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SENSOR TECHNOLOGY ENGINEERING, INC. 
30 S Calle Cesar Chavez, Suite D Santa Barbara CA 93103  (805) 964-9507  sales@ste-sb.com 

 
Handheld Radiation Monitor (HRM) 

 
DESCRIPTION 
  
The HRM is a small, self contained gamma ray and thermal neutron radiation detector for use in 
the interdiction and location of nuclear materials.  It was specifically designed to be easily used 
by trained security forces and emergency responders.  The high sensitivity of the instrument is 
made possible by the use of a miniature photomultiplier tube and solid state scintillation detector 
combined with a small high pressure Helium-3 filled proportional counter.  The HRM is the size 
of a flashlight, and is intended to be handheld or worn on the operator’s belt in the nylon holster 
provided. When gamma rays or neutrons are detected at levels significantly above the natural 
background, the unit quickly alerts the operator by either sounding an audio alarm or vibrating, 
and lighting the single digit LED displays. The operator can easily locate the radiation source 
using the duty-cycle based audio alarm or vibration, and the single digit LED displays. The 
HRM can operate continuously for one month on a commonly available 2/3 A size, 3 volt 
Lithium camera battery. 
 
SPECIFICATIONS 
 
Gamma-ray Detector Type: Cesium Iodide Scintillator 
 
Gamma-ray Detector Size: 0.5 inch diameter (1.3 cm) 
    1.5 inches long    (3.8 cm) 
 
Gamma-ray Detector sensitivity: Typically 2.2 cps  
per microR/hr (137Cs gamma) 
 
Neutron Detector Type: Helium-3, 8.3 atmospheres absolute (122 psia) 
 
Neutron Detector Size:  0.75 inch diameter (1.9 cm) x 4.8 inches long (12.2 cm), 1.81 in3 (active 
volume) 
 
Neutron Detector sensitivity: Typically 10.5 cps/nv 
 
Size:   8.3 inches long  (21.1 cm) 
 2.0 inches wide  (5.1 cm) 
 1.2 inches thick  (3.0 cm) 
 
Weight: 13 oz. (369g) with battery 
 
Battery: 3 volt lithium size 2/3 A, 1 month continuous operation 
 
Operating Temperature Range: 5 to122 degrees F (-15 to 50 degrees C) 
 
Storage Temperature Range: -10 to 122 degrees F (-23 to 50 degrees C) 
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Alarm type:  Single digit, 7 segment red LED displays (one each for neutron and gamma ray) 
Duty cycle based audio tone, Duty cycle based vibrator, Real time blue LED for 
neutrons detected 

 
Gamma-ray Low Energy Cutoff: approximately 45 KeV 
 
Integration Time (Response time):  less than one second 
 
Search capability: Duty cycle based audio tone or duty-cycle based vibrator, and two single digit 
red LED display.  
 
Waterproof to 66 ft. 
 
 
 
OPERATION 
 
The HRM is activated by a three-position rotary switch located on the end of the case (see fig. 1). 
The center position turns the instrument OFF, the vibrate position powers the instrument ON and 
enables the vibrator alarm (disables audio), and the audio position powers the instrument ON and 
enables the audio alarm (disables vibrator).   
 
The UPDATE switch located on the front face updates the radiation background value to the 
average of the past 6 seconds when the UPDATE button is pressed. The single digit red LED 
displays shows gamma -ray and neutron alarm levels and instrument diagnostics data. Table 1 
shows the display symbols and their meanings.  
 
When the instrument is first powered up, the middle segment of the  gamma-ray (G) single digit 
LED display flashes while a self test is conducted. At the successful conclusion of the self test 
the outer segments of the display will light in a counterclockwise circle for 6 seconds while the 
instrument measures the ambient  gamma-ray radiation background. After the background 
radiation level has been measured, the HRM calculates an alarm trip level and the display then  
goes blank. The instrument is now ready for use. (Note: It is very important to not turn on the 
HRM in a location where there might be a radiation source.) The HRM is now measuring the 
ambient radioactivity and will alarm if the detected radiation exceeds the calculated alarm level. 
Every twenty seconds the “period” on the gamma ray display will flash to let the operator know 
that the HRM is operating properly. The gamma radiation sensor is located on the upper left side 
of the package.  
 
The neutron detector does not require a background measurement. The blue LED, located next to 
the neutron (N) single digit LED display, will flash each time a neutron is detected. This will 
occur on average about once every minute or two, but can occasionally happen several times per 
minute. When the flash occurs, it will be accompanied by an audio beep or a vibration depending 
on the setting of the three position rotary switch. The neutron sensor is located on the lower left 
side of the package. 
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Alarms 
 
When the detected gamma-ray radiation level exceeds the stored background level by a 
significant amount, the HRM will alarm. The alarm is indicated by a numeric display value, and 
either an audio tone or a vibration, depending on which option the operator has chosen. As the 
HRM is moved closer to the radiation source, the duty-cycle (duration) of the audio or vibration 
will increase and the value of the single digit display will increase. The digits can range in value 
from 1 - 9. The values of 1 - 9 are a visual indication of the duty-cycle of the audio tone and the 
vibration. No gamma-ray radiation dose or dose rate data can be inferred from the display or 
alarms.  
 
When the detected neutron radiation level exceeds the programmed trip level, the HRM will 
alarm. The alarm is indicated by a numeric display value, and either an audio tone or a vibration, 
depending on which option the operator has chosen. As the HRM is moved closer to the 
radiation source, the duty-cycle (duration) of the audio or vibration will increase and the value of 
the single digit display will increase. The digits can range in value from 1 - 9. The values of 1 - 9 
are a visual indication of the duty-cycle of the audio tone and the vibration. No thermal neutron 
radiation dose or dose rate data can be inferred from the display or alarms. Table 1 shows 
neutron detector countrate vs. HRM display value. 
 
When gamma rays and neutrons are detected at the same time, the vibrate and audio alarms will 
alarm on the gamma-ray data. The displays always operate independently.  
 
 
  
           Neutron Display  Neutron Detector Countrate (cps) 
 
  1    6-12 
  2    13-18 
  3    19-24 
  4    25-34 
  5    35-49     
  6    50-70 
  7    71-98 
  8    99-138 
  9    >138 
 
            Table 1 
 
Update Button 
 
The gamma-ray radiation background level may change up or down as the operator moves from 
one physical location to another. When the UPDATE button is pressed, the gamma-ray alarm trip 
level is recalculated using data from the previous 6 seconds. The UPDATE button should be 
pressed; 
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1. Whenever a “U” appears on the single digit LED display 
 
2. When the HRM alarms randomly after having moved to an area of higher background 
radiation ( e.g.- after moving from wood building to brick or concrete building). 
 
 3. To increase the dynamic range of the HRM. When the instrument is near a radiation source, 
the display and alarm duty-cycle may go to the maximum. Pressing the UPDATE button in this 
situation will artificially raise the gamma-ray background level and desensitize the instrument to 
allow the operator to more exactly locate the gamma-ray source. For strong sources, this 
“updating” procedure may need to be repeated several times.  
 
Searching for a Source 
 
Prior to conducting a search for radiation sources, it is important to check the function of the 
HRM with check sources (if available). To conduct a search with the HRM, cover the search area 
at a speed of about 2 feet per second or slower. Try to get within a few feet of every object in the 
search area. To search a specific object, move at a constant speed and try to keep the HRM 
within a few inches of the surface of the object. The duty-cycle based alarms and visual displays 
and the 1/R2 behavior of ionizing radiation will guide the operator to the radiation source. When 
conducting a search, remember that the radiation source may be above or below the operator, not 
just in the horizontal  plane. 
 
If a gamma-ray radiation field higher than approximately 12 mR/hr (measured at 662 KeV) is 
encountered, the HRM will display a “9” and maximize the duty-cycle of the alarm.  The “9” 
will blink at a low rate.  Pressing the UPDATE switch will have no effect on the display or the 
duty-cycle of the alarm. The HRM has been designed and optimized for interdiction and search, 
and is not intended for health physics applications. 
 
The microcontrollers in the HRM constantly monitor the health of the instrument. If a failure is 
found, the gamma-ray display will show an “H” for “Help”. If an “H” appears, at a minimum the 
gamma-ray portion of the instrument is non-operational and should be sent in for maintenance. 
 
BATTERY 
 
The HRM uses one 3 volt lithium, 2/3A size  camera battery. We recommend the Duracell 
DL123 or the Kodak equivalent.  In routine operation with few alarms, the battery will power the 
unit continuously for one month. 
 
A low battery condition is indicated when the gamma-ray single digit LED display flashes an 
“L” every 20 seconds, instead of a “.” . 
 
To change the battery, unscrew the battery cover with a screwdriver or coin (see figure 1). 
Remove the battery and insert a fresh one, positive end first. Check the battery cover o-ring for 
proper sealing surfaces. Coat with silicone grease if dry. If replacement is required, the   o-ring is 
size 2-018. Screw on the battery cover until it firmly seats. Do not over tighten.  
 
If the battery is inserted backwards, there will be no damage to the instrument, however, the 
instrument will not operate. Dispose the old battery properly.  



 6 

 
MAINTENANCE AND CALIBRATION 
 
WARNING - HIGH VOLTAGE: Do not open the electronics compartment - there are no 
user serviceable parts inside. 
 
 
It is a good practice to periodically check the operation of the HRM against a known small check 
source. A typical check source could be a lantern mantle,  1 microCi 241Am (such as a typical 
battery powered smoke detector), or 1 microCi 137 Cs. The best gamma-ray check source to use 
on the HRM is a 1 microCi 241Am. These types of sources will only check the gamma-ray 
detector in the HRM. To check the neutron detector, observe the natural background neutrons 
about once per minute @ sea level, 2-3 times per minute @ 7500 feet or use a neutron source 
(not commonly available). 
 
 
SHIPPING 
 
The neutron detector installed in the HRM (Handheld Radiation Monitor) consists of a very 
small stainless steel tube of the gas Helium-3.  The gas is pressurized to 122 psia.  Because the 
tube is pressurized, the tube (and thus the HRM) is considered by USDOT to be a hazardous 
material for shipping purposes. 
 
Sensor Technology Engineering, Inc. (STE) has been granted USDOT Approval CA-9906010 
under 49CFR § 173.4, the “Small Quantity Exception”, to allow the shipment of the HRM as 
hand carry or checked baggage on commercial passenger aircraft providing that all the 
provisions of CA-9906010 are met.  The interior volume of the pressurized tube of Helium-3 in 
the HRM is 1.00 fluid ounces (1.8 in3, 29.66 ml), and in compliance with CA-9906010. 
 
STE has designed, fabricated, and tested a reusable shipping package that can be used to satisfy 
the requirements of CA-9906010.  The reusable shipping package, STE part number H101, is 
constructed of foam, black nylon cloth, hook and loop fastener, nylon webbing, and nylon quick 
connect type buckles. 
 
One shipping package and a copy of CA-9906010 will be provided by STE with each HRM.  
This shipping package is referred to in CA-9906010 as an “inner package”.  In order to conform 
to CA-9906010, only one HRM may be packed into an “inner package”.  The outside of the 
“inner package” is marked with the statement “THIS PACKAGE CONFORMS TO 49 CFR 
173.4”.  Do not take the HRM out of the “inner package” during transportation.  No more than 
ten inner packages may be placed into an over pack.  An over pack is an outer package such as a 
cardboard box, or a suitcase. 
 
The “finished package” referred to in section 5(b)(3) of CA-9906010, can be one “inner 
package”, or ten or less “inner packages” in an over pack.  According to CA-9906010, the 
finished package is considered suitable for hand carried or checked baggage. 
 
A copy of CA-9906010 must be maintained at each facility from which shipments are offered for 
transportation.  A copy of CA-9906010 must be made available to the carrier upon request.  It is 
suggested that a copy of CA-9906010 accompany the shipment. 
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STATEMENT OF WARRANTY  
 
Sensor Technology Engineering, Inc. warrants this product to be free of defects due to 
workmanship, material, and design for a period of twelve months from the date of delivery.   The 
calibration of this product is warranted to be within its specified accuracy limits at the time of 
shipment.  In the event of instrument failure, notify Sensor Technology Engineering, Inc. to 
determine if repair, recalibration, or replacement is required.   
 
This warranty excludes the replacement of photomultiplier tubes and scintillation crystals which 
are broken due to excessive physical abuse or used for purposes other than intended. 
 
There are no warranties, expressed or implied, including without limitation any implied warranty 
of merchantability or fitness, which extend beyond the description.  If the product does not 
perform as warranted herein, the purchaser’s sole remedy shall be repair or replacement, at the 
option of Sensor Technology Engineering, Inc.. In no event will Sensor Technology Engineering, 
Inc. be liable for damages, lost revenue, lost wages, or any other incidental or consequential 
damages arising from the purchase, use or inability to use this product. 
 

Note: all specifications subject to change without notice
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Table 1 - DISPLAY SYMBOLS 
 

 

FLASHING

Power-up self tests being performed None

Power-up self tests failed Try replacing battery.
If that fails, unit is non- 
operational. Return for 
maintenance.

Measuring radiation background 
during power-up.

None

UPDATE switch is being pressed. None

Operation OK None

ROTATING

Momentary

FLASHING
EVERY 20 SEC

EXPLANATION OPERATOR ACTIONDISPLAY
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TABLE 1 - (Con’t) 

  

Help. Failure detected during
operation.

Unit non-operational.
Return for maintenance.

FLASHING 
EVERY 20 SEC.

Alarms. Radiation level 
detected over the stored 
background
level.

Locate the radiation 
source.

Low Battery voltage. Replace the battery.

UPDATE, the current Radiation 
level is less than 25% of the stored 
background level.

Press the UPDATE
switch 

EXPLANATION OPERATOR ACTIONDISPLAY



 10 

 
 
 
 
 
 
 
 
 

 
 
 
 

APPENDIX 
 

 



 11 
 



 12 



 13 

 



 14 

 



 15 

 



 16 

 



 17 

 



 18 



 19 
 



 20 

 


