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Executive Summary 
Substantial land use change, in particular, rapid expansion of cropping and blue gum 
plantations has recently occurred in south-western Victoria.  With increasing development 
and predicted drier climate conditions, the competition for water in the region is intense and 
may come under stricter regulatory control. The modelling carried out in this geologically 
diverse region presently uses generalised input data because the catchment scale data on 
the land use impacts on hydrology is currently poor and inadequate.  This project will provide 
valuable new knowledge about impacts of major land uses to inform sustainable land 
management and protection of natural resources in this region.  

To determine the relationships between any particular land use and groundwater and surface 
water, as well as improve confidence in prediction of impacts of land use, detailed 
information is needed at a sub-catchment or catchment scale. In order to achieve that, water 
and salt entering and leaving a catchment, including groundwater and the salt that it carries, 
must be measured and water and salt balances developed.  

The project has adopted a paired catchment approach which is a well established 
comparative technique to measure hydrologic parameters of competing land uses. At each 
location, at least two sub-catchments with different agricultural land uses (grazing, some 
cropping, and tree plantations) but the same or very similar topography, geology and soils 
were instrumented. The size of sub-catchments ranges from approx. 50ha (Mirranatwa) to 
500ha (Digby). All sub-catchments comply with the criteria established for this method. 

Four paired monitoring catchments have been established.  Three are located near Hamilton, 
namely at Digby, Gatum and Mirranatwa, and the fourth is located in the Morrisons-Sheoak 
area, near Ballarat.  They comprise groundwater observation bores or piezometers (some 
existing and some new), stream gauges and rainfall stations. The data, most of which is 
being automatically collected at each monitoring point (e.g. stream flow and EC, groundwater 
levels and EC in bores, rainfall) will be used to construct water and salt balances, which will 
allow accurate quantification and comparison of the catchment scale impacts of these 
agricultural land uses on surface water, groundwater and salinity. 

A preceding report (Hekmeijer et al 2011) described the drilling and weir construction 
programs, together with borehole results for the new and existing groundwater monitoring 
bores.  Altogether, 37 new monitoring bores were constructed at the three paired research 
catchments in the Hamilton area and a total of nine gauged weirs were established at all four 
paired research catchments.  A total of 31 pre-existing monitoring bores occur mainly at the 
Gatum and Mirranatwa farm catchments and the Morrisons-Sheoak paired catchments. 

This particular technical report provides a detailed description of the hydrological monitoring  
networks at the research catchments but also functions as a manual providing a 
comprehensive guide to the types of monitoring equipment, telemetry, software and methods 
used for on-site data capture and management of this project. By effectively communicating 
this, it is hoped that current and future researchers will have useful information and some 
established data capture protocols by which to guide future work in this and other similar 
paired catchment research. 

Photos of equipment are provided as an additional aid and references to product manuals, 
brochures and websites have also been included. A glossary has also been integrated to 
discriminate common and technical terms used during the study. Some limitations associated 
with the methods used are also included in the report. 
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Introduction 
This report describes the instrumentation that has been installed to collect hydrologic data at 
four paired research catchments in south west Victoria as part of FFSR Project 102920 
"Catchment scale water and salinity impacts of changing land use in south western Victoria" 
(short title: "Catchment scale impacts of land use in south western Victoria").  It provides a 
comprehensive guide to the types of monitoring or sensor equipment, telemetry, software 
and methods used in on-site data measurement and management for this project. By 
effectively communicating this, it is hoped that current and future researchers will have 
established protocols and information by which to guide future work in this and other similar 
paired catchment research. The report is aligned to the 2009-10 Annual Report (Reid et al 
2010) from which some of the introductory text herein is taken. 

The project forms part of the DPI Key Project, “Accountable Agriculture” (FF104), which aims 
to equip farmers with new knowledge and smart decision making tools to balance production 
and environmental outcomes more efficiently and effectively.  Project 102920 addresses 
policy issues relating to impacts of tree plantations on water security (Action 2.20 in the 
Victorian Water White Paper) and sustainable management of plantations (Victorian Timber 
Strategy).  La Trobe University is a key collaborative partner.  The Universities of Melbourne 
and Ballarat are also collaborative partners. 

The rationale for this project includes (i) substantial land use change (increase in blue gum 
plantations in particular) and uncertainty about its impacts or sustainability, (ii) the lack of 
high quality catchment-scale hydrologic data (particularly including groundwater data), and 
(iii) the inadequacy of plot-scale data for extrapolation to catchment scale hydrologic 
budgets.  To address these issues, four (4) paired catchment research sites have been 
established in geologically different landscapes to calculate and compare water and salt 
balances. 

The water and salt balances will be used to accurately quantify and compare the catchment 
scale impacts of these agricultural land uses on surface water, groundwater and salinity. The 
new data and knowledge gained will also improve the prediction capacity of regional process 
models such as CAT. 

At each site location, two sub-catchments with different agricultural land uses (grazing-
dominant versus tree plantations) but sharing the same or very similar topography, geology 
and soils were identified to establish automated monitoring networks to measure the amount 
of water and salt entering the sub-catchments (as rainfall and groundwater) and leaving the 
site (as surface water and groundwater).  The salt storage in each sub-catchment will be 
measured, both above and below the watertable. 

All four paired sites possess automated monitoring networks comprising groundwater 
observation bores, stream gauges and rainfall stations.  Evaporation pans are also now 
being installed.  At this stage, the three priority research sites are those established in the 
Hamilton area (i.e. Mirranatwa, Gatum and Digby).  They have the advantages of: (i) more 
manageable size for effective data collection, (ii) better monitoring control, and (iii) proximity 
to each other.  In contrast, the Morrisons-Sheoak paired site, near Ballarat, is isolated, quite 
large, and lacks groundwater observation control.  There is presently insufficient budget to 
address the shortfall in groundwater data at this site.  

The paired sites are compared in order to; i) determine whether a change in land use has a 
significant influence on the hydrology/water balance and salt balance of an area; and, if so, ii) 
determine the extent of the impact(s); and, iii) determine the consequences that are likely to 
arise from such impacts. 

A preceding report (Hekmeijer et al 2011) described the drilling and weir construction 
programs, together with borehole results for the new and existing groundwater monitoring 
bores.  Altogether, 37 new monitoring bores were constructed at the three paired research 
sites in the Hamilton area and a total of nine gauged weirs were established at all four paired 
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research sites.  A total of 31 pre-existing monitoring bores occur mainly at the Gatum and 
Mirranatwa farm sites and the Morrisons-Sheoak paired sites. 

This report describes the instruments used in monitoring, including the brand of instrument 
used, compatible software, the data downloading and telemetry protocols, the measured 
parameters, and the strategies employed to establish and maintain the instruments and 
ensure data continuity and integrity. Photos are provided as an additional aid and references 
to product manuals, brochures and websites have been included. A glossary has also been 
integrated to discriminate common and technical terms used during the study. Some 
limitations associated with the methods used are also included in the report. 

Monitoring establishment and management have involved either single- or multiple-day 
expeditions to the sites, departing from Bendigo. Teams of 2-4 have installed the 
instrumentation and periodically visited to check, repair or adjust the monitoring infrastructure 
as required, and download data to a laptop.  

 

Project objectives 
 To install efficient and robust monitoring systems for measurement of water and salt 

balances in at least 4 paired catchments with different representative geological 
settings and agricultural land uses. 

 Analysis of data through CY 2011 to compare the catchment scale impacts of the 
different agricultural land uses on salinity, surface water and groundwater resources. 

 To install a monitoring system to measure the water and salt balance in four paired 
catchments with different geological settings and land use, (particularly plantation 
forestry against grazing)  

 To use the collected data to construct water and salt balances for the catchments and 
accurately quantify and compare the catchment scale impacts of the different 
agricultural land uses on the surface water and groundwater resources and salinity. 

 To use the above new data and conceptual models of catchment processes 
developed at each paired research site to validate and strengthen the current 
predictive catchment models such as CAT. 
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Research sites 
The following four (4) locations were selected for establishment of paired sub-catchment 
research sites in south western Victoria (Figure 1): 

Morrisons-Sheoak - near Meredith, eastern Moorabool catchment, Corangamite CMA 
region (Figure 2); 

Mirranatwa - Victoria Valley, southern Grampians, Glenelg Hopkins CMA region (Figure 3); 

Gatum - eastern Dundas Tablelands, Glenelg Hopkins CMA region (Figure 4); and 

Digby - upper Crawford River catchment, Glenelg Hopkins CMA region (Figures 5, 6).  

 

 
Figure 1. Map of south-western Victoria showing the locations of four paired catchment study 
sites for this project. (Reid et al 2010). 

 

Further details of the research sites and selection criteria may be found in Reid et al 2010 
and Hekmeijer et al 2011. 
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Figure 2. Geological map of Morrisons-Sheoak farm (MS1) and plantation (MS2) sites showing 
bore sites and stream gauges (Hekmeijer et al 2011). 

 

 
Figure 3. Geological map of Mirranatwa farm (M1) and plantation (M2) sites showing bore sites 
and stream gauges (Hekmeijer et al 2011). 
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Figure 4. Geological map of Gatum farm (G1) and plantation (G2) sites showing stream gauge 
sites and existing and new bore sites (Hekmeijer et al 2011). 

 

 
Figure 5. Geological map of the Digby farm (D1) site showing stream gauge sites and new bore 
sites (Hekmeijer et al 2011). 
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Figure 6. Geological map of the Digby plantation site (D2) showing stream gauge sites and new 
bore sites (Hekmeijer et al 2011). 

 

Bores 
A total of 37 new monitoring bores were completed at the three paired sites near Hamilton 
from June 2009 to February 2010. Twelve (12) shallow bores (up to 15 m total depth) were 
drilled using a truck mounted auger whilst 25 deeper bores (approximately 30 m total depth) 
were drilled using an air hammer or mud rotary technique (Reid et al 2010, Hekmeijer et al 
2011). 

The bore details for each research site are summarised in Table 4 of Hekmeijer et al (2011). 

An example of a bore construction is shown in figure 7. This is bore 2292 adjacent to the weir 
at the Mirranatwa plantation site. This bore has artesian hydraulic pressure hence the 
pressure release valve extending from the bore casing.  
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Figure 7  Bore 2292 at the Mirranatwa plantation site (M2). 

Weirs 
Each study catchment has at least one constructed weir to measure surface water flows. The 
new weirs are all “sharp-crested weirs” except at the Morrisons-Sheoak plantation site where 
a “controlled flow weir” was constructed because of the expected high velocity flows. The 
sharp-crested weirs are all “V-notch” (Figure 8). One “broad crested weir” (with rectangular or 
square-edged profile) already existed at the Gatum plantation site and one was installed at 
the  Morrisons-Sheoak farm site. Each weir has a stilling-well float system to measure stage 
height for the calculation of surface flow. 

Thiess Environmental Services designed and installed five V-notch weirs, one broad 
controlled flow, and one square-edged weir for the project. A V-notch weir, which was 
previously damaged, has also been restored at the Gatum farm site Each weir has a height 
gauge installed with the zero reference height being 10cm below zero pt of V notch. 

Thiess Environmental Services have developed weir rating curve tables (in Microsoft Excel) 
so the volumetric discharge of the stream can be calculated from the water stage height 
flowing through the weir. More information on the weirs, including their design, can be found 
in Appendix B of Hekmeijer et al (2011). 
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Figure 8 The V-notch weir at the Digby plantation site (D2). 
 

Evaporation Pans 
Evaporation pans (Figure 9) have been installed at 3 of the research sites to better measure 
local evaporation rates. The pans have been built according to the Bureau of Meteorology, 
Australia, specifications of 120cm diameter and a depth of 25 cm. 

Evaporation rate is rudimentally measured using a Campbell Scientific CS450 level sensor 
and calibrated with hand measurements.  These sensors are not ideal for this task as 
hysteresis affects the accuracy. This measure is only useful as a guide via telemetry for 
monitoring that pans have not emptied, The pans are periodically filled (as required) by the 
farmer or department staff and manual measurements are taken and recorded prior to filling. 
To calibrate the sensor the distance (in mm) from the water surface to the top of the pan rim 
with the date, is required and recorded in a notebook. 
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Figure 9. The evaporation pan at the Gatum farm site (D2) 
 

 
Figure 10.The Decagon weather station installed at the Mirranatwa farm site 
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Instrumentation 
Introduction 
The monitoring system at each weir site consists of a Campbell data logger attached to 
multiple sensors. Integrated pressure - water level (WL) or barometric pressure (BP) loggers 
with or without electrical conductivity (EC), and thermometers are installed at locations not 
associated with weir sites.  Additional instrumentation deployed by research partners (e.g. 
full weather stations; sap-flow meters) is not covered here. 

All new bores and some of the existing bores have had data loggers installed. Each such 
bore has a groundwater depth (level) logger, whilst each catchment possesses at least two 
bores with groundwater water quality (EC and temperature) loggers. All stream and rainfall 
gauge sites are fitted with data loggers and are telemetered to deliver data by mobile 
telephone or radio signal. Each catchment has at least one barometric logger for pressure 
compensation of data logger readings. In addition to project instrumentation, 4 bores in the 
Morrisons-Sheoak plantation are instrumented with water level loggers as part of the State 
Bore Monitoring network operated by DSE. These bore are download by the Department on 
behalf of Ballarat University. All data loggers except those at the weir sites need to be 
downloaded via portable computers. 

A total of 36 data loggers have so far been installed by the project. All new bore sites were 
fully equipped and operational by April 2010. Data logger and telemetry installation at all 
stream weir and rainfall sites was achieved by May 2010, with the exception of evaporation 
pans. The data loggers and sensor types that are operational at each of the research sites 
are summarised in Table 1. 

The new instrumentation purchased and installed comprises: 

 10 Campbell CR800 loggers (collecting rainfall, stream and bore levels and ECs at 
weir sites) 

 8 Hydrological Services AD375A shaft encoders (stream water levels at weir sites) 

 1 ES&S Bubbler 6100 Pro (stream water level at Morrisons-Sheoak plantation weir 
site) 

 9 ES&S EC 1500 sensors (stream water EC) 

 6 tipping bucket rain gauges (precipitation at weir locations, 1 or 2 per catchment 
pair) 

 3 purpose-built evaporation pans (1 per catchment pair, except at Morrisons-
Sheoaks) 

 15 Campbell CS450 level sensors (bore water levels at weir sites and evaporation 
pan depths) 

 6 Greenspan EC 250 sensor (groundwater EC at weir sites) 

 6 Schlumberger CTD-Diver level/EC loggers (bore sites apart from weirs) 

 50 Schlumberger MiniDiver WL loggers (bore sites apart from weirs) 

 6 Schlumberger Baro-Divers (BP) (for barometric correction of water level data) 

 3 Decagon weather stations (purchased by La Trobe University) 

 DSE State observation bore network bores that have WL loggers use Instrumentation 
Northwest (INW) Aquistar PT2X sensor/loggers. Details of the data logger types, 
specifications and protocols are provided in the following sections. 
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Table 1 Operational data loggers at research sites 

Site Name Bore or Weir ID Number Loggers/Sensors Installed 

Morrisons-Sheoak farm  
(Tea Tree Creek) 

Weir (MOC) Campbell CR800 logger with: 
 Hydrological Services AD375A shaft encoder 

surface water WL 
 ES&S-1500 surface water EC sensor 
 Tipping bucket rainfall guage 
 modmax nextG modem with RFI 3db Transit Ant. 

   

Morrisons-Sheoak plantation  
(Eclipse Creek) 
 

Weir (MOI) Campbell  CR800 logger with: 
 ES&S Levelpro 6100 bubbler surface water WL 

sensor 
 ES&S-1500 surface water EC sensor 
 Tipping bucket rainfall guage 
 modmax nextG modem with RFI 5.5db Antenna 

 BAL2 
BAL5 
BAL8 
BAL9 
BAL10 
BAL11 
NC2 

INW AquiStar PT2X WL Datalogger 
INW AquiStar PT2X WL Datalogger 
INW AquiStar PT2X WL Datalogger 
nil 
INW AquiStar PT2X WL Datalogger 
nil 
nil 

Morrisons-Sheoak -  
region between farm and 
plantation 

BAL1 
BAL3 
BAL4 
BAL6 
BAL7 
NC1 
NC3 
MER1 
MER2 

nil 
INW AquiStar PT2X WL Datalogger 
nil 
nil 
nil 
nil 
nil 
nil 
nil 

Mirranatwa farm  
(Dwyers Creek) 

Weir (M1) Campbell  CR800 logger with: 
 Hydrological Services AD375A shaft encoder 

surface water WL 
 ES&S-1500 surface water EC sensor 
 Campbell CS450 WL sensor (deep bore 2295) 
 Greenspan EC 250 sensor (deep bore 2295) 
 Campbell CS450 WL sensor (shallow bore 2296) 
•    Campbell RF411 922MHz Base radio module 
with surge suppressor kit and Yagi Antenna 

 2272 
2273 
2274 
2275 
2276 
2277 
2278 
 
2279 
2280 
2281 
2282 
2295 
 
2296 

nil 
nil 
Schlumberger Mini-Diver DI 501 WL datalogger 
Schlumberger Mini-Diver DI 501 WL datalogger 
Schlumberger Mini-Diver DI 501 WL datalogger 
nil 
Schlumberger Mini-Diver DI 501 WL datalogger 
 and Schlumberger Baro Diver DI 500 logger (BP) 
nil 
Schlumberger Mini-Diver DI 501 WL datalogger 
Schlumberger Mini-Diver DI 501 WL datalogger 
Schlumberger CTD-Diver DI 263 WL/EC datalogger 
Campbell CS450 WL and Greenspan EC 250 EC 
sensor 
Campbell CS450 WL sensor 
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Mirranatwa plantation  
(Lambing Hut Creek) 
 

Weir (M2) 
 

Campbell  CR800 logger with: 
 Hydrological Services AD375A shaft encoder 

surface water WL 
 ES&S-1500 surface water EC sensor 
 Campbell CS450 WL (deep bore 2292) 
 Greenspan EC 250 (deep bore 2292) 
•     Campbell RF411 922 MHz Base radio module 
with surge suppressor kit 
 

 2283 
2284 
2285 
2289 
2290 
2291 
 
2292 
 
2293 
2294 
2297 

Schlumberger Mini-Diver DI 501 WL datalogger 
Schlumberger Mini-Diver DI 501 WL datalogger 
Schlumberger Mini-Diver DI 501 WL datalogger 
Schlumberger Mini-Diver DI 501 WL datalogger 
Schlumberger Mini-Diver DI 501 WL datalogger 
Schlumberger Mini-Diver DI 501 WL datalogger and 
Schlumgerger Baro Diver DI 500 logger (BP) 
Campbell CS450 WL and Greenspan EC 250 EC 
sensors 
Schlumberger Mini-Diver DI 501 WL datalogger 
Schlumberger Mini-Diver DI 501 WL datalogger 
Schlumberger CTD-Diver DI 263 WL/EC datalogger 

Mirranatwa hill (between farm 
and plantation) 

 Campbell CR800 logger with: 
• Tipping Bucket rainfall gauge 
• Campbell RF411 Base radio module with surge     
suppressor kit 
• modmax nextG modem with RFI 5.5db Antenna 

Gatum farm  
(Banool Creek) 

Weir (G1) Campbell CR800 logger with: 
 Hydrological Services AD375A shaft encoder 

surface water WL 
 ES&S-1500 surface water EC sensor 
 Tipping Bucket rainfall guage 
 modmax nextG modem and RFI 3dbTransit 

Antenna 

 63 
 
64 
3001 
3002 
3004 
3007 
3008 
3019 

Schlumberger Mini-Diver DI 501 WL datalogger 
and Schlumerger Baro Diver DI 500 logger 
Schlumberger CTD-Diver DI 263 WL/EC datalogger 
Schlumberger Mini-Diver DI 501 WL datalogger 
Schlumberger Mini-Diver DI 501 WL datalogger 
Schlumberger Mini-Diver DI 501 WL datalogger 
Schlumberger Mini-Diver DI 501 WL datalogger 
Schlumberger Mini-Diver DI 501 WL datalogger 
Schlumberger Mini-Diver DI 501 WL datalogger 
 

Gatum plantation 
(McGill Creek) 

Weir (G2) Campbell CR800 logger with: 
 Hydrological Services AD375A shaft encoder 

surface WL 
 ES&S-1500 surface water EC sensor 
 Campbell CS450 WL sensor (deep bore 3656) 
 Greenspan EC 250 sensor(deep bore 3656) 
 Campbell CS450 WL sensor (shallow bore 3657) 
•   modmax nextG modem and RFI 3db Transit Ant. 

 3656 
 
3657 
3658 
3659 
3662 
3663 
3664 
3665 
3666 
3667 
 
3668 

Campbell CS450 WL sensor and Greenspan EC250 
EC sensor 
Campbell CS450 WL  sensor 
Schlumberger Mini-Diver DI 501 WL datalogger 
Schlumberger Mini-Diver DI 501 WL datalogger 
Schlumberger Mini-Diver DI 501 WL datalogger 
Schlumberger Mini-Diver DI 501 WL datalogger 
Schlumberger CTD-Diver DI 263 WL/EC datalogger 
Schlumberger Mini-Diver DI 501 WL datalogger 
Schlumberger Mini-Diver DI 501 WL datalogger 
Schlumberger Mini-Diver DI 501 WL datalogger 
and Schlumerger BaroDiver DI 500 logger (BP) 
Schlumberger Mini-Diver DI 501 WL datalogger 
 

Digby farm  
(Kangaroo Creek) 

Weir (D1a) 
 

Campbell CR800 logger with: 
 Hydrological Services AD375A shaft encoder 
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Weir (D1b) 
 

surface water WL 
 ES&S-1500 surface water EC  
 Campbell CS450 WL (deep bore 5520) 
 Greenspan EC 250 (deep bore 5520) 
 Campbell CS450 WL (shallow bore 5519) 
 Greenspan EC 250 (shallow bore 5519) 
 modmax nextG modem with RFI 5.5db Antenna 
Campbell  CR800 logger with: 
 Hydrological Services AD375A shaft encoder 

surface WL 
 ES&S-1500 surface water EC sensor 
 Campbell CS450 WL sensor (deep bore 5531) 
 Greenspan EC 250 EC sensor (deep bore 5531) 
 Campbell CS450 WL sensor (shallow bore 5530) 
 Tipping Bucket rainfall guage 
 modmax 3G modem with RFI 5.5db Antenna 
 

 5519 
5520 
 
5521 
5523 
5524 
5525 
5526 
5528 
 
5530 
5531 

Campbell CS450 WL sensor  
Campbell CS450 WL and Greenspan EC 250 EC 
sensor  
Schlumberger Mini-Diver DI 501 WL datalogger 
Schlumberger Mini-Diver DI 501 WL datalogger 
Schlumberger Mini-Diver DI 501 WL datalogger 
Schlumberger Mini-Diver DI 501 WL datalogger 
Schlumberger Mini-Diver DI 501 WL datalogger 
Schlumberger Mini-Diver DI 501 WL datalogger 
and Schlumerger Baro Diver DI 500 logger (BP) 
Campbell CS450 WL sensor  
Campbell CS450 WL and Greenspan EC 250 EC 
sensor 

Digby plantation  
(Kangaroo Creek) 

Weir (D2) Campbell  CR800 logger with: 
 Hydrological Services AD375A shaft encoder 

surface water WL 
 ES&S-1500 surface water EC sensor 
 Campbell CS450 WL sensor (deep bore 5542) 
 Greenspan EC 250 EC sensor (deep bore 5542) 
 Campbell CS450 WL sensor (shallow bore 5541) 
 modmax nextG modem with RFI 9db Antenna 
 

 5532 
5533 
5535 
5537 
5539 
5541 
5542 
 
103856 

Schlumberger Mini-Diver DI 501 WL datalogger 
Schlumberger CTD-Diver DI 263 WL /EC datalogger 
Schlumberger Mini-Diver DI 501 WL datalogger 
Schlumberger Mini-Diver DI 501 WL datalogger 
nil 
Campbell CS450 WL sensor 
Campbell CS450 WL and Greenspan EC 250 EC 
sensor 
Schlumberger Mini-Diver DI 501 WL datalogger 
and Schlumerger Baro Diver DI 500 logger (BP) 
 

 

Weir Site Instrumentation 
Each weir site is generally instrumented to monitor stream flow, stream EC, shallow borehole  
water level, and deep borehole EC and water level.  In addition, each catchment pair is 
instrumented with a tipping bucket rainfall recorder and an evaporation pan (Except Morrison 
– Sheoaks Sites).  The instrument sensors are attached to Campbell data loggers with 
cellular telephone modems for remote downloading and control of the logging data.  At 
Mirranatwa sites, radio relays are used to transmit data to a location with more reliable cell 
phone coverage.  Power is supplied through solar panels and sealed lead-acid 12 V 
batteries. 

The Campbell data loggers are mounted in weather proof enclosures inside larger cabinets 
adjacent to the weirs.  It is possible for rodents, insects and spiders to enter the larger 
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cabinets, so careful opening is recommended. Rodent bait and ant powder is placed in the 
larger cabinets if needed.   

At each weir site, the stream water level is measured in a stilling well by a level recorder.  At 
most sites a shaft encoder-float system is used to record water level in the stilling well.  At 
the Morrison Sheoak plantation site an ESandS Bubbler 6100 Pro sensor is used to measure 
the water depth due to the high expected flows. Rating curves supplied by the installation 
contractor are used to transform the water levels into stream flow. 

Stream EC and temperature is measured using ESandS EC 1500 sensors set in PVC pipe 
into the stream pool area behind the weir.  The EC is internally temperature compensated 
prior to logging by the data logger.   

Bore water level and temperature at the weir sites is measured with Campbell CS450 
pressure transducers connected to the Campbell CR800 data loggers.  Bore temperature 
and EC data at the weir sites are measured with Greenspan EC 250 sensors with internal 
temperature compensation and logged with the Campbell CR800 data loggers.   

The equipment used at the weir sites, with specific reference to the capabilities and options 
used in the catchment studies are described in Appendix 1.   

 

Individual Bore Site Instrumentation 
Bores that are not associated with weir sites and the Campbell data loggers are instrumented 
with either Schlumberger Mini Diver DI 501 non vented integrated water level 
transducers/data loggers, or Schlumberger CDT Diver DI 263 non vented integrated water 
level transducers/EC sensors/data loggers. These require a Baro Diver within reasonable 
proximity for barometric compensation of data collected. In addition, some existing bores at 
the Morrisons Sheoaks site are instrumented with Instrumentation Northwest (INW) PT2X 
vented pressure transducer/data loggers.  The equipment used at the bore sites, with 
specific reference to the cababilities and options used in the catchment studies are described 
in Appendix 2.   

 

Data Logger Calibration 
Calibration of all types of loggers is necessary in order to achieve representative results. It is 
crucial that all loggers are calibrated correctly, thus allowing correct measurements to be 
obtained. Once calibrated correctly, the readings from the different brands of loggers will be 
comparable; and there will be a high degree of confidence that each reading reflects both the 
true value (accurate) and is repeatable (precise). 

The logger manuals provide the details for proper calibration (see links to manuals in next 
sub-section on Brands of Data Logger). 

Standard solutions are used to calibrate the electrical conductivity (EC) readings and test the 
functionality of the EC probes. Measurement using the different solutions is carried out 
before and after cleaning the probe. This is to assess if the presence of biota actually 
influences the reading and, if an influence is observed, the degree of this influence.  

 

Parameters 

Surface water levels 
Measured in metres (m) at the weirs – from this, flow/discharge can be derived using weir 
rating computation tables (see below); 

Frequency of measurement: 30 mins; 4 hours; daily. 

Thiess Environmental Services developed weir rating computation tables using Microsoft 
Excel. The user enters a water height flowing through the weir and the volumetric discharge 
of the stream is calculated by the formula. 
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The manual reading Stream Guage height is set at 10cm below the zero point of each weir. 

 

 

Groundwater levels / standing water levels (SWL) 
Measured in metres (m) in the bores 

Frequency of measurement: 30mins; 4 hours; daily 

INW PT2X  frequency 15 mins 

 

Electrical conductivity (EC) 
Measured in micro Siemens per centimetre (µS/cm)  

Frequency of measurement: 30 mins; 4 hours; daily 

Measured for surface water and groundwater 

 

Temperature 
Measured in degrees Celsius (°C) 

Frequency of measurement: 30 mins; 4 hours; daily 

Measured for surface water and groundwater EC data correction 

 

Air pressure Baro Diver data loggers 
Measured in kilopascals (kPa) 

Frequency of measurement: 4 hours 

Measured for Diver groundwater data correction (Barometric compensation) 

 

Precipitation 
Measured in millimetres (mm) 

Frequency of measurement: 10 minutes and daily. 

 

Precipitation intensity 
Measured in millimetres per hour (mm / hour). 

Frequency of measurement: 10 minutes and daily. 

 

Pan Evaporation 
Measured in millimetres; 

Frequency of measurement (daily, weekly) 
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Table 2. Summary of data collected  
Parameter Purpose Dimension Frequency 

Surface water levels Flow/discharge  metres 30 mins, 4 hours , daily 

Groundwater levels Standing water level metres 30 mins, 4 hours , daily 

Water salinity Water quality micro Siemens / 
centimetre 

30 mins, 4 hours , daily 

Water temperature Data correction Degrees Celsius  30 mins, 4 hours , daily 

Barometric pressure 
(Divers) 

Data correction Kilopascals 4 hours 

Precipitation Input millimetres Every 0.2 mm/10 minutes 
and daily 

Precipitation intensity Input  millimetres / hour 10 minutes 

Pan evaporation Output millimetres Monthly 

Wind speed Data correction metres / second  

 

 

Telemetry 
Telemetry has been installed at each of the weir sites to allow remote data downloading via 
mobile phone or radio. With the exception of the Decagon rainfall gauges, the telemetered 
sites are located at discharge point of each catchment and usually also include one or two 
adjacent piezometers. 

Setting up the telemetry proved to be one of many challenges due to poor telephone signals 
at several sites. However, through perseverance and some invention, 8 of 10 telemetered 
sites are now sending reliable signals. The paired catchments at Mirranatwa have a central 
telemetry base station to which data from both weir sites is transmitted by radio signal and 
then downloaded via telephone signal as the other sites are. 

A variety of different aerials have been used. This has been necessary as the sites vary in 
terms of topography and vegetation and quality of reception and the ability to transmit 
signals. 

The telemetered data loggers are downloaded via mobile phone or radio signal on a Daily 
basis. Figure 13 shows the data logger and modem 

 

Data download procedures 
Details of the procedures used for downloading data are provided in Appendix 3. 
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Figure 12 The telemetry antenna installed at the Digby farm site 

 

 
Figure 13 Inside the data recording box with RF411  Radio 922 MHz (blue) and CR800 data 
logger (grey) 
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 Troubleshooting 
Data Loggers 

 
 

Campbell Scientific – CR800:       Refer to manual – section 14.4; pg 356-357 

                    section 15.2.4; pg 372 

               section 19. ‘Troubleshooting’; pg 397-405 

 
http://www.campbellsci.com.au/documents/manuals/cr800-cr850.pdf 

 
Campbell Scientific – level sensor CS450:    Refer to manual - page 17  

 
http://www.campbellsci.com.au/documents/manuals/cs450-cs455.pdf 

 

 

(ES&S) – Levelpro 6100 Bubbler:        

E-mail   environmental@esands.com 

 

(ES&S) - Model 1500 EC Sensor:  E-mail   environmental@esands.com 

 

CTD-Diver – DI 263:         Refer to manual - pg 23 – 27 
  FAQs – pg 28 – 31 

 
www.swstechnology.com/pdfs/Quick_Reference_Guides/Diver_Product_Manual_2010_EN.pdf 

 
Mini-Diver datalogger – DI 501:    Refer to manual - FAQs – pages 28 – 31 

 
www.swstechnology.com/pdfs/Quick_Reference_Guides/Diver_Product_Manual_2010_EN.pdf 

 

Greenspan Technology – Model No. EC250 Sensor: 
Technical Support: Stevens-Greenspan Technical Services 

Ph: 800 452 5272 

 

Absolute Shaft Encoders – Model AD375A: 
 Ph: 02 9601 2022 

 

INW – PT2X Smart Pressure/Temperature Sensor and Datalogger:  

Refer to manual – ‘Troubleshooting’; pg 16 

http://www.inwusa.com/pdfs/pt2x_manual.pdf 

 

Telemetry 
Main problems associated with Telemetry have been weak 3G signal or interference from 
trees growing too high. 
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Conclusions 
This technical report provides a detailed description of the hydrological monitoring networks 
at the research catchments but also functions as a manual providing a comprehensive guide 
to the types of monitoring or sensor equipment, telemetry, software and methods used in on-
site data capture and management for this project. By effectively communicating this, it is 
hoped that current and future researchers will have useful information and some established 
data capture protocols by which to guide future work in this and other similar paired 
catchment research. 

 

Use of this report 
This report and manual will serve as a reference for this and subsequent similar projects. 
When used properly, it will help ensure successful data capture and maintenance of 
hydrologic instruments. Any project using the same brands of data loggers and the 
LoggerNet, Aqua4Plus and/or Diver Office software will benefit from this manual. The manual 
also provides useful information relating to proper, representative capture of data and a 
glossary of technical and other useful terms. 

This report is a reference that can be used by researchers and technicians within or external 
to DPI. It provides: 

 step by step instructions on using the data download software;  

 details, including photos, of the various loggers used at the project sites; and  

 provides details, definitions and sources of information to help resolve ambiguities or 
problems with using the equipment.  

 

Selecting types of data logger 
The information provided in this report about the specifications of each data logger (size, 
operating temperature, casing, power supply required, etc.) will help to ensure that the 
correct choice of logger is made for a site of interest. As the characteristics of every site will 
vary, the suitability and therefore compatibility of each logger to the site may also vary. By 
selecting a suitable, fit-for-purpose logger, effective data capture can be achieved in future 
similar studies. 
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General Recommendations 
Site selection and monitoring design 
Consulting local landholders and researching the history of a project area, including past 
investigations, can save time and money in the selection of research sites, monitoring  
network design and monitoring point site selection.  

Choice of equipment 
Although this manual may be very useful to other researchers in the same field, it is 
recommended that additional careful research is undertaken to ensure correct choice of 
equipment to suit the purpose of the study.  This should include thorough consultation with 
suppliers and manufacturers of data loggers/sensors. 

Data capture and quality assurance 
Whichever data capture or measurement method is used, it is important to apply that method 
consistently to allow for the replicate measurements to be comparable and eliminate any 
possibility of data errors or bias. 

The following are required for quality assurance: 

 Good technical and laboratory management; 

 Good project team communication; 

 Consistent, rigorous application of data download procedures; 

 Manual water level measurements before removing data loggers or other equipment 
from bores; 

 Regular downloading of data to identify equipment problems 

 Consistent, thorough data checking procedures; 

 Regular on-site checking of monitoring points and equipment;   
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Glossary 
 
Accuracy: How close measurements are to the true value. Bias/systematic error, which can 
be controlled, can reduce accuracy. 
 
Acid Sulphate Soil: Contains iron sulphides. 
 
Attenuation: A remediation technique for cleaning groundwater, by which chemical 
transformations, photolytic degradation or biodegradation is carried out. 
 
Aka:  Also known as. Alias. 
 
Anisotropy: Any unit that has a directional/preferential nature in its hydraulic conductivity. 
 
Aquifer: A highly permeable and porous lithology that is water-bearing. 
 
Aquitard: Rock of low permeability that allows for little groundwater to flow. 
 
Armouring: The process of complexing iron oxyhydroxide with carbonate, due to acid mine 
drainage. It reduces the buffering capacity and limits the extent of remediation of acidic 
waters using carbonate (Liming). 
 
Auxiliary: Secondary or support. E.g. Power supply – The auxiliary power is the secondary 
power source. 
 
Bed Load: Larger sediments that roll and slide along a river bed. 
 
Bias: To favour one alternative over another that may also be as equally valid. 
 
Brackish water: Water that contains 0.5-30ppt of dissolved salt ions. 
 
Capacity: Total volume of sediment a stream can carry. Dependent of competence and 
discharge. Higher volume = higher capacity. 
 
Categorical Variable: Nominal variable. Any variable that can be put into classes. 
 
Certified Value: The expected concentration for the SRM. 
 
Competence: Maximum particle size carried by a stream. Higher velocity = higher 
competence. The size of the sediments that a stream can carry. Dictated by current. 
 
Confined Aquifer: Confined by aquitards, saturated throughout. 
 
Congruent: The dissolution of a mineral completely in water/solution, without the formation of 
a secondary mineral. A rapid and reversible reaction. E.g. Halite, carbonates, gypsum, 
sulphates. 
 
Connected: Describes two adjacent aquifers of different mineralogy that have overlapping 
geochemistries, notably at the aquifer boundary, indicative of a mixing trend. 
 
Contamination: The increase in the concentration of a particular substance in the 
environment, relative to pre-existing conditions. 
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Continuous Variable: Quantitative variable. Any variable that is a numerical value that 
resides within a range. 
 
Control: A treatment that is comparable to other treatments except for the factor of interest. 
Gives insight to what would happen if the impact had not been applied. Not necessarily 
pristine like reference sites. Must not be influenced by the human activity of interest, whilst 
also being independent of other sites. 
 
Coordinate Bond: A type of ionic bond where the shared electron pair is provided by one of 
the participating species. Ligands provide the electron pair when binding with metals. 
 
Correlation: Two variables are changing at the same time, not necessarily one changing the 
other. 
 
Darcy’s Law: Empirical law that describes the flow of fluids in sediments via a pressure 
gradient. Valid for laminar flow. 
 
Discharge: The volume passing through a cross sectional area per unit of time. 
 
Discharge Zone: Where groundwater will flow from the aquifer to the surface. Upwards head 
gradient. Deeper groundwater has higher head. 
 
Double click: Click the left cursor button on the mouse twice in fast succession. 
 
Drainage Basin: Catchment. Watershed. 
 
Effective Porosity: The proportion of connected voids within a rock. Well sorted and 
fracture/solution feature-rich rocks have high values, whilst poorly sorted, cemented and 
crystalline rocks have lower effective porosities. 
 
Elevation Head: Height of screened interval above datum. Constant for individual wells 
regardless of how much water is in bore and the density of the water. 
 
Ephemeral: Any body of surface water that flows only when sufficient precipitation occurs. 
 
Experiment: Manipulative contrast. Compares a response variable between treatments. The 
experimenter manipulates the value of a particular parameter. Provides direct evidence, thus 
is better than surveys. 
 
Ex-situ: Measurements that are undertaken in the laboratory. Sometimes called bioassays. 
 
Extrusive Variation: Variation that arises from the methods of measurement used. 
 
Isotropy: Any unit that has a uniform hydraulic conductivity in all directions. 
 
Factor: A controlled independent variable, whose levels are set by the experimenter. 
 
Filtered Blank: A field blank that measures contamination caused by sample handling 
process. 
 
Flowpath: The section of a groundwater system where flow is predominately horizontal, with 
little vertical head gradient. 
 
Groundwater: Water that is beneath the Earth’s surface. 
 
Hard Water: Water that contains Ca2+, Mg2+, Fe3+, and/or Mn2+ ions. 
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Hydraulic Gradient: Difference in hydraulic head values between 2 spots. Controls direction 
of flow. 
 
Hydraulic Head: The height to which water would rise in a borehole above a reference 
height/datum, usually sea level. 
 
Hydrology: Water balance. 
 
In Phase: Describes two bores that both respond to pumping, implying that the two adjacent 
aquifers are linked/connected. 
 
Incongruent: The partial dissolution of a mineral in solution to produce a mineral biproduct. 
Ions in solution are found in different ratios to those in reactants. A slow and irreversible 
reaction. E.g. Albite weathering to kaolinite (a clay). Silicates. 
 
In-situ: Measurements that are undertaken in the natural environment. 
 
Intrinsic Variation: Sampling error. Variation that arises from innate characteristics of the 
system. 
 
Isolated: Describes two adjacent aquifers of different mineralogy that have distinctive 
geochemistries, implying a lack of mixing. 
 
Left click: Click the left cursor button on the mouse once. 
 
Ligand: Any electron donor or electronegative ion that has a lone pair of valence electrons 
and complexes with metals, increasing their solubility in aqueous solutions. 
 
Load: The concentration of a stream by the discharge of the stream. Can be applied to salt, 
nutrients, dissolved particulates etc. 
 
Logger: A bore that contains a single monitoring logger. A bore that has been set up with a 
single monitoring sensor. 
 
Lotic Water: Flowing water. 
 
Low Flow Pump: A pump designed to pump a low volume of groundwater slowly. 
 
Nested: A bore that contains more than one logger. A bore that has been set up with more 
than one monitoring sensor. 
 
Not In Phase: Where the lower bore does not respond to pumping, unlike the shallower bore. 
This implies that the two adjacent aquifers are not connected. 
 
Percolation Threshold: Where the permeability of a rock suddenly increases, thus 
dramatically increasing the fluid flow across a rock. 
 
Permeability: The degree to which liquid/fluid flows/permeates through a rock or sediment.  
 
Pollution: Any condition that causes the natural usefulness of air, water and soil to be 
diminished. 
 
Population: All individuals, cases or situations about which estimates apply to. 
 
Potable: Drinkable. 
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Pore: An open space within a rock. 
 
Porosity: Proportion of voids or the amount of open space in a rock. 
 
Pressure Head: Height of water above measuring point, which varies with water in the bore 
and its density. 
 
Precision: How close measurements are to each other. How repeatable the samples are with 
measurement technique used. Variation, which cannot be controlled or reduced (is random), 
can affect precision. Increasing sensitivity increases precision. 
 
Primary Porosity: Spaces between individual grains. Any inherent properties of a rock. 
 
Primary Salinity: Salinisation via natural processes, which occurs over geologic time (kA to 
Ma). E.g. Evaporation. 
 
Procedural Control: A control that determines whether the experimental procedure has any 
effect on the response variable. 
 
Purge Pump: A pump designed to pump a large volume of water quickly. 
 
Random Sampling: Where every case or individual in the population has an equal chance of 
being selected in the sample. No bias. Will be representative of the population on average. 
 
Reagent Blank: A measure of background contamination of reagents and procedures. 
 
Recharge Zone: Where water infiltrates into an aquifer from the surface. Downwards head 
gradient. Shallower groundwater has higher head. 
 
Reference Site: A relatively pristine area, as close as possible to the state of an environment 
that is undisturbed by any human activity. Provides a target for restoration/rehabilitation to an 
environment of interest. Subjective. 
 
Response/Dependent Variable: The variable of interest. 
 
Retardation: The interaction and resultant slowing and sorbing of organics with aquifer 
materials. 
 
Running Water: Water that flows down the surface of sloping land due to gravity. 
 
Salinity: A measure of the amount of dissolved salts in water. 
 
Saltation: The suspended load of a stream. 
 
Saturated Zone: Pores and fractures of a rock only contain water. 
 
Secondary Porosity: Post lithification structures in a rock, gained via solution and/or 
deformation. 
 
Secondary Salinity: Salinisation via anthropogenic activity. Mobilisation of salts in the 
environment by increasing recharge, thus altering the hydraulic balance of the pre-existing 
system. E.g. Irrigation, land clearing. 
 
Specific Yield: Amount of water that may be drained from an aquifer if the water level drops. 
Coarser-grained materials have values closer to their total porosity. 
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SRM: Standard Reference Material. Analysis measures method accuracy. If SRM value is 
within +/- 2SD of the expected value (certified value), the quality assurance conditions are 
met. It is assumed that if the SRM measurement is accurate, the other measurements will be 
too. Analysis of replicates estimates precision. 
 
Standard Error: The dispersion associated with the mean of the many sample means. 
Decreases with an increase in sample size. This decrease is maximized for increases 
between small samples. A measure of precision. SDsample/(n

0.5) 
 
Stratified Random Sampling: When a population is structured (not randomly distributed), 
such that a random sample can only be achieved from random sampling within each strata. 
The random sample contains all of the environments of interest in equal proportions (equal 
area). 
 
Stream: Any channelized body of running water. 
 
Survey: Non-manipulative contrast. Compares a response variable between treatments. The 
experimenter must select locations that have desired values of a particular parameter. More 
commonly used than experiments. 
 
Suspended Load: Fine sediments that are carried in river current and do not touch bed. 
 
Travel Blank: A field blank that measures contamination from sample containers and 
transportation/storage. 
 
Unconfined Aquifer: Contains saturated and unsaturated zones. 
 
Unsaturated Zone: Pores and fractures of a rock contain air and water. 
 
Variable: The characteristic that is being measured. 
 
Variance: How different on average each sample is from the mean. 
 
Velocity Head: Pressure exerted by the kinetic energy of flowing water. 
 
Watertable: The top of the saturated zone, or the groundwater surface. 
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Appendices 
 

Appendix 1: Equipment used at weir sites 
Campbell Scientific Measurement and Control Data logger – Model CR800: 

 Routing capabilities: 6 channels (frequencies). 
 Battery or solar-power operated. 
 Compatible with the following software:  

Highly Beneficial:        - LoggerNet (version 3.3 or higher). 

Mid-Level Software:    - Short Cut.   - CRBasic. 

Advanced Software:  - RTDAQ. 

 Resource CD provides starter software, plus brochures and manuals (PDFs) 
Can also download Starter Software from: 

www.campbellsci.com.au/downloads  
 

 Compatible with thermocouples, SDI-12 sensors, 4 to 20 mA sensors, and many 
others. 

 Connection with a PC through a direct connection to the datalogger’s CS I/O port 
using an SC328 or SC-USB; SC115 2-GB flash memory drive; NL100 Ethernet 
Interface; multidrop modems (MD485); phone modems (landline and cellular); or RF 
telemetry and satellite transmitters. 

 3 year warranty. 
 Power Requirements: 12 V dc source; a PS100 or BPALK is typically used. 
 Power Consumption: Sleep mode (standby): ~ 0.6 mA 

Measurement: 1 to 16 mA (w/o RS232 communications) 
       17 to 28 mA (w/ RS232 communications) 

 Operating Temperature: Standard: -25 °C to 50 °C 
Extended: -55 °C to 85 °C 

 Dimensions: 24.1 x 10.4 x 5.1 cm 
 Weight: 0.7 kg 

Website: 

http://www.campbellsci.com/cr800-datalogger 

 
Manual:  
http://www.campbellsci.com.au/documents/manuals/cr800-cr850.pdf 
 
Brochure:  
http://www.campbellsci.com.au/documents/product-brochures/au_b_cr800_01_10.pdf 
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Figure A1.1. Campbell Scientific –Measurement and Control CR800. 

 

Absolute Shaft Encoders – Model AD375A: 
 Water level measurements at weir sites. 
 Compatible with LoggerNet software. 
 Rotating shaft encoder that utilises a float or is connected to mechanical sensors. 
 LCD display. 
 Aluminium casing. 
 Internal microprocessor and lithium battery for data integrity. 
 Accuracy: 0.01% FS BSL 
 Power Requirements: 9.6 – 16 V dc source. 
 Power Consumption: 4 to 20 mA 
 Operating Temperature: -10 °C to 60 °C 
 375 pulses per revolution metric. 
 Resolution: 1mm  
 Dimensions: Length: 245 mm 

Height: 125 mm 
Depth: 135 mm 

 Weight: 1.5 kg 
 
Website: 
http://www.envcoglobal.com/catalog/product/water-level-specialty/hydro-services-absolute-
shaft-encoder.html 
 
Manual: 
http://www.hydroserv.com.au/products/mpdf/mad375a.pdf 
 
Brochure: 
http://www.hydroserv.com.au/products/bpdf/ad375a.pdf 
 
 

 
Figure A1.2. Absolute Shaft Encoders – AD375A. 
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Environmental Systems & Services – Levelpro 6100 – Advanced Liquid Level 
Sensor: 

 Stream water level measurement at Morrison Sheoak Plantation Site. 
 Water level is determined by measuring the backpressure of an inert gas bubbler 

system. 
 Compatible with LoggerNet software. 
 Power Requirements: 8 to 26 V dc source. 
 Power Consumption: Quiescent (standby): < 10 mA 

Measurement: < 120 mA plus current loop (backlight on) 
       < 25 mA plus current loop (backlight off) 

 Measurement Time:  from standby: 0.25 s 
From power-up: 1 s 

 Accuracy: >±0.05% of full scale 
 Surge protection circuit; can absorb 1.5 kW for 1 ms 
 Measurement ranges: 0 to 5 m; 0 to 70 m 
 Operating Temperature: 0 °C to 50 °C 
 Dimensions: 155 x 135 x 45 mm 
 Weight: 0.85 kg 

 
Website: 
http://www.esands.com/products/Environmental/6100.html 
 
Manual: 
http://www.esands.com/Manuals/ENVIRO/ENV_6100_Manual%20v1.21.pdf 
 
Brochure: 
http://www.esands.com/pdf/Environmental/6100.pdf 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A1.3. ES&S Levelpro 6100. 
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Environmental Systems & Services – Electrical Conductivity Sensor. Model 
1500 (ES&S 1500): 

 EC and temperature measurements of surface water. 
 Compatible with LoggerNet software. 
 Durable, non-metallic wetted parts allows for use in corrosive liquids and resist 

corrosion. 
 EC ranges: 2000, 5000, 10000, 20000, 40000, 75000 µS/cm. The project sensors are 

set at 10,000 or 20,000 depending on catchment conditions. 
 Power Requirements: 9 to 30 V DC source. 
 Power Consumption: 50 mA plus loop current 
 Measurement Time: 1 s 
 Accuracy: >±0.05% of full scale setting 
 Operating Temperature: 0 °C to 50 °C 
 Compensated Temperature: 0 °C to 30 °C 
 Surge protection circuit; can absorb 0.6 J of energy wetted 
 Length: 262 mm 

 
Website: 
http://www.esands.com/products/Environmental/1500.html 
 
Manual: 
http://www.esands.com/Manuals/ENVIRO/1500_Manual_1-7.pdf 
 
Brochure: 
http://www.esands.com/pdf/Environmental/1500.pdf 
 

 
 
Figure A1.4. ES&S – EC – 1500. 

 
 

 

Campbell Scientific – CS450 Submersible Pressure Transducers: 
 Pressure/level measurements. (range 0–5m) 
 Used for water levels in bores at weir sites. 
 Compatible with LoggerNet software. 
 Stainless steel case allows it to be submerged in most streams, lakes and wells. 
 Power Requirements: 6 to 18 V dc source. 
 Power Consumption: Quiescent: < 80 µA 

Measurement: 8 mA for 1s measurement 
Maximum: 40 mA 

 Measurement Time: < 1.5 s 
 Pressure Accuracy: ±0.1% FS TEB (Full Scale Total Error Band) over compensated 

temperature range 
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 Temperature Accuracy: ±0.2 °C 
 Resolution: 0.0035% FS 
 Operating Temperature: -10 °C to 80 °C 
 Compensated Temperature: 0 °C to 60 °C 
 Dimensions: Length: 21.34 cm 

Diameter: 2.13 cm 
 Weight: CS450 (no cable): 0.18 kg 

Cable: 0.19 kg/m 
 
Website: 
http://www.campbellsci.com.au/cs450 
 
Manual: 
http://www.campbellsci.com.au/documents/manuals/cs450-cs455.pdf 
 
Brochure: 
http://www.campbellsci.com.au/documents/product-brochures/b_cs450-cs455.pdf 
 

 
 
Figure A1.5. Campbell Scientific – CS450. 

 
 

Greenspan Technology – Electrical Conductivity Sensor – Model No. EC250: 
 EC measurements in bores at weir sites. 
 316-grade stainless steel casing with o-ring sealed Delrin end. 
 Compatible with software:  

- LoggerNet.  
- ECFA. 
- SMARTCOM. 
- AQUAGRAPH. 

 Electrical Conductivity: 0 to 20000 µS/cm and 0 to 10,000 µS/cm used in some bores 
- Accuracy (normalised to 25 °C): 1 % over range 0 - 30°C 
- Accuracy (non-normalised): 0.2 % 

 Power Requirements: 8 to 27 V dc source. 
 Power Consumption: (Quiescent) 30 mA  
 Operating Temperature: 0 to 50 °C 

- Accuracy: ±0.1 °C 
 Measurement Time (warm up): 1 s  
 Dimensions: Length: 340 mm 

Diameter: 45 mm (OD Stainless) 
      48 mm (OD Delrin) 

 Weight: 590 g (Delrin) 
720 g (Stainless) 

 Cable: 8 core Polyurethane sheath 
 Cable Length: 50 m 
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Website: 
http://www.geneq.com/catalog/en/conductivity_ec250.html 
 
Manual: 
http://www.stevenswater.com/catalog/products/water_quality_sensors/manual/EC250%20M
ANUAL.pdf 
 
Brochure: 
http://www.stevenswater.com/catalog/products/water_quality_sensors/datasheet/ec250_350.
pdf 
 

 
Figure A1.6. Greenspan Technology – EC250. 
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Appendix 2: Bore site equipment 
 

Schlumberger - Mini-Diver datalogger – DI 501: Non vented data loggers 
 Groundwater level and temperature. 
 Compatible with Diver-Office software. 
 Logger hermetically sealed within stainless steel casing. 
 Internal memory capacity of up to 24,000 measurements per parameter. Almost one 

measurement per 10 minutes for six months. 
 Date and time of each measurement is recorded. 
 ~10 year battery life. 
 3 year warranty. 
 Sampling Rate: 0.5 s to 99 hours 
 Operating Temperature: -20 °C to 80 °C 

- Accuracy: ±0.1 °C 
- Resolution: 0.01 °C 
- Compensated Temperature: 0 °C to 40 °C 

 Pressure Measurement Range: 10 m H2O 
- Accuracy: 0.5 cm H2O (within compensated temperature range) 
- Resolution: 0.2 cm H2O 

 Dimensions: Length: 90 mm 
Diameter: 22 mm 

 Weight: 70 g 
 
Website: 
http://www.swstechnology.com/groundwater-monitoring/groundwater-dataloggers/mini-diver 
 
Manual: 
www.swstechnology.com/pdfs/Quick_Reference_Guides/Diver_Product_Manual_2010_EN.p
df 
 
Brochure: 
http://www.swstechnology.com/pdfs/technology_sheet/mini-diver-tech-sheet.pdf 
 

 
 
Figure A2.1. Mini Diver - DI 501 and Baro Diver DI 500 
 

Schlumberger - Baro Diver datalogger – DI 500: 
This sensor measures atmospheric pressure and is used to compensate for the variations in 
atmospheric pressure measured by the non vented DI 501 and CTD DI 263 data loggers 

 Barometric pressure and groundwater temperature, date and time 
 Compatible with Diver-Office software. 
 Logger hermetically sealed within stainless steel casing. 
 5,000,000 measurements total. 2,000 readout cycles,2. 
 Date and time of each measurement is recorded. 
 ~10 year battery life. 
 3 year warranty. 
 Sampling Rate: 0.5 s to 99 hours 
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 Operating Temperature: 0 °C to 50 °C 
- Accuracy: ±0.18 °C 
- Resolution: 0.01 °C 
- Compensated Temperature: 0 °C to 40 °C 

 Depth range. 1.5m 
 Typical accuracy ±50mm 
 Long term stability ±20mm 
 Resolution: 10mm 
 Dimensions: Length: 90 mm 

Diameter: 22 mm 
 Weight: 54 g 

 

 

Schlumberger - CTD-Diver datalogger – DI 263: 
 Groundwater level (Pressure), EC and temperature measurements. 
 Compatible with Diver-Office software. 
 Logger contained within ceramic casing that is resistant to corrosion. 
 Internal memory capacity of up to 16,000 measurements per parameter . 
 Date and time of each measurement is recorded. 
 ~10 year battery life. 
 3 year warranty. 
 Sampling Rate: 0.5 s to 99 hours 
 Operating Temperature: -20 °C to 80 °C 

- Accuracy: ±0.1 °C 
- Resolution: 0.01 °C 
- Compensated Temperature: 0 °C to 40 °C 

 Electrical Conductivity: 0 to 80 mS/cm 
- Accuracy: ±1% of reading 
- Resolution: 0.1% of reading 

 Pressure Measurement Range: 30 m H2O 
- Accuracy: 3 cm H22O (within compensated temperature range) 
- Resolution: 0.6 cm H2O 

 Dimensions: Length: 183 mm 
Diameter: 22 mm 

 Weight: 150g 
 
Website: 
http://www.swstechnology.com/groundwater-monitoring/groundwater-dataloggers/ctd-diver 
 
Manual: 
www.swstechnology.com/pdfs/Quick_Reference_Guides/Diver_Product_Manual_2010_EN.p
df 
 
Brochure: 
http://www.swstechnology.com/pdfs/technology_sheet/CTD-Diver_Tech_Sheet.pdf 
 

 
 
Figure A2.2. CTD Diver – DI 263.  
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INW – PT2X Smart Pressure/Temperature Sensor and Datalogger: 
 Water level, pressure and temperature measurements in bores. 
 Compatible with Aqua4Plus software. 
 316 Stainless steel body. Viton® and Teflon® wire seal material. 
 Internal microprocessor and lithium battery for data integrity. 
 Accuracy:  Temperature: ± 0.5 %  

Pressure: ± 0.06 % FSO (typical) 
 Power Requirements:       Internal: 1.5 AA alkaline cells 

Auxiliary: 6 – 15 V dc source 
 Power Consumption: 2xAA last 18months at 15min intervals 
 Operating Temperature: -15 °C to 55 °C 
 Resolution:  Pressure: 16 bit 

Temperature: 0.06 °C 
 Dimensions: Length: 30.2mm 

Width: 19 mm 
 Weight: Transmitter: 0.363 kg 

Cable: 1.8 kg per 30 m 
 Records: 500,000 records with pressure and temperature 

Website: 
http://www.inwusa.com/pt2x_wet-wet.htm 
 
Manual:  
http://www.inwusa.com/pdfs/pt2x_manual.pdf 
 
Brochure: 
http://www.inwusa.com/pdfs/pt2x_wet-wet.pdf 
 

 
Figure A2.3. INW PT2X Smart Sensor Logger – Cabled and vented Model. 
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Appendix 3: Data Download Protocols 
 

Always have computer on Eastern std time (winter time) for any logger downloading and 
keep computer time correct. 

Manual Download Procedure From Campbells logger 

1. Take manual measurements of bores and stream gauge at site. 
2.  Unload logger and compare measurements against manual results. 
3. Sample stream if water in weir. 
 

Weir Site Instrumentation unloading data from Campbell CR800 
(i)   Unlock and open outer case with key; 

(ii)  Unlock and open inside box with key; 

(iii) Where connected, unplug modem lead from RS232 port  

(iv)  Plug lead from laptop RS232 port into RS232 port on CR800 Logger; 

(v) Turn laptop on. 

(vi) Start LoggerNet Software 

 

 

Using LoggerNet 

Start Up: 

i. Double click on LoggerNet icon on desktop: 

 

 
 

---If no desktop icon---  
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i. Left click start  

 
 

ii. Move cursor to All Programs ►   

 
 

 

iii. Move cursor to LoggerNet ►  
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iv. Left click LoggerNet  

 
 

 

 

v. Load screen: 
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Data Collection: 

 

Manual Data Collection 
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i. Left click Connect 

 
 

ii. Left click on site name to select site (usually has a Dir prefix): 

 
 

iii. Left click Connect to connect laptop to site: 

Site Instrumentation Report 41 



Catchment scale impacts of land use change in south-west Victoria 
 

 
Now the laptop is connected to the monitoring station logger. Disconnect replaces Connect 
on the screen when the laptop is connected. 

Once connected you can do a “Collect Now” download which will download data since last 
download or a custom download as below which will give all data on logger. 

 
 

 

iv. Left click Custom to set up the settings for the data collection: 
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Custom Settings: 

v. Left click  to show  

vi. Select from the options available in the 3 drop down boxes entitled: ‘Collect Mode’, ‘File 
Mode’ and ‘File Format’. See screen shots: 

 
 

‘Collect Mode’ - ‘All the Data’ 
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‘File Mode’ - ‘Create New File’ 

 

 
 

‘File Format’ - ‘ASCII Table Data, Long header (TOA5)’ 
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vii. Left click Start Collection when settings are correct to download logger data. 

 

During Data Collection: 

 

 
The number of records collected will be displayed when data collection is finished and the 
logger will have automatically assigned table name, date and time to the file. 
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Automated Data Collection to office via nextG modem 

 

i. Left click Setup 

 
 

 

 

ii. Select monitoring site that has phone remote capability; 
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the phone number of the station will be displayed. 

 
 

iii. Left click ‘Schedule’ tab. 

iv. Set ‘Collection Interval’: 

 

Telemetric Download Procedure 
Where setup and with a 3G network available, all weir stations can be downloaded through a 
Modmax 3G modem and where required, a Campbells RF411 spread spectrum radio relay 
can send data to the modmax when dialled. The loggers are on a daily download schedule 
set up at the office pc. 

The Digby, Morrisons Sheoaks and Mirranatwa Lambing Hut Ck plantation sites have 
difficulty even with modified aerials, sending out data via 3G especially since the BlueGums 
have grown significantly. 

 

Viewing Data: present values in the field or via phone modem when connected to logger. 

 

i. ‘Data Displays’ – ‘Numeric’: 

Left click 1… to view data. 
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ii. If no table in numeric display add public table 

    Left click Start to commence numeric display: 

 
 

The software will now take a reading at intervals. The values in the table will refresh every 15 
seconds. 

iii. Left click Stop once enough readings have been taken. Note: Readings will be taken 
continuously until Stop is clicked. If bore depths are different to manual readings, receive file 
program from logger and adjust appropriately in CR Basic editing program and save and 
compile. Then send same program back to cr800 and check levels again in numeric display. 
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If stream readings are incorrect these can be adjusted manually on Shaft encoder, 

 

 
 

iv. Optional Data Check: ‘Data Displays’ – ‘Graphs’: 

By left clicking 1… in the ‘Graphs’ option, the user can access a visual representation of the 
current data. This option can be used to observe any trends in the data and see if the logger 
is operating correctly. 

 
 

Closing Down LoggerNet: 

i. Site disconnection: Left click Disconnect to disconnect from site: 
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ii. Exit Site: Left click X 

 
 

 

iii. Exit LoggerNet: Left click X 
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Conclusion of download 

Laptops 

(i)   Unplug laptop from terminal; 

(ii)  Put cover plug on terminal socket. 
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Weirs 

(i)   Close and lock inside box using key; 

(ii)  Close and lock outer case using key. 

(iii) Close and lock bores 

 

 

Bores With Schlumberger Diver Loggers 
(i) Unlock bore cap using key open, measure and record water level from top of 

casing. 

(ii) Retrieve level sensor (Driver logger) 

(iii) Plug Driver USB Reading Unit into laptop usb terminal; 

(iv) Fit sensor into Driver USB Reading Unit (ensure that the CTD Diver is aligned 
with nodule on reading unit)  

(v) Download data using Diver Office (see below) 

 
Figure A3.1 The Diver reading unit and level sensor 

 

 

 

Using Diver-Office 

Start Up: 

i. Double click on Diver-Office icon on desktop.  
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---If no desktop icon---  

i. Left click start  

 
 

ii. Move cursor to All Programs ► 
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iii. Move cursor to SWS Software ► 

 
 

iv. Move cursor to Diver-Office ► 
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v. Left click Diver-Office 2009.1  

 
 

 

vi. Load screen: 
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vii. Left click Diver to connect the laptop to the logger. 
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Click data icon and data will automatically unload and save .dat file with project prefix, logger 
name, serial number with date and time included then automatically graph data of logger on 
computer screen. This will quickly show any larger anomalies in the data. 

Data compensation:  

After downloading appropriate Baro Diver logger file and Mini Diver 

i. Select the logger and latest data file that requires compensation from the list on the left of 
the window: 
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ii. Left click on the name as shown, then select dated file and click right mouse button and 
select Compensate 

 
This loads the ‘Barometric Compensation’ screen: 
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iii. Select the middle option: ‘Water level with respect to top of casing’, so that  is shown. 

iv. Left click on the drop down box then left click on the ‘Manual Measurements’ option. 

v. Left click BaroComp to start calibration. 

 
When the compensation is finished, a summary of the data calibration will be displayed.    

vi. Left click Close 
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The data display will now be calibrated according to the compensation settings. Check and 
record the latest record time, measure, m. H2O depth, temperature (and EC on the CTD 
Diver). 

Compare these to current tape depth.  If bad error, replace diver. If few centimetre drift, can 
stop and restart logger after download and put in current date, time and depth in manual 
measurement section for that logger. 
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New Diver installation or starting Data Collection:  

Commencing new data collection 

(i) Left click Diver to open the logger’s menu and open appropriate project. 

 

 
 

Logger Menu: 

 

 
 

(ii) Left click Settings to retrieve the settings from datalogger.  
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(iii) Input settings for logger.ie. In monitoring point put Diver name including project prefix, 
bore_id and serial number . 

eg. gc3001_d9407, sample method is fixed, sample interval is 4 hours. For CTD logger put in 
altitude (m.), EC range (30,000) and conductivity type (2. spec cond.) 

(iv) Left click Program to send changes to an existing logger’s settings.  

 
 

 

 

iii. Left click Start to start logger. 
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By commencing data collection, all previously collected data will be erased. 

 

iv. Left click Start to start data collection. Do a future start and align with 9am, 1pm, 5pm etc. 
and sync diver time with correct project (winter time) on computer. 

 
 

A progress bar of blue rectangles will appear at the bottom of the window. 
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Downloading previously collected data: 

 

i. Left click Data to download already collected data. 

 
 

A data screen for the logger will be loaded: 
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Exiting Diver-Office: 

i. Left click x on all measurement windows. 

ii. Left click x on main window. 

 
 

 

Diver operation in bores 

Attach logger to stainless cable and lower into bore carefully at a preselected level that is not 
beyond the max pressure of the logger. 

(i)   Close and lock bore . 

 

INW PT2X loggers installed at Morrisons Sheoaks catchment 
 
There are 5 INW PT2X vented water level sensors installed across the Morrisons Sheoaks 
Catchment Plantations.  Being vented they require no after barometric compensation 
procedures after download.  After Calbration procedure is followed they give a direct reading 
from top of casing in metres. 
 
Measure and record water level from top of casing. 
 
After attaching lead to RS232 port on computer, simply attach the logger screw attachment 
to the down load lead. 

To start program click on Icon   
 
To communicate with logger click on blue connect icon and select (highlight) logger name. 
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To download logger select the red data upload icon. You will be prompted to save file in 
appropriate directory. Add date to end of  suggested file name. ie. Bal10_020212_010312. 
When upload complete, record volts, number of records uploaded and then view. 
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By double clicking Date/Time Heading, the data will be reversed. 
Record level, date and time and Temp of last record. Compare with current tape level 
measure. 
If calibration is required, all sessions must be stopped and  erased, configure and do field 
calibration  carried out as below while sensor is in logging postion in bore. 
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Can perform one point calibration as per below. Select pressure channel and input the tape 
measured level in Ref. m.H20 first point. 
When measure numbers settle, press Apply to accept calibration. 
 

 
After Calibration a new session must be started click the green arrow new session start icon 
and proceed as follows.  
Set up profile as required. 
i Put bore name and date of startind date as session id. 
ii Polling interval shoule be set as 15mins 
iii Records put in 500,000 this will give duration of data that will fit into logger ie. 5208 

days, 7 hours and 45 mins. 
iv Tick delayed start and put in date and align time with a 15min portion of the hour and 

press start 
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