Any exceedance in parameters should be highlighted in the report and if necessary further 

investigations undertaken to determine scope and sources of the contamination and potential for 

human or environmental impacts. Where the magnitude of contamination is deemed significant a 

suite of corrective/preventative actions should be identified and these proposed actions must 

discussed with the NT EPA.  

. 
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Appendix A 

 

Analytical results of Groundwater Sampling July 2016 
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Appendix B 

 

Analytical results of Landfill Gas composition  
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1. INTRODUCTION 

 

Purpose This procedure describes how to collect field groundwater samples.  

 

 

Scope In scope 

This procedure covers collection of groundwater field samples as required by 

Monitoring Plans.  

Out of scope 

This procedure does not cover sample plan design, sample analysis, or interpretation of 

analysis results.  

Trigger 

As required by Monitoring Plan.  

 

Target adience Environmental Staff 

Level of competency 

Field Environmental Advisor, deemed as being suitably qualified to undertake shallow 

groundwater sampling.   

A suitably qualified and experienced person is defined as a person who: 

• Has relevant professional qualification, training, skills and a minimum 

of two years previous experience in conducting groundwater 

monitoring activities; and, 

• Demonstrates sufficient understanding of fundamental 

environmental monitoring requirements, principles and techniques 

for the specific environmental aspect i.e. Environmental Protection 

(Water) Policy 2009, and Geoscience Australia Groundwater Sampling 

and Analysis - a Field Guide. 
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2. WHAT YOU WILL NEED 

 

Relevant 

documents 

You will need these documents to do this job. 

Title  Document identifier 

Water Quality Meter Calibration 

Register 

Appendix B.1 

QA/QC Sample Register Appendix B.2 

Groundwater Dip/Field Sheets Appendix B.3 
 

 

Tools General toolbox supplies 

 

Equipment � Mandatory PPE 

� Water Quality Meter (within 6 months of service) 

� Dip Meter 

� Groundwater Sampling Equipment (dependent on sampling method, 

backup/redundancy equipment is recommended) 

� Silicon Grease 

 

Parts Equipment spares as required, including at minimum: 

� Air and water fittings 

� O-rings 

� Ball valves 

 

Supplies � Bailers  

� Spare Batteries  
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3. PRECAUTIONS AND LIMITATIONS 

 

Hazards These hazards apply to the entire procedure. 

Hazard Consequences 

Well bore cap removal Hand injury, release of vapour, gas. 

Contaminated groundwater, 

preservatives on skin 

Wear gloves including gauntlet heavy duty 

gloves if needed. Wear eye protection. 

Cutting of tubing Use safety knife or safety cutting tools. Wear 

leather or cut resistant gloves. 

Repetitive strain Move equipment with your vehicle between 

well locations or use some sort of aid (e.g. 

trolley). Use correct lifting technique and do 

not overload eskies etc. If volume of water to 

be purged is significant explore artificial lift 

techniques that reduce the amount of manual 

handling needed. 

Manual Handling Acute and/or chronic physical injuries 
 

 

Operating limits None 
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4. BEFORE YOU START THE JOB 

 

Pre-start planning Step Action 

1 READ the relevant monitoring plan to understand the resources, time and 

logistics required to execute the plan. 

DEVELOP a schedule and allocate personnel.  

FIND out the analyte holding times and travel time to laboratory and build 

sample transportation into the sampling schedule. 

2 IDENTIFY the field equipment and materials required. 

3 USE either disposable or dedicated equipment where available when 

sampling. 

4 COMPILE monitoring folder with Plans (including maps), historic records, 

and field sheets (including calibration register, dip sheets, pump sheets, 

QA/QC register).  

5 COORDINATE  transport for personnel, sampling equipment, bottles and if 

required, accommodation. 
 

 

Calibration of 

Water Quality (WQ 

Meter) 

Step Action 

1 Calibrate the WQ Meter according to manufacturer/supplier 

recommendations.   

Calibration should be conducted at the beginning of each sampling day. The 

calibration solutions should be kept away from direct light, stored in a cool 

dark area.  

Probe should be calibrated for: 

- pH (4 and 7 and 10) 

- Specific Conductivity (1413 and 12880 uS/cm). 

2 Clean probes with deionised water after each calibration. 

3 Record calibration details on a Calibration Register (example provided in 

Appendix B.1). 
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5. WHEN YOU DO THE JOB 

5.1 Measuring Standing Water Level 

Step Action 

1 Bore locations are to be verified agains the GPS coordinates in the monitoring plans (convert to 

Latitude/Longtitude decimal degrees). Where bores are not easily locatable, consider installing bright 

yellow star pickets as a quick visual reference to aid navigation.  

Confirm the bore name is visible on the cap. If not, use a permanent pen to mark the inside of the cap 

with the current bore name. The ‘old’ bore identification codes should be removed if possible. 

Consider a permanent labelling system where required (eg. Steel tags).  

2 Open bore cap to enable water level to equilibrate prior to sampling. Where applicable, pull existing 

tubing out of the bore and walk it away from the bore.   

NOTE: The cap may be under pressure and may come off with some force. 

NOTE: Storage of bailers left in the bottom of the bore hole precludes accurate measurement of SWL. If 

inplace bailers are below water level, obtain the SWL prior to removal of the bailer.   

Inspect well monument condition and identify potential integrity issues. Should any integrity issues 

require repairs then record in a register. 

 

3 Switch on dip meter: 

� Use sensitivity button and test that light and alarm are working. 

� Lower the water level probe in water to check that it is working. 

� Adjust sensitivity if necessary. 

� Refer to the previous water level recorded for the well. 

� Make sure the tape measure is long enough for the expected water level (nominally 50m). 

4 Measure the Standing Water Level (SWL): 

� Lower the water level probe down the hole slowly until the alarm sounds.  

� Shake/move the probe around carefully to ensure it has reached the true water level and is not 

indicating the presence of residue on the inside of the pipe. 

� Read the depth measurement from the marked, notched or highest point on the top of the 

highest casing present. 

� Measure the Total Depth of the well to determine potential sediment build-up. Where build-up 

precludes accurate sampling, raise this as an potential integrity issue in accordance with Step 2.   

5 Record all the measurements on the Groundwater Dip/Field Sheet.   

6 Turn off the meter and reel up tape guiding it back onto the reel evenly.  
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5.2 Purging Bores 

Step Action 

1 Set up sampling equipment based on sample method. Refer to Appendix A.  

Given the range in depths and types of monitoring bores, it is anticipated that several methods of sampling may be 

utilised to collect water samples. Sampling methods will be selected to minimise the volume of purge water 

required, while ensuring the samples collected are representative of the aquifer water quality.  

NOTE: Bores can be subdivided into the following categories.  

Dry 

No flow rates 

Very low flow rates (referred to as Low-Perm) 

Low Flow or near low-flow (i.e. have less than 1m drawdown when pumped, or maintain a stable pumping water 

level within 3m of the original SWL). 

2 Calculate the volume of the bore: 

V = �r2 * h 

Where: 

� = pi (3.14) 

r = radius of the pipe/bore (0.5 * diameter) 

h = height of water column (h = Bottom of Hole – SWL) 

NOTE: Remember to keep your units constant, mm, cm, m 

Approximate volume volumes for casing widths are provided below.  

Casing Diameter  Volume of 1 meter of water column  

50mm 2 litres 

80mm 5 litres 

100mm 8 litres 

125mm 12.5 litres 
 

3 Start to purge. Record the purge rate once flow is stabilised.  

NOTE: Purged water from groundwater aquifers can be released to land subject to general environmental duty, 

when associated with monitoring, operation and maintenance activities. Purging water is authorised under the 

Water Act 2000 and is not considered ‘interfering with’ or ‘taking’ under the Sustainable Planning Regulation 2009. 

4 Record the field parameter readings: 

For each field sample, record the purging volume (in litres) and make note on Field sheet as R1, R2 etc.).  

Monitor water level using the dip meter to ensure draw down is minimised and the pump rate (if using a pump) is 

not inducing draw down. Draw down is when you remove water from the well faster than it can flow in to the well 

from the surrounding strata. 

Use a separate clean vessel to collect a discreet water sample at each purge interval and lower the probes in to the 

vessel or use a flow through cell if available. 

For Low Perm bores, these should be sampled after 1 bore Volume of water has been pumped. (Note: this may 

require the bore to recharge overnight). For Low Flow sampling, collect the sample any time after 3 bore Volumes 

have been pumped. This is considered appropriate to ensure parameters are stabilised. If using low flow sampling 

methods a lesser volume may be adequate.  
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In all sampling methods water should be purged until parameters have stabilised, with 3 consecutive readings that 

meet the criteria below. 

Make sure all units are correct. 

5 Purge until parameters stabilises using references from Australian Standard AS/NZs 5667.11.1998 as listed below.  

Measurement Variability 

pH +/- 10% units 

Temperature +/- 0.2 ºC 

Specific Conductance (SPC) +/- 10% 

Dissolved Oxygen (DO) +/- 10% mg/L 
 

6 Complete purging when water quality parameters have stabilised.  

Continue to monitor field parameters until the readings stabilise.  

Record field readings (pH, Temperature, SPC and DO) on the Pump Data (field) Sheets (Appendix B.2). 
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5.3 Collecting Laboratory Samples 

 

 

 

 

  

Step Action 

1 Prepare for sampling by ensuring that all sample bottles are labelled correctly. Labels should be completed in 

full, prior to sampling taking place using a water-proof pen, and show at a minimum the: 

• Name of Company  

• Sampler Name 

• Unique Location Code 

• Date 

• Time 

• Filtered/not filtered. 

Samples will require handling using clean nitrile gloves. 

Only sampling containers supplied by the selected analytical laboratory shall be used. 

2 During sampling, water should be removed at a rate slower or equal to the purge rate. 

3 The same device and tubing should be used for sampling as used for purging. 

4 Collect samples for analytes in decreasing order of volatility – Glass jars and vials, metals and other inorganics.  

If sampling for volatiles and semi-volatile analytes, low flow sampling method is preferred. These samples 

should be collected first. 

Fill all bottles as much as possible with the exception of plastic metal bottles as overfilling can result in loss of 

the preservative. Samples for volatile and semi-volatile analysis should have zero headspace. Fill bottle to its 

fullest and try to achieve a concave meniscus. Carefully place the lid and tighten. Tip the vessel upside down to 

ensure mixture with preservative.  

If multiple sample bottles were taken per bore, these should be grouped together and placed into an iced esky. 

5 Samples shall be stored and transported in an insulated container containing ice from the time of sampling until 

received at the laboratory. Samples should not be stacked on top of each other and all bottles are to be in an 

upright position. Store eskies away from heat sources (i.e. direct sunlight). Ensure that labels are clearly defined 

on sample eskies (i.e. ‘Fragile’, ‘This Side Up’, ‘Handle With Care’). 

Samples must be delivered to the notified laboratory(ies) with the appropriate preservation and within the 

stated holding times. 

Records shall be retained of sampling in accordance with Section 6 of this procedure.  

A copy of the eCOC should be sent off to the lab and a copy printed and sent with the samples. Ensure the 

Project ID and COC number fields are populated in the COC. 
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5.4 Quality Assurance (QA) / Quality Control (QC) of Samples 

Step Action 

1 Collect the QA/QC samples regularly throughout the field works simultaneously with the primary sample. All 

QA/QC samples should be taken from Low Flow bores.  

QA/QC samples are used to: 

• Check reproducibility of sampling methodology and analystical results 

• Estimate the amount of contamination introduced during the transport and storage of samples from 

the time of sampling until the time of analysi 

• Confirm the quality control of volatile samples. 

2 Record on a separate register (refer to Appendix B.3) when the QA/QC samples were collected and make a note 

of the parent sample to allow correlation of results in LSpecs. QA/QC samples are to be added into the electronic 

Chain Of Custody under the relevant QA/QC type.  

QA/QC Samples are to be named as follows.  

• QAQC-Any Number-D. 

• QAQC-Well Number-T. 

3 Collect the QA/QC samples at the frequency below. 

• Blind Sample - Duplicate, 1 in 20.  These are sent to the primary laboratory. 

• Triplicate samples, 1 in 20.  These are sent to the secondary laboratory. 

• Trip Blanks, 1 per Esky. This is sent to the Primary lab and it is used to analyse the quality control of 

volatile samples.  

4 Collect duplicate and triplicate samples using the same sample collection procedure as for the primary samples, 

for the same well.  

NOTE: For continuous pumping type sample collection methods, each sample jar (primary, blind, triplicate) should 

be half filled in sequence and then fully filled in the same sequence. 

NOTE: For discrete sample collection methods (e.g. bailers), samples from each container fill should be evenly 

distributed between collection jars and repeated until the jar is full. 

NOTE: For trip blanks, bottle should be kept in the same esky as the primary samples during transport to and from 

the site and during site works. 
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6. WHEN THE JOB IS COMPLETE 

 

Clean Up 

 

Step Action 

1 Check for any gear left prior to leaving. 

2 Make sure rubbish is disposed of correctly. 
 

 

Records Store these records. 

Record File name and storage location 

Groundwater Dip/Field 

monitoring Sheets 

All field results should be typed into the electronic copy 

of the appropriate sheet within 7 days of sampling. with 

a copy of the field sheets saved in a shared folder 

location. 

QA/QC Register 
This should be scanned and saved in a shared folder 

location. 

Calibration Records 
This should be scanned and saved in a shared folder 

location. 
 

 

Definitions  Acronym/Term Meaning 

CoC Chain of Custody 

SWL Standing Water Level 

WQ meter Water Quality Meter 
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7. PROCEDURE HISTORY 

Author (Reviewed and endorsed for issue and use) 

Name Position Review date Signature 

    

Review team (Reviewed and endorsed for issue and use) 

Name Position Review date Signature 

    

History 

Date Author Revision Nature of change 

   New document 
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8. Appendices 

Table A.1 – Sampling Method – Bailing 

Step Action Tracking 

1 Set up the new bailer for each bore or use inplace bailers. Inplace bailers should be suspended above the SWL.  

 a)  Attach the bailing cord (a venetian blind cord works well) to the top of the bailer. 

2 Bail Up water. 

 WARNING 1: Failure to wear the correct gloves for the task being performed can cause injury to hands. 

 a)  Drop the bailer down the bore casing until it reaches the water; gurgling noises indicate that the bailer is filling with 

water. 

NOTE: Bailer should be lowered gently into the well to avoid groundwater disturbance. 

 b)  Lift out the full bailer and pour into clean 10L bucket. 

 c)  Purge bore (refer to Section 5.3).   

 d)  Collect sample (refer to Section 5.4).  

2 Record the field parameters using correct units on the Pump Data (field) Sheets (Appendix B.2). 

3 Suspend inplace bailers above SWL and close bore cap. Remove excess bailers.  
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Appendix A.2 – Sampling Method – Low Flow Pump (eg. Solonist) 

Step Action 

1 Set up low flow pump. 

 a)  Attach tag line cable and Low Density Polyethlyene (LDPE) tubing to pump.   

IMPORTANT: Ensure the 6mm LDPE drive line is connected to the fitting labelled ‘D’ on the pump and the 9.5mm 

LDPE sample line is connected to the fitting labelled ‘S’ on the pump. 

 b)  Attach air compressor electrical cables to battery. 

 WARNING: The air compressor may overheat  with continued use or during high temperatures.  

2 Collect groundwater samples. 

 a) Lower the pump to appropriate screen depth. Refer to the Groundwater Dip/Field Sheet.  Where no screen depth is 

provided, lower pump to 1m above Total Depth of bore.  

IMPORTANT: The pump should always be submerged by no less than 3 meters of water.  Lower pump to bottom of 

screen depth where possible to ensure the maximum head over pump – this will allow you to drive for a longer 

period. 

 WARNING: Ensure the pump is not at Total Depth as this may pump sediment build up/grit and result in a non-representive 

sample or equipment failures. 

 b)  Connect: 

1. Drive line pressure hose from the controller to the LDPE drive line   

2. Supply line pressure hose from the air compressor to controller 

3. LDPE sample line to the water quality probe flow cell. 

 c)  Maintain pump at appropriate depth by securing the tag line cable. 

 e)  Put dip meter down the hole to enable the SWL to be monitored at regular intervals to ensure the pump remains 

submerged, and assess drawdown. Position at water level and secure in place. 

 f)  Continue purging until the field parameters stabilise (refer to Section 5.3). 

 g) Collect sample (refer to Section 5.4).  

 h)  Record the field parameters with correct units on the Pump Data (field) Sheets (Appendix B.2). 

3 Remove the dip meter. 

 a)  Retrieve the dip meter from the bore slowly to ensure it does not get tangled with the pump tubing and cable. 

 b)  Store correctly for immediate reuse.  

4 Remove the pump and pack away. 

 a)  Disconnect the air compressor from battery. 

 b)  Remove clamp and wind pump upwards guiding the tubing onto the reel (if installed) and pack up sampling 

equipment. 

 c) Treat the equipment with care.  
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 d)  Start air compressor  and adjust the controller pressure and cycle settings using the following information. 

Always calculate pressure based on depth to SWL plus 10psi for line loss.   

Set the controller pressure using the calculation of 1.42psi to raise 1m of water from the SWL to the surface plus 

10psi.  For example, if the SWL is 40m (40m x 1.42psi = 57psi + 10psi = 67psi). A simple conversion to kPA can be 

done in situ where approximately 10 kPA will raise 1m of water from the SWL to the surface with minor additions for 

friction loss.    

SWL (m) 

Controller 

Pressure psi 

(kPA) 

SWL (m) 
Controller 

Pressure (psi) 
SWL (m) 

Controller 

Pressure (psi) 

10 24 (100) 30 53 (300) 50 81 (500) 

15 32 (150) 35 60 (350) 55 88 (550) 

20 38 (200) 40 67 (400) 60 95 (600) 

25 46 (250) 45 74 (450) 65 102 (650) 

Selecting the correct drive and recharge cycle on the controller is important to ensure air is not driven into the 

sample line and water is delivered to surface.  Drive and recharge cycles are configured by the head of water over 

the pump. 

A large column of water over the pump will allow a longer drive time and shorter recharge time (i.e.Drive for 20sec & 

Recharge for 10secs). A small column of water over the pump will require a short drive time and longer recovery 

time (i.e. 8/20).    

Set up WQ flow through cell in a bucket with visible levels to measure purge volumes. 

Ensure that the controller pressure is slowly increased to the recommended level to avoid aeration in the water line.  
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Appendix A.2 – Sampling Method – Small Electric Submersible Pump (eg. Mega Monsoon / other) 

Step Action 

 WARNING 1: Operation of a pump with a petrol motor in hazardous areas will require a permit, job, and safety analysis and gas 

detection. 

WARNING 2: It is preferable that two people operate the pump to ensure safety and efficiency.  At least one of the operators 

should have some prior experience using the pump or similar equipment. 

1 Install the pump down the bore using two people. 

 a)  Attach the winding handle and pull out safety lock on reel and insert the pump down the bore, until pump and motor 

is clear of top of casing. 

 b)  Attach the guide wheel to outer casing and feed the rest of the hose down, until desired depth is reached and pump 

and motor is submerged. 

 c)  Lock the reel to hold the pump on place. 

2 Put dip meter down the hole to enable the SWL to be monitored at regular intervals to ensure the pump and motor remains 

submerged. 

 a)  Lower the dip meter back down the borehole alongside the pump hose. 

 b)  Position at SWL and secure in place. 

3 Attach converter to motor/controller (eg. 12v) 

 a)  Set up the converter/controller, as per the manufacturer’s specifications, close to the pump reel. 

 b) Attach the motor cable to the converter/controller. 

 c)  Make sure that the converter/controller remains dry and the cabinet is open during operation. 

4 Set up diesel generator (if required) 

 a)  Make sure the fuel tank is full and it is positioned downwind from the water discharge point. 

 b)  Make sure earthing rod is firmly in the ground. 

 c)  Start generator. 

 d)  Put in converter once the generator is operating steadily and switch on. 

5 Set up the 10L buckets at the water discharge point. 

 a) Monitor the volume purged by using the appropriate sized containers. 

6 Start pumping. 

 a)  Start the pump as per manufacturer’s specifications. 

 b)  Adjust the speed of the pump as per the manufacturer’s specifications. 

 c)  Monitor the maximum depth/SWL as pump cannot be set too low or no water will rise. 

WARNING: The pump motor may overheat if the pump is not kept below SWL.  

 d)  Continue to measure the SWL during pumping to assess the drawdown rate and to optimise the pumping rate whilst 

ensuring the pump remains submerged. 
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Appendix A.2 – Sampling Method – Small Electric Submersible Pump (eg. Mega Monsoon / other) 

Step Action 

 e)   Set the pumping rate so that no significant drawdown of the bore occurs. 

Collect sample.  

7 Stop pumping. 

 a)  Stop the pumping once the purging and/or groundwater sampling is complete. 

 b)  Disconnect the converter from the generator once the pump has completely stopped. 

 c)  Stop the generator as per the manufacturer’s specifications. 

 d)  Disconnect the pump from the converter and make sure cables are packed away correctly. 

8 Remove Pump from bore and pack up. 

 a)  Retrieve the dip meter from the bore slowly to ensure it does not get tangled with the pump tubing and cable. 

 b)  Pull the locking pin out from the pump reel. 

 c)  Pull the pump upwards.  

 d)  Put the hose onto the reel ensuring that the hose is guided on the reel correctly to preserve the hose and motor 

cables. 

 e)  Lock the reel in place once the pump and motor is just below the surface. 

 f)  Remove the guide wheel from the top of the bore casing. 

 g)  Pull up the pump and hose and wind onto reel. 

 h) Put pump into protective casing attached to pump frame. 

 i)  Make sure the locking pin is in place. 

 j)  Disconnect the winding handle and store away. 

 k)  Make sure the converter is dry and all cables are placed in cabinet and in an orderly manner. 

 l) Make sure the fuel valve is closed when packing up the generator. 

 



nhulunbuy corporation  
 

Standard Operating Procedure - Groundwater Sampling 

 

Appendix B.1 - Water Quality Meter Calibration Register 

 

 

WQ 

Meter 

ID 

WQ 

Meter 

Model 

No.  

Date Time Temp. 

Conductivity 

1413 µS/cm 

Conductivity 

12880 µS/cm 
pH 4 pH 7 pH 10 

Initials 

Pre-Cal Post-Cal Pre-Cal Post-Cal Pre-Cal Post-Cal Pre-Cal Post-Cal Pre-Cal Post-Cal 

                

Comments: 

                

Comments: 

                

Comments: 

                

Comments: 

                

Comments: 

                

Comments: 
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Appendix B.2 - Pump Data (Field) Sheets 

Well ID  Date  Time  SWL  

Pump 

Type 
 

Purge 

Method 
 

Purge 

Volume 
 

Pumping 

Rate 
 

Time Volume SWL 
Temp_Field 

(°C) 

SP-

EC(Field) 

(µS/cm) 

pH_Field 
DO_Field 

(mg/L) 

Volume 

Purged 

        

        

        

        

        

        

Comments 
 

Final Pumping Level =  

 

Well ID  Date  Time  SWL  

Pump 

Type 
 

Purge 

Method 
 

Purge 

Volume 
 

Pumping 

Rate 
 

Time Volume SWL 
Temp_Field 

(°C) 

SP-

EC(Field) 

(µS/cm) 

pH_Field 
DO_Field 

(mg/L) 

Volume 

Purged 

        

        

        

        

        

        

 

Comments 
 

Final Pumping Level = 
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Appendix B.3 – QA/QC Sample Register 

 

Project Name: ________________________________________________________________________ 

 

Date Sampler  
QA/QC Sample 

No. 

QA/QC Sample 

Type (i.e 

duplicate, 

Triplicate, trip 

blank etc..) 

Parent Sample ID 

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

 
 


