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Abbreviations and acronyms 
 

Troxler  Troxler Electronic Labs, Inc. 

NDM  nuclear density meter 

NZS  New Zealand Standard 

MDD  maximum dry density 

OWC  optimal water content 

TNZ  Transit New Zealand 

NZTA  New Zealand Transport Agency (Waka Kotahi) 

AS  Australian Standard 

AASHTO American Association of State Highway and Transportation Officials 

ASTM  American Society for Testing and Materials 

TMSG  Theoretical Maximum Specific Gravity 

Cs-137  Caesium-137 (radioactive isotope of Caesium) 

Am-241 Americium-241 (radioactive isotope of Americium) 

Be-9  Beryllium-9 (isotope of Beryllium) 

Ci  The curie (non-SI unit of radioactivity) 

Bq  The becquerel (SI derived unit of radioactivity) 

ORS  Office of Radiation Safety (part of the Ministry of Health) 

C12  Code of Practice for Sealed Radioactive Material 

IANZ  International Accreditation New Zealand 
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1. Introduction 

 

Since 1958, Troxler has been the worldwide leader in the manufacturing of testing/quality control measurement 

equipment for the construction industry. Troxler name is especially recognized worldwide as the industry standard 

for Nuclear Moisture/Density Gauges, also referred to as Nuclear Density Meters (NDM) in New Zealand. 

 

This guide will cover key details of NDM purpose, operation and safety requirements, but firstly it will touch up on 

the fundamentals of compaction and density testing in civil engineering industry. Before any structure can be 

built (road, building etc.) it is important to achieve adequate compaction of layers underneath. Failing to do so can 

result in catastrophic failures as material deforms under load, causing structures to settle.  

 

Below are visual examples of different layers categorized for road construction (each road can be different). 
 

 
 

To determine appropriate level of compaction for different layers, various lab tests are employed. 

Most common one for soil is the Proctor test, also known as the Standard and Heavy compaction tests under NZS 

4402.4.1.1 and 4402.4.1.2. These test methods cover the determination of dry density and water content 

relationship with the goal of plotting the Maximum Dry Density (MDD) and Optimum Water Content (OWC). 

 

Below is a visual example of NZS standard compaction apparatus typically used for this lab test. 
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The highest density of most soils is achievable at the optimum water content (moisture level), which will vary 

depending on the soil type and size of the particles.  

Soil will also require less compaction effort when it is near the OWC. 

 

Contractors tasked with compaction of soil via roller compactors need to know how many passes to make 

depending on water content for the soil they’re currently operating on. Proper compaction must be achieved 

before next layer of soil can be placed. This is where an NDM makes life easy, by quickly and accurately checking 

the density and water content of compacted soil to ensure it matches values established previously in a lab. 

 

Below are visual examples of compactors suitable for compacting different types of soil. 
 

       
 

For aggregate, the TNZ B/02:2005 specification is used for the construction of unbound granular pavement layers 

using sub-base or basecourse aggregates.  

The sub-base aggregate is usually spread on a prepared subgrade to the specified thickness, then sprinkled with 

water to bring it to the required water content and finally rolled with steel vibrating rollers. Commonly, the 

density requirement is specified as the proportion of that achieved in a laboratory.  

 

Laboratories are required to carry out NZS 4402.4.1.3 New Zealand vibrating hammer compaction test to 

determine the MDD at the OWC of the aggregate used.  

Solid density of the aggregate tested is determined according to the NZS 4407.3.7 test method. 

 

It is worth noting, the NZ vibrating hammer test has been having issues with repeatability and reproducibility, 

namely the test is known to produce inconsistent and variable results. 

Recommended literature for a more in-depth understanding of this issue:  

NZTA research report 628 - Standardisation of laboratory compaction energies October 2017 

 

Below are visual examples of NZ vibrating hammer and solid density of aggregate particles apparatus. 

 

     

https://www.nzta.govt.nz/resources/construction-unbound-granular-pavement-layers/
https://www.nzta.govt.nz/resources/research/reports/628/
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For asphalt, these laboratory tests are commonly used in New Zealand, also as part of NZTA M10 specification: 

 

- AS/NZS 2891.2.2 Compaction of Asphalt Test Specimens Using a Gyratory Compactor 

- AASHTO T 312 Standard Method of Test for Preparing and Determining the Density of Asphalt Mixture 

Specimens by Means of the Superpave Gyratory Compactor 

- AS/NZS 2891.7.1 Determination of maximum density of asphalt - Water displacement method 

- ASTM D2041 Theoretical Maximum Specific Gravity and Density of Bituminous Paving Mixtures 

 

Below are visual examples of lab equipment for gyratory compaction and “TMSG” apparatus. 

       
 

Hot mix asphalt is placed at approximately 85 to 92% of the optimum compaction by the paver. The optimum 

asphalt density is determined in a laboratory before the construction begins. Smooth drum rollers or pneumatic 

rollers then pass over the freshly placed asphalt, compacting it to the optimum density level. When compacted 

properly, the mix forms into a long-lasting, solid mat. 

 

Below is a visual example of an asphalt road being paved, then compacted. 
 

 

https://www.nzta.govt.nz/resources/dense-graded-asphalt/
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Thickness of the layer to be compacted is commonly referred to as lift thickness.  

For asphalt it can be from 25mm to 100mm or more, depending on the layer and aggregate size (base, binder, 

surface), but it is typically far less thick than soil or aggregate layers.  

 

Thin-lift asphalt overlays come in different types, often purpose built for a certain requirement. They can be 

useful in correcting surface deficiencies, restoring skid resistance, sealing the existing pavement from moisture 

etc. This type of layer cannot be measured accurately for density with a common NDM designed to take readings 

of soil, aggregate, concrete, and full depth asphalt at depths between 100 and 300 mm.  

 

Below is a visual example of a thin asphalt overlay being paved and measured. 
 

        
 

Recognizing the need for an improved method of measuring the density of thin layer asphalt overlays, Troxler 

developed the first true thin layer density gauge, the 4640-B Surface Thin Layer Density Gauge, designed to 

measure the density of thin asphalt and concrete layers from 25 to 100 mm (1 - 4 inches).  

In New Zealand it’s also referred to as “the thin-lift gauge”. 

 

There are other types of compacted material, such as sand and concrete that can also be measured by NDMs. 

Quality control for all mentioned types of compacted material benefits greatly from the use of NDM as a non-

destructive method of accurately measuring the density and moisture. 

 

2. Theory, Operation & Safety  

 

This chapter will cover how nuclear gauges measure density and moisture, and outline safety requirements. 

 

Nuclear gauges use the interaction of radiation with matter to measure density and moisture of materials. 

Radiation sources within each gauge transmit radiation through the test material. Detectors contained in the 

gauge measure the radiation that is scattered by the test material or that passes through it.  

By calculating the percentage of radiation that reaches the detectors, a gauge can determine density or moisture 

content of the test material. 
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Caesium, Americium and Beryllium are the most common elements used to make the sources in nuclear gauges. 

Specific isotopes of these elements are used in making of sources for a particular purpose. 

 

   
 

Caesium isotope Cs-137 emits Gamma radiation as it is decaying and is used for density measurements. 

Americium isotope Am-241 in combination with Be-9 is used to produce neutrons required for moisture 

measurements. 

 

Cs-137 half-life (decaying) duration is 30 years, which is when readings typically deteriorate in accuracy and 

repeatability beyond practical use. It is recommended to retire and properly dispose of 30-year-old gauges and 

replace them with newer ones. Please contact us for assistance with NDM disposal. 

 

Radioactivity is measured in units of activity, as opposed to traditional units of mass or volume. Activity represents 

the number of atoms that decay within a certain period of time. Most common units of activity used 

internationally are curie (Ci) and becquerel (Bq). 

 

Here below are the activities of the two most common sources found in Troxler 3400 series of NDMs: 

Caesium 137 0.3 GBq or 8 mCi 

Americium 241: Be 1.48 GBq or 40 mCi 

 

These activity values may be familiar to anyone who has had to fill out NDM shipping documents. 

 

NDM sources are fully sealed, double encapsulated in stainless steel. This means that it is very unlikely there will 

be leakage of radioactive material (contamination), meaning the gauges are very safe to use.  

The source itself is quite small, even smaller than a coin. 

 

 
 

Cs-137 source is located at the tip of the source rod, pushed down by a handle. It can be used at various depth for 

Backscatter or Direct Transmission density methods.  

 

Am-241: Be source is in a fixed location at the bottom of a gauge and always measures moisture from the surface 

down. 

 

 

 

https://www.groundtest.co.nz/contact-us.html
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2.1  NDM Density Measurements 

 

Density measurements can be made by two methods with a nuclear gauge: Direct Transmission and Backscatter. 

The Geiger-Mueller tubes found in a nuclear gauge can detect and measure the amount of direct or scattered 

gamma radiation that has penetrated through the material being tested. 
 

 
 

In Direct Transmission mode, the radioactive source rod extends from the base of the gauge into a pre-drilled hole 

to a desired depth, as per the picture below. Gamma photons from the Caesium-137 source pass through the test 

material to the detectors fixed at the bottom of the gauge. Some photons lose energy along the way. The amount 

of energy lost is proportional to the density of the test material. The Direct Transmission mode is used primarily 

for measuring soil density up to depths of 300 mm. 
 

 
 

In the Backscatter mode, the radioactive source is lowered to position where it nearly touches but does not 

penetrate the surface of the test material. Gamma photos are scattered within the test material. The amount of 

scattered Gamma radiation that reaches the detectors is related to the density of the material. The Backscatter 

mode is useful for measuring asphalt density because no hole needs to be drilled in the test material. However, 

this mode only measures the density of the top layer of material around 100 mm depth. 
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There is another measurement mode for use on asphalt, available only on Troxler’s 3450 and 4640-B gauges, 

called Thin Layer mode. Unlike standard nuclear gauges such as 3430 or 3440, the Thin Layer (or Thin-Lift) 

gauges have two sets of detector tubes (one set for shallow material and the other set for deeper material) 

allowing two backscatter measurements at the same time when used in Thin Layer mode. The operator must 

enter the top layer thickness into the software so the gauge will then be able to calculate the top layer density 

based on the two measurements. 

 

Thin Layer gauges can measure layer thicknesses from 25 to 100 mm, which makes them highly useful for use on 

overlay applications, particularly if there are different lifts of asphalt used. 

 
 

2.2 NDM Moisture Measurements 
 

An NDM can detect moisture as deep as 280 mm, but the major portion of the reading comes from the top 200 

mm of the material being tested.  

 

The source used to determine the moisture content of the test material is Americium-241: Beryllium (Am-241: Be). 

This source emits fast neutrons. Hydrogen (moisture) in the test material will thermalize (slow down) the neutrons 

coming out from the source. The Helium-3 detectors in the gauge detect the thermalized neutrons. The number of 

thermalized neutrons is directly proportional to the moisture content of the material. 

 

The moisture source is mounted in the base of the gauge along with the detector tube that reads thermalized 

neutrons. The moisture is always read directly below the gauge and the depth of measurement depends on the 

amount of moisture present in the test material. 
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2.3 NDM Safety 
 

To be allowed to own and/or use an NDM, there are codes of practice and safety plans to be followed to ensure 

everyone’s safety and proper use of the equipment. The Ministry of Health’s Office of Radiation Safety (ORS) 

administers the Radiation Safety Act 2016 and the Radiation Safety Regulations 2016 on behalf of the New 

Zealand Government.  

 

The scope of information can be overwhelming to take in all at once, and often questions about proper use and 

safety are intertwined.  

 

Groundtest Equipment regularly offers training courses for operators of nuclear moisture/density gauges.  

The one-day training courses are held throughout the year in Auckland, Wellington, and Christchurch, and 

sometimes in other regional centres or for in-house training. These courses are recognised by the Office of 

Radiation Safety as sufficient “core of knowledge” safety training before applying for a use license. 

Training courses are a highly recommended source of information on the nature of radiation, just how much of it 

comes from a nuclear gauge and how to best protect yourself, your co-workers and other people in your proximity. 

The last part of the training course provides information on basic NDM operation and maintenance. 

 

 
 

In 2020 Ministry of Health has released an updated C12 Code of Practice for Sealed Radioactive Material.  

This is of relevance to all existing and future owners and users of Nuclear Density Meters. 

Further explanation is available on ORS Codes of Practice page, one of new additions as follows: 

“What measurements are required for workplace monitoring? 

C12 requires managing entities to establish a programme of workplace monitoring, which for NDMs are 

confirmatory radiation measurements that are done with a survey meter.” 

 

A survey meter is a useful tool for measuring radiation outside of the nuclear gauge. A survey meter can be used 

to evaluate the radiation levels of storage areas and work sites. Survey meters help ensure a safe working 

environment. The Monitor 200 survey meter is approved for use in New Zealand. 

 

 

https://www.health.govt.nz/our-work/ionising-radiation-safety
http://www.groundtest.co.nz/ndm-training.html
https://www.health.govt.nz/publication/code-practice-sealed-radioactive-material
https://www.health.govt.nz/our-work/ionising-radiation-safety/codes-practice
http://www.groundtest.co.nz/ndm-survey-meter.html
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3. NDM Costs 

 

Once a suitable Troxler NDM has been selected, it is a good time to enquire on costs of a survey meter, indoor 

safety signs and labels and vehicle mounted signs, leak test kit, DG documents and safety training for each user.  

It is also recommended to review other associated costs of owning a nuclear gauge, as below. 

 

A source licence is obtained via application form found on ORS webpage Source licences for non-medical and 

veterinary purposes.  

 

For the use of radiation for non-medical purposes a use licence must be obtained via application form found on 

ORS webpage Users of radiation.  

 

Registering a NDM is easily done via ORS webpage Register radiation sources, and is free of charge. Owners are 

required to notify ORS of new NDM arriving at their facility to complete the registration process. This will update 

the status of the above-said registration entries from “pending arrival” to “in use”. 

 

As part of the safety plan, NDM users will need to allow for appropriate lockable storage space at their office or 

laboratory. A vehicle with suitable space and safety measures may be required as well. 

Individual dosimeters are required to monitor radiation exposure of NDM operators. 

 

And lastly, there will be a bi-annual cost of IANZ calibration for each NDM, frequency recommended by Troxler. 

Calibration becomes necessary because wear in the bearings and ageing of electronics affect the accuracy of the 

gauge readings.  

 

We apply the most advanced method of calibration available today – developed by Troxler.  

An in-depth service (and repairs if required) are done at the same time, which greatly extends life of a gauge. 

Groundtest calibration lab offers a booking system which in return provides a quick turnaround. 

 

 
 

 

There may be other associated costs that are circumstance dependent and not covered by this guide. 

 

 

 

 

https://www.groundtest.co.nz/ndm-troxler-gauges.html
http://www.groundtest.co.nz/contact-us.html
https://www.health.govt.nz/our-work/ionising-radiation-safety/managing-entities-radiation-sources/what-know-about-source-licences/source-licences-non-medical-and-veterinary-purposes
https://www.health.govt.nz/our-work/ionising-radiation-safety/managing-entities-radiation-sources/what-know-about-source-licences/source-licences-non-medical-and-veterinary-purposes
https://www.health.govt.nz/our-work/ionising-radiation-safety/users-radiation
https://www.health.govt.nz/our-work/ionising-radiation-safety/managing-entities-radiation-sources/register-radiation-sources
http://www.groundtest.co.nz/calibration.html
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4. NDM Maintenance 

 

Here below are some of the steps we recommend all NDM users to be aware of. 

- Change batteries as needed. 

- Perform a leak test on each NDM every year. 

- Regularly clean and lubricate the shutter mechanism. 

 
 

- Keep water (rain) away from NDM, best method: avoid using it while it rains. 

- Keep the inside of the case clean and dry. 

 
 

- If the overlay on the keypad is peeling or difficult to read, clean or replace as needed. 

- If condensation forms inside the gauge or when taking the gauge from hot-to-cold or cold-to-hot 

environments, prop open the keypad control panel and allow for temperature to equalise. If necessary, use 

a hair dryer (on low setting) to blow air into the base of gauge for a few seconds at a time.  

- Lubricate the source rod lightly with Magnalube.  

- Clean the gauge base to remove any asphalt or soil that may be stuck to it. Foreign material stuck on the 

base will cause air voids under the gauge, lowering the density reading significantly.  

  

 

Here are some useful quick links:    

- You can find information on how to ship a nuclear gauge in New Zealand. 

- You can find answers to many frequently asked questions about common problems. 

 

https://www.groundtest.co.nz/ndm-shipping.html
https://www.troxlerlabs.com/Services/Troubleshooting-FAQs
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5. NDM Test Standards 

 

New Zealand standards: 

 

• NZS 4407.4.2:2015 

The field water content and field dry density of compacted materials - method using a nuclear moisture-

density gauge - direct transmission 

 

• NZS 4407.4.3:2015 

The field water content and field dry density of compacted materials - method using a nuclear moisture-

density gauge - backscatter mode 

 

• AS/NZS 2891.14.2:2013 

Methods of sampling and testing asphalt - Field density tests - Determination of field density of 

compacted asphalt using a nuclear thin-layer density gauge 

 

 

International standards: 

 

• ASTM D6938 - 17a 

Standard Test Methods for In-Place Density and Water Content of Soil and Soil-Aggregate by Nuclear 

Methods (Shallow Depth) 

 

• AASHTO T 310 - 13 

Method of Test for In-Place Density and Moisture Content of Soil and Soil-Aggregate by Nuclear Methods 

(Shallow Depth) 

 

• ASTM D2950 / D2950M - 14 

Standard Test Method for Density of Bituminous Concrete in Place by Nuclear Methods 

 

• AASHTO T 355 - 18 

Standard Method of Test for In-Place Density of Asphalt Mixtures by Nuclear Methods 

 

• ASTM C1040 / C1040M - 16a 

Standard Test Methods for In-Place Density of Unhardened and Hardened Concrete, Including Roller 

Compacted Concrete, By Nuclear Methods 


