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Technical Note

Ranger�: History and Applications
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The Ranger is an integrated detector 
system with a slightly moderated neutron 
detector composed of a match pair of 3He 
proportional counters and a 1″ × 2″ 
(diameter × length) NaI(Tl) scintillator for 
gamma ray detection. Neutron detection is 
provided for enhanced detection of 
plutonium. The gamma-ray multichannel 
analyzer has 256 channels. The MCA can 
be operated at full scale, 6 keV/channel, or 
half scale for preset times or counts. The 
Ranger has two modes of operation: Easy 
and Advanced. The Easy Mode is a �point 
and click� isotopic identification tool and 
the Advanced Mode is a full-featured 
MCA.
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Ranger: Development History1

The Ranger, which is both a gamma-ray and 
neutron detection system, was originally developed at 
Los Alamos National Laboratory for the Plutonium 
Facility, where the Material Control and 
Accountability group used the Ranger for in situ 
nuclear material confirmation measurements.2 

Quantrad Sensor licensed the Ranger technology from 
Los Alamos National Laboratory (LANL) in 1997.

Quantrad Sensor replaced the Ranger�s original 
detector (~10%) with a higher-resolution, ruggedized 
detector (7.5%) and developed a real-time pattern 
recognition software system to identify unknown 
isotopes that may be involved in nuclear smuggling 
and other national security scenarios.

Library Development
A large part of development involved creating the 

standard library of isotopes to use in the identification 
algorithm. To start, a spectrum for each isotope in the 
library was simulated with Synth.3 The Synth spectra 
formed the basis for Ranger�s knowledge-based expert 
system. 

Careful analysis of the Synth spectra revealed that 
each isotope had a unique set of regions of interest 
(ROIs). These ROI sets were selected for use in the 
pattern recognition algorithm.

Initial validation of the software was done with the 
Synth spectra and archived data. Actual field tests were 
conducted at hospitals and the DOE Remote Sensing 
Laboratory operated by Bechtel.

To improve the identification algorithm, Quantrad 
Sensor worked with USCS to define a practical library 
of isotopes, now divided into three categories: 
medical, industrial, and nuclear materials isotopes (see 
table). Quantrad Sensor simulated 30,000-count 
spectra for all the isotopes in the library using Synth. 

About Synth

Synth is an interactive program designed to 
synthesize the results of typical gamma-ray 
spectroscopy experiments and measurements. 
Most gamma-ray spectroscopy experiments and 
measurements involve individual components: 
the radiation source, absorbers, detectors, and 
electronics. Each component has a predictable 
behavior that gamma-ray spectroscopists usually 
take into account. Synth allows a user to specify 
the physical characteristics of a gamma-ray 
source (size, bulk composition, and the type and 
quantity of radionuclides producing the radiation), 
the source-to-detector distance and the type and 
thickness of absorbers, the size and composition 
of the detector (Ge or NaI), and the electronic 
setup used to gather the data. The gamma-ray 
library used for generating the radionuclide 
source consists of a relational database 
containing nuclear data for over 2,300 nuclides 
and 47,000 gamma rays.

http://www.pnl.gov/fiber/synth.html

Isotopes in Ranger�s Standard Library

Medical Industrial Nuclear 
Materials

99mTc 241Am 235U
201Tl 226Ra 233U
67Ga 40K 239Pu
111In 137Cs 238U
131I 232Th
133Xe 60Co
103Pd 133Ba
99Tc 207Bi
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The simulated spectra were examined and 
characteristic ROIs were carefully chosen to 
differentiate between the isotopes. Since the LANL 
�if-then� code was not suitable for analyzing so many 
ROIs, it was eliminated and the new knowledge-based 
pattern recognition system, RangerMaster�, was 
developed.

RangerMaster looks at each ROI for both a peak 
and significant net counts. It records the result in a 
feature vector that is examined by an algorithm for 
matches to isotopes included in the library. The 
significance, (number of standard deviations σnet) of 
the net counts is an option that can be varied. 
Additional isotopes can be added to the library as long 
as their characteristic patterns are unique. 

The real-time, in-field isotopic identification 
algorithm executes in less than a second. Depending 
on the source�s strength and measurement geometry, 
RangerMaster can identify the isotope in minimal time 
with given statistical accuracy.

How the Easy Mode Came to Be
Originally, the Ranger was designed by and for 

skilled technicians familiar with nuclear spectroscopy. 
Prior to the Ranger�s Easy Mode, only highly trained 
nuclear spectroscopists had the tools to detect and 
identify radioactive sources used in medical, industry, 
and nuclear power. 

Members of U.S. Customs requested an instrument 
that could be used by non-nuclear specialists. Their 
request led to the development of the Ranger�s Easy 
Mode, which was successfully field tested by onsite 
inspectors working for U.S. Customs.

The original operation was retained so that the 
Ranger now has two operation modes. The Easy 
Mode acquires, identifies, and reports the results of 
the analysis in a simple, easy-to-understand language. 
The Advanced Mode reports the details of the analysis 
and allows a spectroscopist to independently interpret 
the data.

Easy Mode: The center area of the count rate bar 
represents the optimal range at which to collect 
data (128 to 16,384 cps). The left and right ends 
of the bar indicates whether an individual is too 
far or too close to the source. 

To identify a source, an individual stands away 
from the source so that the rate bar slider is in the 
OK area. (The count rate also displays below the 
bar.) He or she presses the Ranger�s 2 button to 
start the analysis.

After completing the analysis, the Ranger 
displays the name(s) of the isotope(s) that was 
found and its source: medical, industrial, or 
special nuclear material (SNM).

Advanced Mode: Stored spectra can be recalled 
and reviewed as necessary. Parameters for the 
Easy Mode are also set in the Advanced Mode 
and include collection time, counts analyzed, and 
dose units (mREM/hr or µSv/hr). 

Other functions in the Advanced Mode are:

� Search provides a  programmable rate meter 
and alarm.

� Acquire allows the Ranger to be used as a 
standard 256 channel MCA

� Acquire-ID collects data and identifies at 
least one isotope

� Various parameter settings for defining ROIs, 
display and analysis update limits, acquisition 
energy, and clock modes.
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Applications
With today�s terrorism threats, the effective control of nuclear materials cannot be limited to 

professional nuclear material managers. Individuals from U.S. customs, FBI, foreign customs, 
IAEA (International Atomic Energy Agency), UNSCOM (United Nations Special Commission), 
law enforcement, and many other organizations need to detect radiation and identify isotopes in 
their efforts to prevent the unauthorized use of nuclear materials. Often, these front-line 
individuals have only minimal training, knowledge, and understanding of physics. 

The threat of nuclear materials smuggling and the subsequent use of that material in a terrorist 
bomb has caused Congress to enact laws requiring the U.S. borders be protected against the 
unauthorized introduction of radioactive material. �Dirty bombs� or �dirty nukes� (a 
conventional bomb surrounded by nuclear material) have been identified as a logical and likely 
tool for worldwide terrorists to cause mass panic. 

Long half-life, high-energy gamma ray sources, such as cesium and cobalt, can be found in 
irradiation facilities and hospitals with nuclear medicine and therapy labs and facilities. Every year 
radioactive materials are accidently thrown out and devices, as 
common as smoke detectors, contain low-level radioactive 
material. 

Containerized cargo, at airports, seaports or border 
crossings, is coming under close scrutiny. Currently only 3% 
of all ships are surveyed for potential radioactive material. The 
Ranger is capable of identifying 1 gram of plutonium behind 
127 mm (0.5 in.) of steel plate and will correctly identify 
1 gram of unshielded enriched uranium or 50 grams of 
enriched Uranium placed behind 127 mm (0.5 in.) of steel 
plate from 1.52 m (5 ft.) The Ranger is ideally suited for these 
field applications because it is weatherproof, portable, and 
ruggedized for demanding environmental conditions. 

As the world becomes increasingly cognizant of the real 
and latent threat capabilities of dirty bombs, Ranger provides 
the immediately available solution for detecting and 
identifying this potential threat. A gamma detector may be 
able to confirm the presence of certain isotopes�Ranger can 
identify what the isotope is, where it is, and how much there is 
of it. Ranger can detect the presence of dirty bomb material in 
land, sea, and air transportation applications. 
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Food Irradiation

A typical food irradiation facility uses  
60Co (5.2 year half life) as the gamma 
radiation source. The sources come in 
14″ pencils, 13,000 Ci per pencil. An 
entire irradiation facility typically 
contains 1�6 million Ci.

Pork and poultry receive a dose of 
about 1,000 Gray (10 rads) during 
irradiation to be certified as bacteria 
free. This is to be compared with a 
near lethal human dosage of 
100� 500 rads. 

The Ranger can detect and identify a 
1-µCi 60Co source from 30.5 cm 
(12 in.)

More Than a Geiger Counter

A Geiger Counter can only detect 
radiation. The Ranger detects and 
identifies the source. Plus, the crystal 
detector (NaI) used in the Ranger is 
much more sensitive than that found in 
a typical Geiger Counter.
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