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ABSTRACT 

,0 

A feasibility study was undertaken to determine whether dogs can be 
trained to discriminate the odors of commercial dynamite (straight nitro
glycerin dynamite and ammonium nitrate dynamite), black powder and .the 
plastic explosives, C3 and C4. Initial discrimination training 
established hexachlor~ethane as a practical surrogate odor. Transfer 
to the various explosives proved relatively easy. Search behavior, both 
on- and off-leash appropriate for searching buildings, was developed. 
At the conclusion of the effort; five trained dogs were delivered to the 
Land Warfare Laboratory. 
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FOREWORD 

The work described in this report was performed as a part of the 
LWL Task, Exp10sives Det:ectii1g Dogs, under Contract No. DAADOS-70-C-0347 
with the University of Mississippi. Most of the work described here 
was done ~t the University of Mississippi. The program was funded 
in part by the law Enforcement Assistance Administration of the Department 
of Justice. Two of the dogs that were delivered to the Land Warfare 
Laboratory "Jere in turrldelivereci to LEAA • 

Special ackno~),e.dgment i~ due to personnel of the U. S. Naval 
Explosive Ordnanced~:tsposal Facility, Naval Ordnance Station, at Indian 
Hea4, Maryland, whose wholehearted and enthusiastic interest and 
cooperation, combined with their high technical competence, made it 
possible to set up realistic training exercises for the dogs and their 
handlers. 
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I. INTRODUCTION 

i.' The continuing military need for an effective real-time capability 
to detect concealed battle:field threats such as ambus.hes, buried or 
camouflaged land mines and other e~plosive ordnance devices, etc., has 
been ne~ in part in tht~ Vietnam war by the use of specially 1:rained dogs. 
Scout dogs, mine/booby-.. trap/trip wire detecting dogs and tunnel. detecting 
dogs, have' proven highly effect!ve in operational use in Southeas,t Asia. 
An obv'iousextrapolatioln of the sensory perception capability of 
canines ,as- demc)7;u;;trated in Vietnam, is to the detection of concealed 
expl()sivesand bombs in civil as well as military settings. A study, 
which is described in the following pages, was therefore undertaken to 
determine the feasibility of training dogs to detect explosives such as 
dynamite, black powder, C4, etc • 

It.. CONCLUSIONS 

1. It is pOflsible'to tr.ain dogs to discriminate smaH amounts of 
conunercial dynamite (stra!ght nitroglycerin dynamite. and anunonium nitrate 
dyn~tn:l.te), black pOwder and the plastic explosives, C3 and C4. 

\.: 

2 • .It is feasil>le to employ dogs, trained to discriminate the odors 
of vat-iolls explosives to search a building fo·r cpncealed bombs. 

3. A detection rate of 70 percent to ~O ~rcent bya trained dog 
in building sea;r,ch for concealed explosives is readily attainable. 

III. MATERIALS AND METHODS 

A I. Dogs. Five ,German Shepherds and three Black Labrador Retrievers 
were procured for this study. Seven of the eight dogs were females, 
which were spayed. All of the dogs were de-barked. Initially, the dogs 
we.re housed ina boarding kennel and given obedience training by an 
obedi~.nce ,liIchoo1. ' 

.• \'1 

, '1 

B. Facilities. Dog kennels were prepared and~<l storage magazine 
fpr small quantities of high explosives was constructed. Various 
buildings ,including the entire Univers.ity of Mississippi physical 
plant,the f()otball stadium, .a warehouse, andsotTW3 vacant dormitory 
buildings were made available for use in training. 

, 
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C. Explosives. Commercial dynamite, including straight nitro
glycerin dynamite· and ammonium nitrate dynamite, black powder, and the' 
plastic explosives: C3 and C4, were all eventually o~tained and used 
in the training prosram. Preliminary discrimination and search training 
utilized hexach10rpethane aathe odor stimulus source. Hexachloroethane 
is a volatile solid that evaporates completely without leaving a ,residue. 
It proved to be a convenient material for use in this study •. 

D. Training Methods. Traditiona'l obedience training was started
h soon after each dog"was purchased. It soon becatre evident, howeve! ~ tat 

certainas'pects of this training would be likely tobamper detection and 
search training.- Thus, voluntary search behavior te~ds to be inhibited 
in obed:f,.ence 'training, and .this training also develops an undesirable 
degree o'f orie~tation to the handler •. 

An interesting alternative to t~aditional obedience training was 
investigated with om~ tI)ale German Shepherd ~.,hich was not one of the 
experitrental animals. This dog was food-deprived and the commands 
SIT., SThND, HERE; DowN, and STAY were established in approximately , 
five hours. According to a professional dog trainer, twenty-five hours 
are typically required to train a dog in these behaviors,~sins 
traditional training procedures. The individual who trained this dog 
had been' given instructions in the utilization of, operant. learning 
principles in dog training but was not assisted in the actual training. 

, ' 

1. Secondary reinforcement training • The weights of aU dogs 
at the beginning of detection training were at approximately 80 percent 
of their original w~ights. Although the,re was sotre individual variation, 
these weights remained at· about this deprivation level for the next 30 
days • The dogs were approximatel,y 24-hours food-deprived at the titre 
of training. 

In order to condition praise as a secondary reinforcer, the daily 
ration of food was always paired with praise. Training was also given 
to establish hexachloroethane,. the odorous material used in initial 
detection training, as. Ii secondary reinforcer •. In .th~s. procedure 
the dog was given food and praise in the presence of the S+ odor and 
not rewarded if th~ odor was not present. In the first session, 
either a bottle. containing the odor or an empty bottle was taken to the 
dog which was tethered on an outside run. In the second session of 
tri~ls the dog was taken to a stationary bottle which was empty on some 
trials and co~tained S+on some trials. 

2. Training of sitting. searching and sniffing. Special training 
of the SITcotml8nd was given with food combined with praise as the'
reward. Essentially this training consisted of giving -the dog the 
verbal SIT cOrml8nd either when the dog was directly beside 'l;he handler 
or a few feet from him. If the dog sat to the verbal command, he was 
immediately given praise and food as reward. If the dog did not sit, the 

cotml8nd was repeated • 
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The technique used to instill sitting and searching was that of 
"shaping" the. behaviors by a gradual increase in the difficulty of the 
search and detection task. Later detections, in general, requirG~d' more 
intense sniffing and searching behavior, and, on theaverage~ required 
a longe r tria 1 time. 

Early in training, in order to establish the command SEARCH as a cue 
for searching and sniffing, the handler gave this command upon entering 
the room and subsequently always gavl3 the same command when the dog 
was very close to the odor bottle. This latter command, however, was 
given in an urgent tone and was often repeated. Later in training, the 
command SEARCH_was less freq4ently given in the immediate vicinity of S+. 
This procedure appeared to be very effective. The dog immediately , 

, intensified his sniffing and searching behavior when given this corrnnand. 
There also seemed to be other behaviors, such as tail wagging, which 
seemed to be elicited by this command. 

After the search behavior was established, the sit response to the 
odor was 'con~inued, using a mu1.'fiple-choice situation. The dog was taken 
to each -of four bottles;ln turrL When an orienting response was IMlde 
to the bottle containing the odor, the dog was placed in the sitting 
position and-was then given praise and food. This training continued 
for two days, after which the SIT contingency was incorporated into 
the room search. 

3. Transfer from hexachloroethane to dynamite. The transfer from 
hexachloroethane' to dynamite odor was made as follows': First, all 
dogs were given training to establish dynamite odor as a secondary 
reinforcer, by pairing the dynamite with food. Second, the dogs were 
trained to sit to dynamite in a simple discrimination situation. The 
initial phase of discrimination training consisted of' a two-choice 
.discrifu~nation task in which S+was a small amount of the surrogate 
odor coi.nbined with a large quantity of the new odor. -The quanti ty of 
the sur'rogate odor was gradually reduced ()ver trials until the dog 
eventually responded to the new odor alone. Subsequently, multiple
choice discrimination tasks with dynamite were employed. 

In the roo~search situation, the same basic procedure was used. 
The two odors, in combination, were planted. The quantity of the 
surrogate odor was gradually decreased until only the dynamite was 
present. Once the initial transfer to dynamite had been made, further 
training w'ith, dynamite was carried out in a variety of situations. 
Transfer to the other explosives was accomplished in the same way. 

4. Handler training and simulated operational exercises. The last 
month of this study was spent at Aberdeen Proving Ground, Maryland, and 
at the U. -S. Naval Explosive Ordnance Disposal Facility at Indian Head, 
Maryland. At Aberdeen Proving Ground four handlers (two police officers 
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from the New York City Police Department, and two ,NCO. '. frol1l the U. S. 
Army Military Police School, Fort Gordon, Georgia) were given training 
in the handling techniques t1t4t hadbaendeveloped.The latter par't .of 
the period. a t Indian ,Head was devoted, to fina 1 tes ting in rea lis tic 
simulated operational building search, exercises. The ~rsonne'lat 
Indian Head were most cooperative. In addition to preparing simlated 
bombs with which to test the dogs, they presented informative .talks and 
films on the nature and handling of explosive materials. ,During .the 
evaluation of the dogs, the members .. of, the demolition corps hid the 
simulated bombs, directed the handlers, and kept records of the 
performance of too dogs and handlet;'s. 

IV. RESULTS 

Five trained dogs (3 German Shepherds and 2 Black Labrador Retrievers) 
were delivered to the Land Warfare Laboratory at the conclusion of the 
training effot;'t. Thes,e dogs could each discriminate the specified, 
explosives plus the ,surrogate odor of hexachlo~roethane. Each of t~ dogs 
was also capable of, searching rooms and areas within a building, e.ither 
on- or off-leash and detecting less than 1/2 ounce qu~ntities. of each 
explosive concealed 'in' packages of various configurations. 

During the final training sessions at the Naval Or4nance Di..sposal 
Facility at Indian Head, Maryland" ,realisticpipe'.po~s 'containing 1/4 
pound to 1/2 pound black powder, and packages containing 3 to 5 sticks' 
of dynamite were used as targets in building searc:;hes. Overall det~ction 
ratEl avera.~ed for all dogs was of the "order of 70 to 8Q ~'rcent. 

V. DISCUSSION 

'l'he presellt study, bels demonstrated that it is feasible to use 
trained dogs to detect various explosives hidden in buildings. Very 
little has been said about the role of the handler, Perhaps the handler's 
most important functions are to maintain his dog i~ '8 h$,gh state. of 
readiness and to provide his dog with sufficient motivation to perform 
its job effectj:vely. Se90ndarily., the handler trust be able to. guide his 
dog in search and direct its attention, if need be, to areaS and/or , 
objects of interest. It should not :be th8 handler's duty to p],.ana,!}d/or 
supervise a building search; this should. be done by another member of 
the team. 

In orde'r to perform his functions adequately', the handler mus t.have 
some knowledge of bas ie principles of behavi.or and of learning. He ms t 
understand the elementary nechanics of both op,1i!rant and classical 
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conditioning. It is particu1ar1 i 
the motivational basis of 1earne~ bm~r~ant(for the handler to understand 
instinctive behavior) The ide v or as distinguished from 
times to detect the b~ginning~~f1:~ s~oul~dbe sufficiently alert at all 
search behaVior. He should be awa y rea own in his dog's detection and 
of extinguishing both wanted a'nd u:a~!e~h: :s~ib1e consequences, in terms 
process he may initiate S- e v ors, of any conditioning 
without the handler bei~g a:net.i~s t conditioning process is initiated 
his dog's behaVior The are 0 t until there is a gross change in 
influences that ha~e caus~n:~:lt" c~hOU1d. t~.en f be capable of analyzing the 
remedial action As a ange an 0 taking appropriate 
handler's guide 'and a t~:~!iOf the pr

1
e

h
sent contractual reqUirements, a 

ng tnl\1lua ave b~en compiled. 

Maintaining a 1eamed behavit ' h 
an acceptable level of proficienc~r, suc as search for exp~osi'ves, at 
reinforcenent be' developed and ) 1 req~ires that a schedule of motivating 

particularly important when Ope::~~L~~:l ;~a~ :~~~~~:n!~~iS i e Thi;i!~i 
:i e~p10sive in a real search, occurs only intermittent1; if '~t all ng 

n enance search and detection e:l\"e i '. 
regularly throughout the 6peration~lr~i;:so;U:tde~~~~efo~e, beA~~nducted 
search motivation can be maintained i or og. itionally, 
plants are made for the dog to find ' in opedra ti

h
ona1. searches if surrogate 

rei f n or er t at ~t may receive 
n orcement. With the use of surt'ogate plants, a dog can be ke t 

at a high level of motivation for extended periods of time in sea~ch. 

thihe Stedlection of handlers is a problem that is outside the scope 
of s s u y. It should be obvious h ha 
is a critical factor in the fl1ti t' owever, t t handler selection 
detector dog concept The man-dm: ~ ~uc~ess or failure of the explosives 
area in which the' 0 nl.er ace is an extreme 1y de lica te 
ha d1 ' slightest, most sub1l:le variations even in the 

ha~d1:~ :e:~~io:~e:: ~~f~:c~:!ei~p~~is s:~~;i~:~i~;:~c:~te~~!!e~ia for 
~. earns

t
; these

f 
may be quite different for handler criteria for polic~g 

og earns, or example. 
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