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Abstract: The HYDAD-D landmine detector [1] has been fieddted in South Africa,
using a dummy landmine, and in Egypt, using rettak and antipersonnel landmines.
Results from these tests are presented and themafmn they provide about the
strengths and limitations of the HYDAD-D sensodiscussed.
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1. Introduction

The HYDAD-D landmine detector [1] is a hydrogen semthat consists of an isotopic
source of fast neutrons and a pair of slow neuttetectors. When used to detect a
landmine it responds to hydrogen contained in tfosive material and in any plastic
components that may also be present, for exampteeimmine casing. HYDAD-D has
been field-tested in South Africa and in Egypt [@]e present some results obtained in
these field tests and describe some modificatiowsisprovements to HYDAD-D that
have followed from the experiences and lessonsdehduring the transition from a
laboratory environment into the real world.

2. TheHYDAD-D detector

Figure 1 shows schematic diagrams of the geometdythe “hydrogen signature” of
HYDAD-D. The slow neutron detectors, A and B, aw® tidentical®He proportional
counters that are quite insensitive to fast nestiemd gamma rays but very sensitive to
thermal and epi-thermal neutrons. Fast neutrong@inrom the Am-Be neutron source
S are not efficiently moderated to thermal energyhe sand, as long as the sand is dry.
However a landmine or any other hydrogen-rich dbjecomes a source of thermal
neutrons when irradiated by fast neutrons. Supflzeesuch an object is present in the
sand at positior = X, and cover depth. If the source-detector system BSA scans in the
x-direction, just above the surface, along a pa# passes directly over the object, then
detector A will respond more strongly than dete@®oas S approaches= x, from the
sidex < xp, and vice-versa as S moves orxto x (Figure 1a). The difference between
the detector count ratéxx) = A(X) - B(X)therefore describes an excursion of the form
shown in Figure 1b. If no hydrogen-rich object weresent therD(x) would remain



close to zero over the full length of the scanuFeglb is thus the HYDAD-D signature
of a hydrogen-rich object, possibly a landmine.
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Fig. 1: Schematic diagrams of the HYDAD-D geométop panel) and the formation of the
hydrogen signature (middle and lower panels).

The HYDAD-D detector can be operated either asralffeeld detector or by means of a
motor-driven scanner. Figure 2 shows a photograpth® hand-held instrument in
operation during field tests held at the Inshastf@enf the Egyptian Atomic Energy
Authority in November 2007. Apart from the methoskd to scan, the operation of the
hand-held and motor-driven instruments is identi¢dle detector scans back and forth
over the site under investigation, while a laptomputer gathers data from the detectors.
The laptop computes and displays a signature fom&(x) and an indicator parameter
P(N) [1], whereN is the total number of events accumulated. Theptoen display is
updated each time th&t has been incremented by a preset amount. Thersagrbe
terminated either when the operator decides to ajoos automatically, after certain
criteria are satisfied. The result of the scareiednined by the value & at termination:
positive (red) ifP > 6; negative (green) P < 3; and uncertain (yellow) P lies in the
range 3-6. In the event of an uncertain resultsten may be repeated until a definite
yes-or-no result is obtained, as described in[2¢f.

3. Field tests

The hand-held version of HYDAD-D (Figure 2) and tersion which incorporates a
motor-driven scanner were field-tested in the gdsunf the iThemba LABS in South



Fig. 2: The hand-held HYDAD-D sensor i@ at the Inshas Centre, Egypt.

Africa. Only the hand-held instrument was transpatio Cairo, for testing at the Inshas
Centre of the Egyptian Atomic Energy Authority. both sets of tests the landmine, or
other test object (or no object at all) was bubetbw a clearly indicated “site” (point on
the sand surface such@as Xy in Figure 1) and the sensor was scanned aloncniglst
line that passed over this point as describedaticse2. This procedure is similar to that
which might be followed if HYDAD-D were to be used a “confirmation sensor”, in
other words as a sensor that is used to investigas#e that has previously and
independently been flagged as suspect by anothémiae detector.

3.1 Field tests at iThemba LABS, South Africa

The only landmine-like test object available to insSouth Africa was the dummy

landmine, DLM2 [1]. In this section we present fesufrom some of the test

measurements made at iThemba LABS (iTL) using theoradriven scanner. The

neutron source S (Figure 1) was an AmBe sourceetmitted 10 neutrons per second.

The results that we present here were obtainedvandifferent sets of measurements
made under similar conditions, but separated byneerval of 10 days. The moisture
content of the soil at the time of the measuremear#tsmated from the background count
rates of the detectors, was less than 5 % by weight

Figure 3 shows a final computer display from a scawhich DLM2 was buried at a
cover depth (see Figure 1) of= 5 cm. The black histogram in the upper rightgdan
shows the experimentally measured signat@®ex) The red curve is the fit of the
signature function (Figure 1b) to the experimeatia. The scan was terminated after
about 2 minutes, atl = 13200, when it became clear from b&{x) and the large value



of P = 18 that the result was positive. The red “tcafight” in the display is to draw the
operator’s attention to the positive result.
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Fig. 3: Final laptop display obtained from a matioiven scan made at iThemba LABS, using the
AmBe source (10n/s), with DLM2 at a cover depth of 5 cm.

The HYDAD-D software includes an audio alarm [2]alert the operator to the presence
and position of a landmine, or other hydrogen-mdfect, while data acquisition is in
progress. The alarm is activated when the sensolog to the object, iP > 6. The
position of the object is indicated by the pos#iigenegative cross-over poing in the
fitted signature. The alarm sounds when the sepssition x is close tox,. The
frequency of the alarm changes from high to lowS4s) changes from positive to
negative, and vice-versa.

Figure 4a shows the final display from a scan nsabetly before that shown in Figure 3,
with the scanner at the same position as for Fi§udeut prior to burying DLM2 in the
ground. This scan was carried on for 165 secoNds {7870) and produced a signature
S(x) which clearly does not resemble that shown in ifeglb, hence the negative, or
green result, as expected.

Figure 4b shows the final display from a scan mpder to that shown in Figure 4a,
under the same conditions as Figure 4a (without Rlgvesent), but at a another position
closer to the buildings in the iTL grounds. Whearélze signature presented in Figure 4a
shows relatively small excursions from zero over fill measured range &f as would

be expected if the ground composition was moress uniform, that in Figure 4b shows
clear positive and negative excursions. Howevex résult is classified negative (green)



because the excursions are not consistent witlsigrature shown in Figure 1b. After
repeating this scan and obtaining the same reseilgtound beneath the scanned region
was investigated by digging. The inspection rewkadeveral fragments of plastic
material at depths of about 8 cm and larger, suggethat the observed signature could
be interpreted as a superposition of multiple HYD#&Dnatures from several hydrogen-
rich objects, perhaps including some beyond thgearix covered in the scan.
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Fig. 4: Final laptop displays (plots and “traffight” only) obtained from motor-driven scans,
using the AmBe source, with no test object presantwo different positions, (a) and (b), about
10 m apart, in the iTL grounds.

At least three valuable lessons were learned fiomexperience. Firstly, development
and testing should preferably be conducted at ipasitfar away from buildings, in order
to avoid debris that may have been buried (dumpeldcavered with soil) at the time of
construction. Secondly, a reminder that, in thé weald, as distinct from the laboratory,
“hydrogen-rich litter” can occur anywhere and wekuse difficulties for HYDAD-D.
And thirdly, it became clear that the conditions dtassifying a result as negative should
be tightened, for example by requiring that thenaigreS(x)should be consistent (within
some specified limit) with zero over the full rangex. Thus any result that failed to
classify as either red or green according to thesas should be classified as uncertain
(yellow). This modification is now being implemedtm the HYDAD-D software.

Figure 5a shows the final display from a scan maw¥er conditions like those applying
to Figure 3, except that the cover depth of DLMZwi® cm instead of 5 cm and the
measuring time was 3.5 min instead of 2 min. A aigre is detected, giving a positive
result, but the amplitude of the signature is reducompared with that observed in
Figure 3. Figure 5b shows the display obtained feogtan in which the cover depth was
increased to 23 cm. This increase weakens the tsigmgust enough to reduce the
indicator parameteP to the red-yellow boundaryP(= 6). These results show that
HYDAD-D is capable of detecting DLM2 at cover deptip to about 20 cm under the
conditions that applied for the measurements shawrdrigure 5. However, if the

“background signature”, that is the signature olesawithout DLM2 present, had been



like that shown in Figure 4b rather than like Figura, then the HYDAD-D signature
would probably have been obscured in both of tinesasurements!
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Fig. 5: Final displays obtained from motor-driverass, using the AmBe source, at position A in
the iTL grounds, with DLM2 buried at cover deptis(a) 19 cm; and (b) 23 cm.

3.2 Field tests at the Inshas Centre, Egypt

The hand-held HYDAD-D detector (Figure 2) was orieseveral types of landmine
detector that were field-tested at the Inshas @eafrthe Egyptian Atomic Energy
Authority in November 2007. A°°Cf source which provided 5 x 1@eutrons per second
was provided by the Inshas Centre and the testisbygere real landmines which had
previously been rendered safe to handle by disglileir detonator mechanisms. A
summary and overview of the Inshas tests togeth#h wesults obtained by all
participants has been published [3]. We presentdistliss some of the results obtained
in the tests of HYDAD-D.

The programme at the Inshas Centre included afsE? so-called “single blind” tests.
Independent supervisors marked out 12 positiorsd §ites), spaced 2 metres apart, in a
line along the sand surface, and buried a singkecglor no object at all, at each site. The
test objects included real anti-personnel minesMABNd some metal items. They were
buried at cover depths between 2 and 20 cm. Nanmdton other than the positions of
the test sites was provided to the detector operanatil all test measurements had been
completed and the results submitted to the supmzis

Figure 6 shows final computer displays obtainednfrtwo scans that were included
among the blind tests. Both scans gave negativdtseand were confirmed to be correct
after the tests were completed.

Figure 7 shows the final display obtained from ansitn which the test object was a T-80
anti-tank mine (ATM) containing a charge of 4.5 KT in a plastic container of
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Fig. 6: Final displays from two different “singldirnm” scans made at the Inshas Centre, Egypt,
using the hand-held HYDAD-D sensor, incorporatihg tnshas>“Cf source (5 x 10n/s). Both
sites were afterwards confirmed to have been “rjeatbsites.
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Fig. 7: Photograph (left) of a T-80 antitank landmand the final display (right) obtained from a
scan made using the hand-held HYDAD-D sensor, parating a*>°Cf neutron source (5 x 10
n/s). The landmine was buried at a cover depthOofrh and the scan time was 30 s. The T-80
contains 4.5 kg of TNT in a plastic casing of diéen®0 cm.

unknown mass, estimated to be approximately 0.5Tkg. cover depth was 10 cm. A
strong, clear signature was observed, as showrmeifigure, giving a clear positive result
from a scan of duration about 30 seconds.

Figures 8 and 9 show final displays from HYDAD-[ags in which the test objects were
the following types of APM: a PMN buried at a cowviapth of 10 cm (Figure 8); and a



VS50 buried at a cover depth of 20 cm (Figure 9eaf positive signatures were
obtained in both measurements.
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Fig 8: As for Fig. 7, but for a PMN antipersonnghdimine, diameter 11 cm, total mass 550 g,
containing 200 g TNT in a rubber, metal and plastising. The scan was a single blind scan of
duration 2 min.
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Fig. 9: As for Fig. 8, but for a VS50 antipersontaeidmine, diameter 9 cm, total mass 185 g,
containing 43 g RDX and < 5 g metal, in a plastisiog. The scan was a single blind scan of
duration 2.5 min.



4. Discussion and conclusions

The results presented in Figures 3-9 demonstratetitential of HYDAD-D for field
operation and illustrate some of the limitations tbis sensor that appeared in the
transition from laboratory testing to field testirgethods for overcoming or containing
these limitations are now being investigated.

The results of the tests carried out at the Ine&stre, as shown in Figures 6-9 and in
ref. [3], are especially interesting and importb@etause these tests were: (a) made using
real landmines; (b) made in conditions ideal forDAD-D (dry and apparently uniform
sand); and (c) tests in which several differenes/pf sensor were investigated under the
same conditions [3]. Efforts are now being maderganize another series of tests in
Egypt, in collaboration with the Dr Riad Megahid&search group at the Inshas Centre
and with the Egyptian demining authorities.

The results obtained from the tests carried ouklgtusing the dummy landmine DLM2,
and from the tests carried out at the Inshas Ceuasieg real APM, have indicated that
limiting cover depth attained by HYDAD-D under ado® ideal conditions is about 20
cm for these types of landmine. Previous laboratovestigations [1] have shown that
this limit can be extended if the neutron sourcdoeated below the sand surface at
depths of 10-20 cm. Methods for achieving this irpracticable way, under field
conditions, are now being investigated.
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