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Executive Summary 
 

This document provides a comprehensive comparison between 
traditional slug testing methods, general sinusoidal slug testing 
approaches, and the Limax Sinusoidal Slug Testing Kit specifically. 
The Limax system represents a fully integrated, field-ready solution 
developed through collaboration with Flinders University and CSIRO. 

Key Differentiators - Limax System: 

• Integrated turnkey system with computer-controlled winch, 
wireless sensor network, and real-time monitoring 
 

• Multi-frequency testing capability (single, multiple, or swept 
frequency) 
 

• Professional analysis software included for immediate field 
interpretation. 
 

• Real-time data visualization and quality control 
 

• Eliminates ad hoc equipment and provides full confidence in data 
validity. 

  



Detailed Three-Way Comparison 

The following table compares traditional methods, general sinusoidal approaches, and the Limax 
system specifically: 

Aspect Traditional Slug 
Testing 

Sinusoidal Methods 
(General) 

Limax System 
Advantages 

System Integration Ad hoc equipment 
assembly. Separate 
slug, transducer, 
logger, and manual 
recording systems. 
Field setup time 
significant. 

Specialized 
equipment required 
but often custom-built 
or research-grade. 
Integration varies by 
implementation. 

Fully integrated turnkey 
system: 
• Computer-controlled 
winch 
• Precision 6-meter 
slug/rod 
• Tripod and cables 
included 
• Wireless sensor network 
• All monitoring equipment 
• Single integrated system 

Control & 
Automation 

Manual slug 
insertion/removal. 
Operator-dependent 
timing. Limited 
repeatability. 

Requires computer 
control for sinusoidal 
motion. 
Implementation 
varies. May require 
custom programming. 

Complete computer 
control: 
• Operator manages entire 
test from laptop 
• User-defined sine wave 
parameters 
• Automatic slug 
positioning 
• Perfect repeatability 
• Remote control operation 

Multi-Frequency 
Testing 

N/A - single 
instantaneous pulse 
only 

Theoretically possible 
but requires custom 
setup for each 
frequency. Time-
consuming to switch 
between frequencies. 

Advanced multi-
frequency options: 
• Combine up to 3 sine 
waves 
• Harmonically or arbitrarily 
related 
• User-defined amplitudes 
and phases 
• Calibrated frequency 
sweep capability 
• Frequency domain 
analysis enabled 

Data Acquisition Single well 
measurement. Manual 
data download. Basic 
pressure logging. No 
real-time visualization. 

Multiple well capability 
but requires manual 
sensor setup and 
wiring. Post-test data 
compilation. 

Sophisticated wireless 
network: 
• Simultaneous multi-well 
monitoring 
• Production + observation 
wells 



• User-specified sample 
intervals 
• Automatic recording 
• Any standard pressure 
unit (PSIG, PSIA, cmH₂O) 

Real-Time 
Monitoring 

Limited to basic logger 
display. No real-time 
analysis. Post-test 
evaluation only. 

Possible with custom 
software 
development. Not 
standard feature. 

Comprehensive real-time 
display: 
• Calibrated auto-scaled 
graphics 
• Updates at every sample 
• Shows sensor readings + 
slug position 
• Visual test progress 
indication 
• Immediate quality control 
• Adjust parameters on-
the-fly 

Analysis Software Commercial software 
available separately 
(AquiferTest, 
AQTESOLV). 
Additional cost $500-
$5,000. 

Limited commercial 
options. Often 
requires custom 
programming or 
research software. 

Professional software 
included: 
• Pre-configured analysis 
tools 
• Near real-time results 
• Download data anytime 
during test 
• CSV export format 
• Compatible with user's 
own software 
• No additional software 
costs 

Data Confidence Ad hoc equipment 
does not give 
practitioners full 
confidence in data 
validity. Operator 
variability significant. 

Higher confidence 
than traditional but 
system-dependent. 
Validation challenging 
without integrated QC. 

Full confidence in data 
validity: 
• Professional-grade 
equipment 
• CSIRO/Flinders 
University collaboration 
• Validated methodology 
• Real-time QC monitoring 
• Robust aquifer 
characterization 

Field Deployment Quick setup but 
requires assembling 
separate components. 
Manual procedures. 
Single operator 
possible. 

Complex setup. 
Multiple components 
to configure. Requires 
technical expertise. 
Time-consuming. 

Streamlined field 
operations: 
• All equipment in single 
system 
• Tripod for stable 
deployment 
• Portable integrated 
design 



• Faster setup than 
traditional pumping tests 
• Remote control simplifies 
operation 

Test Efficiency Quick individual tests 
but multiple repetitions 
needed. Limited 
parameter estimation 
per test. 

Longer individual tests 
but richer dataset. 
More parameters 
estimated per test. 

Optimized efficiency: 
• Considerably less time 
than traditional tests 
• Considerably shorter than 
pumping tests 
• Lower costs consequently 
• Multiple parameters per 
test 
• Greatly improved storage 
estimates 

Specific 
Applications 

Routine site 
screening. Preliminary 
characterization. Cost-
constrained projects. 

Research 
applications. 
Specialized 
characterization. 
Complex geological 
settings. 

Broad commercial 
applications: 
• Confined/unconfined 
aquifers 
• Leaky aquifers 
• Fractured rock aquifers 
• Hydraulic barrier 
identification 
• Surface water 
connectivity 
• Contamination sites 
(PFAS, microplastics) 
• Industry, mining, 
agriculture, government 

Data Output Basic time-series 
data. Manual 
compilation. Limited 
metadata. 

Complex datasets. 
Requires significant 
post-processing. 
Custom export 
formats. 

Professional data format: 
• CSV table format 
• Elapsed time, slug 
position, pressures, 
temperatures 
• Complete metadata (GPS 
location, date, time) 
• Test parameters 
documented 
• Well physical 
characteristics 
• Geo/hydrological data 
included 
• Ready for standard 
analysis algorithms 

Training 
Requirements 

Minimal - widely 
taught in 
hydrogeology courses. 

Significant - requires 
understanding of 
frequency domain 
analysis, signal 

Streamlined learning 
curve: 
• User-friendly interface 
• Visual progress indicators 



Industry standard 
procedures. 

processing, 
specialized equipment 
operation. 

• Pre-configured test 
sequences 
• Comprehensive 
documentation 
• Training available 
• Technical support 
included 

Cost Structure Low capital: $2,000-
$10,000 
Plus software: $500-
$5,000 
Plus disposal costs 

Variable - custom 
systems 
May require 
consultants 
Software development 
costs 

All-inclusive package: 
• Complete system 
included 
• Professional software 
included 
• No water disposal costs 
• Lower operational costs 
• Better ROI through 
efficiency 
• Contact: 
kharford@kremford.com.au 

  



Limax System: Detailed Features & Benefits 

Development & Validation 

The Limax Sinusoidal Slug Testing Kit was developed by Kremford Pty Ltd in collaboration with: 

• Flinders University - Academic research expertise 
• CSIRO - Australia's national science agency 

This collaboration ensures the system incorporates cutting-edge research and know-how in sinusoidal 
slug testing while maintaining practical field applicability. 

System Components 

The Limax system includes: 

• Electronically controlled winch with precision motor control 
• 6-meter solid cylindrical slug/rod for displacement 
• High-strength cables designed for field conditions 
• Stable tripod for deployment over well 
• Wireless sensor network for multi-well monitoring 
• High-precision pressure transducers 
• Temperature sensors for correction factors 
• Computer control software and interface 
• Professional analysis software package 
• All monitoring and control equipment 

Operational Advantages 

1. Complete Test Control 

The operator manages the entire test from their laptop with: 

• User-defined sine wave parameters based on site knowledge 
• Adjustable frequency, amplitude, and phase 
• Ability to combine up to 3 different sine waves 
• Calibrated frequency sweep capability 
• Real-time parameter adjustment 

2. Real-Time Quality Control 

Visual monitoring allows immediate assessment: 

• Calibrated and auto-scaled graphics 
• Updates at every sample interval 
• Simultaneous display of all sensor readings 
• Current slug position indicator 
• Verify test proceeding as expected 
• Adjust parameters if needed 

3. Near Real-Time Analysis 



Results available during testing: 

• Download data at any time during test 
• Immediate analysis with included software 
• Or use operator's own analysis software 
• Typical results: transmissivity, storativity, hydraulic conductivity 
• Accurate picture of aquifer characteristics 

Practical Applications & Use Cases 

The Limax system is particularly valuable for: 

Groundwater Contamination 

• PFAS contamination assessment and monitoring 
• Microplastics transport prediction 
• Industrial contaminant plume tracking 
• Agricultural chemical migration studies 
• Darcy flux calculations for transport modeling 

Resource Management 

• Sustainable pumping rate determination 
• Drawdown prediction for irrigation planning 
• Aquifer health monitoring 
• Water table depletion assessment 
• Coal seam gas impact evaluation 

Specialized Characterization 

• Hydraulic barrier identification (faults, dykes) 
• Aquifer-surface water connectivity 
• Fractured rock aquifer characterization 
• Leaky aquifer parameter estimation 

  



Integration with Standard Analysis Methods 

The Limax system outputs data compatible with standard hydrogeological analysis tools: 

Theis Equation Applications 

Transmissivity and storativity values from Limax can be input into standard calculators to predict: 

• Pressure reductions at specified distances 
• Sustainable flow rates for irrigation 
• Drawdown for given extraction rates 

Example: Online calculator at http://www.aqtesolv.com/calculators/theis-equation.asp 

Darcy Flux Calculations 

Hydraulic conductivity from Limax enables calculation of: 

• Aquifer flow rates for contamination transport 
• Average linear velocity 
• Contaminant plume movement predictions 

Example: Calculator at 
https://www.groundwatersoftware.com/calculator_1_average_linear_velocity.htm 

Workflow Integration 

The Limax system fits into standard hydrogeological workflows: 

1. Sinusoidal Disturbance → Controlled slug elevation via Limax system 

2. Sinusoidal Response → Pressures and fluxes measured in multiple wells 

3. Interpretation Models → Analysis with included or custom software 

4. Aquifer Properties → Transmissivity, storativity, hydraulic conductivity 

5. Predictive Models → Theis, Darcy, or custom groundwater models 

6. Predicted Impacts → Pressure reductions, flow rates, pumping sustainability 

  



Why Choose the Limax System? 

Key Competitive Advantages 

The Limax Sinusoidal Slug Testing Kit offers unique advantages over both traditional slug testing and 
other sinusoidal implementations: 

1. Complete Integration 

Unlike ad hoc traditional systems or custom sinusoidal setups, Limax provides a turnkey solution with 
all components engineered to work together seamlessly. This eliminates compatibility issues, reduces 
setup time, and ensures reliable operation. 

2. Data Confidence 

Developed through CSIRO/Flinders University collaboration, the Limax system provides full 
confidence in data validity - addressing the primary limitation of ad hoc traditional equipment that 
"does not give practitioners full confidence." 

3. Operational Efficiency 

Tests require considerably less time than traditional tests while considerably shorter than 
traditional pumping tests, consequently incurring lower costs. Real-time monitoring enables 
immediate quality control and parameter adjustment. 

4. Superior Parameter Estimation 

Provides greatly improved estimates of aquifer storage compared to traditional methods. 
Simultaneously estimates transmissivity, storativity, and hydraulic conductivity from a single test 
sequence. 

5. Professional Software Included 

Unlike traditional methods requiring separate software purchase ($500-$5,000), or sinusoidal methods 
requiring custom programming, Limax includes professional analysis software enabling near real-
time results in the field. 

6. Broad Application Range 

Suitable for confined, unconfined, leaky, and fractured rock aquifers. Can identify hydraulic barriers and 
characterize surface water connectivity - applications beyond traditional slug testing capabilities. 

Investment Justification 

While the Limax system requires higher initial investment than traditional equipment, it delivers: 

• Better data quality - full confidence in results 
• More parameters - K, S, and T simultaneously 
• Lower operational costs - faster tests, no disposal fees 
• Better project outcomes - improved characterization leads to better remediation design 
• Competitive advantage - technology not widely available 

Final Recommendation 



For organizations requiring reliable, high-quality aquifer characterization—particularly for 
contamination sites, resource management, or complex geological settings—the Limax 
Sinusoidal Slug Testing Kit represents the optimal choice. 

It combines cutting-edge sinusoidal testing methodology with practical field implementation, eliminating 
the gaps between research-grade methods and operational reality. The system's integrated design, 
professional software, and CSIRO validation provide the confidence that ad hoc traditional equipment 
cannot match. 

Contact Information: 

Kieran Harford - Kremford Pty Ltd 

Email: kharford@kremford.com.au 

Phone: 0400 830 039 

Web: www.kremford.com.au 


