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After an acclimatisation and training period, Cricetomys rats started to evaluate five de-
marcated boxes in Limpopo, Mozambique. The boxes, 5 metres by 20 metres (5 by 22 
yards), were constructed by Menschen gegen Minen (MgM—German for “People Against 
Landmines”) in a strategic minefield along the Limpopo Railway. Vegetation in the area can 
be characterised as low, relatively dense bush with scattered trees of 5 to 12 metres (6 to 13 
yards) high. 

MgM staff separated the five boxes with safe lanes that were prepared with a bush-cutter; 
those safe lanes were manually demined. High vegetation within the boxes was removed as 
much as possible but was still dense in some parts. 

Methods
Weather during the test period was variable with rain on the first day (13 Nov. 2003) and 

sun during the other days (14–18 Nov. 2003).
Each box was evaluated by three rats according to the method as described in ”Preliminary 

Results on the Use of Cricetomys Rats as Indicators of Buried Explosives in Field Conditions.”1 
Testing was done early in the morning (between 5 and 8 a.m.). After that, temperatures be-
came too high for the rats to operate. Within each box, rats walked parallel lanes 0.5 metre 
(2 feet) wide and all relevant behaviour was recorded on a test sheet. 

The five boxes had a total area of 427.5 square metres (511 square yards) and were divided 
in subunits of 0.5 square metre (5 square feet). We used letters to distinguish between strong 
marking behaviour (“S” for scratching the soil or “B” for biting the soil for a long time) 
and weak indications (“s” for a short scratch or “b” for a short bite) of the rats. Using these 
recorded indications, a risk value was calculated for each subunit ranging from 0 (i.e., no 
indications in that and surrounding subunits by the three different rats) up to 6 (i.e., all rats 
indicated that particular subunit). “S” and “B” indications were scored as 2 while “s” and 
“b” indications were given a score of 1. An example of how values were calculated for each 
subunit is given in Figure 1. The risk value of the central subunit is equal to the score of the 
central subunit divided by two plus the scores of the surrounding subunits divided by 16. 

Using this method, each subunit had a risk score and they were divided into the five 
classes shown in Table 1.

Table 1: Five classes of risk scores.

Results of the First Tests on a Real Minefield 
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The study in this article showed that using rats to evaluate mine 

risk is a very promising mine-detection method. When three 

rats were used to evaluate a contaminated area, the success 

rate was 95 percent, showing that rats can be a speedy and 

cost-effective means of mine detection. 

Rats to the Rescue: 

1 - Score Subunit = 0 no risk

2 - Score Subunit = < 0.1 no risk, indications (s or b) close to this subunit

3 - Score Subunit = 0.1–0.5 indications within this subunit or close by (s or b)

4 - Score Subunit = 0.5–1.0 indications within this subunit or close by (S or B)

5 - Score Subunit = >1.0 strong indications by one or more rats within subunit

Figure 2: Box A, Box B, Box c, Box D, Box e.. Grids showing rat indications for each test box and risk maps 
based on these indications.
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Figure 1: example of how the risk value for the central subunit is calculated.

Trainer treats his rat with a banana, following an indication of a buried mine. 

A
LL

 P
H

O
T

O
S

 C
O

U
R

T
E

S
Y

 O
F

 A
P

O
P

O
.

1

Verhagen et al.: Rats to the Rescue: Results of the First Tests on a Real Minefield

Published by JMU Scholarly Commons, 2006



98 | research and development | journal of mine action | 2006 | february | 9.2 9.2 | february | 2006 | journal of mine action | research and development |  99  

Christophe Cox works on the de-

velopment of the Remote Explosive 

Scent Tracing concept and manages 

the Morogoro centre. Christophe is a 

product engineer with a lot of experi-

ence in eastern Africa.

Bart Weetjens initiated the idea of 

using rats for landmine detection. 

His focus is the development of the 

direct detection concept and the 

coordination of the Tuberculosis 

Project.2 Bart is a product engineer 

and practising Zen monk.

Christophe Cox and 

Bart Weetjens 

SUA-APOPO

Sokoine University of Agriculture 

PO Box 3078

Morogoro / Tanzania

Tel: +255 23 2600 635 

Fax: +255 23 2600 636

E-mail: apopo@apopo.org

From the Belgian office, APOPO’s 

chairman, Professor Mic Billet, han-

dles logistic, financial, administrative 

and legal matters. Mic is sociologist 

and communication expert, and has 

been a driving force of the project 

since its earliest stage.

Mic Billet

APOPO

University of Antwerp

Tel: + 32 3 474 362 799

Fax: + 32 3 265 3474

E-mail: mic.billet@ua.ac.be

APOPO International

Groenenborgerlaan 171

2020 Antwerpen / Belgium

Fax: + 32 3 265 3474

E-mail: apopo@apopo.org

According to this ranking, subunits were given 
different colours and maps were constructed for each 
box (results of each box are given in Figure 2). After 
the rats tested the boxes, each box was inspected and 
cleared by an MgM deminer using a metal detector 
and manual prodding. All objects found by the de-
miner (mines, bullets, fragments, etc.) were mapped 
in the same way as shown in Figure 2. 

Results
Table 2 summarizes the results of the evaluation 

by the rats done on the five boxes in comparison with 
what was found by the manual deminer. All mines 
present in the boxes were indicated by the rats and 
were located in the subunits that were categorized as 
risk class 4 (one mine) and 5 (19 mines). Of the 20 
mines present, 12 were visible due to erosion of the 
soil. Although clearly visible, the rats did not indicate 

the mines directly, but rather detected them all within a 
distance of 1 metre (3 feet). When the rats found a covered 
mine, they marked the exact spot by scratching directly 
over the mine. 

In total, seven rats were used to evaluate the five boxes. 
Three were experienced rats (Johan, Jullie and Josse), and 
the others were young trained rats (Gilgamesh, Lothar, 
Respect and Sargon). At least two experienced rats tested 
each box. Table 3 gives the success scores and number of 
false positive indications of the individual rats. Indications 
within 1.25 metres (4 feet) of bullets, mine fragments or 
detonator pins were not considered as false positives as it 
is not clear for the moment if these particles were really in-
dicated because of explosive residue on them (they will be 
tested to determine this). As can be seen from Table 2, there 
is an obvious marking behaviour by the rats for those items. 
Of the 70 metal objects found by the deminer, 39 were 
indicated by the rats (56 percent). Nearly all detonator pins 

Box A Box B Box C Box D Box E Total % Mines
% subunits 
with mines

Objects
% subunits 
with objects

Mines 0 0 10 4 6 20

Fragments 7 9 19 18 13 66

Risk class Number of subunits in each risk class

1 90 74 80 148 84 476 55.7 0 0 22 4.6

2 19 35 17 20 35 126 14.7 0 0 8 6.3

3 14 14 54 12 26 120 14.0 0 0 13 10.8

4 2 4 16 8 15 45 5.3 1 2.2 6 13.3

5 5 8 33 12 30 88 10.3 19 21.5 21 23.9

Total 130 135 200 200 190 855 100.0 20

Table 2: Summary of the test results of Cricetomys rats evaluating five boxes on a real minefield in 
Limpopo, Mozambique.
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were indicated by the rats (87 percent), while other items scored less frequently (frag-
ments = 53 percent, bullets = 33 percent).

With the exception of Sargon, all rats scored relatively well (mean = 63.3 percent) 
with very few false positive indications (mean < 0.8 indications per 100 square metres 
[120 square yards] for the major markings S+B and 1.6 for all markings S+B+s+b). 
It should be noted that many of the false positive indications given by different rats 
were clustered, which might indicate an explosives-contaminated spot.

Although the individual success score might seem low, the overall score on the C, 
D and E boxes (those containing mines) was 100 percent after three rats evaluated 
a box (see Figure 5).

Figure 5: Mean success score of the sequence of three rats that tested the 
five boxes.

The mean time for a rat to inspect a box was 32 minutes/100 square metres (120 
square yards), so when a box was inspected by three rats, this was done in 96 min-
utes. When we include handling and exchanging animals, the total average time to 
evaluate one 100-square-metre box (120 square yards) was about 116 minutes. 

Conclusions
The test area was a very dense minefield with 20 mines within an area of less than 

30 square metres (36 square yards). Besides the mines, the area was highly contami-
nated with all kinds of war materials (bullets, detonator pins, mine fragments, etc.), 
which were also often indicated by the animals, especially the detonator pins. After 
three rats evaluated a box, all mines present in that box were scored. 

The construction of risk maps based on the indications of the animals seems to be 
a very useful tool as 95 percent of the mines were found in the highest calculated risk 
area and the other mine in the second highest risk area. Using this method, more than 
80 percent of the total area evaluated by the rats could be declared free of mines.

See “References and Endnotes,” page 108  

Boxes tested (area) Success score
False positives 

S+B/100m2

False positives S+B+s+b/

100m2

Johan A – C – E (265sq m) 9/16 = 56.3% 0.75% 0.75%

Jullie B – C – D – E (362.5sq m) 15/20 = 75.0% 0.28% 3.00%

Josse B – C – E (262.5sq m) 10/16 = 62.5% 1.14% 1.53%

Gilgamesh A (65sq m) No mines 0.00% 1.54%

Lothar A – D (165sq m) 4/4 = 100% 2.42% 3.64%

Respect B (67.5sq m) No mines 0.00% 0.00%

Sargon D (100sq m) 0/4 = 0.0% 1.00% 1.00%

Table 3: Success scores and number of false positive indications of the rats in the five test boxes.

The mine-detection rat is harnessed and linked to the search line. Two 
leashes are connected to the glider to allow manipulation of the animal’s 
position in the box from the safe lanes. 

Mines, UXO and improvised explosive devices 
are explosive hazards that have proliferated for 
many decades. In a post-conf lict scenario, these 
are sometimes known collectively as explosive 
remnants of war.1 While global initiatives have 
limited the spread of certain types of devices 
(especially anti-personnel mines), a considerable 
problem still exists and will continue for many 
years to come.

Even where loss of life is avoided, remediation 
activities such as soil and water decontamination 
and the replacement of habitation and infrastruc-
ture are subjected to unnecessary risk, delay and 
additional costs due to the presence (suspected or 
actual) of ERW.

Technologies for the detection of explosive 
blast hazards are numerous and range from rakes 
to multi-spectral sensor arrays on autonomous ve-
hicles. Technologies for the protection of structures, 
materiel and personnel from blast are considerably 
less numerous. For such technologies to be attrac-
tive they must be simple-to-use, quick-to-deploy and 
fulfill several key functions:

• Serve as a means to mitigate the blast from a 
single explosive hazard in situ

• Provide blast mitigation for a storage area for 
explosive hazards

• Protect materiel, buildings and their occu-
pants in areas close to the site of the explosive 
hazard or an explosive hazard storage area

In order to fulfill these functions, any workable solu-
tion must have the following essential characteristics:

• Flexibility and ease of use
• Low cost
• High, scalable performance
• Low density
• Very low environmental impact
• Longevity
Here, we show that BlastWrapTM performs excep-

tionally well against these parameters.

BlastWrap Introduction
BlastWrap is a generic blast-mitigation technology 

product based on a combination of a compressible 
mineral and a flame-quenching salt.2 This mixture 
is commonly encapsulated within a semi-continuous 
panel made from two layers of formed thermoplastic 
comprising a uniform array of sealed compartments. 
The result is an adaptable and robust blast-mitigating 
wrapping constructed from lightweight, inexpensive 
materials (see Figure 1).

To protect the safety of those working to defuse mines and UXO, 

the mine action community spends considerable time and effort on 

research and development of protective equipment and neutraliza-

tion products that mitigate the effects of explosions. The author 

introduces a new technology in the form of a wrapping material 

that could be used in everything from safe transportation of explo-

sives to blast-resistant garbage bins. Inspired by some good experi-

ences, Lockheed Martin UK INSYS Ltd. has had with a particular 

blast mitigation product, this article has been written to expand on 

these experiences into an important area, namely the management 

of unexploded ordnance.

Blast 
Protection 
for UXO Operations Including Demining
by Glenn Miles [ Lockheed Martin UK INSYS Ltd. ]

Figure 1: BlastWrap. 
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Geneva Diary: Report From the GIcHD, Mansfield [ from page 82 ]
endnotes
1. “Convention on the Prohibition of the Use, Stockpiling, Production and Transfer of Anti-personnel Mines and on Their Destruction.” Ottawa, Canada. Sept. 18, 1997.  

http://www.un.org/Depts/mine/UNDocs/ban_trty.htm. Accessed Nov. 7, 2005.
2. One square metre is approximately equivalent to 1.2 square yards.

Mine Action Support Group Update, October 2005 MASG Newsletter [ from page 85 ]
endnotes
1. “Convention on the Prohibition of the Use, Stockpiling, Production and Transfer of Anti-personnel Mines and on Their Destruction.” Ottawa, Canada. Sept. 18, 1997.  

http://www.un.org/Depts/mine/UNDocs/ban_trty.htm. Oct. 10, 2005. 
2. Editor’s Note: Some countries and mine action organizations are urging the use of the term “mine free,” while others are espousing the term “mine safe” or “impact free.” “Mine 

free” connotes a condition where all landmines have been cleared, whereas the terms “mine safe” and “impact free” refer to the condition in which landmines no longer pose a 
credible threat to a community or country.

LRc System Allows Remote Disposal, Barthold [ from page 89 ]
endnote
1. Patent pending.
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endnotes
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3. Chichester, C., C.R. Bass, B. Boggess, M. Davis, D.M. Bergeron, E. Sanderson and G. Di Marco. 2001. “Effectiveness of Personal Protective Equipment for Use in Demining AP 

Landmines,” presented at The 2001 UXO/Countermine Forum, New Orleans, USA, April 2001.
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The 2001 UXO/Countermine Forum, New Orleans, USA, April 2001.
5. Braid, M.P., D.M. Bergeron, R. Fall, M. Ceh. 2003. “Effects of Body Position on Injury Risk Against AP Blast Mines,” NATO paper RTO-MP-AVT-097, presented at the joint 

RTO AVT/HFM Specialists’ Meeting on “Equipment for Personal Protection (AVT-097)” and “Personal Protection: Bio-Mechanical Issues and Associated Physio-Pathological 
Risks (HFM-102),” Koblenz, Germany, 19–23 May 2003.

6. 10 centimetres equals approximately 4 inches.
7. Fractured sand is sand that has been pulverized by explosive forces, with silica dust as the main by-product of this process.
8. SAE J211 refers to the SAE Recommended Practice J211, Instrumentation for Impact Tests (MAR95). It provides standards for the performance of equipment in impact tests. 
9. Kleinberger, M., E. Sun, R. Eppinger, S. Kuppa and R. Saul. September 1998. “Development of Improved Injury Criteria for the Assessment of Advanced Automotive Restraint 

Systems,” National Highway Traffic Safety Administration, U.S. Department of Transportation.
10. Versace, J. 1971. ”A Review of the Severity Index,” Proceedings of the Fifteenth Stapp Car Crash Conference, pp. 771–796, 1971.
11. Prasad, P., H.J. Mertz. 1985. “The Position of the United States Delegates to the ISO Working Group 6 on the Use of HIC in the Automotive Environment,” SAE Paper Number 

85-1246, Society of Automobile Engineers, Warrendale, Pa., USA, 1985.
12. Garth, R.J.N. 1997. “Blast Injury of the Ear,” In: Scientific Foundations of Trauma, GJ Cooper (Ed.), Oxford: Butterworth-Heinemann Publisher, 1997, pp. 225–235.
13. 1 g = 9.8 m/s2.
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Turner and Williams [ from page 95 ]
endnotes
1.  Rant, J.J. Institute J. Stefan. Ljubljana, Slovenia. Private communication, October 1999.
2.  Japanese Association of International Chemical Information (JAICI). NQR Database. Japan, 1999.
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[ from page 100 ]
endnotes
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In: Mine Detection Dogs: Training Operations and Odour Detection. Geneva International Centre for Humanitarian Demining. Geneva  
(ISBN 2-88487-005-5). pp. 175–193.

2. The Tuberculosis Project is a study hoping to change the way Tuberculosis is diagnosed using the exceptional sniffing abilities of rats. For more information, please see 
 http://news.bbc.co.uk/1/hi/health/3486559.stm. Accessed 11 Nov. 2005.

Blast Protection For UXO Operations Including Demining, Miles [ from page 103 ]
endnotes
1. Explosive Remnants of War (ERW): A Threat Analysis, CCW/GGE/I/WP.5, Geneva International Centre for Humanitarian Demining, 23 April 2002.
2. For more information see http://www.blastgardinternational.com/bp_blastwrap.asp. Accessed 12 Dec. 2005.
3. In collaboration with INSYS Ltd. in the United Kingdom.
4. For more information see http://www.blastgardinternational.com/pdfs/pipeline_test_results.pdf. Accessed 12 Dec. 2005.
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6. “Proposal for the Protection of Public Buildings in Iraq.” KJ Sharpe. 22 July 2004. 
7. As of June 2005.

errata
The editorial staff of the Journal goes to great effort to make sure that what is printed in our magazine is accurate, properly documented and unbiased. However, in Issue 9.1 there were two errors for which we feel we must 
apologize. In the staff-written profile of Afghanistan (pages 66-67), our writer misinterpreted something that was written in an earlier article by Patrick Fruchet (http://maic.jmu.edu/journal/8.1/features/fruchet/fruchet.
htm) and we alluded to a conflict, which apparently does not exist. Mr. Fruchet wrote to us to clarify, saying, “Our deminers are NOT in ‘conflict’ with ISAF…” We humbly apologize for this accidental error, and thank Mr. 
Fruchet for calling it to our attention. We mistakenly attributed the article, “Mine Action in Yemen An Example of Success” (pages 10-11, 17), to Mansour Al Azi. It was actually written by Faiz Mohammad, UNDP Mine 
Action Specialist for the Yemen Mine Action Programme. We apologize to Faiz Mohammad for this error and thank him for letting us know about it.
If you find errors in the Journal of Mine Action or disagree with anything we have published, please send your comments in a “Letter to the Editor” via email to Lois Carter Fay at editormaic@gmail.com.
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