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Abstract: Since the Human Monitoring
Laboratory compared two types of portal moni-
tors (the P3 and the MiniSentry) that could
be field deployed in response to an emergency,
two more brands have been added to the in-
ventory. This paper summarizes a compari-
son of the capabilities of the previous portal
monitors with the two additions: the Thermo
Eberline TPM-903B and the Ludlum 52-1-1.
The comparison shows that none of the portals
greatly exceed the others in capability, but that
each will have their place during emergency
deployment; however, when beta radiation or
low energy gamma radiation is suspected, then
the best choice would be the Ludlum 52-1-1.
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INTRODUCTION

The National Internal Radia-
tion Assessment Section’s Human
Monitoring Laboratory (HML),

which operates the Canadian Na-
tional Calibration Reference Cen-
tre for In Vivo Monitoring (Kramer
and Limson Zamora 1994; Daka
and Kramer 2009), has an emer-
gency response function to pro-
vide internal dosimetry support to
the Federal Nuclear Emergency
Plan. To meet part of this obliga-
tion, the HML has portable whole
body counters and portable portal
monitors that can be used to
measure large groups of potentially
exposed persons following a nu-
clear emergency.

The portal monitors are intended
to be deployed following an acci-
dental or intentional release (e.g.,
a Radiological Dispersion DeviceV
RDD) of radioactivity in the conse-
quence management phase. They
would be used to screen Canadians
(first responders, first receivers,
other emergency workers, and the
general public) who may have be-

come contaminated, or think that
they have become contaminated,
with radioactive materials.

Previously, the HML reported
on two types of portal monitors in
its inventory (Kramer et al. 2007).
This paper extends that compa-
rison by including the evalua-
tion of the two additions to the
HML’s inventory: the Thermo
Electron Corporation’s TPM-903B
and Ludlum’s 52-1-1.

MATERIALS AND
METHODS

The portals
The Ludlum 52-1-1 portable scin-

tillation portal monitor (Model 52-1
shown in Fig. 1) was obtained from
Ludlum Measurements Inc. (501
Oak Street, Sweetwater, TX 79556).
The TPM-903B, which is a portal
monitor that measures gamma rays,
was obtained from Thermo Electron
Corporation through Gamble Tech-
nologies Ltd (33 Lismer Cr, Kanata,
Ontario K2K 1A4), see Fig. 2. The P3
Monitor and the MiniSentry have
been described earlier (Kramer et al.
2007).

Sources

A variety of sources were used
to test the response of the portals.
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Gamma response was tested with
37 kBq 137Cs and 74 kBq 137Cs point
sources. Low energy gamma response
was tested with two 241Am sources:
156 kBq and 250 kBq. Beta sensitivity
was tested with several 90Sr/90Y sour-
ces: 230 kBq and 1.8 MBq. Sources
were held at waist level equidistant
from the detector columns.

RESULTS AND
DISCUSSION

The comparison of the P3 and
MiniSentry has been discussed else-
where (Kramer et al. 2007); how-
ever, to simplify the comparison
of the four portal monitors for
the reader, the discussion of
those units’ features have been
included below where appropri-
ate. Table 1 compares the basic
features of the four units and the
following text highlights some
of those features and/or identifies
limitations with the equipment.

Menu operations
All units need a well-trained

operator for initial setup as the
default values may be inadequate.
A major strength of the MiniS-
entry’s menu setup is that it is easy
to change among the three modes
(Walk-Through, Enter-Wait, and
Count Rate) by simply pushing
one button on the main menu.

The 52-1-1 menu is easy to
navigate, but the operator will re-
quire some training to familiar-
ize themselves with the unit. The
complexity of the MiniSentry
menu requires that the operator
be familiar with the controls and
be able to understand the dis-
play. The TPM-903B’s capabilities
are nearer to the P3 than to the
MiniSentry, but the training of
the operator is higher than that
required for the P3.

Assembly and carrying

The time-to-assemble and re-
quired staff are shown in Table 1.
The assembly of the 52-1-1 is ex-
tremely easy as individual pieces are
simply fitted together by inserting
one piece into another and securing
with latches. The controller box is
fastened to the outside of the bot-
tom left pillar. Two people would
certainly facilitate assembly of any
unit, and would probably be re-
quired as moving the equipment
is not simple for a single person.
For example, the TPM-903B and
case weighs approximately 50 kg.
The 52-1-1 and shipping case weighs
about 45 kg.

Siting of the unit and count
activation

Table 1 shows that all portals can
be sited outdoors but must be pro-

tected from inclement weather. The
52-1-1 is the easiest of the four units
to set up, but since the detectors
are more fragile due to the fact they
have an open grill design to allow
detection of the beta radiation, more
care must be exercised to prevent
damage from mishandling or in-
clement weather conditions. In
high light conditions such as out-
doors, the LCD display may be
difficult to read. The MiniSentry is
a unit that would be difficult to
deploy in an outside setting: irreg-
ular ground makes the lining up
of the light source and photocell
very difficult, low temperatures
make the LCD panel very sluggish,
and daylight washes out the LCD
display. While easier to set up than
the MiniSentry, the TPM-903B suf-
fers from the LCD problem. The
P3 is well designed for an outside
setting. It is easy to deploy on an
irregular surface and has no dis-
plays that will suffer from illegi-
bility under sunlight or become
sluggish in cold temperatures.

Table 1 shows that count acti-
vation is quite different for the
different units. The P3 is essen-
tially always on, and can alarm
if a source approaches the portal.
The other units will either suf-
fer an increase in background or
alarm if a person is activating
the count. Either issue can be
problematic.

LCD screen
Table 1 shows that all portals,

except the P3, have LCD screens.
These are hard to read in direct
sunlight if the units are deployed
outside. LCD response is also slower
in extreme cold conditions as has
been found in field tests with the
MiniSentry in the Canadian win-
ter. The P3 monitor’s settings are
via a computer and the LCD screen
of a laptop suffers from the same
disadvantages as mentioned above.
However, once the P3 is config-
ured, the only external controls are
a power button, an alarm button
(to cancel the alarm), and a low
power indicator, so these units

FIG. 1. The Ludlum 52-1 (52-1-1 is the
same, but wider).

FIG. 2. The TPM-903B portal monitor.
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do not suffer from the same dis-
advantages as the other three por-
tals’ interfaces.

Detector characteristics
and sensitivities

Table 2 compares the detector
characteristics and sensitivities.

The latter are given for a walk-
through mode, where the poten-
tially contaminated subject walks
through the portal at a slow pace.
Sensitivities can be increased using
an enter-wait mode; however, the
P3 and TPM-903B do not have pre-
programmed enter-wait modes,
but these can be simulated sim-

ply by having the subject pause in
the portal. This has the effect of
increasing the count time and
dropping the detection limits.
Experiments in the HML showed
that the enter wait mode can im-
prove detection between a factor
of 2Y5 depending on the isotope
and length of ‘‘wait.’’

Table 1. Comparison of the portal’s functionality and basic characteristics.

Task P3 MiniSentry TPM903B Ludlum 52-1-1

Assembly (staff
and time)

one person, 10 min one person (two
are preferable),
15 min

one person (two
are preferable),
15 min

one person, 5 min

Carrying One person, multiple
trips. Carry weight
V 13 kg each of
3 modules.

Two persons required.
Carry weight V 45 kg
(soft case), 65 kg
(hard case)

Two persons required.
Carry weight V 63 kg

One person providing
ground is flat and
no lifting. Carry weight
V 45 kg

Count activation None, always measuring Continually measures
background until
an IR beam is broken

Continually measures
background until the
proximity sensor detects
occupancy

Continually measures
background until an
IR beam is broken

Siting No problems Need level ground to
align IR beam

Proximity sensor can
miss short occupants

No difficulty in aligning
the IR beam between
the pillars

Portal width 63Y114 cm 76 cm 81 cm 81 cm
Vehicle

monitoring
Yes Optional accessory required Optional accessory required No

LCD screen No Yes Yes Yes
Menu operations None Most complex Similar to 52-1-1 in

complexity
Similar to TPM-903B in

complexity
Radio frequency

interference
Yes, alarm triggered by

walkie-talkie keyed
within 1 m of the portal

No No No

Table 2. Detector characteristics, measurement options and sensitivities.

Mode P3 MiniSentry TPM-903B 52-1-1

Detector Plastic scintillator Plastic scintillator Plastic scintillator Plastic scintillator
Number of detectors 1 (used in pairs) 2 2 4
Detector volume (cm3) 4,625 (9,250) 5,310 (10,620) 5,213 (10,426) 2753 (11,012)
Walk-through Yes Yes Yes Yes
Energy range (keV) 50Y2,000 60Y2,000 60Y2,000 60Y3,000
Enter-wait No (can be simulated) Yes, 0.1Y60 s No (can be simulated) Yes, 1Y20 s
Detection V 241Am 250 kBq (0%) 250 kBq (0%) 250 kBq (0%) 250 kBq (100%)

156 kBq (20%)
Detection V 90Sr/90Y 1.8 MBq (100%) 1.8 MBq (10%) 1.8 MBq (100%) 1.8 MBq (100%)

230 kBq (40%) 230 kBq (0%) 230 kBq (0%) 230 kBq (0%)
Detection V 137Cs 74 kBq (100%) 74 kBq (100%) 37 kBq (100%) 37 kBq (100%)

37 kBq (30%) 37 kBq (20)

The values in parentheses in the detector volume are the total volume, and in the detection rows are the detection rate (walk through mode).

Table 3. Alarm options.

Alarm option P3 MiniSentry TPM-903B 52-1-1

Silent alarm Yes No No (can be customized) No
Audible alarm Yes Yes Yes Yes
Visible alarm Yes Yes No Yes
Sigma range 0.5Y9.5, RV 5Y6 0.5Y10, RV 3 1Y99.9, RV none (tested at 4) 2.5Y9.9, RV 4.5

RV = Manufacturer’s Recommended Value.

G. H. Kramer et al. Evaluation and comparison of portal monitors

S50 www.health-physics.com May 2012

 Copyright © 2012 Health Physics Society. Unauthorized reproduction of this article is prohibited.

echavez
Highlight



Alarm operations
The alarm options are summa-

rized in Table 3. For all portals,
the alarm level is a multiple of
the number of standard devia-
tions (sigma) above the current
or stored background. The lower
the value, the greater the sensi-
tivity but the more false alarms.
For example, according to one
manufacturer (Ludlum), a sigma
value of 3.0 will result in 13 in
10,000 false alarms; a sigma value
of 4.0 means 3 in 100,000 false
alarms, and a sigma value of 5.0
means 3 in 10,000,000 false alarms.
The manufacturer’s default value is
4.5 sigma.

The HML’s experience in exer-
cises that involved monitoring
the general public showed that au-
dible alarms upset people greatly.
Table 3 shows that only the P3 has
a simple way of muting the audi-
ble alarm; however, the 52-1-1 and
the MiniSentry alarms are not very
loud and probably will be accept-
able. The TPM-903B’s alarm is quite
strident, and a modification has
been made to the unit by the HML
so that the user can silence the au-
dible alarm by activating a switch.

Communications
Table 4 summarizes the com-

munications functions of the four
portals. For those units that al-

low data logging, but store zero
records (i.e., only direct output is
available), a dedicated PC/printer
must be connected to view the
data. The P3 must, at some point,
be connected to an external PC as
it is the only way for a user to
interact with the monitor and set
the parameters. All the others can
have the parameters set via their
local control panels.

Power
Table 5 summarizes the power

requirements and options for the
portals. Both the 903B and 52-1-1
can run on normal batteries al-
lowing continuous use as long as
a supply is available. The P3 and
MiniSentry need external power
for internal battery recharging.

Background measurement

Table 6 summarizes the back-
ground features of the portals.
The MiniSentry, 903B and 52-1-1
are constantly measuring back-
ground so that a contaminated
subject in close proximity could
raise the background so when a
measurement is taken the con-
tamination may be missed. It also
means that the operator should
be constantly monitoring this dis-
play to get information about the
level of contamination that might
be coming near (i.e., a crowd of

contaminated persons). These units
also have HI/LO background alarm
levels that will cause the unit to
alarm until the problem is recog-
nized and corrected; unfortunately,
this will take the portal out of
service for the duration of the
problem.

The P3 uses the startup back-
ground to assess alarm condi-
tions so another detector will be
needed to check for changing
background.

The 52-1-1 also has a feature
that allows the operator to ac-
count for the shielding effect of
a human body. A person inside
or next to the portal will lower
the background slightly due to
the shielding effect. The 52-1-1
has a function that allows the
operator to enter a percentage atten-
uation value for each detector once
this value has been experimentally
determined.

Operator requirements
None of the units can be oper-

ated in the absence of an oper-
ator as the people being screened
must be directed in the case of
an alarm. In the case of the P3
monitor, the operator must also
be present in order to cancel the
alarm. The MiniSentry and 52-1-1
only alarm for a short time before
returning themselves to monitoring

Table 4. Communications functions.

Item P3 MiniSentry TPM-903B 52-1-1

Communications RS-232 serial port RS-232 serial port RS-232 serial port and Ethernet port RS232 serial port
Data logging Yes No Yes Yes
Number of records 0 0 3017 0
Software upgrade through RS232 No Yes No No
Parameter setup Upload/Download Upload/Download Download Download

Table 5. Power requirements.

Task P3 MiniSentry TPM903B
Ludlum
52-1-1

Internal battery Yes Yes Yes Yes
Rechargeable Yes Yes Yes Yes
Use ordinary batteries No No Yes Yes
Operating life (hr) 12 76 40 24
A/C power (110V) Yes Yes Yes Yes
Battery size Custom and C-cell (on early models) Custom D-cells D-cells
Batteries easily changeable No No Yes Yes
Low power warning Yes Yes No Yes
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mode so the operator is only re-
quired to notice the alarm and
direct the person who caused the
alarm to either a recount or to
decontamination. The operator
in this case does not need to be
well trained, only the person who
sets up the unit needs that skill-
set. The TPM-903B keeps the alarm
on until 5 s after the alarm con-
dition has been cleared. In other
words, the contaminated subject
must be removed from the area.
Similar to the MiniSentry, the
operator does not need to be
well trained, but the person who
sets up the TPM-903B needs that
skill-set.

CONCLUSION AND
RECOMMENDATIONS

Four types of portal monitors
have been tested and compared:
the Ludlum 52-1-1, the TPM-903B,
MiniSentry and the P3. The
Ludlum 52-1-1 has demonstrated
the greatest capability since it is

able to measure both gamma and
beta radiation. It also has dem-
onstrated a greater sensitivity to
low energy gamma photons. The
P3 benefits from simplicity but
has a higher detection limit than
the MiniSentry in the ‘‘enter-wait’’
mode; however, for emergency re-
sponse, the amount of activity of
gamma emitting fission/activation
products that can be detected is
far below a level where significant
health effects will occur (not true
for 241Am). The TPM-903B has dem-
onstrated a sensitivity for gamma
radiation detection that is com-
parable to the MiniSentry.

The recommended usage for
these portal is a pseudo enter-wait
mode. One of the portal operators
should direct the person to be
screened to enter the portal and
stand for a few seconds. This will
improve the sensitivity. The ad-
vantage of the pseudo enter-wait
mode is that if the person exits
the portal before the count for a
true enter-wait mode is com-

pleted no downtime (caused by
an instrument alarm) is experi-
enced and there is no need to re-
peat the count.

The HML has concluded that
no unit is superior to another, but
that all have a distinct place in
emergency monitoring depend-
ing on the situation which is to
be assessed by expert judgment;
however, when beta radiation or
low energy gamma radiation is
suspected, the best choice of the
four units tested would be the
Ludlum 52-1-1.
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Table 6. Background features.

Task P3 MiniSentry TPM903B Ludlum 52-1-1

Initialization Diagnostic self-test
followed by 2nd
background
measurement (42 s)

Fast initialization
(5 s)

Self test followed
by background
initialization (30 s)

Self test followed
by background
initialization
(60 s)

Real-time updating No Yes Yes Yes
Moving average (MA) No Yes Yes Yes
Segments for MA N/A 10Y600 4 18Y162
Background count time (s) N/A 0.1 5 3
Delay between person-count

and background count (s)
0 3Y10 0Y5 3

Hi/Lo background alarms No Yes Yes Yes
Action on Hi/Lo alarm N/A Out of service Out of service Out of service
Attenuation compensation No No No Yes
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