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This standard is issued under the fixed designation C 1169; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone] indicates an editorial change since the last revision or reapproval.

1. Scope contains radiation detectors to monitor a pedestrian waiting for

1.1 The requirement to search pedestrians for specidléarance to pass. _ _
nuclear material (SNM) to prevent its theft has long been a part 1.4 The values stated in Sl units are to be regarded as
of both United States Department of Energy and United Stategtandard.
Nuclear Regulatory Commission rules for the physical protec- 1.5 This standard does not purport to address the safety
tion of SNM. Information on the application of SNM monitors CONcerns, if any, associated with its use. Itis th(_a responsibility
to perform such searches is provided in Guide C 1112. Thi€f the user of this standard to establish appropriate safety and
guide establishes a means to compare the performance Bgalth_ practlt_:es and determine the applicability of regulatory
different SNM pedestrian monitors operating in a specificimitations prior to use.
!aborato_ry environmer. _'I_'he goal _is to provide relativ_e 2 Referenced Documents
information on the capability of monitors to search pedestrians
for small quantities of concealed SNM under characterized 2-1 ASTM Standards:
conditions. The outcome of testing assigns a sensitivity cat- C 859 Terminology Relating to Nuclear Materials
egory to a monitor related to its SNM mass-detection probabil- € 993 Guide for In-Plant Performance Evaluation of Auto-
ity: the monitor’s corresponding nuisance-alarm probability for ~_Matic Pedestrian SNM Monitots ,
that sensitivity category is also determined and reported. C 1112 Guide for Application of Radiation Monitors to the

1.2 The evaluation uses a practical set of worst-case envi- _Control and Physical Security of Special Nuclear Matérial
ronmental, radiation emission, and radiation response factors C 1189 Guide to Procedures for Calibrating Automatic
so that a monitor’s lowest level of performance in a practical ~ Pedestrian SNM Monitofs
operating environment for detecting small quantities of SNM is Terminology
evaluated. As a result, when that monitor is moved from . . )
laboratory to routine operation, its performance will likely ~3-1 Definitions of Terms Specific to This Standard:
improve. This worst-case procedure leads to unclassified 3-1:1 confidence coefficientthe theoretical proportion of
evaluation results that understate rather than overstate tfg@nfidence intervals from an infinite number of repetitions of

performance of a properly used SNM monitor in operationa®" €valuation that would contain the true result.
use. 3.1.1.1 Discussior—In a demonstration, if the true result

1.3 The evaluation applies to two types of SNM monitorsWere known the theoretical confidence coefficient would be the

that are used to detect small quantities of SNM. Both aréPProximate proportion of confidence intervals, from a large
automatic monitors; one monitors pedestrians as they walRumber of repetitions of an evaluation, that contain the true

through a portal formed by the monitor's radiation detectord€Sult: Typical confidence coefficients are 0.90, 0.95 and 0.99.
(walkthrough or portal monitor), and the other monitors 3-1.2 Confidence Interval for a Detection ProbabilityAn
pedestrians who are stationary for a short period of time whildnterval, based on an actual evaluation situation, so constructed

they are monitored (wait-in monitor). The latter can be a portafhatf_'(;[I contains the (true) detection probability with a stated
monitor with a delay mechanism to halt a pedestrian for a fe\/\?og '1 gnlc%'_ on_Confid < of d
seconds or it can be an access-control booth or room that 3-1.2.1 Discussior—Confidence is often expressed as
100*the confidence coefficient. Thus, typical confidence levels
are 90, 95 and 99 %.
3.1.3 detection probability-the proportion of passages for
* This guide is under the jurisdiction of ASTM Committee C-26 on Nuclear Fuel Which the monitor is expected to alarm during passages of a
Cycle and is the direct responsibility of Subcommittee C26.12 on Safeguarcparticmar test source.
Applications.
Current edition approved June 10, 1997. Published May 1998. Originally
published as C 1169 — 91. Last previous edition C 1169 — 92.
2 Note that this is a laboratory evaluation and is not designed for routine in-plant————————
use. A separate guide, C 993, is available for verifying routine in-plant performance. *Annual Book of ASTM Standardgol 12.01.
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3.1.3.1 Discussion—Although probabilities are properly ex- ~ TABLE 2 Mass Detection Sensitivities in Pedestrian Neutron

. . . H A
pressed as proportions, performance requirements for detection Monitors
probability in regulatory guidance have sometimes been ex-  Category Description Plutonium® (g)
pressed in percentage. In that case, the detection probability as NI Standard Neutron 250
a proportion can be obtained by dividing the percentage by NIl Improved Neutron 100
NI High Sensitivity 30
100 Neutron

3.1.4 detection sen3|t|\{|ty categer—y_spemfled in terms of a Aln a nominal 20 puR/h background intensity using standard metallic test sources
test source mass for which the monitor has a 0.50 or great@nd procedures described in 11.2.
detection probability, as measured by a test procedure having aB'-ﬁYV_-tbl{mung;!Uto?ium 6{18 descrik_’t?dt"lh&&l 'ior_monitorst l?avihn_gI ga?mg-ray
95 % confidence coefficient for its result. The specified 0.50 OFscye jog o0 o o Sensiivily The pLioniim musthe sheided i =-em
greater detection probability is a very convenient one for
testing. The limited number of test source masses used to ) )
define sensitivity categories (see Table 1 and Table 2) adthould be in as many layers as local rules require of a
equately describe the performance of SNM monitors that cafion-radioactive material such as aluminum0(32-cm thick)
detect small quantities of SNM. or thin (sO.lG—cm .thICk) staln!ess steel or nickel to reduce
3.1.5 nuisance alarm-a monitoring alarm not caused by Unnecessary radiation absorption. _
SNM but by one of two other causes, which are statistical 3-1.9.3 standard uranium souree-a metallic sphere or cube
variation in the measurement process or natural backgrour@f_highly-enriched uranium (HEU) containing at least 93 %
intensity variation. Other contributors to nuisance alarms, such U @nd less than 0.25 % impurities. Protective encapsulation

as interfering radiation sources and equipment malfunctionShould be thin plastic or thin aluminun=0.32-cm thick) to
should not be present during testing. reduce unnecessary radiation absorption in the encapsulation.

3.1.6 radiation intensity—expressed as the number of pho- NO additional filter is needed.
tons or neutrons emitted by a material per second or as thf Summary of Guide
environmental background radiation dose rate. ' y i .

3.1.7 SNM (special nuclear materiaf}plutonium of any 4.1 Evaluation follows a sequence of steps, each of which
isotopic composition,>33U, or enriched uranium as defined in should reach an acceptable outcome before the next is begun.
Terminology C 859. This term is used here to describe botfThe steps are: placing the monitor into operation; determining
SNM and strategic SNM, which is plutonium, uranium-233, Nuisance alarm probability; determining detection probability;
and uranium enriched to 20 % or more in 1R isotope. and categorizing the results. o .

3.1.8 SNM monitor—a radiation detection system that mea- 4.2 The monitor is put into operation in a nominal 20 pR/h
sures ambient radiation intensity, determines an alarm thres®.2 nNC/kg h or 1.43 pA/kg) background environment. The
old from the result, and then, when it monitors, sounds arnanufacturer’s instructions are followed to assemble, calibrate
alarm if its measured radiation intensity exceeds the thresholdSee Section 10), and begin using the monitor. _

3.1.9 standard SNM test soureea metallic sphere or cube 4.3 Nuisance alarm probability is determined (see Section
of SNM having maximum self attenuation of its emitted 11) by automatic data collection with a system that cycles the
radiation and an isotopic composition to minimize that emis-monitor alternately through a group of simulated pedestrian
sion as described below. Encapsulation and filtering also affedtassages and a background update while recording the back-
radiation intensity, and particular details are listed for eactfround intensity and each of its alarms. _
source. 4.4 Detection probability is determined (see Section 12) by

3.1.9.1standard plutonium soureea metallic sphere or transporting SNM test sources through the monitor's least
cube of low-burnup plutonium containing at least 93%%Pu,  sensitive region, which is determined as part of the evaluation.
less than 6.5 %*%Pu, and less than 0.5 % impurities. Different individuals transport the SNM at their accustomed

3.1.9.2 Discussior—A cadmium filter can reduce the impact Pace but in a specified manner. Results (number of detections
of 241Am, a plutonium decay product that will slowly build up and passages) are analyzed as a binomial experiment to give a
in time and emit increasing amounts of 60-keV radiation.confidence interval for the probability of detection that may
Begin use of 0.04-cm-thick cadmium filter when three or morePlace the monitor in a sensitivity category. If the monitor can
years have elapsed since separation of plutonium decay prole operated in different modes or at more than one spacing
ucts. If ten or more years have elapsed since separation, usdatween its detectors, it should be evaluated in each mode and

cadmium filter 0.08-cm thick. The protective encapsulationdt €ach spacing that is expected to be used operationally.
4.5 The sensitivity category of a monitor is determined (see

TABLE 1 Mass Detection Sensitivities of SNM Monitors A Section 13) by the smallest test source for which the monitor
has a 0.50 or greater detection probability with 95 % confi-

Category Description Uranium? (g) Plutonium€ (g) . -
. dence at an acceptable nuisance alarm probability.
| Standard Plutonium 64 1
1l Standard Uranium 10 0.29 . e
1l Improved Sensitivity 3 0.08 S. Slgnlflcance and Use
v High Sensitivity 1 0.03 5.1 SNM monitors are an effective and unobtrusive means

Aln a nominal 20 uR/h background intensity using standard metallic test sources to search pedestrians for concealed SNM. Nuclear fac|||ty

and procedures described in 11.2. . . .
BHEU as described in 8.4. security plans often include SNM monitors as one means to

CLow-burnup plutonium as described in 8.5. help prevent theft or unauthorized removal of designated



NOTICE: This standard has either been superceded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

Ay c 1169

guantities of SNM from access areas. This guide describes grounds from other than natural causes are present. A simulated
way to evaluate and categorize the relative performance diigh intensity background produced by point sources is unsuit-

available SNM monitors that might be considered for use in able.

security plan. 6.2 Parts of the evaluation use specific values or measure-

5.2 The significance of the evaluation for monitor users isments that can alter the testing outcome if not done properly.
that evaluated monitoring equipment has a verified capability=or example, an improperly measured background intensity
Unexpected deficiencies such as low sensitivity for highly(see 7.1) that is actually much higher or lower than stated in 6.1
self-absorbing forms of SNM, lower than expected sensitivitywill bias the results toward a lower or higher sensitivity
in areas having high natural background intensity, or a higltategory. Similarly, inattention to test source specification,
nuisance-alarm probability from electronic noise or faultymethod of carrying test sources through the monitor, and
alarm logic often can be detected during evaluation andmproper interpretation and reporting of results will bias the
corrected before a monitor is placed in operation or furtheloutcome. Other possible errors and biases in the evaluation
marketed. results are discussed in Section 13.

5.3 The significance of the evaluation for monitor manufac-
turers is that it may disclose deficiencies in design or construc!- APparatus
tion that, when corrected, will improve the product. A monitor 7.1 Measuring the gamma-ray background intensity re-
verified to be in a particular sensitivity category will be a quires a precision ion chamber or similar environmental
product that customers who need that level of performance camdiation measurement device that is calibrated to provide
purchase in good faith. gamma-ray dose rate. For neutron monitors, the background

5.4 The established sensitivity categories for evaluatedhtensity is inferred from the more readily measured gamma-
monitors will provide information to regulatory agencies on theray intensity because the cosmic-ray and terrestrial factors that
performance range of monitoring equipment for detectingead to high natural gamma-ray intensity are the same ones that
small quantities of SNM. produce high natural neutron background intensity.

5.5 Independent monitor evaluation will encourage monitor 7.2 The presence of unnatural sources of background during
manufacturers to provide appropriate documentation for calinuisance alarm testing can be discovered by recording the
brating and operating their monitors to obtain the best possibleutput of a background monitor or the output of the monitor’s
performance for detecting SNM. radiation detection circuits. A strip-chart recorder, data logger,

5.6 The underlying assumptions in this guide are that SNMand computer-generated display are convenient ways to record
monitors are applied in a wide range of background environbackground data.
ments at facilities that process a variety of chemical and 7.3 Alarms also must be recorded during nuisance alarm
physical forms of SNM. The operational experience with atesting. For example, an event marker could record alarms on
monitor at one facility provides little comparative information a background strip-chart record or a data logger, scaler, or
for a user of SNM monitors at another facility where the computer could record alarms.
environment and materials are different. A laboratory evalua- 7.4 A scaler or other form of pulse counter may be neces-
tion in a characterized environment using characterized tes@ary to average monitor signals to determine the monitor’s least
sources and providing information on both SNM detectionsensitive region. Net signals from a test source placed in
probability and nuisance alarm probability does provide usefuflifferent regions indicate the monitor’s relative response there.
comparative information on different monitors. 7.5 Atiming device that provides a sequence of periodic or

5.7 The user of evaluation results is warned that the result&andom (but not overlapping) occupancy signals and back-
are comparative ones for selection of monitoring equipmenground update periods is needed for nuisance alarm determi-
used to detect small quantities of SNM. Obtaining equivalennation. Appendix X1 gives one example of a timing circuit for
or better results for monitoring small quantities of SNM at anythe purpose.
facility rests on properly installing the monitor at an appropri- 7.6 Automatically cycling the monitor for nuisance alarm
ate location, maintaining monitor calibration, keeping thetesting requires the monitor’'s alarm to automatically reset
monitor in good repair with a testing and maintenance proitself. If it does not, a means to generate an alarm reset signal
gram, and providing proper training for operating personnel. is usually easy to provide. For example, the alarm signal can

5.8 The evaluation uses essentially unshielded test sourcegperate a solenoid that depresses the alarm reset pushbutton.
hence, results are based on detecting the entire gamma-ray or .
neutron spectrum of the sources. The effect of deliberate use Test Materials
shielding materials on the performance of SNM monitors is 8.1 The materials required for this guide are recommended

beyond the scope of this guide. SNM test sources (see 3.1.9). These have minimum emitted
radiation intensity and are worst-case-performance sources.
6. Interferences Any SNM of the same mass encountered in routine operation

6.1 The evaluation requires a nominal natural backgrounavill have the same or a greater emitted radiation intensity and
environment that has an intensity in the range of the higheswill be equally or more readily detected than the test sources.
found in the continental United States [nominal 20 pR/h (5.2 8.2 The isotopic forms of SNM with minimum emission are
nC/kg h or 1.43 pA/kg)] and has only natural variation. HEU and low-burnup plutonium. These are the only types of
Locations having low backgrounds are not suitable for testingSNM used for testing. The two materials have relatively
other locations are unsuitable as well when variable backlow-energy gamma-ray spectra but the spectra are significantly
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different. Testing with HEU can usually establish a sensitivity 9.3 If not already available at an external cable connector,
category that is also valid for plutonium but the converse is nothe monitor’s amplifier analog output signal should be buffered
true. Most of the HEU spectrum is less energetic and moras needed for external observation or processing and brought
difficult to detect that the plutonium spectrum. The lower out to a BNC connector.
energy of the HEU gamma-ray spectrum results in more signal 9.4 If not already available, the means to input a relay
loss by attenuation in detector cabinet doors and by discrimielosure or other external occupancy signal should be provided
nation in the monitor’s signal conditioning circuits. Hence, on a terminal strip or connector.
testing with plutonium alone does not provide adequate infor- 9.5 Candidate monitors for specific sensitivity categories
mation on HEU sensitivity. should have significantly more than the minimum capability
8.3 Testing with HEU and low-burnup plutonium demon- for the category so that the monitor's performance can be
strates adequate sensitivity for equal amounts of the moreeadily verified.
Zzgjo:rc‘:g\ég SI];OJ_mS of SNM that are also safeguarded. These arleo. Calibrating the Test Unit
8.4 Specifications for the HEU test sourtase that they be 10.1 The manufacturer’s calibration procedure must be
metallic HEU spheres (machining cost for this material is low)followed. If instructions are given for calibrating the monitor
containing at least 93 % of the isotop&U. The purity of the  differently for plutonium or uranium, each of these can be used
HEU should be at least 99.75 weight % uranium. for separate evaluations, but a calibration that suffices for both
8.5 Specifications for the low-burnup plutonium test sourcegnaterials is of most general interest and should be evaluated in
are that they be metallic spheres or assembled metallic fragtny event. More information on calibration is available in
ments that resemble a sphere or cube held together with eposguide C 1189.
(machining costs for this material are h|gh) The p|ut0nium 10.2 Once calibrated, the monitor should be operated as it
should contain at least 93.5 %*%Pu and no more than 6.5 % Wwould be in practice and any drift away from optimum
240y, and the purity of the plutonium should be at least 99.5:alibration should be allowed to take place. If three months or
weight % plutonium. another specified recalibration period has passed, or if a
8.6 Test sources must be encapsu|ated to prevent Contanﬂla”l.lnction and repair has Occurred, the complete evaluation
nation. Plastic sufices for HEU encapsulation, but a thinshould be restarted.
(=0.16-cm thick) aIuminl_Jm container can also be used. 11. Procedure
8.7 Plutonium (or uranium) encapsulation should not unnec- , )
essarily reduce the intensity of emitted radiation above 60 kev, 11.1 Procedure for Nuisance Alarm Testing ,
On the other hand, the 60-keV radiation intensity from pluto- 11-1.1 Nuisance alarm testing must be at least partially
nium should be reduced because its intensity increases in tingPMPleted before sensitivity tests are begun. If the emerging
as the 24'Am daughter of 2*%Pu builds up. Plutonium test result for nuisance alarm prob_ablhty |st_00 h|gh,the_c_ause must
source material that was separated from its americium daught8f, detérmined and the monitor readjusted, modified, or re-
products three or more years ago should have a surroundirRftired- After repair or readjustment, any previously obtained
cadmium absorber 0.04-cm thick as part of its encapsulatiofivisance alarm and sensitivity results are not applicable.
The filter for material with more than ten years since separatiofy UPlished guidelines for acceptable nuisance alarm probability
should have a total cadmium thickness of 0.08 cm. As a sourcgUote alsarm rates that range from a low of I Beh operating
ages, its filter can be thickened by adding a layer to itShift (1),_ that is imprecise but,_ for example, would correspond
encapsulation. Plutonium, being a more hazardous materidP® & nuisance alarm probability per passage of 0.00034 (1
requires protective encapsulation in welded metallic containerduisance alarm per 2880 passages) if a person passed through
that should be thin (0.05 to 0.16-cm thick) stainless steel of 1€ Monitor every 10 s, to a high rate of 1 per 1000 passages,
nickel to reduce unnecessary attenuation. Multiple encapsuld@t corresponds to a nuisance alarm probability per passage of

tion can use two containers as just described or two or mor8-001(2).

aluminum containers that can be thickex@.32-cm thick). 11.1.2 Ideally, nuisance alarm testing would be sensitivity
testing without carrying a test source. However, a monitor's

9. Test Monitors nuisance alarm probability for one monitoring comparison is

9.1 Although an evaluation of a standard monitor is theusually very small (as small as 0.00003 for example) and
goal, certain outputs and inputs that may not be standard af0 000 to 1 000 000 monitoring comparisons may be required
required for testing and are also recommended for productiofPr an adequately precise result. This amount of testing is easily
monitors. obtained only with simulated passages. The absence of an

9.2 If not already available at an external cable connectolPccupant during a simulated passage does raise the nuisance
the monitor's single-channel analyzer output or level-alarm rate slightly because a pedestrian’s body is not present to
discriminator output should be buffered as needed for triggerslightly lower the radiation intensity during monitoring (in one

ing a counter or oscilloscope and brought out to a BNCcase by about 1.5 % in a 76 cm wide portal). However, this is
connector. in keeping with the general approach of worst-case testing to

ensure that operational performance is better.

4Both 10.7-g and 3-g HEU spheres are available to DOE contractors on loan or————————————
at cost to others from the Los Alamos National Laboratory, Group NIS-6, MS J-562, ° The boldface numbers in parentheses refer to the list of references at the end of
Los Alamos, NM 87545. the text.
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11.1.3 Nuisance alarm testing should take place only duringpy pedestrians being monitored.
periods of time when background is free of man-made varia- 11.2.2.1 Walkthrough Portals With Large Detecters
tions. Records of background intensity during test perioddMonitors with large detectors at each side of a portal might be
should be checked for unexpected man-made variation. measured along a centerline from floor to ceiling. Choosing the

11.1.4 For nuisance alarm testing, the monitor is automatileast sensitive region when there is more than one low response
cally cycled through test periods comprised of 10 to 30region should take into account that the source may be in
simulated passages followed by a full background update. motion in one of them, for example when the source is attached

11.1.5 Alarms are recorded by an event marker or othefo an arm or leg. More than one region may need to be fully
means. After each alarm, the monitor must automatically resetvaluated to determine the least sensitive region.

itself so that testing can continue. 11.2.2.2 Walkthrough Portals With Many Small Detecters
11.1.6 The elapsed time and total number of alarms duringortals having a large number of small detectors should be
a testing period are obtained from alarm records. measured along the centerline from floor to ceiling and also

11.1.7 Accumulated data can be used to obtain the late&0nd the portal sides between detectors. Choosing the least of

result. The accumulated number of nuisance alarms divided bjearly equal low response regions should take into account
the number of monitoring passages determine the nuisan&9Urce motion when attached to an arm or leg. More than one
alarm probability. The number of passages may depend off9'0n may need to be fully evaluated to determine the least

whether the monitor is a walkthrough or wait-in one. sensitive region. , ,
11.1.7.1 Wait-In Monitors— Wait-in monitors compare one . 11.2:2.3Wa|t-ln Portalsf In th.'s case, th_e occupant is not

or more monitoring measurements with an alarm threshold an§l motion and any _SNM Is stationary dl.J.”ng monitoring. In

then permit the occupant to depart. Hence, the number oqddltmn to measuring from floor to ceiling, measurements

passages should equal the number of simulated occupancifégm front to back In appropriate honzontal_planes are also
and can be calculated from the elapsed time and number _ede_d o pick gand|dates_for the least sensitive region. Body
simulated occupancies per unit time shielding is so important in this case that all low response

11.1.7.2 Walkthrough Monitors-Walkthrough monitors regions may need to be fully evaluated to determine the least

usually continuously compare monitoring measurement result%ensmve region.
y y P 9 11.2.3 Having located the least sensitivity region, a series of

with an alarm threshold during the time they are occupied, thal%)inomial experiments can begin. Pedestrians will pass through

varies with passage speed. If the simulation duplicates thﬁ1e monitor carrying the source but before they start, the total

average occupancy ftime expected for normal use of th% mber of passages to be undertaken should be chosen. At least

monitor, then the number of passages equals the number 9
\ : X X passages should be made, and a suggested number of
simulated occupancies as in 11.1.7.1. However, if for Someassages is 45

reason the simulated occupancy time is greater or less than tRell.2.4 Passages are performed by a group of pedestrians,

expected occupancy time for normal use, the number of referably a group of both men and women, who individuall
passages has to be appropriately adjusted to compensate for the y a group ’ R y
difference ransport a particular SNM source through the monitor in their

1118 Th It of thi t of testing. th . | individual, accustomed manner while carrying the source so
-0 The result of this part ottesting, the nuisance alarMy, o4 it is monitored in the least response region. However, in
probability per passage is the total number of alarms divided vaaIkthrough monitors a word of caution is needed when

the total numberof_passages. By th? time 100 alarms havg be.%'ﬁaching the test source to an arm or leg where its velocity
observed, the relative standard deviation of alarm probability i3, |14 vary depending on the individual's pace. Variation can

about 10 % (the alarm probability is expected to be small e reduced if a standard pace is adopted. For example, always
usually 0.001 or less) and the derived value is precise enougf ing the pace shown in Fig. H) is better than ha\;ing

to make a f_|nal demsmn_on whether the result is suitable t(?ndividuals use a variable pace that ranges from planting the
complete this part of testing.

11.2 Procedure for Sensitivity Testing

11.2.1 Once the monitor has been operating long enough to
obtain an indication that nuisance alarm results will be accept-
able, sensitivity tests can begin.

11.2.2 Determining the least sensitive region of the monitor
can often be done by measuring the monitor’'s response to a
large test source located in different regions of the monitor. The
quantity to use for comparing regions is the net source
response, that is the difference between a count with the test
source in place and a background count with the source
removed. The least sensitive region or regions should be
visible as the relative minima in plots of the net source
response. The plots can also disclose any shortcomings in ;
measurement technique and precision. The number of mea- (o) PROPER FOOT POSITION (5} IMPROPER FOOT POSITION
surements needed will depend on the number of detectors Us&gl. 1 proper (&) and Improper ( b) Foot Positioning for Testing a
in the monitor, where they are located, and the path followedwalkthrough Monitor with a Source Attached to an Interior Ankle
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source in the portal as shown in Fig.bl({to swinging the 103
source leg as rapidly as possible through the portal. Variation in
passage speed is also of concern in walkthrough monitors
where a nominal walking speed of 1.2 m/s is recommended.

11.2.5 A record of the number of passages and number of
detections should be made as they take place. Each person
from a group of at least four pedestrians should individually
pass through the monitor repeatedly with the test source. Each
person should make no more than five passages at a time before
pausing to allow the monitor to obtain a new background. Each
person should make no more than twelve passages total to
lessen the chance of a bias caused by one individual. Each
person should also repeatedly walk through the monitor in the
same manner without carrying a source for the same number of
passages to verify that unexpected items or conditions are not
causing alarms.

11.2.6 The testing is in the form of a binomial experiment
where an upper 95 % confidence interval for detection prob- B
ability is to be determined. An upper 95 % confidence interval
can be found using the 90 % confidence coefficient graphs of
confidence intervals from Dixon and Mass@) and ignoring
the fact that true values of detection probability may fall above Proportion of Passages Detected
the interval’s upper limit. Thus for example, after 20 passages FIG. 3 Ninety-Five Percent Confidence Coefficient Test Result
with 0.70 detections, Fig. 2 shows a 90 % confidence interval Region for Detection Probability 0.50 or Greater
of 0.48 to 0.87 for detection probability. The corresponding
upper 95 % confidence interval for detection probability is 0.48acceptance region for the hypothesis that the detection prob-
or greater and does not satisfy a test result requirement for ability has been determined to be 0.50 or greater with 95 %
detection probability of 0.50 or greater with a 95 % confidenceconfidence as a function of the number of passages and the
coefficient. Had 50 passages with 0.70 detections been madgroportion detected. If the point representing the number of
the upper 95 % confidence interval for detection probabilitypassages and the proportion of passages detected does not lie
would be 0.57 or greater, that does satisfy a test resulvithin the region or on its boundary, the hypothesis is rejected.
requirement for detection probability of 0.50 or greater withFor the number of passages suggested earlier, 45, the propor-
95 % confidence. tion of passages detected for acceptance must be 0.64 or

11.2.7 Fig. 3is a graph of the Dixon and Massey tables frongreater.

Ref (2) with labels changed to proportions, showing a shade(iz. Reporting Results

|| 95% Confidence of
# | Detection, Probability
v P> 0.50

10

10

Number of Passages

1 1 I I L I
0.5 0.6 0.7 0.8 0.9 1.0

1.0 T 12.1 Sensitivity categories for walkthrough pedestrian
/"//‘/ /: g monitors from Ref(4) are listed in Table 1 and apply to both
038 = - VY walkthrough portal monitors and wait-in monitors.
08 P VAV 12.2 Sensitivity categories for monitors that detect neutrons
) A1 AL AV VAL reflect the fact that neutron emission rates from SNM are lower
2 07 » - A ,/ )4 / than gamma-ray emission rates. Plutonium is the only type of
= /5 A LA // / SNM emitting significant numbers of neutrons and is the only
8 os A /‘0 o] L/ v L/ / test material. Sensitivity categories in Tablé42 5) cover the
g / A1 A expected range of performance. Categories NI and NIl corre-
@ o5 A )49 25 ~/2o/ A / spond to gamma-ray SNM monitors using plastic scintillation
c PV A4V Va4 P p g y ap
o 7 /50 2ol 7 detectors that also sense fast (unmoderated) neutrons from
‘g 0.4 p. 44 XA o pd spontaneous fission in SNM. Category NIII corresponds to
- / P4 A 5 neutron-detection based SNM monitors that do not respond to
Q By f VI 1] gamma radiation and therefore have very low background
02 Y/ § PV 4Ry count rates. These monitors use thermal neutron detectors and
NV A A1 A require that the fission neutrons first be moderated for detec-
o1 /////9; L A tion.
/45;//,4/ 12.3 The evaluation results are for a particular background
0 Wt intensity and place the monitor in one of the tabulated
0 01 02 03 04 05 06 07 08 09 10  gensitvity categories at a particular nuisance alarm probability.
Proportion Detected Both the sensitivity category and the nuisance alarm probabil-
FIG. 2 Ninety Percent Confidence Intervals for Detection ity must be reported because either one can be bettered at the
Probability expense of the other. In normal operation, however, both good
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sensitivity and a low nuisance alarm probability are usuallyspeed affects performance. Care must be taken to avoid
needed, so one cannot be sacrificed. Separate categories migphssages speeds that differ significantly from the group average
be necessary for uranium and plutonium performance. specified in 11.2.4. Similarly, a walker’s pacing can bias results
12.4 Some important factors that influence the monitor'sf it differs from that described in 11.2.4 and illustrated in Fig.

performance may unnecessarily be changed when monitors af¢).
put into routine operation. The evaluation report should include 13 4 seasonal footwear can bias the results of sensitivity
such mformaﬂgp as thg evaluat.ed portal width, Fietector C""b'n‘ﬂesting when the test source is positioned inside a shoe. Winter
material, sensitivity switch settings, detector bias level (lowerfootwear often is much heavier than summer footwear and
level discriminator gettmg), and all significant caht_)ratl(_)n provides greater shielding of source radiation.
parameters such as'Cs 662-keV gamma-ray pulse height in . o :

13.5 Body mass may bias sensitivity testing results when

scintillation detectors or neutron pulse height 3He propor-
tional counters. only men or only women are used to transport test sources. A

12.5 The evaluation report should also give a completdréater average weight for men could increase background
description of the evaluated monitor because manufacture@ftenuation and decrease a monitor’s sensitivity. Hence, testing
often supply monitors with different options that may affect With all males might lead to lower sensitivity whereas testing
performance. Appendix X2 gives an example of an evaluatiovith all females with a lower average weight might lead to
report form that summarizes the most important informatiorhigher sensitivity than would be obtained for a mixed group of
from an evaluation report. testers.

13. Precision and Bias 113.6 Test source positi_ons used for sensitivity testing may
' be important sources of bias. Sources attached to an arm or leg
13.1 The outcome of the evaluation is a mass detectiogan move through a walkthrough monitor much more rapidly

sensitivity category achieved at a particular nuisance alarmnhan other parts of the body and may be very difficult to detect.

probability. There is a possibility that a higher or lower goyrces attached at a beltbuckle position may move slowly

category than deserved may be assigned. Should the true resgiffough the monitor’'s most sensitive region and be very easy to
be a detection probability that is less than 0.50, the monitofetect.

may be assigned to an undeserved category. The use of fairly - : .
broad sensitivity categories and the caution in 9.5 that evalu- 13.7 Test source shielding by the body may bias sensitivity

ated monitors should have excess capability to make testin?sundq re;?"fg: Sut(;]h tpcc;smonj as thbe |dnner t.h'r?th ordarmﬁ)g L“.ay
practical should make this a rare type of error. rovide shielding that depends on body weight and could bias

13.2 Lower than expected performance during evaluatioﬁesuns higher or lower than a population average depending on

should not automatically terminate a monitor's evaluation witht "€ individuals who participate in testing.
a negative result. Manufacturers, testing organizations, and end13.8 Inattention to the outlined test environment and test
users all have an interest in discovering and correcting flaws iRrotocols can severely bias the testing outcomes. The back-
design or manufacturing before SNM monitors begin operaground intensity should be nominally as stated in 6.1, nuisance
tional use. Hence, when performance falls short and problem@larm testing should be as extensive as stated in 11.1.8, test
are found, they should be corrected and the complete evalugources should be prepared as stated in Section 8, and test
tion restarted. procedures in 11.2 should be followed. If not, the testing results
13.3 Biased sensitivity testing procedures can influence thbave little value as comparative information for selecting SNM
evaluation results. In a walkthrough SNM monitor, passagemonitoring equipment.

APPENDIXES
(Nonmandatory Information)

X1. TIMING CIRCUIT FOR PRODUCING PERIODIC OCCUPANCY

X1.1 The circuit in Fig. X1.1 provides variable length another device to cause occupancy. For example, the relay can
occupied (nuisance alarm testing) and unoccupied (backgrourgperate a shutter to interrupt a light beam used as an occupancy
update) periods by using a recycle timer and recycling timesensor.
delay relay. During nuisance alarm testing, the recycle timer
energizes the time delay relay to provide alternating timed X1.3 When the circuit is used with a wait-in portal, the time
periods of occupancy and vacancy. intervals used in the two devices must be carefully chosen to
rzflvoid the possibility of causing an alarm by de-energizing the

X1.2 If the monitor does not accept a relay closure as arx. . .
Jime delay relay and prematurely vacating the monitor.

occupancy signal, the relay closure can be used to contr
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Relay Closure

Output
110-V Line
2— —J >
3 on
ON TIME o TIME
2 e OFF
7
L] 2 g TIME
a— Z
OFF TIME 2
RS4A11 RECYCLE TD4A22 TIME
TIMER (Solid State DELAY RELAY (SSAC)

Advanced Controls,
Baldwinsville, NY 13027)

FIG. X1.1 A Circuit Providing Alternating Periods of Unoccupied Background Update and Cyclic Occupancy for Nuisance Alarm Testing

X2. LABORATORY EVALUATION SUMMARY REPORT FOR A PEDESTRIAN SNM MONITOR

X2.1 This example of a laboratory evaluation report form
summarizes the results of an evaluation. It is not intended to be
a substitute for a full written report.
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Evaluated Monitor: Manufacturer. Model

Manufacturer’s address and telephone

Special Modifications

Mode of Operation: Walkthrough Wait-in
Type of detection logic

Mechanical Factors: (Attach manual or specification if possible)
Detector encapsulation: Material Thickness
Cabinet doors Material Thickness

Portal width (free passage).
Detector spacing (maximum)

Calibration Factors:
Pulse Heights: Gamma ray ('*”Cs)

Neutron (252Cf)

Detector Bias Level

Selectable Sensitivity Options:
Count interval length

Region of Interest

Number of background subintervals

Number of monitoring subintervals.

N sigma

Sensitivity Switch Setting

Other

Test Environment Factors:
Background Intensity

pR/h

Instrument used

Describe method

Nuisance Alarm Results:
Nuisance alarms per passage

or passages per alarm,

Data: Number of alarms

Number of passages

Method used

Describe any added circuits or modifications used to obtain data

Performance Test Protocol:
Describe test source

Describe how carried

Describe test procedure

Describe method of determining passage speed

Sensitivity Test Results:
HEU Category

Plutonium Category

Neutron Category

Notes:
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