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Standard Practice for
Detection Sensitivity Mapping of In-Plant Walk-Through
Metal Detectors *

This standard is issued under the fixed designation C 1270; 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.

INTRODUCTION

Nuclear regulatory authorities require personnel entering designated security areas to be screened
for concealed weapons. Additionally, in security areas containing specified quantities of special
nuclear materials, exiting personnel are required to be screened for metallic nuclear shielding material.
Walk-through metal detectors are widely used to implement these requirements.

A number of environmental conditions, architectural and electrical arrangements near the detector,
and detector characteristics affect the detection of metallic objects passing through the walk-through
metal detector. These external effects and detector characteristics are discussed in Practices F 1468 and
C 1269, and Guide C 1238. This practice is intended to minimize the effects of these variables on
detector operation by providing the operator with baseline information on the metal detection
sensitivity within the portal aperture, particularly the location of any weak areas of detection. The data
is obtained by mapping the detection zone (volume within the portal) of each detector at its field
location, under normal operating conditions, and using the target test object. The maps, when applied
to detector operation, ensure that the effects of the fixed environmental conditions, architectural and
electrical arrangements, and detector characteristics are taken into account during operational
sensitivity adjustment, performance evaluation, and general operation of detectors.

1. Scope metal detection performance requirements of the responsible

1.1 This standard practice covers a procedure for determif€gulatory authority. (See Appendix X2)
ing the weakest detection path through the portal aperture and 1-3 This practice is neither intended to set performance
the worst-case orthogonal orientation of metallic test objects. [€VelS, nor limit or constrain operational technologies.
results in detection sensitivity maps, which model the detection 1-4 This practice does not address safety or operational
zone in terms related to detection sensitivity and identify thdSSues associated with the use of walk-through metal detectors.
weakest detection paths. Detection sensitivity maps support 1.5 The values stated in Sl units are to be regarded as the
sensitivity adjustment and performance evaluation proceduredandard. The values given in parentheses are for information
(see Practices C 1269 and C 1309). only.

NoTe 1—Unsymmetrical metal objects possessing a primary longitudi-2. Referenced Documents
nal component, such as handguns and knives, usually have one particular2 1 ASTM Standards:

orientation that produces the weakest detection signal. The orientation and . .
the path through the detector aperture where the weakest response isC 1238 Guide for Installation of Walk-Through Metal De-

produced may not be the same for all test objects, even those with very tectors . o _ o
similar appearance. C 1269 Practice for Adjusting the Operational Sensitivity

Note 2—In the case of multiple specified test objects or for test objects ~ Setting of In-Plant Walk-Through Metal Detectérs
that are orientation sensitive, it may be necessary to map each object C 1309 Practice for Performance Evaluation of In—Plant
several times to determine the worst-case test object or orientation, or Walk-Through Metal Detectors
both. _ o - F 1468 Practice for the Evaluation of Metallic Weapons
1.2 This practice is one of several developed to assist Detectors for Controlled Access Search and Screéning

operators of walk-through metal detectors with meeting the
3. Terminology

 This practice is under the jurisdiction of ASTM Committee C26 on Nuclear 3.1 Definitions of Terms Specific to This Standard:

Fuel Cycle and is the direct responsibility of Subcommittee C26.12 on Safequard—————
Applications. 2 Annual Book of ASTM Standardéol 12.01.
Current edition approved Dec. 10, 1997. Published June 1998. 2 Annual Book of ASTM Standardgol 15.07.
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3.1.1 clean-tester n—a person who does not carry any passes) when passed through the detection zone on the critical
extraneous metallic objects that would significantly alter thetest path.
signal produced when the person carries a test object. 3.1.4 critical test elementn—seetest element
3.1.1.1 Discussior—By example but not limitation, such  3.1.5 critical test object n—seetest object.
extraneous metallic objects may include: metallic belt buckles, 3.1.6 critical test path n—the straight-line shortest-course
metal buttons, cardiac pacemakers, coins, metal frame eymath through the portal aperture, as defined by an element on
glasses, hearing aids, jewelry, keys, mechanical pens arile detection sensitivity map, that produces the smallest
pencils, shoes with metal shanks or arch supports, metallidetection signal or weakest detection for a test object in its
surgical implants, undergarment support metal, metal zippergritical orientation. (see Figs. 2 and 3)
etc. In the absence of other criteria, a clean tester passing 3.1.7 detection sensitivity mam—(see Figs. 2 and 1) a
through a metal detector shall not cause a disturbance signdépiction of the grid used to define test paths through the
greater than 10 % of that produced when carrying the criticatletection zone, with each element of the grid containing a
test object through the detector. Test objects requiring veryalue, usually the sensitivity setting of the detector, that is
high sensitivity settings for detection require more completendicative of the detectability of the test object.
elimination of extraneous metal to obtain less than 10 % signal 3.1.7.1 Discussior—These values are relative and describe
disturbance. the detection sensitivity pattern within the detection zone for
3.1.1.2 Discussior—The tester shall have a weight betweenthe specific test object. The values are derived by identically
50 to 104 kg (110 to 230 Ib) and a height between 1.44 to 1.98esting each defined test path using a specific test object in a
m (57 to 75 in.). Should a given detector be sensitive to bodingle orthogonal orientation. The value is usually the mini-
size because of design or desired sensitivity, the physical sizaum sensitivity setting of the detector that will cause a
of testers should be smaller and within a narrower range. consistent alarm (10 out of 10 test passes) when the test object
3.1.1.3 Discussior—It is recommended that the clean testeris passed through the detection field. Appendix X3 is a sample
be surveyed with a high sensitivity hand-held metal detector tdorm for a potential detection sensitivity map configuration.
ensure that no metal is present. 3.1.8 detection zonen—the volume within the portal aper-
3.1.2 critical orientation, n—the orthogonal orientation of a ture.
test object that produces the smallest detection signal or 3.1.9 detector n—seewalk-through metal detector.
weakest detection anywhere in the detection zone; the orthogo- 3.1.10 element n—see test element
nal orientation of a test object that requires a higher sensitivity 3.1.11 grid, n—see test grid
setting to be detected compared to the sensitivity setting 3.1.11.1grid element, A—(1) a single block on a detection
required to detect the object in all other orthogonal orientasensitivity map; (2) the rectilinear volume through the detec-

tions. See Fig. 1 for handgun orientations. tion zone defined by coincident elements of identical grid
3.1.2.1 Discussior—Critical orientations are determined by
testing using a mapping procedure such as described in 52168152152
Practice C 1270.
3.1.2.2 Discussior—The term critical orientation can refer 49 |55 {75 {7I
to the worst case orthogonal orientation in a single test path or
the worst case orthogonal orientation for all the test paths (the 50152175173
entire detection zone). The two are coincident in the critical test .
path. / i::?cal
3.1.3 critical sensitivity setting n—the lowest sensitivity 8158) 74 70/ element
setting of a detector at which the critical test object in its 35163 8I’/72
critical orientation is consistently detected (10 out of 10 test
471621 89| 74
/ &T/ 47169 79] 75
(=3
) /-’ s7( 71| 81] 79
-/ I 3 62| 74| 74| 69
1 2
l Note 1—Numbers are sensitivity setting values for a hypothetical
detector. The numbers represent the lowest sensitivity setting at which the
BARREL object was detected ten out of ten consecutive test passes through the
. 4 | indicated test path.
z &” Note 2—Important: ensure that the location of the transmitter and
n % receiver are identified. If the detector does not have a dedicated transmitter
4 d M and receiver, note the side from which testing is performed relative to the
5 6 protected area.
FIG. 1 Six Standard Orthogonal Orientations for a Handgun FIG. 2 Example of Detection Sensitivity Map
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(see Fig. 1 for handgun orientations)
3.1.15 portal, n—seewalk-through metal detector.

3.1.16 test elemenn—(see Figs. 2 and 3) for the purpose of
testing, it is necessary to define discrete and repeatable
straight-line shortest-course test paths through the detection
zone. This can be done by using two identical networks (grids)
made of nonconductive/nonmagnetic material attached across
the entry and exit planes of the portal aperture so the networks
coincide. A test object on the end of a probe can then be passed
from one side of the portal aperture to the other side through
corresponding openings, which results in the test object taking
a reasonably straight-line shortest-course path through the
detection zone. If the networks are constructed so that they can
be putin-place identically each time they are used, then the test
paths through the detection zone are repeatable over time.
Thus, a test element is the volume of space defined by the
« boundaries of two corresponding network openings and it

represents a straight-line shortest-course path through the
detection zone.

3.1.16.1 Discussior—On a detection sensitivity map the
test path corresponding networks appear as a rectangular grid with each
FIG. 3 3-D View of Detection Zones and Test Grid element of the grid representing a test path through the
detection zone. The element defining the critical test path is the
works placed on either side of the portal aperture. (see Figs. &itical test element.

and 3) _ 3.1.17test grid n—a network of nonconductive/
3.1.11.2test path, r-as defined by an element on a nonmagnetic material, such as string or tape, can be stretched
detection sensitivity map, a straight-line shortest-course paticross the entry and exit planes of the portal aperture to define

throug_h the de’Fe_:c_tion zone of a detect?r_ L_mdergp_ing_mappingest paths through the portal aperture; the material should not
detection senS|t|V|ty, or detection senS|t|V|ty verification teSt-be hygroscopic.

ing. (see Fig. 3) . . .
3.1.12 element, test element—for the purpose of this |3'1'17'1D'SCL.J;S'OH_See Fig. 2 for an exampld a 4 by 9
testing a test element is the volume of space defined by th&'ement test g”_ : o _ ) i
boundaries of two corresponding network openings, and it 3-1.18 test objegtn—metallic item meeting dimension and
represents a straight-line shortest-course path through t{aaterial criteria used to evaluate detection performance.
detection zone. 3.1.18.1critical test object—the one test object out of any
3.1.12.1 Discussion—It is necessary to define discrete and given group of test objects that in its critical orientation,
repeatable straight-line shortest-course test paths through tpgoduces the weakest detection signal anywhere in the detec-
detection zone. This can be done by using two identication zone.
networks (grids) made of nonconductive/nonmagnetic material 3.1.18.2 Discussior-Depending on the particular detector,
attached across the entry and exit planes of the portal apertuggme orientation sensitive test objects may have different
so the networks coincide. A test object on the end of a probgcations in the detection zone result in near critical sensitivity
can then be passed from one side of the portal aperture to thettings. Hence, care must be taken in determining the critical
other side through corresponding openings, which results in thst object, its critical orientation, and the critical test path.

test object taking a reasonably straight-line shortest-course 3.1.18.3shielding test object,-a test object representing

path through the detection zone. If the networks are congyq sl nyclear material shielding that might be used in a theft

structed so that they can be put in-place identically each timgcenario
they are used, then the test paths through the detection zone ares o . . . .
' .1.18.4 Discussior—It is usually a metallic container or

repeatable over time. On a detection sensitivity map the tali terial f d dibl diati
corresponding networks appear as a rectangular grid with eadfjctalic matenal configured as a credible gamma-radiation

element of the grid representing a test path through théhield_ for a sp(_ecifi(_: type _"’_‘”d quantity of special r_1uc|ea_r

detection zone. material. The objgpt is specified by a regulatory authority or is
3.1.13 in-plant, adj—installed in the location, position, and based on the facility threa'F analysis, or both. .

operating environment where the device will be used. 3.1.18.5weapon test object,+a handgun(s) or simulated
3.1.14 orthogonal orientationn—as used in this practice, handgun designated by or satisfying the regulatory authority

orthogonal orientation refers to alignment of the longitudinal’equirement for a test object.

axis of a test object along the xyz axes of the Cartesian 3.1.18.6 Discussior—Care must be taken when selecting or

coordinate system; x is horizontal and across the portal, y idesigning a mock handgun. Simple blocks of metal shaped like

vertical, and z is in the direction of travel through the portal.a handgun will likely not cause a metal detector to react the
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same as it would to the intricate shapes and variable compareatly influence detection as can the direction and speed or
nents of a real handgun. Most government agencies use actudianges in speed while passing through the detection zone.
guns for testing. Nearby large metal objects and metal moving in near proximity
3.1.19 walk-through metal detector (detector, portaf}—a  to a metal detector also affect operation, as do temperature and
free-standing screening device, usually an arch-type portahumidity, and can be a cause for nuisance alarms. Additionally,
using an electromagnetic field within its portal structuremost currently manufactured walk-through metal detectors
(aperture) for detecting metallic objects, specifically weaponsiave some means for programming the operation of the
or metallic shielding material, or both, on persons walkingdetector for special conditions or requirements; these variables

through the portal. and the effect they have on the operation of in-plant detectors
3.1.20 walk speed (Normaln—walk speed is between 0.5 must be considered if a test program is to be effective. This

to 1.3 m/s (1¥zto 2 ¥- steps/s). practice is intended to minimize the impact of these variables
3.1.20.1 Discussior—The average casual walk rate is abouton the operation of in-plant detectors by systematically testing

1 ¥ stepls. the installed detectors in the operating environment with the
3.1.20.2 shielding test object,-A-seetest object test object(s) specified by the regulatory authority require-
3.1.20.3weapon test object,seetest object ments.

. 5.2 This practice may be used to determine the critical test
4. Summary of Practice object from a group of test objects, its critical orientation, and
4.1 This practice describes a method for determining thehe critical test path through the detection zone. This informa-
metal detection sensitivity pattern within the aperture oftion may allow the use of a single test object for setting the
walk-through metal detectors. It develops detection SenSitiVit)Operational sensitivity of the detector and performing periodic
maps for walk-through metal detectors. These maps are depigerformance evaluations necessary to ensure a high probability
tions of the grids used to define test paths through the detecteiat all test objects in the group are detectible within the
with values in each element that are representative of theapabilities of the detector.
detection sensitivity (see Fig. 2). The values are derived by 53 The detection sensitivity map(s) generated by this prac-
identically testing each element with the same test object in §ce provides baseline metal detection data for the specified test
specific orthogonal orientation. The maps identify areas Oppjects and can serve as a foundation for in-plant walk-through
weak detection and are used during sensitivity adjustment anghetal detector set-up and performance evaluation testing. The
performance testing to assure complete detection coveragftection sensitivity map(s) may be incorporated into a detec-

throughout the detector aperture. o tor performance test log in support of performance evaluation
4.2 This practice describes two methods for determining thractices.
values that make up the detection sensitivity map: 5.4 This practice may provide insight into certain metal

4.2.1 In the first, a test object, which is usually specified bygetection characteristics of walk-through metal detectors, par-
requirements of the responsible regulatory authority, is passegby|arly the effect of different metals and test object orienta-
through the detection zone in each of the identified test pathgyns on detection capability, that are useful for optimizing

and the sensitivity is adjusted to determine the lowest senshetector sensitivity settings for detection of specified weapons
tivity setting that results in consistent detection of the test,, shielding material, or both.

object in each test path. These settings are the critical sensi-g 5 periogic performance of this practice and analysis of the
tivity settings and are the value entered in the respectivgegyits may provide a means to monitor the state of health of

elements of the detection sensitivity map. _ in-plant detectors and to gain further insight into detector
4.2.2 If a detector has a numeric readout that is represe”t%bplication and operation.

tive of the actual signal from which the detector determines an
alarm .conditio.n., Fhis value may be used for Q(?scribing thes_ Test Objects
detection sensitivity pattern. In this case, a specified test object . e
is passed through each test path several times and the mearP-1 The test objects are generally specified or approved, or
value of the responses is calculated for each element (tH°th: by the responsible regulatory authority.
sensitivity adjustment must be set at a level that provides le
than full scale readings for the most sensitive path through the-
detection zone). These mean values describe the sensitivity 7.1 During performance of this practice and during normal
pattern. operation of walk-through metal detectors, every attempt
4.3 Test objects that are orientation sensitive must have eagfould be made to ensure that the operating environment
orthogonal orientation tested to determine the worst-casgemains constant. Architectural and electrical alterations and

Interferences

orientation. movement or relocation of metal chairs, tables, etc, near the
o detector may adversely affect the detection sensitivity and the
5. Significance and Use detection pattern established by this practice. Large swings in

5.1 A complex set of variables affect metal detection andemperature or humidity, or both, may also cause significant
detection sensitivity. Some physical characteristics of metathanges in sensitivity. Electromagnetic energy emitting de-
objects that influence detection are material compositionyices should not be used or operated near the detector,
shape, surface area, surface and internal electrical and magarticularly devices that are used intermittently such as radio
netic properties, and finish. The orientation of a test object catransmitters.
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