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AUTHORS'     ABSTRACT 

Prgmya^ennyye Vzryvchatwe Veahcheatva i Sredatva Vzrwanlva —  [Spf-a- 
(Conunrircial Explosives and Initiators — a Handbook),  Rossi,  B.   D., 

and Pozdnyakov,  Z.  C,  Moscow,   "Nedra" Press,   1971f   176 pp. 

Basic information on commercial explosives  (£) and initiators  (l) of 
the present-day domestic product line   is   presented in the handbook,  including 
the latest kinds of products permitted for explosive practice.    In addition 
to formulations,  standardized technical quality indicators of £ produced,  and 
design features of I,  state-standard covered methods of control testing,  kinds 
of bagging and packing,  wholesale prices, and use warranty schedules are 
given.     Calculated and experimental    features        of E and I are set forth, 
along with their laboratory test methods.    The fields of use of each kind 
or group of £ and I are stated.    The basic principles of the theory of explo- 
sions are set forth. 

The handbook is published with the aim of familiarizing users with the 
product line and service properties of E and I and also of assisting in the 
more proper selection of the required variety or kind of product for specific 
explosion conditions.    It can serve as a practical manual for all personnel 
designing and carrying out explosion operations and can also prove useful in 
planning deliveries of explosive materials and in training engineers,  techni- 
cians,  and foremen in explosive practices in educational institutions. 

43  tables,   55 illustrations,  and 35 bibliographical references. 

Preceding page blank 



"■Vt^'S^&^tfV^^c^fiyiBu^ »./..wc^,Nt,,..., ■ - '■r*'.fry^-^'*ai^^yw.'*''*V*'**'&**Kto' 

FOREWORD 

With the advances made in the technology of extracting minerals and 
methods of explosion practice, there has been a continuous improvement in 
the product lire and quality uf commercial explosive materials.    With the 
appearance of the first  concise Soravochnik DO PromyshlennYm Yz.ryvchatym 
Materialam [Handbook on Commercial Explosive Materials]  (ügletekhizdat,   1958), 
the product line of domestic E [explosives] and initiators has been greatly 
expanded and extended.    New kinds of explosive materials have been developed 
and introduced — granulated and     slurry E exhibiting several advan- 
tages compared with the earlier-used dynamites and powdered ammonites and 
permitting the mechanization of the laborious process of charging blastholes, 
drillholes, and chambers, and also the attaining of marked progress in 
explosive practice.    New safety E have appeared differing in their enhanced 
safety properties;  their use makes operations in mines with dust-gas condi- 
tions much safer.    Improved initiators,   intermediate detonators, and shaped 
charges for secondary blasting previously not employed in blasting work have 
been developed.    New kinds of explosive materials  (EM) are gaining in 
growing acceptance year by year;  the volume of their use will rise at the 
expense of a cutback in the obsolescent varieties and grades of this kind 
of product. 

There has also been improvement in the  technology of manufacturing and 
packing commercial E that aeans   advances in the preservation of their 
initial properties for specified periods of service.    All this has been 
reflected in the present handbook.    It sets forth basic information about 
all E and initiators permitted for prominent use, as well as certain new 
kinds of EM at the stage of introduction.    The classification of E given 
in the handbook corresponds  to the Yedinava KLaasiflkataii Prornvshlennvkh 
n. [Unified Classification of Commercial Explosives], adopted in 1962 at 
the International Scientific and Technical Conference of CEMA member- 
countries; explosive materials are classified into groups by the most 
characteristic features, properties, and conditions of use.    Both of the 
information on £ and initiators is given in numerical form.    The tables and 
specifications present the norms and allowances set by the corresponding 
standards or departmental technical conditions.    The tabulated material on 
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the properties and service characteristics of E Is presented In minimum and 
maximum values, and sometimes in mean values of the indicators obtained after 
studying each kind of explosive, and also from control tests of plant lots 
of growth product. 

The technical-economic effectiveness and the safety of using £ and I 
[l - Initiators] presented in the handbook depends greatly on the proper 
selection of the kind of EM as applied to the specific explosion conditions 
and their competent application.    This necessitates a knowledge of the proper- 
ties and service characteristics of the EN,  costs, and rules of handling 
them.    This information is a:10 incorporated into the handbook to familiarize 
persons encountering explosive materials in their work. 

Chapters 1-V, dealing with explosives, have been written mainly by Z. 
G. Pozdnyakov,  Chapter VI dealing with initiators, and also Sections  3 and 7» 
and part of Section 20,   "Determination of Gas Hazard" are written by B.  S. 
Rossi, part of Section 10,  "Igdanit" was written by the authors together. 
Section 16 was written by S.  1. Adamidze. 

All critical remarks and suggestions for improvement of the handbook 
will be gratefully received by the authors. 

The authors express their deep gratitude to Professor and Doctor of 
Technical Sciences L.  V.  Dubnov,  Professor and Doctor of Technical Sciences 
M. M.  Dokuchayev,  A.  V.  Euz'min, and Candidate of Technical Sciences B.  Ya. 
Svetlov for valuable comments and recommendations given during the preparation 
of this handbook. 

■ -■■-i'Ufiw 
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IMTRODÜCTION 

Commercial  E and initiators in the USSR are being improved in accordance 
with advances in the mining industry and in the technology of explosive 
practice. 

Before the  1950*8,  predominantly nitroglycerin E were used in 
explosive practicet  93 percent fulminating gel,  88 percent and 83 percent 
explosive gelatins, 62 percent potassium nitrate-based dynamite, and also 
29 percent and  12 percent ammonium nitrate-based grisoutines.    Of the non- 
nitroglycerin    E,  the following were used in small amountsi  schneiderite 
(82 percent nitrate and 18 percent dinitronaphthalene),  ammonal containing 
5 percent aluminum and 9 percent trotyl, and also black powder. 

In 1932-1936,  owing to the mounting volume of explosive work and in 
order to cut their costs,  the Production-Experimental Administration of 
the Soyuzvziyvprom [state Trust for Drilling and Blasting Operations of the 
Glavspetspromstroy [Main Administration of Specialized Trusts of the Ministry 
of Urban and Rural Construction,  RSFSRj] Trust developed and introduced the 
first inexpensive double-base ammonites:  No 2T containing 12 percent 
trotyl.  No 2K containing 12 percent trinitroxylol.  No 3T containing 14 per- 
cent trotyl and trinitroxylol, and No 3TM containing 13 percent trotyl oil. 

At that time,  along with the ammonites development and introduction 
was begun on fine-dispersed ammonium-nitrate explosive mixtures not contain- 
ing nitro compounds,  called dynammons.    Eynammon K based on pine bark meal 
was used, along with peat-based dynammon T, wood meal-based dynammon DM, 
and also dynammon based on several other accessible and low-cost flammable 
materials,  including mazut,  kerosene, and paraffin in combination with peat. 
During the years of the Great Patriotic War dynammons were the main kind of 
commercial explosives 1  they were manufactured at mining enterprises in 
workshops specifically built for this purpose.    At the conclusion of the 

war,  the local-level manufactured dynammons were halted.    Since this time, 
in our country, ccmpared to many foreign countries, ammonium-nitrate nonnitro- 
glycerin    E are used predominantly; compared with dynamites,  these are 
several  times cheaper,  nontoxic, and much safer to handle.    The use of 
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high-percentage dynamites in the 1950*8 was completely discontinued,  and 
ammonium-nitrate E with small content of nitro esters (detonites and ugle- 
nites) have found use on relatively small scale. 

In 1934-1936 in the USSR a technology was developed for manufacturing 
high-strength No 2T ammonite (briaance 14 mm), and the first water-resistant 
ammonium-nitrate £ of increased strength was also introduced — formulated 
dinaphthalite (68 percent nitrate and 12 percent dinitronaphthalene) with 
a briaance of  15-16 mm.    By this time there bad been a nearly complete 
discontinuance of the use of black powder,  owing to its high sensitivity 
to flame and its low strength.    Dinaphthalite even at the present time finds 
use owing to its characteristic water resistance and reduced caking tendency. 

In the prewar and war yeurs the first safety ammonites were developed: 
No 1 anti-firedamp containing 10 percent common salt and 10 percent trotyl, 
which was used prior to 1947«  and also enhanced safety ammonites — ammasol 
(34 percent salt and 12 percent trotyl) and 3/1 ammonite (32 percent salt 
and 9 percent trotyl). 

Thus, the product line of commercial explosives in our country was 
limited by the end of the war.    The briaance values of most explosives did 
not exceed 12-14 nm, fugacity*— 360-380 om3, and detonation rate ~ 3.0- 
3.3 km/sec.    They caked severely and suffered losses in explosive properties 
during storage.    f*also referred to as heaving action] 

In the postwar years  the mining industry,  just as all sectors of the 
national economy,  developed rapidly.    Changes also took place in the techno- 
logy of explosive-drilling practice.    Instead of the predominance of blast- 
hole and chamber charges,  drillhole charges gained wide development;  the 
volume of explosive work grew,  especially at the surface where most often 
massivo blasts with multirow drillhole began to be used.    Massive blasts 
also began to be employed in underground mining operations.    With the 
deepening of coal shafts and the increasing methane hazards,  the necessity 
for formulating qualitatively new safety explosives came to the fore. 

During the first postwar years higher strength ammonites No 6 and No 7 
were developed and introduced,   instead of the ammonites No82T, 3T, and 3TM, 
and also the relatively inexpensive ammonites Nos 9 and 10, more sensitive 
than dynammons and less liable to cake.    Moreover,  of the safety explosives, 
early in the  "^O's three technological modifications of water-resistant 
increased-strength ammonals were introduced (VA-2,  VA-4, and VA-8), and 
also the inexpensive water-resistant ammonite V-3, which proved to be 
suitable for production not only in standard-diameter cartridges, but also 
in worm-conveyor packed charges with diameter 130-210 mm, weight 6.5~17.0 kg, 
and density 1.25-1.35 g/cm3, required for charging wet drillholes.    In 
1955-1956 a powerful water-resistant rock-oriented ammonite No 1 was 
Introduced in pressed cartridges, which up to the present time is one of 
the most powerful  commercial explosives. 
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In coal shafts, in the postwar years detonating safety ammonite No 1 
(20 percent salt and 10 percent trotyl) for operations involving coal, and 
rock-oriented ammonites AP-1 and AP-2 (l4~15 percent trotyl and 15-19 percent 
flame quenching agent, respectively) have been introduced that were more 
powerful for that time and better detonating; since 1947 these explosives 
have completely replaced the anti-firedamp ammonites .No 1 and IIl/l. 

With the mass conversion to ammonites, difficulties arose in their 
application related to their caking tendency and nonwater resistance of 
the main formulations, and also the Inadequate strength of several grades 
(ammonites Nos 6, 7, 8, and so on). Problems of the water resistance and 
partial caking tendency of all the main types of commercial explosives were 
resolved with the development in 1956-1959 of the water-resistant nitrate 
of grade ZhV, which became the main kind of starting material for powdered 
type explosives. Based on this nitrate, the ammonites No 6-ZhV and No 7"2hV 
began to be manufactured, along with ammonals, rock-oriented ammonite, 
safety ammonites PZhV-20, AP-4ZhV, AP-5ZhV, and so on. By  the beginning 
of 1960, methods of manufacturing several  friable   explosives directly 
at mining enterprises (igdanite and certain  zernogranulltes ), making it 
possible to raise the technical-economic effectiveness of explosive opera- 
tions. 

The present-day domestic product line of commercial explosives is quite 
extensive and diverse. In 1970, more than 40 designations of explosive 
introduced and about 10 at the stage of mastery were recorded. Among these 
there are nearly all kinds of the most progressive explosives known in world 
practice. 

■■■■-■ • .■;»■ 
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CHAPTER I 
MAIN PRINCIPLES OP THE THEORY OP EXPLOSIVES 

1.  Concept of Explosives and Explosions 

Explosives are chemical compounds or mechanical mixtures of dissimilar 
substances capable -- when acted on by external forces ~ of extremely 
rapid self-propagating transformation, with the formation of gaseous 
products and the release of large amounts of heat, heating the substances 
to high temperatures. Condensed explosive mixtures, which include most 
commercial explosives, contain some components rich in hydrogen, carbon, 
and other components that are oxygen-rich. In an explosion, these compounds 
are oxidized without the participation of air oxygen. A distinguishing 
feature of condensed explosives is the very large volumetric concentration 
of energy. The concentration of freed energy within the volume of a 
charge determines the intensity and scale of destruction of the surrounding 
medium (rock) during an explosion. 

An explosion is the term given to an extremely rapid chemical trans- 
formation of an explosive with the evolution of heat and gaseous products. 
Die gaseous products that are strongly heated and compressed during an 
explosion to an enormous pressure, upon subsequent expansion, perform 
mechanical work of breaking down the surrounding barrier, for example, 
cleaving, crushing, and dislodging of rock. An explosion can occur in 
the form of rapid combustion or as a detonation. 

Detonation refers to the phenomenon of the propagation through an 
explosive charge of an exothermic reaction of chemical transformation, 
called the shock wave. 

A shock wave refers to the perturbation (compression and heating) of 
the surrounding medium caused by the rapidly-expanding gaseous products 
from the focus of the explosion. The shock wave spreading from the point 
of initiation excites and sustains the reaction of the explosive trans- 
formation in all areas of the explosive charge.  On travelling to the 
surrounding medium, it breaks it down, then being transformed into an air 
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shock wave, as a result of the  irreversible energy losses rapidly weakening 
and in turn being transformed into an ordinary sound wave. 

A shock wave spreading through a charge is called a flfftnn*t<Qn wave. 
A detonation is characterized by the rate of the cheaical transformation 
of the explosive that is the greatest for the given conditions of explosion 
and the state of the charge.    The rate of propagation of a detonation wave 
is  called the detonation rate.     The constancy of detonation wave parameters 
(rate and pressure) is sustained by a thermal energy released during 
exotnermic reactions of the transformation of layers of the explosive at 
the detonation front. 

Excitation of explosion 

An explosion can be excited by various external  influences!  the explo- 
sion of a small charge of another explosive (for example, a blasting cap) 
placed in the explosive to be exploded or at some distance from it (air 
shock wave), by a strong mechanical blow, or by friction, rapid heating, 
or ignition.    To excite an explosion of an explosive charge,  it is necessary 
that some amount of thermal energy adequate to form local foci of exothermic 
self-accelerating decomposition be imparted    to any point in the explosive 
by one of the indicated external influences; these foci then lead to a 
rapid rise in temperature and pressure with the formation ultimately of 
the detonation shock wave.    Excitation of an explosion always begins with 
the combustion of several regions of the explosive charge induced by a 
given means, which due to self-acceleration    passes      into a qualitatively 
different process — detonation.    The combustion of an explosive, however 
rapid it may be,  cannot cause the destruction of the surrounding solid 
medium as detonation can produce.    Only in detonation can the maximum 
useful work of the explosion be realized. 

The energy required to excite an explosion is called the initial 
impulse, while the process of the excitation itself is  called initiation. 
The minimum initial impulse for various explosives differs.    It depends on 
the chemical nature and the physical state of the initiating explosive 
[initiator].    For most finely dispersed commercial explosives, several 
tenths of a gram of the initiating explosive is sufficient to cause a 
detonation.    For failure-free excitation of a detonation, in practice a 
Ho 6 blasting cap is used containing 0.3 g mercury fulminate or 0.2 g lead 
azide and, as the main charge,  1 g of pressed tetryl.    An intermediate 
detonator — a charge of a powerful explosive — is needed to initiate 
granulated,       slurry, and several other kinds of explosives. 

Sensitivity of explosives 

Sensitivity    refers to the ability of an explosive to respond to a 
given kind of external influence.    To determine the conditions for safe 
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application and safety in handling,  commercial explosives are tested for 
sensitivity to the initial impulse of the blasting cap or the intermediate 
detonator and for sensitivity to mechanical (impact or friction) and 
thermal (heating, spark, flame) actions. 

The se.isitivity to a Mo 8 blasting cap is the main criterion for 
estimating the safety of an explosive  '.     A measure of the safety of 
explosives insensitive to blasting caps is the size of the intermediate 
detonator, which is usually expressed in grams of pressed trotyl. 

2.    Conditions for Stable Propagation of Detonation and the Detonatability 
of Explosives 

A detonation in an explosive charge is capable of being stably 
propagated only at a specific rate and for specific conditions of explosion. 
Condensed explosives can detonate at rates of not less  than 1.8 ka^sec.    At 
slower rates and for other critical conditions,   the energy losses in the 
detonation front are so large that the energy is insufficient to sustain 
the normal process.    Optimal detonation rates of commercial  explosives are 
within the limits 2.3-6.5 km/sec.    Essential conditions for stable detona- 
tion of charges are these:  their adequate initiation,   the required diameter 
and density, satisfactory chemical composition, and normal physical state 
of the explosive. 

The critical conditions are the following!  critical diameter of the 
detonation of the explosive charge and critical density.    The ggjt<nai 
diameter of a detonation refers to the diameter of a charge below which 
the detonation process becomes impossible.    With increase In the charge 
diameter,  the detonation rate rises to some limiting value  typical of the 
given state of the explosive.    A    diameter above which the detonation 
remains  constant is called the  noting diameter, and the rate is called 
the limiting or optimal detonation rate. 

The size of the critical diameter is a measure of the   detonatability 
of an explosive.    The smaller the diameter,  the higher the detonatability 
of a given explosive.    Commercial explosives whose composition includes a 
high-sensitivity sensitizer — a component (hexogen or nltro esters) 
rendering them sensitive to detonation — exhibit the smallest critical 
diameter. 

Among the factors adversely affecting the stability of detonation and 
the critical diameter of commercial exploaivea are these t unfavorable 
chemical composition of explosive or unsatisfactory physical state of the 

In America, all explosives  that are Insensitive to a blasting cap are 
called explosive agents in order to emphasize their distinction from 
sensitive explosives. 

10 
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explosive (coarse-dispersed structure, caking tendency, excessive compaction, 
and excessive moisture content) and unfavorable explosion conditions 
(insufficient excitation of the detonation by the initiator, the presence 
of a large gap between the charge diameter and the shell diameter). Stabi- 
lity of a detonation can be augmented and the critical diameter reduced 
by placing a charge in a strong shell free of gaps, for example, in rock. 

The critical density of an explosive refers to the density above which 
the detonation rate and the actual explosive effect are reduced in charges 
with given diameter and in given explosion conditions. The critical 
aensity depends on the same factors as does the critical diameter and 
supplements the characteristics of detonatability of  the explosive. The 
characteristic of detonation sensitivity or detonatability of commercial 
explosives is also the distance to which a detonati-m is transmitted 
through air between explosive cartridges, or else .his characteristic can 
be the susceptibility to detonation from an air shock wave of constant 
parameters, produced by the explosion of a charge of any explosive taken 
as the reference standard (for example, 200 g trotyl charge). 

3. Parameters of Explosive Transformation 

Explosion parameters include the rate and pressure of detonation, heat 
and temperature of explosion, and volume and composition of explosion 
products. 

The detonation rate for each explosive in specific conditions of 
explosion is a constant, but it can vary with wide limits depending on 
the aggregate effect of various factorst dispersion of the explosive, 
density and diameter of the charge, presence of a strong shell, and so on. 
The detonation rate in specific conditions of explosion depends on the 
energy of the explosive, and also its density, and it can be determined 
experimentally (Section 20) or by the formula 

D = 64.6l/ 2(n«-l)Qv ,  m/sec, (1) 

where 64.6 is the conversion factor of units from the COS system; 
n is the polytrope index, approximately 3; and 

Qy is the heat of the explosion at constant volume, kcal/kg. 

The explosion pressure is proportional to the density of the explosive 
and to the square of its detonation rate and can be calculated, approximately, 
by the formula 

P.*-^. bar, (2) 

where ^0 is the density of the explosive, g/cv?. 

11 



For commercial explosives, it varies from SO to 2^0 kbar. 

The heat of explosion refers to the amount of heat released in the 
explosive transformation of 1 mole or 1 kg of an explosive.  The heat of 
explosion is one of the principal, most important characteristic of an 
explosive governing its strength. 

The heat of explosion can be found experimentally (Section 20) or by 
the formula 

QM-<7I-<?« (5) 

The calculation rests on a law, according to which the thermal effect 
of the explosive transformation reaction does not depend on its path tout 
is determined by the initial and end states of the system, that is, it is 
expressed as the difference between heat of formation of the explosion 
products q1 and the heat of formation of the initial explosive or its 

constituents q?. 

The heat of explosion can be calculated at constant pressure (U ) or 

at constant volume ky« by inserting into £q. (3) the appropriate heats of 

formation of constituents,  available from    their table (cf. Appendix 1) 
or from handbooks of thermochemical values. To convert from one kind of 
heat to another, we have the function 

Q,, = QP^ O.Mn,, kcal/mole, (4) 

where n. is the number of moles of the gaseous explosion products. 

The emloaion temperature refers to the maximum temperature to which 
the explosion products are heated owing to the heat of the explosive 
transformation. The explosion temperature to some extent characterizes 
the safety properties of explosive used in mines that are hazardous as 
to gas or dust. The lower this temperature, the less dangerous is the 
safety   explosive. The explosion temperature can be usually be determined 
by the formula 

T^-     273, deg, (5) 

where Cv is the mean heat capacity of the explosion products,  kcal/kg.deg. 

The volume of gaseous explosion products to some extent determines the 
efficiency of an explosive.    The larger the volume of gases,  the more 
(under otherwise equal conditions) the energy of the explosion is converted 
into mechanical work.    % knowing the reaction of the explosive  transforma- 
tion of an explosive, we can calculate the specific volume of gaseous products 
by the formula 

12 
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v = 
22.4n1-1000 

NM       ' 1/k«, (6) 

where n? is the number of gaseous molecules in the explosive products; 

N ia the number of molecules of the starting substance participating 
in the reaction; and 

M is the molecular weight of the starting substance. 

'Hie number of gram-moles of gaseous products is calculated starting 
from the chemical composition of the explosive and general laws of chemistry 
and thermodynamics. 

For explosives with a positive or a zero oxygen balance, the amount of 
gases can be determined from the following scheme of the chemical equation! 

CH6 Nc O^ =aCOt + YH*0+YN'+'^'[d~'2 2o)0,•    ^ 

where a, b, c, and d are the numbers of atoms of the elements carbon, 
hydrogen, nitrogen, and oxygen in the explosive molecule. 

Hie volume of the gaseous products can also be determined experimentally 
by exploding a weighed sample of the explosive in a closed volume (bomb) 
followed by measurement of the cooled gases and calculation of their volume 
(Section 20). 

4. Forms of Useful Work of An Explosion 

The transformation of the energy of explosion into mechanical work is 
carried out by expansion of severely compressed and heated gaseous products 
of detonation and the formation of shock waves of compression and expansion 
propagating in the surrounding medium (for example, rock mass) and causing 
its deformation and breakdown. Only a slight fraction of the total energy 
of the explosion is converted into useful work, übe rest of it is expanded 
in nonuseful forms of work: incompleteness of chemical reactions (chemical 
losses), residual heat and pressure in the explosion products, overpulveriza- 
tion and heating of the surrounding medium, ejection of rock fragments, 
formation of air shock wave, and so on. nie useful work of an explosion 
depends heavily on the selection of the most rational method of carrying 
out the explosive operations and the appropriate kiiH of explosive. 

Of the useful forms of mechanical work in an explosion, a differentia- 
tion is made between hri«atit and heaving action. Brisant action involves 
the intensive fragmentation and deformation of the barriers directly adjoin- 
ing the charge by means of the sudden impact of the detonation products 
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compressed to high pressures. The intensity of the fragmentation and 
detonation is determined mainly by the concentration of energy per unit 
volume of the detonation wave front and by the detonation pressure, which 
is directly proportional to the density of the explosion and to the square 
of the detonation rate (2). Brisance of commercial explosives rises to 
critical values, after which it drops off sharply. The  detonation rate, 
and therefore, the brisant action of commercial explosives can also be 
augnented by increasing their comminution and eliminating energy losses in 
the lateral scattering of explosion products.  There are several ways of 
estimating brisance (based on the compression of lead cylinders, deflection 
of a ballistic pendulum, and so on), which characterize only the relative 
fragmenting action of the explosive, manifested in the explosion of rock. 
For laboratory comparative evaluation of an explosive, most often a test 
based on the compression of lead cylinders is used (the Hess test; Section 19)« 

The heaving action of an explosion in rock includes the breakdown and 
expulsion of the rock from the explosion zone, with the formation of a cavity, 
seismic vibrations of the solid mass, and also the breakdown of barriers at 
a considerable distance from the explosion site caused by the shock waves 
and movement of elastic media. Heaving action, called otherwise the effi- 
ciency of an explosive, is determined principally by the heat of explosion, 
specific volume, heat capacity, and expansion of the gaseous products of 
the explosion. Efficiency increases with increase in heat and volume of 
gases. It is estimated by the expansion of the channel of a lead bomb when 
a weighed explosive sample is exploded (Trauzl test; Section 19), from the 
deflection of the ballistic pendulum or a ballistic mortar, and also by the 
formation of an explosion funnel in the ground or the solid rock. When 
testing with the ballistic pendulum, the criterion of the estimate of 
efficiency is the trotyl equivalent, which is the ratio of the deflection 
of the pendulum when a charge of the test explosion is exploded to the 
deflection obtained when the same charge (200 g) of trotyl, taken as the 
reference standard, is exploded. 

Included among the specific forms of the work of an explosion is 
cumulative or directed action. Cumulation refers to the intensification 
of the local action of the explosion (breakthrough, cleaving, or initiating) 
in a specific direction. It is manifested in explosive charges of specific 
design provided with a conical, spherical, or parabolic recess in a face 
(less often side) surface, where the recess refracts and forms a severely 
compacted Jet of detonation products travelling in the direction of the 
recess axis at a considerably greater velocity (up to 8-10 lo^seo) than the 
detonation rate of the charge itself. Tbe  cumulative effect rises by many 
times when the recess is lined with copper or steel. The metal of the 
recess raises the density of the energy and increases the length of the 
active section of the cumulative jet, by means of which the destructive or 
initiating action of the explosion is greatly augmented. 

14 
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Die cumulative effect la used in exterior charges (Section 15} to 
Intensify the fragmentation of oversize pieces of rock In a secondary explo- 
sion, and also In blasting caps to raise their Initiating action. 

<j.    Composition of Explosion Products. Toxic Gases 

The explosive transformation of an explosive is accompanied, in addi- 
tion to the evolution of a large amount of energy (heat), also by the 
formation of large amounts of gases performing work due to the abrupt 
pressure rise in their region of formation. In addition to the gases, 
the explosion products can also include oxides of the following metals as 
a solid residue! Al-O,, ILO, Ma^O, and so on. 

The volume of gaseous products of the explosion of various commercial 
explosives varies from 600 to 950 1 per kg of explosive. Determining the 
volume of explosion gases, as well as the composition of gaseous products. 
Is carried out in special apparatuses — Dolgov or Eichel bombs, and also 
directly In field conditions. 

Gaseous products of an explosion contain various components! water 
vapor, carbon dioxide gas COp, carbon monoxide CO, oxygen 0., nitrogen N», 

nitric oxide MO, nitrogen dioxide HO-, and nitrogen tetroxide Ho0.. There 
' * 4 

is a possibility of the formation of methane GH., hydrogen H-, and sulfur 

gasest sulfur dioxide SO- and hydrogen sulfide BUS. 

When blasting caps are exploded, vapor of mercury or lead is formed. 
Some of the gaseous products of the explosion are toxici carbon monoxide, 
oxides of nitrogen, sulfur   gases, and vapors of mercury and lead. The 
most toxic are the oxides of nitrogenaand carbon monoxide, and the less 
least toxic are the sulfur   gases forming during explosions in rocks 
containing sulfur compounds. Vapors of mercury or lead can be formed not 
only in the explosion of blasting caps, but also in explosive operations 
In rock containing compounds of mercury or lead. 

Carbon monoxide Is a colorless gas with a faint odor, and its density 
with respect to air is 0.96?. It dissolves in water of 15* C to the extent 
of 0.025 percent. A mixture of air with carbon monoxide (12.5-74.2 percent) 
has explosive properties. 

When Inhaled, carbon monoxide causes headaches and dypsnea. The 
maximum allowable CO concentration when persons are present in a room 
for a long time is more than 0.0016 percent of volume, or 0.02 mg/l. First 
aid In case of carbon monoxide poisoning involves removing the patient 
into fresh air and applying artificial respiration. Complete rest is also 
necessary. 
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Nitrogen oxides in large amount are brown in color, darkening with an 
increase in their concentration and in the air temperature. They have a 
strong odor. 

Mi trie oxide is a colorless gas, and its density is 1.037 with respect 
to air. At high temperatures, it readily reacts with oxygen, converting 
into the dioxide. In air it oxidizes slowly at low temperatures. 

Nitrogen dioxide is a brown gas, and its density is 1.38 with respect 
to air. It readily dissolves in water, producing nitric and nitrous acids 
at low concentrations. 

The allowable concentration of nitrogen oxides in air for MO or NO is 

0.0002 percent. 

Nitrogen oxides cause pulmonary irritation, and in severe cases — 
edema. The  action of nitrogen oxides shows up after 4-3 hours. First aid 
in the event of poisoning with nitrogen oxides includes fresh air and 
complete rest. 

The toxicity coefficient of nitrogen oxides with respect to carbon 
monoxide is 6.3. 

Hydrogen sulfide is a colorless gas with the odor of rotten eggs.  Its 
density with respect to air is 1.19 and it dissolves readily in water. When 
inhaled, it strongly irritates the lungs and causes edema. The maximum 
allowable concentration of hydrogen sulfide for prolonged inhalation by man 
is not more than 0.0006 percent, or 0.013 mg/l. 

Sulfur dioxide is a colorless gas with a strong irritating odor and an 
acid taste.  Its density with respect to air is 2.21 and it dissolves 
readily in water. It causes sneezing, coughing, spasms of the glottis, and 
emphysema. 

The allowable concentration for prolonged inhalation is 0.02 mg/l, and 
in brief inhalation — 0.04 mg/l, or 0.50? percent. In the event of intoxica- 
tion by sulfur   gases, the following are required! fresh air and artificial 
respiration. 

The coefficient of toxicity of both sulfur gases with respect to carbon 
monoxide is 2.3* 

Mercury vapor upon prolonged inhalation causes chronic intoxication 
of the nervous system and the kidneys.  The allowable concentration is 
0.00001 mg/l. 

Lead vapor also causes intoxication of the nervous system. 
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Carbon dioxide gas CO- is not a toxic gas,  but It adversely affects 

workers employed underground.    Large concentrations of CCL in air upset 

respiratory rhythm and cause headaches and ringing noises in the ears. 

The total amount of toxic gases in an explosion is given in the formula 

.Y"<iCO+6,5iN02+2.5r (SOJ+HJS),     l/kg, (8) 

where a, b,  and c are the total amounts,  respectively,  of CO, NO., and sulfur 
gases. 

The amount of toxic gases formed in explosive operations depends on 
the following factors: 

oxygen balance of the explosive; 
physicomechanical properties of rock in which the explosive operations 

are carried; 
moisture content and density of the explosive, and the provision of a 

paper-paraffin wrapper; and 
conditions under which the explosive operations are carried out;  loca- 

tion of the blasting cap in the charge, diameter and length of the bias tholes, 
clearance in the material blastholes and properties of the stemming. 

Oxygen balance is the difference between the amount of oxygen in the 
composition of a given explosive and the amount of oxygen needed for total 
oxidation of all of the carbon in the carbon dioxide gas, hydrogen in water, 
and also other elements capable of being oxidized (aluminum and so on). 

Oxygen balance can be positive,  zero,  or negative. 

Positive oxygen balance is the ratio between the weight of oxygen and the 
weight of flammable elements in the explosive, where the amount of oxygen in 
the composition exceeds its amount needed for oxidizing the flammable elements. 
In the explosive transmation of an explosive containing a positive oxygen 
balance, nitrogen oxides are formed.    These explosives Include,  in particular, 
ammonium nitrate with an oxygen balance of +20 percent. 

Adverse oxygen balance is the ratio between the weight of oxygen and 
the weight of the fuel in the explosive composition, where the available 
amount of oxygen is sufficient to oxidize all the flammable components.    In 
this case in the explosion of the explosive,  much carbon monoxide is formed. 
Trotyl has a negative oxygen balance of 74 percent. 

Zero oxygen balance of an explosive is the balance when the amount of 
oxygen in the explosive composition corresponds precisely to its amount 
required for the complete oxidation of all the flammable elements.    Dinitro- 
glycol has a precisely zero balance. 
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TABLE 1.  GROUPS OF ROCK BASED ON THE AMOUNT OP TOXIC GASES FORMING 
WHEN VARIOUS EXPLOSIVES ARE EXPLODED IN FIELD CONDITIONS 

/ 
ropHue nopoju 

2. Ko.llfKCTaO «JOBHTUX raM«, i/KS 

3     OUHCt, !  T    OKIICflbl 
yr.iepOA«       i asoia 

pyaa 
AnaniTOBaa pyaa 

I Ho^HT-VpTHTOcaH 
„     (HeiJic.nHH)  
~ Ka.iiifmue  cam  
/OAitwiHÖaenoBuc pyau . . . 
II MeAHue pyau ..".,.. 

ijntuiimeTa.i.iHMCCKiie pyau 

Vro« 

iranbHhie 3a6oii    .... 
/triopoaHuc 3a6<)H    .   .   .   . 

._ '7AHTpaUMT 

VraibHue 3a6oH    .  .  .  . 
)f fjIKHHCTblH c.naHcu     .   .   . 

Jß CiMHiKWo-UMHKOiue pyxu 

i'Pyaa       
jjriopoAa       

23)Kej|MHMe pysu 
MapTiiTOEad  

21   *yMexHUf py«u 
KBapuCBo-a.ii.6HToi)UC nop- 

(fmpoiubi  
3o.lOTOIIOCHbie  UVJH   .   .   . 

MeM3»hK pyxu 

I rpynna 
13,0-21,5!   0,06—1,06 1     14,6—28,0 

13,9-19,5 
7,9-11,6 
4,1-7,4 
6,6-11,2 
4,2-37,4 
13 

0.01-0,21 
3,1-4.1 
4,3-4,8 
3,1—4.3 
0,7-2,8 

II  rpynna 

12,G-42,0 i     3,0-7,4 
8,7-30,0 i    2.6-6,5 

3.5-6,8   1    9,5—15,5 
3,6-7,1 

18,0-33,4 
13,8-22,5 

1.3-6,1 

3.7-9,5 
2,7-10,3 

13,1-26.3       5,1-10,5 

4,8-30,5 
41,6-43,5 

1.7—9,6 
4.9—5,9 

AwecriH.iHTbi 

30111 rpynna 

22,3-44,0      12,0—22,6 

14,3-19,6 
31,1-38.4 
32,0-38,6 
28.5-39,5 
10,3-44,1 

48,5—81,3 
37,6-66,0 

54,3-97,8 
12.2-44.1 

44.4-95,5 
32,0-90,5 

54,7-78,5 

35,8-82,2 
75,3-79.9 

105.3-169.5 

KEY«     1   — Rock 11  — 
2 ~ Amount of toxic gases, 12 — 

1/k« 13 - 
3 ■— carbon monoxide 14 — 
4 — nitrogen oxides 15 — 
5 — total 16 — 
6 — Group I 17 ~ 
7 — Apatite ore 18 — 
8 — Cordierite-urtite ore 19 — 

(nepheline) 20 — 
9 — Potassium salts 21 ~ 
10 — Molybdenum ores 22 — 
[KEY continued on following page] 

Copper ores 
Polymetallic ores 
Group II 
Coal 
Coal faces 
Rock faces 
Anthracite 
Coal faces 
Clay shale 
Lead-zinc ores 
Ore 
Rock 
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KEY [Continuation of TABLE l]j 
22 ~ Hock 
23 ~ Iron ores 
24 ~ Martite 
25 ~ Copper ores 
26 — Quartz-albite porphyroids 

27 ~ Gold-bearing ores 
28 — Iron ores 
29 — Jaspilitea 
30 — Group III 

TABLE 2.  EFFECT OF ROCK TOUGHNESS ON CO FORMATION 

%)1 ,Oi(Jnti!IHII- 
eHTKf*criOc- 
TH  no  lÜIv3' 

M. M. Ilpo- 

HOBa 

7 
MapTiiiopaH pya-i (mj.Ktuia) 

8 fHAporeHaTiiTopan MapTiiTouaa 
4     IcyxaH)  
7 X.iopHTOBuc c.iaimti (cyxne) 
^OrnnporeMai iiTooue    napiHTo- 

sue poroBHKii (cyxiie) . , 
J'iIwrCJIK.ÜlTbl,  CIl.UHO Tpcmn- 

HOBaiuc (cyxne)    
llJlmecm'MiiA   TpciUHHOsaTue 

(cyxHO)  
(VfliKecnH.'iiiTH (ejiaiKHue)   . . 

12 

12 
14 

KOJIHICCTBO XAODHTUX TIJOD, 
J/A-J 

^OKBCb 
yrnefoaa aura 

•■cero B 

naCO 

10,1 5,1 43,5 

7,0 
18,6 

5,1 
1,3 

42,1 
27.0 

29,8 1.2 37,6 

20.4 4.5 40,7 

34.1 
33.4 

1.2 
1.6 

41,9 
43.8 

KEY«     1  — Medium exploded 
2 — Coefficient of toughness on scale of 

Professor M. M. Protod'yakov 
5 — Amount of toxic gases,  l/kg 
4 -- carbon monoxide 
5 — nitrogen oxides 
6 — total, on a CO basis 
7 — Martite ore (moist) 
8 — fydrohematite martite (dry) 
9 — Chlorite shales (dry) 
10 — Hydrohematite martite cherts 
11 — Jaspilitea, strongly fissured (dry) 
12 — Jaspilitea, fissured (dry) 
15 — Jaspilitea (moist) 

Since the explosive transformation of an explosive with a positive 
or a negative oxygen balance involves the formation of toxic gases, for 
explosive work in underground excavations explosives with zero or near- 
zero oxygen balance are permitted. By the amount of the toxic gases formed, 
rocks can be divided into the following groups t up to 40 1 per kg of 
explosive, from 40 to 100, and more than 100 l/kg (Table l). 
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TABLE 5. EFFECT OF EXPLOSIVE DEMSITY OH FORMATION OF TOXIC GASES 

5 
«1 

KOJ111WC7I10  n.TOllHTUX TlMti (A/K!)  npll UpUBaHUH 

/ ■ wcnojiioS '    ■ MeHHOll 

BB i 
5-  PVfl« py» 

1      \6 |   t e 
Ü CO    NO 1 BCtro 1 CO NO, ocero CO NO, ■cera 

zc 1   1 

AMMOHHT X» 6   no- 1 
<f    pOUlKO06pa3Hblfi 1,0  25,7,21101!Ü2,2,12,31 3,535.1 — — — 
AMMoniiT.N3 6 npec- 

1     1      I     ! 
10  coBaHHuii    .  .  . 1,3 21,313,6.109,7,10,5 2,5.26.3 — — — 

HrjwmiT  0.7    -    - — — — — 2,24  5,4 37.94 
// To we  0,87 - 1 _ — — — — 1.72 3.9 27.07 

KEY1  1 — Explosive 
2 — Density, g/cm5 
3 ••- Amount of toxic gases (l/kg) during an explosion 
4 -~ In sand 
5 — In Iron ore 
6 — total 
7 ~ In copper ore 
8 — Ammonite No 6, powdered 
9 -- Ammonite No 6, pressed 
10 — Igdanlte 
11 — As above 

TABLE 4. EFFECT OF WEIGHT OF CAHTRILGE WRAPPER ON CARBON 
MONOXIDE FORMATION 

BB 

Doc oCuiunKU 
nnrporoB ■ *  I   £~ 
2 M « BB       I Ko.,,,. 

3 
Oyuara 

nap>- 
HeCTio 

CO 

1Ö- 
HCT 

0,0 
1.7 
3.5 
.1,0 
2.5 

4 

AMV.OHIIT SS 6 npctToaanruft . . 

AMMOHHT M° 6 
To »e . . .  . 

/. 0 xe 

1°. 
Her 
0.5 
1,2 
2,0 
4,0 
2,0 

a 
UanH3Tium>i 
2,0 I   2.5 

noniuTiuiCH 

7.5 
17.1 
28.3 
29.6 
35,9 
40,8 
18.2 

39—42 

12-20 

// 
Vrcwib-iloHÖaci.- 
13     * 
Cesepo-Vpa^b- 

CKHH COKCHTOnbin 
pyflHHK (CVBP) 

To 1K2 
9 

[KEY on following page] 
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KEY [to TABLE 4]« 
1 — Explosive 
2 — Weight of cartridge wrapper in g per kg of explosive 
5 ~ paper 
4 — paraffin 
5 — Arount of CO 
6 ~ Rtmark 
7 — Ammonite No 6, pressed 
8 — Anunoaite No 6 
9 -~ As above 
10 ~ None 
11 -- Coal--Donbass 
12 — Polyethylene 
15 — North Ural Bauxite Mine  (SUBR) 

TABLE 5.    EFFECT OF GAP IN BLASTHOLES ON THE POHMATION OP TOXIC 
GASES OF EXPLOSION 

/   2 

BB 

AiaueTp, MM Sri 
3.130p. 

MM 

KO.IKWCTHO IUOBH ux raw». A/ia 

s 
■cero 

s 
uinypa rmpona 

< 
CO OKUCJ1U 

asora 

f ! 
AMMUMMT M' G'/KR   1   42 32 10 49-57 1.4-3,0      G5-72 

m\> >Ke :    '14 
WJCTOIIHT IDA ... i   42 

32 
32 

2 
10 

:f0--3l 
37—45 

1 .4-1 .n!     39—42 
1.3—1.5      46—54 

pTo Mt 1   34 32 2 31-32 1,0-1.1 37.5-39,0 

1     1 — Explosive 
2 — Diameter,  mm 
5 — of blasthole 
4 — of cartridge 
5 ~ Gap,  mm 
6 — Amount of toxic gases,  l/kg 
7 — nitrogen oxides 
8 — total 
9 — Ammonite No 6ZhV 
10 ~ As above 
11  — Detonite I0A 

TABLE 6. EFFECT OF FLOODING OF WORKINGS ON FORMATION OF TOXIC 
GASES OF EXPLOSION 

/ 
CieneHL oCsojia£HiiacTtf 

uinypa 

!   KO-THHeCTBO  HAOBHTUX   ra309    4/K&I 

*  
OHHCAU 
U30T-» Bcero 

HB 

I ! I \9 
CyxHe CTeiiKii uinypoB .   . 1   37—43   , 1,1 — 1.5    46—52    AMMOHHT.VSB 

7c-t«nim mnypOB   opomcim 
o      BOÄOll  

» Ulnyphi Hanaineiiu   BOJOA 

[KEY on following page] 

34-37  I 1,3—1.71   44-45 
11—18  I 4,5-6.61    41—58 
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KEY [to TABLE 6]i 
1 — Degree of flooding of blasthole 
2 — Amount of toxic gases, l/kg 
3 ~ nitrogen oxides 
4 — total 
5 — Explosive 
6 -*- Dry walls of blastholes 
7 — Walls of blastholes sprayed with water 
8 — Blastholes filled with water 
9 — Ammonite No 6 
10 — As above 

TABLE ?. EFFECT OP PLACBMEMT OF CAHTRIDGE-STRUCER IN EXPLOSIVE 
CHARGE ON THE POHMATION OP TOXIC GASES OP EXPLOSION 

BB 
PacnojroweHHc 

nitTpoH-tocr.HKa 

 -J0 ~ 
AMMOHHT .\i 6 I        V AHa uinypa 

7 To me      /'  B cepcamie 
? To »e I ttj' ycTbH miiyp;) 
1 HeroHiiT 10A ' 10 \ ana mnypa 
7 To iKe I    il B copf.iiine 
■7To )Ke \f1.^ ycTbii lunypa 

KOJIHMCCTBO  HAOBHTUK 
3       rasoB, A/Ke 

\f      T*^ __    OKHCJ1U 
CO .MT. Bcero 

I 45 I 0.6—2,0:49-58 
160-65! 0,6—1,6 64—82 
40-65 0.8—5,3 TO-^ 

I 24 i  0,5  I 27 
! 36    0,6    40 
1 42    1,0   48,5 

Explosive 
Placement of cartridge-striker 
Amount of toxic gases,  l/kg 
nitrogen oxides 
total 

KEYi 1 
2 
5 
4 
5 
6 
7 
8 
9 
10 — At bottom of blasthole 
11 — In middle 
12 —- At mouth of blasthole 

Ammonite 
As above 
As above 
Detonite 

No 6 

10A 

A dependence was established between the toughness of rock and the 
amount of toxic gases in an explosion: here the toughness factor,   the 
more  carbon monoxide is formed and in several cases the less nitrogen 
oxides  (Table 2). 

The density of an explosive tnd the cartridge wrapping also affects 
the amount of toxic gases in an explosion (Tables 3 and 4). 
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TABLE 8. EFFECT OF STEMMING MATERIALS ON THE FORMATION OF TOXIC 
GASES 

/ 
MjTcp«a.i 

oo »afoflKH 

i—rr 

_       |    JKOJIHWCTI» ig|OB«Tux raw», J/K*      j 4 

'flW I        ■UHM 
usoia 

_„ I        OKBv-flu      1 ? Mime 
CO j«,. »«ro 

I 

AMMOHMT .» Dc) ^aftiMKii 34—35     ' 2.8—3.3 50—52 i   Ci 5P 
-Nj 6   fr.i.ma 20 t.« 32—»1.5, 1.1-2,0 45-50 i              ^ 
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KEY:  1 — Explosives 
2 — Stemming material 
3 — Amount of toxic gases, l/kg 
4 — nitrogen oxides 
5 — total 
6 ~ Remark 
7 **- Ammonite No 6 
8 — As above 
9 ~- Without stemming 
10 — Clay, 20 cm 
11 — Water 
12 ~ Freely suspended charge 
13 — SÜBR [of. item IJ in key to Table 4] 
14 ~ As above 

nie formation of toxic gases is affected by the conditions under 
which the explosive operations are carried out: the placement of the detonator 
in the  charge, properties of the stemming, and so on (Tables 3,  6,  7, and 8). 

From the data  in   these tables it follows that the smallest amount of 
toxic gases in an explosion can be attained when total detonation of the 
explosive is ensured,  for optimum explosive density,  lowest moisture 
content, and the least amount of wrapper material.    The greatest effect is 
given by igdanite, which is introduced into blastholes by the pneumatic 
charging method: in this case the amount of carbon monoxide in the explosion 
products is sharply reduced. 

Producing the amount of toxic products of an explosion is also 
attained    by using all kinds of stemming. 
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6.    Physicochemical Cbaracteristics of Coonaercial Explosives 

Among the physicochemical characteristics of coBBercisl explosives of 
practical value in their use are the following! density,  dispersion or granule- 
metric composition, friability, plasticity, fluidity, hygroscopicity, moisture 
content,   caking tendency, water resistance, segregating tendency, and chemical 
resistance, which taken altogether determine the constancy (stability) of the 
charge and the explosive properties of the explosive. 

Density.    A differentiation is made between the density of an explosive, 
the density of the cartridge, load, or charge, and the charging density. 

The density of an explosive refers to the ratio of the weight of the 
explosive to the volume it occupies, neglecting the shell.    For free-flowing 
explosives,  the density obtained in free packing will be referred to as the 
heaping or gravimetric density, while for continuous explosives  (liquid, 
melted, pressed, or cartridge-packed powders) it is called the actual density 
or simply the density of the explosive.    The density of the cartridge, load, 
charge,  or other article refers to the ratio of its weight to the volume 
occupied,   taking the shell   into account. 

The charging density is the ratio of the weight of the charge to the 
entire volume of the charging chamber,  including the voids.    Bach explosive 
fass its optimal density values, beyond the limits of which there is a deteriora- 
tion in the explosive characteristics of the explosive,  extending to the 
complete loss of detonatibility.    An increase in density up to the optimal 
values leads to a concentration of energy per unit volume, a rise in the 
detonation rate and in the brisant action on the surrounding medium, and 
overall — to a rise in the explosive effect when blasting tough rock. 

The dispersion of powdered explosives refers to the degree  of their 
comminution (pulverization), while the granulometric cof^pnait^ftn nf granulated 
and coarse-grain explosives refers to the characteristic of the distribution 
of their granules grains) by size.    Both these characteristics usually are 
determined by sieve analysis — by sieving into fractions with the use of a 
set of sieves with successively reducing mesh sizes. 

Friability refers to the ability of an explosive to freely, under its 
own weight, flow from a container, readily fill — during charging — a 
charging cavity in a free heap, anc*  travel freely along a hose during 
pneumatic charging.    Friability is an important characteristic of noncartridge 
explosives intended for p™>umBtic  charging.    Friability can be evaluated by 
the angle of natural repose or the rate at which the explosive travels through 
the calibrated opening of a funnel  (hopper).    The smaller the angle and the 
greater the stream velocity,  the higher the friability.    Good friability is 
exhibited by granulated explosives.    The friability of powdered explosives 
in most oases is inadequate for high-capacity charging by heaping or by the 
pneumatic method.    In such explosives, friability depends especially strongly 
on the moisture content: with rise in moisture content to 0.3-1.0 percent, 
friability drops off sharply. 
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Plaaticity is a characteristic of nonfriable explosives,  in which the 
solid components are held together by a liquid thickened (gel-like) phase. 
Explosives that are capable of being readily deformed when acted on by 
external loads and preserving the form imparted to them are also referred to 
as plastic.    High-percentage plastic gelatin dynamites exhibit some elasticity. 
Slurry [water-filled] plastic explosives as a rule do not exhibit this capa- 
bility.    The ability of plastic explosives to be readily deformed enables 
charging densities to be obtained that are close to the density of the explo- 
sives per se, which is practically within the limits 1.3*1«7 g/cm^.    Plastic 
explosives,  in addition to high density, are characterized by high indicators 
of water resistance and detonation parameters.    The plasticity of nearly all 
explosives decreases with time.    It can be restored by kneading cartridges 
manually or by mixing the mass by mechanical means. 

Fluidity is a characteristic of slurry explosives of liquid-viscous 
consistency,  in which the gel-like phase exceeds 55*40 percent.    It depends 
heavily on temperature, degree of thickening of the liquid phase, and the 
duration of explosive storage.    The fluidity of explosives decreases with 
time.    A sharp drop is observed when the temperature is reduced and when 
there is a reduction in the liquid phase of the explosive.    Fluidity can be 
restored by heating and by mechanical mixing.    A rise in the fluidity of a 
slurry explosive facilitates its pumping from a dispensing vessel  through 
the charging hose into a drillhole,  but in addition facilitates segregation 
and leakage of the charge through cracks in the rock.    To eliminate this 
effect,  an explosive is prepared not long before it is  charged or at the time 
of charging,  by using a highly effective thickening agent and special binding 
additives,   that rapidly raise the viscosity of the suspension after it has 
been loaded  into the biasthole. 

HygroBcoDicitv of a substance refers to       ability to absorb moisture 
from the air and to be humidified.    Humidification begins only at certain 
values of relative humidity and temperature of the ambient air typical of 
the given substance an dependent on its chemical compopition.    Hygroscopicity 
of a substance is characterized by the hygroaconin nojnt. which is the ratio 
of the vapor pressure above a saturated solution of the given substance to 
the vapor pressure of water saturating the air at the same temperature.    The 
hygroscopic point is expressed in percentages of relative humidity and 
characterizes the     -ndition of the substances in which it does not dry out 
and does not become humidified.    The higher the hygroscopic point of a 
substance,   the les    hygroscopic is the substance.    The hygroscopic point 
depends on temperature« with temperature rise,  in most hygroscopic substances 
it decreases, while the rate of moisture absorption rises,     hygroscopic 
substances include ammonium nitrate (its hygroscopic point at 25* C is 
62.7 percent), potassium nitrate (44 percent), sodium nitrate (74*5 percent), 
and sodium chloride (75-5 percent).    All commercial explosives incorporating 
these or other hygroscopic constituents are hygroscopic to some 
extent.    The greater hygroscopicity is exhibited by ammonium-nitrate explo- 
sives.    The hygroscopic point of most ammonium-nitrate explosives does not 
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exceed 60-68 percent at 1^-20* C. Therefore, they rapidly humidify in the 
course of a year. Humidiflcation disrupts their physical stability (promotes 
caking and exudation) and reduces sensitivity to detonation and water stability. 

Moisture content of an explosive refers to its content of water at a given 
instant introduced into the substance with the components during its formula- 
tion or acquired by it after formulation. 

Caking refers  to the ability of friable explosives to be converted into 
a coherent mass with total loss of friability and, as a rule, considerable 
reduction in detonatlbility. 

Caking usually results from crystallization from a film solution of 
readily soluble salts that are part of mixture explosives, which bind their 
solid particles with microcrystalllne bridges. The extent of caking depends 
en the number and strength of these bridges. The number and strength of the 
bridges, in turn, are directly related to the Initial moisture content and 
the temperature of the explosive, the ability of the components to be dissolved 
in water, and the variation of solubility as a function of temperature. 

Since ammonium nitrate dissolves readily in water, then all explosives 
based on it are capable of caking strongly if their composition has no antl- 
caklng additives. 

Caking is promoted by modifying transformations of ammonium nitrate 
crystals in the transition through the temperature point of 32.3* C causing 
their fragmentation and change in solubility. Therefore, a fluctuation in 
the temperature of an ammonium-nitrate explosive during storage, with a 
transition through the temperature point of the modification transformation 
is highly undesirable. Also undesirable is any temperature fluctuation of a 
humidified explosive, since it causes repetitive processes of the dissolution 
of the nitrite and its crystallization from a film solution, peroanently 
increasing the strength of the imercrystalline bridges. 

The degree of caking depends heavily on the compaction of the explosives 
fay external loads, for example, in cartridging or as the result of multirow 
stacking in a noncartridged state in a soft container, and also due to disper- 
sion. Finely-disperse ammonites can cake severely, while granulated explosives 
are not caked at all in normal conditions. There are several methods of 
determining caking (Section 20). An explosive is assumed to be severely caked 
if it does not undergo breakdown from the force of a hand and requires 
mechanical breaking. Covering of explosives with loosening, powdering, or 
waterproofing additives of certain substances protects explosives against 
caking. 

The water reaiatance of a powdered-structure explosive refers to the 
ability of the explosive to withstand the penetration of water within its 
cartridges (charges) that can upset their structure, cause phlegaatization 
and lead to a decrease in the explosive effect, or to total extinction of 
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SeKre^ation        refers to the spontaneous,  or externally caused, segrega- 
tion of an explosive into its constituents or components.    This effect can 
occur with several friable and plastic explosives consisting of components 
that are dissimilar as to form or physical state, size, and specific weight. 
Minor segregation        sometimes is observed when zernogranulites prepared by 
mechanical mixing of granulated nitrate with granulated or flaked trotyl is 
loaded by heaping or in pneumatic charging.    At a high stream velocity, 
during pneumatic charging wood meal in granulite S-2 can separate and   segregate 
aluminum powder — in granulites AS-4 and AS-6, and diesel oils —m in igdanite. 
When these explosives are stored,  they may become humidified and under the 
effect of their own weight   stream      into lower layers of the liquid compo- 
nent can occur. 

2? 

the detonation. Penetration of water is blocked by the capillary forces of 
waterproofing pores forming between particles of the compacted powder, whose 
surface is not wetted with water. The smaller the diameter and the higher 
the waterproofing ability of the pores, the higher is the water resistance 
of the powdered explosives. It can be increased by increasing the dispersion 
(the fineness of the grind) of the explosive and by compaction of the cartridges 
or charges when noncartridge charging is employed. Cartridges of finely- 
dispersed, well waterproofed ammonites are capable of withstanding many hours 
of storage in flooded blastholes and drillholes. In noncartridged form, 
ammonites are however unsuitable for charging by heaping into water, in which 
they cannot float, and upon forced immersion they mix with water and become 
severely phlegmstized. 

Continuous explosives (plastic dynamites, slurry thickened akvatols, and 
akvanites, cast chunks, and charges of trotyl) are water-resistant because 
they have nearly no pores through which water could penetrate, while leaching 
of water-soluble components occurs slowly, mainly due to diffusion. "Hie 
ability to withstand diffusive leaching determines the degree of water resis- 
tance of these explosives, which in most cases can withstand many days of 
storage in flooded blastholes or drillholes without appreciable reduction in 
explosive properties. The degree of water resistance of powdered and continuous 
explosives can be characterized by the hydrostatic pressure of the column of 
water needed for its penetration within the charge, or by the time during 
which the charge withstands the penetration of water at a certain specified 
pressure. 

übe water resistance of friable granulated explosives refers to the abi- 
lity of granules not to be dissolved in water or to withstand the penetration 
of water internally and to stably detonate when heaped into water, which in 
this case fills all the air gaps between granules in the charge. The degree 
of water resistance of these explosives depends on the size and density of 
the granules, and their ability not to dissolve and not to break down in 
wi>t?r. Water resistance can also be characterized by the time during which 
slurry charges do not lose their ability to detonate and do not suffer a 
reduction in their explosive effect. 
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Segregating of slurry akvatols is observed, in which ~ when there is 
inadequate thickening of the liquid phase and when the explosive is in prolonged 
storage — gradual settling and accumulation in the lower layers of large solid 
particles of components occurs. Large salt particles can separate cut in 
safety explosives before they are cartridged. 

Well-prepared explosives produced at present time, under normal condi- 
tions of storage and use, segregate only negligibly and this phenomenon in most 
cases does not appreciably affect   the practical results of blasting. 

Dusting refers to the ability of friable explosives, when handled, to 
contaminate the surrounding atmosphere with their fine-disperse (dust-like) 
particles or to make it explosive-hazardous. Dusting is directly dependent 
on the dispersion of an explosive, the surface state of its particles (extent 
of wetting and oiling), and on the velocity of the streams produced during 
pneumatic charging. Usually, powdered ammonites in a dry finely pulverized 
state dust heavily. All granulated explosives produce in practice little dust, 
while some of them such as alyumotol, granulotol, igdanite, and granulite M, 
whose granules lack dust fractions or are strongly oiled, do not dust at all, 
practically speaking, during charging. 

Testing is observed most often when charging is carried out with the 
pneumatic method. It can be markedly reduced or completely eliminated by 
wetting or additional oiling of the explosive with oil, and by selecting the 
appropriate pneumatic chargers with dust catchers and the appropriate 
charging conditions. 

Yolatilitv refers to the ability of certain explosive components to 
partially or completely volatilize (evaporate or sublimate) during storage 
or use. Volatility depends on the temperature of evaporation (vapor pressure) 
of the constituents and the ambient conditions in which the explosive exists. 
The  lower the temperature of evaporation (the higher the vapor pressure) and 
the higher the ambient temperature or the more air exchange there is over 
the explosive, the more rapidly such components will be vaporized from it. 
Mitro esters vaporize partially from nitro ester explosives, which are related 
to the toxic action, and water also evaporates from slurry explosives when 
they are not sealed tight enough. 

Exudation refers to the ability of liquid constituents to migrate from 
the composition of explosive under the action of capillary forces. Exudation 
is promoted by wetting and alternating heating and cooling of an explosive, 
and also by external compressive loads acting on the explosive. Hitro eater 
explosives can exude, especially if the nitro esters in them are not adequately 
bound with a thickening agent or an absorbing agent. Exudation of such explo- 
sives increases the danger of handling them and requires the use of suitable 
cautionary measures. 
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Ageing. This term is applied to plastic explosives, whose gel struc- 
ture becoaes modified with time, its viscosity and plasticity are reduced, 
and air bubbles are removed, which promote the detonation tiensformation of 
charges. By kneading and remixing, the plastic properties of the agent 
explosive can be restored. 

StablHtv refers to the ability of an explosive to retain its initial 
physlcochemical and explosive characteristics during the established guarantee 
period of use. 

Physical atabilitv refers to the ability of an explosive to retain its 
physical characteristics and structure in normal conditions of storage and 
use (low moisture content, moderate temperature, absence of external compact- 
ing loads, and so on). 

Chamioal reaiatance refers to the ability of an explosive to retain its 
chemical composition and chemical properties within the limits ensuring 
adequate safety during storage and handling. Depends on the chemical nature, 
purity, and conditions of storage of the explosive. Some explosives are 
capable of self-accelerating chemical decomposition in the event that suitable 
circumstances converge. The decomposition of nitro ester explosives can 
occur, for example, when impurities of mineral acids or ammonium nitrate 
explosives enter their composition, and in the reaction of an ammonium 
nitrate solution with sulfur or certain other compounds. When charging 
akvatol into a flooded drillhole, the finely-disperse aluminum in the explo- 
sive composition can interact with the alkali if its impurities are present 
in water. 

In normal conditions of storage in use, all commercial explosives produced 
in the USSR are quite chemically stable. 

7. Brief Information on the Theory of Safety Explosives 

Explosive operations have wide application in the mining of coal. Most 
coal mines contain methane and coal dust in the atmosphere of the workings 
and are classified in the category of mines that are dangerous as to methane 
or coal dust. Safety explosives are used in these mines and measures aimed 
at increasing the safety of explosive operations are carried out. 

Mine gases released into the atmosphere of workings can contain methane 
and other combustible gases (mainly, hydrocarbons). 

Methane-air mixtures containing 4~15 percent methane are the most 
hazardous) they are capable of fast-spreading reactions with the release of 
heat and a buildup in pressure. 
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The explosion of a methane-air mixture can be caused either by heating 
it, or by igniting it with flame or spark. The causes for the inflammation 
of a methane-air mixture in explosive operations can vary. 

According to the theory of Malar and Le Chatelier,  the explosion of a 
methane-air mixture can be caused by a thermal impulse, that is, by the 
action on the mixture of the heated gaseous explosion products of an explosive. 
The temperature of the explosion of safety explosives varies within the limits 
1500-200O• C, while the flash point of a methane-air mixture is much lower ~ 
650* C. 

At 650* C,  the ignition of methane can occur with a delay of as much as 
10 seconds,  but as the temperature is increased the delay time becomes shorter. 
If the explosion temperature is very high,  the delay time of the ignition of 
a methane-air mixture can become shorter than the detonation time of the 
explosive and the mixture can explode?  but if the delay time of the ignition 
of the mixture is longer than the explosion period,  methane does not ignite. 

The flame of an explosive and its duration depend not only on the proper- 
ties of the explosive,  but also on the size of the  charge;  the larger the 
charge,  the more dangerous it is. 

According to the theory of Odiber gaseous explosion products, by mixing 
with air containing methane, react and in the process can oxidize methane by 
means of the oxygen of the explosion products, accelerating its spontaneous 
combustion.    In this case the safety of the explosive depends not so much 
on the temperature of the explosion products, as much on the amount of heat 
released per unit volume of the gaseous products of the explosion.    The beat 
of explosion can be reduced by introducing heat-absorbing   flame inhibitors 
into      the explosive composition. 

L. V.  Dubnov showed that in addition to the heat of gaseous explosion 
products,  the delay time of methane ignition is affected by certain impuri- 
ties that  impede the oxidation of methane. 

Chlorides of potassium and nitrogen that are part of the safety explo- 
sives are also anticatalysts, raising the flash point of the methane-air 
medium or prolonging the ignition delay time of the mixture. 

Among the hypotheses    accounting      for    the      igniting      of methane-air 
mixtures In explosive operations.  Interest is drawn to the work of Beyling, 
who showed that in the detonation of an explosive charge, solid heated 
explosive particles can form.    To prevent the igniting    of the methane-air 
mixture with these particles, safety explosives with good detonatabillty 
must be used, and compact tamping must be employed. 

The nrlnciple of formulating safety explosives. In selecting safety 
explosives and in developing new compositions, the following principle Is 
observed.    Safety explosives must exhibit good detonatabillty, ensuring 
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the nonfailure detonation of charges in blaatholes if compact steaming is 
present, and if no large gaps exist between the explosive cartridges and 
the bias thole walls.    Safety explosives must also exhibit high selectivity, 
that is,  the ability to completely detonate only in an enclosed space.    In 
the absence of stealing or if an expo^ad surface is present, for example, 
a crack in the blasthole,  the detonation of the explosive charge either does 
not occur or, or else only the sensitizer present in the explosive composi- 
tion in the amount of 10-13 percent detonates; this kind of partial detona- 
tion is not capable of igniting   a methane-air mixture. 

■ 

Among these safety explosives are the following four classes of explo- 
sives t 

class III represents safety explosives intended for explosive operations 
in coal mines when overburden is present (ammonite AP-4ShV, AP-^ZhV, and 
pobedite VP-4); 

class IV represents safety explosives intended for blasting for coal 
(ammonite PaiV-20, miporite No 1, and ammonite PZhV-20 in a resite-salt 
shell); 

class T represents increased-safety explosives intended for especially 
dangerous mines; they differ from explosives In class IV by the fact that 
in an explosion in a test drift the maximum charge is up to 250 g (uglenite 
E-6, an explosive in solution-filled shells PVP-1-Ü selektite Ho 1, and 
uglenite No 3); and 

class VI represents high-safety explosives intended for especially 
dangerous mines.    The explosion of a freely suspended charge in a test drift 
does not explode a methane-air mixture when the charge weighs up to 1 kg 
(uglenite No 7)* 

Most class-V and class-VI safety explosives exhibit low efficiency, 
which limits their applications. 

Charantpriatics of aas-air and duat^air mine atmoapherea.    Mine catego- 
Cisa..    Among gas- and dust-dangerous mines are those in which combustible 
gases or combustible dust in a mixture with air can form an atmosphere that 
ignites    or explodes when a spark or fire is present. 

When methane is continually released Into the mine, its relative gas 
contamination is thus determined, which refers to the amount of methane 
released in the mine per day, per ton of daily extraction. 

In terms of gas contamination, mines are divided into the following 
four categories! 
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Mine category Amount of methane released per 
day per ton of average-daily 

coal extraction, OK 

I 
11 
III 

Super-category mine or mines 
in which strata are exploited 
that are dangerous in terms 
of gas feeders and sudden 
eruptions of coal or gas 

Up to 5 
From 5 to 10 
From 10 to 15 

15 and higher 
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CHAPTER II 
EXPLOSIVES 

6. Classification of Commercial Explosives 

Commercial explosives are divided into individual chemical compounds 
(trotyl, tetryl, hexogen, and so on) and mechanical mixtures, in which 
ammonium-nitrate explosives have gained the predominant acceptance. 

tMBBitai nitrate exnlosivep refer to explosives in which the principal 
oxygen-containing component is ammonium nitrate — a synthetic cheap salt 
that relatively easily decomposes in the explosive process into gaseous 
products, with the release of 20 percent of the excess oxygen and a small 
amount (570 kcal/kg) of beat. These advantages were the Impetus for formulat- 
ing various kinds of commercial explosives based on ammonium nitrate. 
Ammonium nitrate explosives are subdivided into ammonites, ammonals, slurry 
explosives (akvatols and akvanites), dynammons, and nitroglycerin and 
hexogen-containing compositions without a very sharp delineation between 
them. 

AMinnitgB refer to ammonium-nitrate mixtures of powdered structure, in 
which trotyl or other nitro compounds are used as the explosive sensitizer 
and the fuel. In the grain-granulated state, ammonites are called zpyno- 
granulites. 

Slurry ammonites of plastic consistency are called akvanltea. while 
flowing slurry ammonites are called akvatols. 

Ammonals refer to ammonites in which, in addition to other components, 
aluminum is present.  In the granulate state t'tey are called grammonals. 

Dvnammona refer to powdered mixtures of ammonium nitrate with nonexplo- 
sive combustibles, including possibly aluminum. 
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TABLE 9.        CLASSIFICATION OP GOMMKRCIAL EXPLOSIVES BY SERVICE CONDITIONS 

lOucc ^ pynna 

I. BB raibKo iJisi 
oTKpurbix paöor 

1. rpaHyJiHpOBaHiibie BO- 

AoycTofiiHBue BB AJH 

xpenKHX H BccbMa xpenKHx 
nopoA B OOBOJHCHHUX 3a- 
SOHX 

2. BoioHancuiHeHHue re- 
KyMHC   BB  um cyXHX  H 
OÖBOaiieHHblX    CKBaiKHII     B 

xpenKHx  11  Bcci>Ma  Kpen- 
KHX nopojax 

3. BojoycToS'iHBue .111- 
Tue BB B Kycxax 11 uiam- 
xax xw oGBOAHeiiHux CKB^ 

XCHH B xpenKHx noponax 

BB 

F 
AJDOMOTOA 

rpaHy^orai 
3cpHorpaHyJiHTU 

30/70-B H 50/50-B 
FpaMMOHaj A-45 

H 
AxBaioji 65/35 
Mera.i^iuoeaHHhie ax- 

BarwiiJ M-I5 H Mf (re- 
.ieo6pa3Hwfi) 

TpOTH/IOBhie 
H xycxH 

UiaUIKH 

4. UlHeKOBaiiHuc BB   B 
UUIUXaX ,Mil  ofiBOAHeHHUZ 
cxsawHH B nopoiax cpca- 
Heil xpenocTH 

^., ilneKOBatiHUH aMMo- 
HHT  B-3 

5. nopouiKooSpaatibie 
BcaoycToiiMiiBue iionarpo- 
HKpoBaniibic BB X1Ü cjia- 
fiux H cpejnei'i KpenocTii 
nopoA B ryXHx n Moxpux 
aafioHX 

W AMM0„„TU 

H A» 10-)KB 
X! 9-)KB 

6. KyMy.mTiiBHue    Ha- 
pyiKHbie aapnAU A-I» BTO- { 
pHiHoro BapuBaHim j 

p 
3apiubi 

3Kn-OP 

i.  FIpoMOKy romiue ae- ' lüanixH             T-400, 
TOiiaropu  AJIH  HimuHHpo- j 111-400,               TT-SOO, 
Baium rpaHy.mpoBahiHhix H TeT-150, nT-150 
BOAOHananii'cHiihix BB 

11. BB ;ui  or- '      I. npcccosaHHue BOAO- |     AMMOHHT    cxa^bHuft 
xpumx   H noAaem- 1 ycToiiMHBue    BUCOKOMOIU- I Nt 1 
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[Continuation of Table 9] 

Kucc 
B 

rpyintf BB 

5 ^ HUX   paOOT,    KpOMC 
paflOT B uiaxrax. 
onacHiix no raay 
■Mil nu.iH 

7" 
Hhie  BB B  narponax w* 
BecbMa KpenKiix iiopoj 

u 
AHMOHIIT     CKa^bHUH 

Ml 

2.      riopoumoufipaaiiue 
BOAoycToAiHBue BB noou- 
UieHHOfl    MOIUHOCTU   B  na- 
OHBHUX narpoHax ciaHaapr- 
iioro n Kpynnoro ÄiaMer- 
poB A.in xpcnKvx i'opoj 

w 
AMMonaji     cKa.ibiibifi 

Ki 3 
AMMOHaJI   BOflOyCTOll- 

•HIDblll 
ZliinaMOMfai    AM-8   H 

AM-10 

3. nopouixno0pa3iiue 
BOAoycTOHinBue H uruojo- 
ycTOH'iMLLie cpffliieH mm.- 
HOCTH BB B oarpoiiax H 
poccunuo nna oopoa cpe.i- 
Heft KpenocTH 

AMMOHIIT AS 6-)KB 
ÄHHai^TJ.lHT 
AMUOHHT .Nb 7-)KB 

*4. nopouaoofipasHue 
BOAoycTofitHBue  BB,  co- 
ACpiKaiUHe HHTp03l{-'Hr>U, B 
naipOHax craiuapriioro H 
wa^bix     AnaMcrpoe    an« 

KpcnxHX 11 BCCbMa Kpen- 
KHX nopoA 

5.   lI.laCTIIMHbIC        HO.10- 
ycTofi'iHBue BB X-IM xpcn- 
KHX H secbua xpcnxiix no- 
poa 

AileroHiiTu 6A,   10A, 
15A-10 

üeromiT M 

K 6. 1 paii) nijiiiumii .ic to- 
AoyCTofi'iifii! :e BB v»i no- 
po.i cpeiineii Kpon<XTH 11 
Kpenxiix u OöBOAUCIIHIJX 
3a6o>ix 

F' 
7. IpdJiy.nipoDaMMJCiic- 

BOAOyCTOHMIIBUe    BB    AAX 
nopoA   cpejueil  i.pvnocTii 
11 xpenxiix B cyxiix aaCoxx 

UMIiaMHT 62% 
AKBaHHTbl 3/1 H   16 

B' 
I paMMOiiafl A-8 
Sepiiorpaiiy^iiT 79/21 

(ropawo CMCUICHHII) 

3epiiorpaiiy^iiT 79/21 
(xa/ioAHoro cuemc- 
mm) 

rpaHVAHTU AC-4 H 
AC-8 

PpaHyAHTbi M H C-2 
MTAaHHT 
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[Conclusion of Table 9] 

KJIKC rpyrini 
B BB 

II.  BB   ,1.1H   OT- 
KpUTUX    II   HUUlM- 
HUX paöoT, i.püMe 
paöor B uiaxrax, 
onacnux no iaiy 
11.111 nuJiii 

z1 
8. KyMy.'MTHBiiuc 

pyü:ii],ie aapg.iu 

P 
9. ripOMOKyTOHHUC JC- 

rojiaiopbi J.TC niiiimiHposa- 
Hün ^!.^.^o^y^CTBMTe.^bllUx 
BB 

IJ' 
na-       3apiiAW Tiina 3Kn-nP 

UlauiKH CKajibHoro 
aMMOHHTB ii naipoHU' 
zpyn'.x    aMMomiTOB   n 
ACTOHHTOB 

M1 
III. FIpejoxpaMii 

Te^bHue BB ,VIH no- 
poAHUX saÖoeB, 
onacHbix no Merany. 
H cneuHa.ibHoro nas- 
iiaieHim 

N' 
I. BB .ww pa(5or n no- 

pn.iHux aaöonx 

2. BBa.in cepnux uiaxr 

noöcjHT Bn-4 
AMMOIIHTU   An-4>KB 

An-5>KB 

CepHufl 
Mt 1-XB 

3. BB A'ifl luaxT, onac- 
tiux no aeArgiMi napaM 

IV. npejoxpaini-       BB Tima aMMoiiiiroa 
TMbiiue BB .vm 
yro/ibHbix n ewe- 
uaHHUx aafioes 
maxi, onacHbix no 
raay H nunu 

W' 
V. BB noBMiiieH- 

noil      npeAoxpaHii- 
TCIbHOCTM RIM 
yronfcHux, cmeiuaii- 
HNX aaöoen n cne- 
mia.ibHux paöor B 
uiaxrax Bcex Kare- 
roiHH 

F" 
VI.   BbicOKonpe- 

ÄOXpaHiire.ibHbie BB 
UAH    OTÖOHKH    VIVI« 
H cneuha.ibHUx pa- 
öor B uiaxrax, oco- 
(So onacHux  no ra- 
3V 

1. HiiTpor.niiucpiiiiouije 
BB B narpoHax    

2. CejieKriiBHQVToiinpy- 
rowiie rpaiiy.wpo'.'aiiiiue 
BB B natpuiiax 11.111 m.~.a.i- 
rax 

HetbTHHofl 
As 3-)KB 

V 
AMMOHHT T-19 
AMMOHHT n)KB-20 
MnnopHT 

yrncmn 3-6 
Yrntmr M 5 

I A« 
Ce.ieKTiir W I 

3. BB B KCCTKHX npe- 
AoxpaHHrejibHbix oüo.io|i- 
xax 

1>" 
4. BB B Bo.ionano.iiwH- 

HblX n011l3Tl!.lCllOiJb:\ 060- 
Jiomcax 

C" 
Manoraöapiiiiibis nar- 

poHu Airnn-50 

uarpoHu aMMOHnra B 
oöaioHKe riBn-i-y 

Hmpor^HuepHwoBbie Ma- 
floMOuiHbie BB 

J" 
/rnenuT N> 7 
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KEY [to TÄble 9]« 
A — Class 
B — Group 
C ■— Explosive 
S — I. Explosive only for open-mine operations 
E — 1. Granulated water-resistant explosives for tough and extra tough 

rock in flooded faces 
¥ — Alyumotol;  Granulotol;  Zemogranulites 30/70-V and 50/t)0-V; 

Gianmonal A-43 
G — 2. Slurry free-flowing explosives for dry and flooded drillholes 

in tough and extra  tough rock 
H — Akvatol 65/55? metallized akvatols M-15 and MG (gel-like) 
I — 3> Water-resistant  cast explosives and fragments and charges for 

flooded drillholes in tough rock 
J — Trotyl charges and fragments 
K — 4. Worm conveyor-packed explosives and charges for flooded drill- 

holes in moderate-tough rock 
L — Worm conveyor-packed ammonite V-J 
M -~ 3> Powdered water-resistant noncartridged explosives for weak and 

moderate-tough rock in dry and wet faces 
N — Ammonites No 9-ZhV and Ho 10-ZhV 
0 ~ 6.    Shaped      external charges for secondary blasting 
P — Type ZKP-OR charges 
Q — 7> Intermediate detonators for initiating granulated and slurry 

explosives 
R — Charges T-400, Sh-400,   TG-500,  Tet-130, and PT-I^O 
S — II. Explosives for open and underground operations,   in addition 

to operations in mines that are dangerous as to gas or dust 
T — 1. Pressed water-resistant high-strength explosives in cartridges 

for extremely tough rock 
Ü — Ammonite Ho 1,  rock-oriented 
V ~ 2. Powdered water-resistant increased-strength explosives in tamped 

cartridges of standard and large diameters for tough rock 
W — Amronite No 5, rock-oriented; water-resistant ammonal;  dynammons 

AM-8 and AM-10 
X ~ 3. Powdered water-resistant and nonwater-resistant,  moderate- 

strength explosives and cartridges and loose pack for moderate- 
tough rock 

Y — Ammonites No 6-ZhV;  Dinaphthalite; ammonite Ho 7-ZhV 
Z — 4« Powdered water-resistant explosives containing nitro esters,  in 

cartridges of standard and small diameters for tough and extra 
tough rock 

A'  — Detonites 6A,  10A, and  IJjA-IO; detonites M 
B"  — 5- Plastic water-resistant explosives for tough and extra tough 

rock 
C  — tynamite,  62 percent; akvanites }L and  16 
D*  — 6. Granulated water-resistant explosives for rock of moderate 

toughness and tough rock in flooded faces 
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KEY [continuation]! 
E'   — Gramaonal A-85  Zemogranulite 79/21   (flamasble mixture) 
F*   — 7. Granulated nonvater-resiatant explosives for aoderate-tougb 

and tough rock in dry faces 
G'  — Zemogranulite 79/21   (cold mixing); granulites AS-4 and AS-Bj 

granulites M and S-2;  igdanite 
H*  ■— 11. Explosives for open and underground operations, except opera- 

tions in    mines that are dangerous as to gas or dust 
I'   — 6. Shaped external charges 
j»   — ^pe ZKP-PR charges 
K'  — 9. Intermediate detonators for initiating Icw-menaitivity explo- 

sives 
L*  — Charges of rock-oriented ammonite and cartridges of other ammonites 

and detonites 
M*   — III. Safety explosives for rock faces dangerous as to methane, and 

for special purposes 
N'   — 1. Explosives for operations in rock faces 
0'  — Pobedite VP-4; ammonites AP-4 ZhV and AP-5 ZhV 
P*   — 2. Explosives for sulfur mines 
Q|   — Sulfur ammonite Bo 1-ZhV 
R'   —J. Explosives for mines dangerous as to petroleum vapor 
S*   — Petroleum ammonite Ho 3-ZhV 
T*   — IT. Safety explosives for coal and mixed faces of mines dangerous 

as to gas and dust 
D*   — Ammonite type explosives 
?•   — Ammonite T-19; ammonite PZhT-20; miporite 
W   — V. Explosives of increased safety for coal, mixed faces, and 

special operations in mines of all categories 
X1   — 1. Nitroglycerin explosives in cartridges 
T'   — Uglenite E-6j uglenite Mo  5 
Z*   — 2. Selective-detonating granulated explosives in cartridges or 

hoses 
A" — Selectite So 1 
B" — 3. Explosives in stiff safety shells 
C" — Small-size cartridges MGPP-50 
D" — 4. Explosives in slurry polyethylene shells 
EH — Osrtridges of ammonite in PVP-1-U shell 
F" — VI. High-safety explosives for breaking down coal and special 

operations in mines especially gas-hazardous 
G" — Mitroglycerin low-atrength explosives 
H" -- uglenite No 7 

Mixtures of granulated ammonium nitrate with nonexplosive combustibles 
are referred to as granulites      The simplest ammonium nitrate granulated 
explosive in which the combustible is diesel oil is called igdanite. 
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Nitroglycerin ammoniuin nitrate explosives are explosives whose composi- 
tion includes — as the active sensitizer ~ nitroglycerin, «ore properly, 
its mixture with nitrodiglycol.    They are divided into plastic iTr*r''^flr 
and weakly gelatinized powdered explosives.    They include nonsafety detonites 
and safety uglenitea. nobedite. selektite. and others. 

Hexogen-containing explosives refer to explosives in which the sensitizer 
and the active combustible is hexogen,  for example,  rock-oriented ammonite 
No 1 and rock-oriented ammonal No 3« 

Trotyl in granulated form is called aranulotol. while its granulated 
melt with aluminum is referred to as alvumotol.    A melt of trotyl with 
TEN used in casting detonator charges is referred to as nentolite. 

Commercial explosives can be classified by various featuresi  chemical 
composition of physical state,  the most typical features of their properties 
and composition, or by their fields of use.    In terms of field of use, all 
commercial expl'wives can be divided into two groups t nonsafety and safety. 
The first of these is subdivided into explosives suitable only for open work, 
since their composition is not completely balanced with respect to oxygen 
and therefore they can release large amounts of toxic gases during an explo- 
sion, and explosives intended for underground operations in mines where 
there are no explosive concentrations of combustible gases and dust.  1 

Safety explosives comprise a special group of explosives intended for coal 
and other mines that are dangerous with respect to explosions of combustible 
gases  (methane and hydrogen) and readily combustible dusts (coal, shale, 
end sulfur).    In terms of safety (anti-firedamp status),  they are subdivided 
Into several classes in relation to the conditions of use in the mines. 

table 9 presents a classification of explosives by conditions of use. 
The classes of explosives correspond to that adopted in YciHtutva i^iaa^ifiifa- 
taiva Promvshlennvkh Yzrvchatvkh Yeshcheatv. 

A large part of the ammonium nitrate explosives listed in table 9 »re 
produced under COST [state Standard] 9075-64,  trotyl is produced according 
to COST 4117-67, and alyumotol — under COST 12696-67.    But most of the 
listed explosives are produced according to the appropriate inter-republican 
technical conditions (MRTU). 

In addition to class-V and class-TI safety explosives,  special non- 
igniting    blast charges are intended for use in the same coal mine  condi- 
tions. 

Editor's remark.    With increasing depth of open-pit workings,  the 
requirement for the absence of noxious gas forming during the blasting of 
explosives takes on equally valid importance for all explosives,  including 
also those intended for use in open-pit workings. 
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9.    Explosives for Open-pit Operation))  (Class l) 

Granulated water-resistant explosives 

fiaWlfliaii and alwotol.    Granulotol is granulated trotyl.    Alyunotol 
is the granulated Belt of trotyl with 15 percent aluainua powder.    They are 
both classified as coarse-granular explosives.    The size of their spherical 
granules is 3-3 ■■.    Sue to their large size, aaootb surface, and relatively 
high density (Thble 10), they readily sink in water, and also «ore dense 
liquids and slurries.    They are free flowing when dry or wet.    Their dis- 
tinguishing characteristics include nonbygroscopicity, nonsolubility in 
water, and high stability.    The granulotol and alyuaotol do not becooe wet, 
do not cake, and do not become sintered in storage.    In winter,  granulotol 
and alyuaotol oan be frozen if more than 2 percent aoistures present on the 
surfaces of the granules.    To prevent the freezing of explosives and the 
rotting of containers,  the aoisture content of the product when released 
from the plant is regulated.    Granulotol and alyuaotol exhibit practically 
unliaited water resistance.    Their charges can be in water for long periods, 
including flowing water without suffering losses or reduction in explosive 
characteristics.    They are suitable for underwater blasting at great depths. 

Granulotol and alyuaotol are not adequately sensitive to the initiating 
iapulse; an interaediate detonator is required to cause their detonation. 
In the water-filled [slurry] state they are also not very sensitive to 
mechanical forces as well.    In conditions of laboratory tests,  sensitivity 
to shock and to friction is high in alyuaotol than in granulotol (Sable 11). 
Owing to the large oxygen deficiency in their composition, such carbon 
monoxide is released in their explosion.    Therefore, in aassive blasts in 
deep pits,  additional measures for ventilating faces are required. 

Alyuaotol is classified as a high-strength granulated explosive and is 
intended for breaking down extra tough,  hard-blasting rock and ores.    Granu- 
lotol is intended for tough rock.    Two varieties are produced, differing 
by aoisture content, freezing point, and density of granules. 

Granulotol and alyuaotol are reconsended to be used in the slurry 
[water-filled] state.    When the air gaps between charge granules are filled 
with water,  the density of charging can rise to 1.3-1.33 g/ca?, detonation 
conditions  can improve, and the effect of the blast can be augmented.    Satura- 
tion of water with ammonium nitrate in such charges even further raises the 
density of charging and the effectiveness of blasting due to the additional 
release of the explosion energy resulting froa the reaction of the granule 
detonation products with the nitrate oxygen,    use of these explosives in 
drying of boreholes is ill-advised.    They are economically used to advantage 
in combined charges with other, less expensive explosives for charging the 
flooded (lower) section of boreholes.    In the slurry state, they are stable 
and detonate at high rates not only in borehole charges, bat also in small- 
diameter blasthole charges. 
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TABLE 10.    STAMDAMIZED TECBW1CAL ITOICATORS 

noMMTe.™ 

rpaqnmoj^ 

4- 

& 
10 
Pz.Mep rpaiiyA, lie 6anee MM 

f' B.iaiKHOCTk, He 6aiie % . . 
12n.,nTHoc,n» rpany.i. He metiee 

.■/«••  

I^Hi-racTBopiiMue   npHMecH, ne 
6cuiee %  

/if BoioycTofiiHBOCTb   no  Mero- 
niKe   DbiinMa':ifB,iFiiifl   ce- 

. IITpU   (BpCMil   DU.iej )KKII   B 
BOM 4 «), lie Cu.iee •« .   . 

/yrpaHyAMerpHMCCKiiri   cocraB- 
ocTiTOK Ha cure c fi'iefiKa- 
MH paiwepoM: 

t    4,0 **, He tonet % .   . 
If   0,9 MM. lie Meiiee % .  . 

'# lijpaHTMfiHigH cpoK  HCnOJIbSO- 
^■saHH«, MecBu: 

(^ B OCUSHOD ynaKODKe   .   . 
2*  B  nCWIHJTHJieHOBOH     .    .    . 

5 
1.0 

5 
2,0 

1.5 1.48 

0,3 0.3 

24 12 

5 
1.5 1.5 

3 
0,7 

1.5 1.45 — 

0,5 0.5 0,5 

- 10 10 

— 

V 

15 
85 

24 12 6 
12 

3 
0.5 

0.5 

15 
85 

6 
12 

* For granulotol, the standardized indicators are theses freezing 
point (not below 77.5* C for grade I, and not below 76.5* C for grade II), 
content of residual acidity not more than 0.05 percent, and absence of 
te tranitroae thane. 

KETi 1 — 1 — Indicators 14 
2 — Granulotol* 
3 — grade I 
4 — grade II 
5 — Alyumotol 
6 — Grammonal A-45 15 
7 — Zemogranulites 
8 — 50/50-V 
9 — 5O/7O-V 16 
10 - - Granule size, not 17 

more than,  in mm 18 
11 - - Moisture content. 

not more than, in 19 
percent 20 

12 - - Density of granules, 
not less than, in 
g/cmJ 

13 - - Insoluble impuri- 
ties, not more than, 
in percent 

Water resistance based on the 
method of leaching nitrate 
(exposure time in water, 
4 hours), not more than, in 
percent 
Granulometric composition, 
residue on screen with mesh of 
the following sizes 
4*0 mm, not more than, in percent 
0.9 am, not less than. In percent 
Guarantee service period, in 
months 
In ordinary packing 
in polyethylene packing 
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KEY [to Table 1l]i 
1 — Characteristics 
2 -- Granulotol 
3 ~ Alyuaotol 
4 ~ Gramaonal A-45 
3 "" Zemogranulites 
6 ~ 50/50-V 
7 — 30/70-V 
8 — Calculated 
9 — Oxygen balance 
10 — Heat of explosion,  kcal/kg 
11 — Volume of gases, l/kg 
12 — Temperature of explosion, degrees 
15 — Total ideal work of explosion,  kcal/kg 
14 —- Experimental 
15 ~ Moisture content   , 
16 — Heaped density, g/cm , 
I? — Density of granules, g/cnr 
16 ~ Heat of explosion, kcal/kg 
19 — Efficiency, CID5 

20 — Trotyl equivalent 
21 — Compression of lead column, mm, by a charge in a steel shell 
22 ~ in anhydrous state 
25 — in slurry state 
24 — Total disintegration 
25 ~ Rate of detonation, km/sec 
26 ~ in anhydrous state 
27 — in slurry state 
28 ~ Critical diameter 
29 — of exposed charge not containing water 
50 — of slurry charge in steel shell 
31 — Sensitivity to blasting cap No 8 (in anhydrous state) 
32 — Unstable 
33 ~ Minimum weight of intermediate detonator,   trotyl    load      for 

slurry charge in steel shell,  g 
34 ~ Sensitivity of pulverized dry explosive 
35 — to shock „ 
36 — to friction, kg/cm 
37 "" Hygroscopicity (increment in moisture content in 6 hours after 

exposure over water) 
38 — Water resistance (amount of dissolved nitrate after exposure 

for 6 hours in standing water) 

Granulotol and alyumotol may also be used for mechanical mixing in 
mines with 25-30 percent granulated nitrate, automatically added during 
the charging of boreholes with mixing-charging rigs.    From the plant,  these 
explosives are shipped in paper and exterior jute sacks in a set with 
detonator charges. 
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detonator charges. Extended guarantee periods of use are specified for 
them (cf. Table 10). The wholesale price of 1 ton of granulotol of grade 1 
is 345 rubles, while that for alyumotol is 336 rubles. 

Crammonal A-A5 is melted granulated ammonal with high trotyl and 
aluminum content. Its light gray granules are semlspherical, 3~7 mm in 
size, and weigh 0.2-0.4 g each. Crammonal is marked by reduced hygroscopi- 
city (cf. Table 11); during storage it acquires little moisture, does not 
cake, and does not become sintered. It exhibits good friability and 
immersibility in water and can reside in drillholes containing still water 
for up to 3 days. This explosive is not recommended to be used for drill- 
holes with rapid flowing water. It is permitted for introduction into dry 
and restrictedly flooded faces. 

In terms of sensitivity to initial impulse and mechanical forces, 
grammonal differs virtually not at all from alyumotol, but surpasses it 
in energy characteristics (cf. Table 11). Of the granulated explosives 
produced, it is the moat powerful and relatively inexpensive. Its applica- 
tion in extremely tough, hard-blasting rock makes it possible to attain 
high technical-economic indicators of mineral extraction. Depending on the 
blasting conditions, grammonal is profitably employed separately or in 
combination charges with more water-resistant or less expensive explosives. 
An intermediate detonator is needed to initiate its charges. 

The temporary wholesale cost of 1 ton of grammonal is 440 rubles. 
o 

Zernogranulites 50/50-Y and 30/70-V  are noncaking and nondusting, 
readily flowing granulated ammonium nitrate explosives. Nitrate granules 
in these explosives are coated with a continuous protective layer of fused 
trotyl, and in this way the explosives are less hygroscopic and exhibit 
water resistance. Their hygroscopicity and water resistance depend on the 
thickness of the trotyl layer. Zemogranulite 30/70-V is water-resistant 
and zemogranulite 50/50-V then can be used along with gxanulite in faces 
heavily inundated with still water. Its charges withstand residence in 
drillhole water for more than 3 days. When a weak current of water is 
present, their residence time must be limited to 1-2 days. This explosive 
is not recommended for drillholes with fast-moving water. 

Zemogranulite 50/50-V is suitable for flooded drillholes with still 
water, where the charge residence is limited to a few days. As to sensi- 
tivity to initial impulse and mechanical forces, these zernogranulites 
differ little from granulotol, to which they are equated in terms of 
conditions of storage and handling. They do not require additional hermetic 

Here and below, the prices are given based on the price list of 
wholesale prices introduced as of 1 July 1967 and based on its supplements 
for products packed without polyethylene insert-bags on which a surcharge 
to   intra-industry prices is set. 

2 The numerator of the fraction denotes the nitrate content, and the 
denominator — the trotyl content. 
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packing for a six-month storage time.    Intermediate detonators  (T-4OO loads) 
are required for initiation in drillhole charges.    They are intended for 
blasting moderate-tough and tough rock.    The wholesale price of 1  ton of 
zernogranulite 50/70^is 350 rubles, while zemogranulite 50/50-V costs 
270 rubles wholesale. 

Zemoaranulite 50/70 is a mechanical mixture of granulated nitrate and 
granulotol, which is prepared either at the plant or in ihe field in a 
mixing-charging unit during charging.    This explosive is suitable for 
charging drillholes containing still water.    After certain amount of time 
following the loading of the explosive into the flooded drillhole, a suspen- 
sion of granulotol forms in a nitrate solution, whose concentration depends 
on the amount of water and the time the charge has been in the drillhole. 
For complete utilization of nitrate (during the blast), there must be no 
more water present in the drillhole than is required to fill the gaps 
between the trotyl granules with the solution formed.    The charging density 
of this suspension is  1.35~''.40 g/cm3.    It is  15-20 percent superior to 
straight granulotol as to blasting effectiveness.    It is supplied by plants 
in the friable state in a set with detonator charges.    The guarantee period 
of use is 6 months; and for deliveries to the Par Horth in hermetic packing 
it is 12 months.    The wholesale price of 1   ton of the explosive is 330 
rubles; when additional packing in polyethylene bags is provided, the whole- 
sale price of 1  ton is 343 rubles.    Experimental explosive characteristics 
of zernogranulite 30/70 differ    little from those of zernogranulite 30/70-V 
listed in Table 11. 

Slurry [water-filled] friable explosives 

Slurry ammonium nitrate explosive mixtures are a new type of commercial 
explosive developed and introduced in the early 1960*8.    They are explosive 
suspensions,  in which the liquid phase is a saturated aqueous solution of 
ammonium nitrate (sometimes with other nitrates as well), thickened by 
adding special high-polymer agents to the desired consistency, and in which 
granules and grains of trotyl, aluminum, and other combustible nonexplosive 
materials (coal), as well as nondissolving crystals or granules of the 
indicator nitrates can be present as the solid phase.    In consistency they 
resemble thick concrete mortars, but their mass is more coherent and ropy. 
Water in the composition of these explosives plays a very significant rolet 
it converts the explosive into a mobile,  free-flowing or plastic highly 
dense mass, which during charging of drillholes readily fills the entire 
charging volume and permits the charging density to approximate the suspen- 
sion density.    The water,  in addition,  strongly phlegmatizes the explosive, 
making it practically insensitive to mechanical influences and extremely 
weakly sensitive to the explosive impulse.     In the transformation of the 
aqueous solution of the suspension with special  thickening agents into the 
gel-like state,   the explosive becomes water resistant. 

[See footnote 2 on preceding page.] 

46 



<■ mmwmt m ■«■i»ny«-MW yi i.nwiW'i'aw 

Distinguishing features of slurry explosives are as follows: high 
density and volumetric concentration of energy (greater by a factor of 
1.5-2.0 than for powdered explosives), and also a high rate of energy 
release, which provides — assuming that the blasting cavity is well filled 
— the requisite blasting effect; high water resistance,  making it possible 
to charge drillholes of any degree of inundation for an extended period; 
high safety and convenience in charging, preventing mechanization of this 
process; and relatively low cost.    Slurry explosives are accepted as being 
the most promising of all the presently known nonsafety explosives, 

Among the slurry explosives used in the USSR are the free-flowing 
akvatols 65/35, M-15, and MG ~ of gel-like consistency,  the last two of 
which are metallized; also included in this category are the plastic 
akvanites 5L and No 16. 

Standardized technical Indicators for dry akvatol mixtures delivered 
from the plant are as follows; 

Akvatol Akvat 
65/35 M-15 
0.8 0.5 
350 450 

Moisture content, more than,  in percent 
Efficiency, not less than, in cm5 
Completeness of detonation using an inter- 

mediate detonator of a charge of a dry 
mixture in a paper shell of the following 
diameter,  in mm 100 120 

Granulometric composition — residue on 
sieve with meshes of the size; 

4 mm, not more than,   in percent 15 15 
0.9 mm, not less than,  in percent 80 70 

Guarantee peiod of use, in months; 
in paper packing 6 3 
in polythylene packing 12 6 

Granulated ammonium nitrate is incorporated as the oxidizer in akvatol 
compositions.    The role of the combustible and sensitlzer in akvatols 65/35 
and M-15 is flaked trotyl, whose content in the first case varies within 
the limits 27-30 percent,  and In the second — 21-22 percent with respect 
to the slurry composition.    Slurry akvatol M-15 contains 12.5-13*2 percent 
coarse aluminum powder.    The  thickening agent in several grades of akvatols 
is the sodium salt of carboxymethylcellulose (CMC), although it can be 
replaced by more effective gel-forming agents ~ guar with the binding 
additive of borax, polyacry 1 amide powder, and so on.    Technical grade CMC 
in the amount of 2.5-3.5 percent is allowed to be used in akvatol 65/35» 
and metallized akvatols make use of 1.0-1.5 percent CMC,  purified alkali, 
chlorides, and other accompanying impurities. 
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Akvatols are usually prepared at plants and are shipped in the form 
of anhydrous friable mixtures, packed in paper bags, for water additions 
at the site of use, but they can be shipped also in ready-to-use water- 
filled [slurry] form in the appropriate packaging (for example, polyethylene 
bags laid in boxes) or in special trucks or charging trucks. In particular, 
high-strength akvatol MG (metallized, gel-like) based on alyumotol with 
increased aluminum content, is provided for deliveries from the plant. 

In addition to plant manufacture, slurry explosives are manufactured 
directly at mining enterprises either on a stationary installation installed 
in the service warehouse of explosive materials, or else during charging 
of drillholes using mixer-charging trucks. Several types of these vehicles 
are designed for the use of pre-formulated hot solutions of ammonium nitrate 
to which CMC or polyacrylamide has been added. 

The water content in akvatols after slurry preparation must not exceed 
13-15 percent (by weight). When the water content is lower, it is difficult 
to give the mass the needed fluidity; a higher water content dilutes the 
explosive and thereby reduces its strength, water resistance, and sensiti- 
vity. To simplify slurry preparation of akvatols and to achieve good gel- 
like consistency of an explosive together with high water resistance and 
the requisite fluidity, it is recommended that the water be first heated 
to 63-93* C and that as far as possible the mass be heated in a mechanical 
mixture, since dissolving of ammonium nitrate occurs with much heat absorp- 
tion (about 78.8 kcal/kg) and depends heavily on temperature. It is also 
recommended to use intense mechanical mixing, which makes it easier to 
produce a uniform and plastic consistency of the mass. 

Physical characteristics of akvatols (turbidity, absence of layering, 
and water resistance) depend strongly on the amount and quality of thicken- 
ing and binding additives introduced, the thickening procedures, and the 
temperature of the resulting slurry naaa. Akvatols compared with 1.0-2.0 
percent guar (resinous meal made from the pods of certain varieties of 
acacia and other gum-bearing plants and soluble in aqueous salt solutions) 
are more stable and exhibit greater water resistance than akvatols with 
the same amount of the sodium salt of CMC, especially if to their composi- 
tion is added a small amount (0.02-0.03 percent) borax or other additives 
binding (crosslinking) the macromolecules of the thickening agent swelling 
in water. They do not segregate and are not diluted with water over a long 
period (up to 30 days) of residence in flooded boreholes. Slurry akvatols 
containing 1.3-5.0 percent CMC, but without binding additives, can be 
allowed to remain in flooded boreholes containing still water for 2-3 days, 
and for 3-10 hours in flooded boreholes containing running water. The 
fluidity of slurry akvatols drops off sharply with decrease in temperature. 
At 30-33* C, freshly prepared akvatols stream freely from a tipped vessel. 
As the temperature is lowered to 20-13* C, excess pressure of 2-3 atm is 
required for flow. At temperatures near zero, they thicken to such an 
extent that apart from mechanical agitation they are incapable of flowing 
along pipelines, while at -I3 to -13* C — they freeze. 
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Akvatols,    especially metallized, exhibit high volumetric energy 
of explosion, nie high volumetric concentration of energy in the drillhole 
and the high rate of its release leads to an abrupt rise in the parameters 
of the detonation wave, a modification in the pattern of shock wave propaga- 
tion in the rock mass being broken up, and improvement in the fragmentation 
of the rock. 

Calculated and experimental characteristics of slurry akvatols are as 
follows t 

Calculated 

Oxygen balance, percent 
Beat explosion, kcal/kg: 

gravimetric 
volumetric 

Volume of gases, l/kg 
Total ideal work of explosion, kcal/kg 

Experimental 

Freezing point, degrees 
Density of expl-jsive, g/coK 
Efficiency, cm* 
Heat of explosion, kcal/kg 
Trotyl equivalent 
Compression of lead column (mm) by a 
charge placed in a steel shell when 
initiated with a 10 gram trotyl load 

Detonation rate, km/sec 
Critical diameter of exposed charge« 

of dry mixture 
in slurry state 

Critical diameter of slurry explosive 
in steel shell, mm 

Minimum weight of intermediate-detonator 
(for explosive charge In shell), grains 
of trotyl 

Sensitivity of dry mixture to a Mo 8 
blasting cap 

Optimal intermediate det&aator for failure- 
free detonation 

Sensitivity of ground dry explosives 
to shock, percent 
to friction, kg/cm2 

Alcvatol 
65/35 

Akvatol 
M-15 

-12.5 -21.0 

920 
1340 
925 
775 

1474 
2030 

990 
1120 

-15 
1.4-1.45 
330-350 

910 
1.15 

-15 
1.35-1.40 
465-480 

1398 
1.4 

25-28 
4.8-5.5 

30-34 
4.8-5.8 

50-70 
100-150 

60-70 
100-150 

35-40 30-36 

15-20 20-25 

Inadequate 

Charge TG-500,  two Tet-150 
charges, or one T-400 
charge 

12-24 
2330 

36-56 
1650 
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Akvatri Akvatol 
Experimental [Conclusion] 65/- M-15 

Lower limit of sensitivity to shock,  mm 500 300 
Sensitivity of slurry explosivet 

to shock, percent 0-4 4~8 
to friction, kg/cm2 3000 3900 

Lower limit of sensitivity to shock,  mm 500 500 

Gel-like akvatol MG has the following characteristics! 

Heat of explosion,  kcal/kg 1320 
Efficiency,  cm3 520-560 
Density, g/cm5 1.35-1.40 
Detonation rate,  km/sec 5*0-5.5 
Equivalent to akvatol M-15 in 

sensitivity to mechanical 
forces. 

The most rational field of use of akvatols is breaking up extremely 
tough hard-blasting rock in dry and flooded boreholes using borehole 
charges.    Akvatols are not recommended to be used in dry or to be charged 
by pouring in a dry mixture into a flooded drillhole, since when this is 
done the high charging density and blasting efficiency are not achieved. 

A powerful intermediate detonator is needed to initiate akvatol cliarges. 
In the slurry state, the charges are very weakly sensitive to mechanical 
forces, but dry akvatol mixtures differ little from ammonites in sensiti- 
vity to external forces. 

Akvatols are permitted to be used in the slurry state in dry and 
flooded drillholes in qpen workings.    Plants deliver them in a set with 
T-4OO detonator-charges,  or with TG-500 detonators  (at a rate of four 
charges per ton of explosive).    The wholesale cost of 1 ton of dry mixtures 
of akvatol 65/35 is 233 rubles, for akvatol M-15 — 380 rubles, and for 
gel-like akvatol MG 480 rubles. 

Water-resistant cast explosives in chunks and charges 

Cast explosives refer to explosives prepared by melting and casting 
them into piecewise products.    They include trotyl chunks and cylindrical 
charges.    The chunks are rectangular or more often irregular in shape, 
25-50 mm in thickness, and have a maximum transverse size of 100 mm.    The 
charges are produced mninly in two kinds 1 solid bars 210-220 mm in diameter 
and weighing 20kg under the name of cast LZ-20 charges,  and LZ-2.6 cast 
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charges  (Fig.  1), with a 20 am diameter central channel and containing a 
pressed 73~graa load of ground trotyl, which has a recess beneath the 
blasting cap or the electric detonator.    These charges weigh 2.6 kg.    Tbejr 
are used easily in exploratory seisaic work, where they are initiated with 
an electric detonator whose leads pass through the channel of the snail 
charges  [73~graa ground trotyl charges].    However,  if a bundle of 8 strands 
of a powerful detonating fuse is placed into this channel and wedged in 
such a way that they are in tight contact with the channel walls and with 
each other, and if the end of the blasting fuse is inserted into the recess 
of the ssall charge,  this overall charge can be used as a powerful inter- 
mediate detonator in initiating the primary charges of akvatols and granulated 
explosives in flooded drillholes. 

On customer order, all LZ-2.6 charges or some of them can be manufac- 
tured solid and not containing the pressed small charge, for use as a high- 
dersity booster drillhole charge in combination blasting using granulated 
explosives. 

<B2II 

Pig.  1.    Cast trotyl 
chtrge containing 
pressed load of inter- 
mediate detonator 

Cast trotyl chunks and small charges exhibit high indicators of 
density  (1.48-1.59 g/cv*),  brisanoe  (50-34 ■»), detonation rate  (6.2-6.8 
km/sec), and water-resistant.    Suitably      initiated,   they are capable of 
detonating after long residence in standing and flowing water;  after any 
suitable initiation they are capable of detonating after the water filling 
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TABLE 12. POHMULATIOI COMPOSITION AND STANDARDIZED 
TECHHICAL INDICATORS 

KovnoimTy ■ noMsarcia iB 3   ■ 
* AuuomiT 

COCTU,   % I 

O.iHipa aMMMitias:   * 
oöuHiias.T '  82,04-1.5 
BOfloycToftiHBaa  W . . . — 

16.5-1-1.0 
wye' 

Tporiu  y. 
AciJaJlbTHT   IP.   .   . 
rUp«}»iH H . . .. 
Myx« ApnecBM /«- 

TexmircKM no>i.tM.Tt»n 

EUXHOCIV, He Cojiee % 'f. 
BpMMHTHOCTb.   HC  MCHCe  MMtjf 
P*öoTOcnpcc>6irocTb. He mente 

Bofloj'CToflmisocTi.,  ne Heuee 
c« Md. cm. 1.7.  

rapaHTMfmuH cpoK Hcnauso- 
HHNI.  MCCRUeB ^g.    .   .   . 

1,0±0.25 
0,5±O,l 

0.» 
14 

360 

40 

6 

87+1.5 
s+i.» s-o.s 

8±1.0 

0.6 
10 

300 

40 

6 

85+1,5 
•+I.0 

8±1.0 

0.5 
11 

300 

40 

6 

KEY: 1 — Components and indicators 
2 — Ammonite V-5   in   powder 
3 — Ammonite lo 9-ZhT 
4 — Aaaonite Mo 10-ZhV 
5 — Conposition 
6 — Aoaonium nitrate 
7 — ordinary 
8 — water-resistant 
9 — Trotyl 
10 — Asphaltite 
11 — Paraffin 
12 — Wood meal 
15 — Technical indicators 
14 — Moisture content,  not more than 
13 — Brisance, not leas than 
16 — Efficiency,  not leas than 
17 — Water-resistant, not less than cm 

18 — Guarantee period of use, months 

of HjO column 

the  charge has frozen.    One pressed T-400 charge is adequate for initiat- 
ing primary charges of cast trotyl chunks and solid small charges. 

Cast trotyl in chunks and small  charges have the same calculated 
explosive characteristics and oxygen balance as found for gxanulotol  (cf. 
•Bible 11).    The critical diameter of oast trotyl, depending on density, is 
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50-40 mm.    A 20-gram pressed trotyl snail charge is adequate as a müiinua 
impulse in initiating cast trotyl.    In the fused state,   trotyl shows very 
low sensitivity to shock (0-4 percent) and to   friction (>• 2900 k^/c«2). 
It is not hygroscopic and it is chemically resistant and can be stored 
for long time in nonhermetic containers.    Its chunks are supplied in paper 
or external Jute sacks priced at 550 rubles, while the small charges are 
delivered in sacks or boxes priced at 351 and 622 rubles per ton,  respec- 
tively.    The guarantee period of use is  12 months. 

Worn conveyor-packed explosives 

Worm conveyor-packed  [subsequently referred to as WCP] explosives 
include ammonite V-3, produced only in WCP large-diameter charges with a 
mean density of 1.3 g/cm^, readily sinking in water in the charging of 
flooded drillholes;  it is used in blasting rock and ore of moderate tough- 
ness.    The water resistance of WCP charges prepared from V-3 ammonite 
powder with standardized technical indicators (Tktble 12) is higher than 
the water resistance of tamped cartridges prepared from this and other 
powdered explosives.    Therefore they are suitable also for drillholes 
containing running water. 

A waterproofing additive,  consisting of asphaltite and paraffin, 
incorporated in V-3 ammonite gives it water resistance and is a cementing 
agent, making it possible to fabricate charges of required strength within 
the limits of the working density. 

The  technical conditions provide for production of charges having 
the following parameters: 

Charge diameter, Explosive weight. 
DID kg 

130 6.5 
150 10 
I7t> 12 
185 15.5 
200 16 
210 17.5 

nie permissible deviations from these values are ± 5 percent.    Their 
length of charges of all sizes is 420 mm.    The regulated mean working 
density of charges must not exceed the limits 1.25-1*35 g/ca?.    Several 
local  compactions of explosives with respect to the height and diameter 
of a  charge of not more than 1.45 g/cm    are allowed. 

55 



TABLE 13.    CALCULATED AID EXPEEIMEMTAL CHARACTERISTICS 

B-l • XtfUtttfmcTWKu ' AatHuiiT AmamT 
*> IOOKB 

17 

PacwTMue 

KHCflOpOiHU*  fiUIIHC,   %   .    . 
TeiuoTi upyu. atajJiu 7. 
06MM rasoa, 4/« .9: . . . 
TeMmpirypi sapuu, tpai 1. 

$tsmju*m tmmtr (0 
hbcwnxi« iMOTHocTh, ijctM' 
P»6oTocnoco6HOCTb. cm* /Z . 
BpHUHTHOCTb,  *« (3 1 

■ npwjux/^  .  i   ... i 
• cpeiHm ;ir ' 

PcpeajMa   ACTOHtuHM   «e*3y 
narpoHawH     .   aHaneTpoü 
32 MM, CM .If | 

CuopocTk JeTOHaUHH.    KM/Cf* I 
KpiiTMHecKHl)  dHaveip   aero- j 

KaiuiH, MM: If i 
ontpuToro lapaju f 7 .  . j 

MySCTMTeJIbHOCTb    K   vAapv. I 
% 21      .\ 

MyBCTBHTCIbHOCTb  K   TDfHHK). 
(C^/ftll, il  

BojOVCTofilHBOCTb,    c*    eod. ' 
r«. 15 | 

—0.43 
1000 
910 

2870 

0,85—0,90 
360—380 

14-16 
15.2 

+2,74 
857 
933 

2460 

0,72-0,78 
300-330 

10,0-12,5 
10,9 

3-5 
3,0-4,0 

2-3 
3.0—3,5 

2-5 
3.2-3,6 

13—15 
5-8 

20-25 
10-15 

15-20 
8—10 

24-36 12-24 12-24 

1900 >3000 >3000 

40-60 35-45 40-60 

+1.53 
908 
924 

2610 

0,75—0,80 
310-340 

11—13 
12,5 

KET»    i — Characteristics 
2 ~ A««OTiite V-3 in powder 
5 — Aaaonite Ho 9-ZhV 
4 — Aaaonite Ho 10-ZhY 
5 — Calculated 
6 — Oxygen balance 
7 — Heat of explosion,  kcal/kg 
8 — Voluae of gases,  l/kg 
9 ~ Temperature of explosion, degrees 
10 — Experimental , 
11 — Heat density,  g/cm 
12 — Efficiency,  cm-* 
13 ~" Brisance 
14 — within the limits 
15 ~ on the average 
16 — transmission of detonation between 32 mm diameter 

cartridges 
I? — Detonation rate, km/nec 
18 — Critical diameter of detonation 
19 ~~ of exposed charge 
[to be continued on following page] 
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KEY [to Table 13,  continuation]! 
20 — In strong shell 
21 — Shock sensitivity 
22 — Friction sensitivity, k«/c»2 

23 — Water resistance,  cm of HO coluan 

Charges are wrapped over their entire surface in paper sheaths water- 
proofed with bitunen with cementing of seams, which protects them against 
wetting during storage and to some extent raises their water resistance. 
For convenience in lowering into drillholes,  charges have a loop formed of 
cord.    The data on the brisance and detonation rates of explosives given 
in Table 13 were obtained for a density of 1  g/cm5.    The guarantee period 
of use of charges is 6 months.    The wholesale cost of 1 ton of V-5 ammonite 
charges,  150-150 mm in diameter,  is 323 rubles, for ammonite V-3 charges 
173-185 am in diameter — 315, and for charges 200-210 mm in diameter — 
300 rubles. 

Powdered noncartridged explosive 

Powdered explosives permitted for use in noncartridged form in open- 
pit operations  include the water-resistant ammonites lo 9-ZhY and Ho 10-ZhT, 
which are uniform flow-flowing loose powder of moderate dispersion.    Be- 
cause their composition includes water-resistant nitrate and a large amount 
of loose water-holding wood meal  (Table 12),  they have only a low tendency 
to cake, do not become    overcoopacted, and retain detonatability when 
severely wet  (up to 6-10 percent).    They are marked by relatively high 
critical detonation density (1.35-1.40 g/cm5).    In terms of sensitivity to 
mechanical forces,  they do not differ from other ordinary ammonites;  they 
are more sensitive to flames than ammonite Ho 6-ZhT; when dry,  they ignite 
more readily after prolonged exposure to flame and bum better than 
ammonites not containing wood meal.    Their combustion in large quantities, 
just as other ammonium nitrate explosives,  can end in an explosion.    They 
are only slightly inferior to ammonite Ho 6-ZhV in water resistance. 

Ammonites Ho 9-ZhV and Ho 10-ZhT are classified as moderate-strength 
explosives.    Moreover,  they differ somewhat in composition,  strength 
characteristics  (cf. Tables 12 and 13)« and cost.    With the incorporation 
of igdanite and granulites,  the use of these ammonites has come to an end. 
They are employed in conditions when granulated explosives are not capable 
of stably detonating, for example,  in secondary blasting with exterior 
and small biasthole charges. 

Ammonites Ho 9~ZhV and Ho 10-ZhV are produced only in bulk form in 
paper packing.    The wholesale price of 1 ton of the ammonites Ho 9-ZhV 
and Ho 10-ZhV is  136 and 145 rubles, respectively. 
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TABU!  14.     STANDARDIZKD TECHNICAL INDICATORS FOR POTOERSD 
EXPLOSIVES AND TAMPED CARTRIDGES 

n~               / AimcMillr      '       AuuoHaji' AUXOMJI 4 
nonajaTCJii' ckajnoiui .Vi 1 CUUbHU« .Vi 3 \    ■OAoycioB- 

{         Haw« 

B-UlKHOCTh.  HC 60MC %     .   . 
rbioTHOCTb narpoHOB, e/c.u'w 

0,2 0,2 0,2 
0,95-1,10 0,90—1,10 0,95-1,10 

PaöoTocnocoÖHocTb xe ueHee, 
CJI» ^  450 450 400 

BpMUHTHOCTb npH   MOTHOCTM 
1 e/aiP. He ueme MM t . 18 18 16 

MepeMia     jeroHauHii    (CM) 
Mtiiuiy nnipoHaMH AMMCT- 

24. Be MeHee I.0. .  . . — 3 — 
28, M MeHee  — 5 — 
32, He Meuee  7 7 4* 
36, He MeHee     9 8 6' 

HepcMta aeroHauMH (e*) noc- 
j* Buaep*KH B  Bqae  nar- 
pOHOB  AHIHeTpOM,   MM: '/ 

24, He Mcnee 10 ...  . — 2 — 
28, He Menee     — 3 — 
32, ne Menee   , .  .  .  . 5 5 3* 
36, ne Menee      6 6 4* 

rapaHTHfiHuA cpoK  HCnalbSO- 
MHiia, Mocnu:    (1.      1% 

B 6yMa*iio.: yriakonKC .   . 6 6 6 
B   naiHynuKHOBofl   ynj- 

KOBKe jM.  12 12 12 

* When water-resistant aanonal is produced in non- 
cartridged fora, its testing for transaission of 
detonation is not carried out.    The water resis- 
tance, whose norm is set at not less than 
40 cm H-0 column, is determined with the hydraulic 

instruaent. 
KEY»    1  — Indicators 

2 — Ammonite,  rock-oriented,  lo 1 
— Ammonal,  rock-oriented,  Ho 4 
— Ammonal, water-resistant 

Moisture content,  not more than 
— Density of cartridges, g/cm? 

Efficiency, not less than 
8 — Brisance at a density of 1 g/ctr, not less than 
9 ~ Transaission of detonation (cm) between cartridges 

having the following diameters, mm 
10 — not less than 
11 — Transaission of detonation (cm) after exposure in 

water of cartridges having the following diameters, 
12 — Guarantee period of use, months 
13 — in paper packing 
14 ~ in polyethylene packing 
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10. Explosives for Open-Pit and underground Operations, Except for 
Operations in Mines That Are Hazardous as to Gas or Dust (Class II) 

Class II explosives are subdivided into seven groups (of. Table 9)« 
Their aain purpose is application in underground mining operations, but 
■any of them find use also in open-pit work In combination borehole and 
chamber charges (granulites, zemogranulites, igdanite, aomonites Mo 6-Zhy 
and Ho 7-ZhV in powdered form), while some are used as intermediate deto- 
nators in drillhole charges and for secondary blasting of oversize rock 
chunks. 

Pressed water-stable explosives 

Only rock-oriented ammonite Mo 1 is produced in pressed form; its 
composition includes a relatively large amount of the high-sensitivity 
sensitizer hexogen, through which it exhibits high detonatability. 
Tables 14 and 15 give the main technical indicators of nonpressed powdered 
rock-oriented ammonite Mo 1, from which it follows that it is a powerful 
explosive (it contains aluminum as well as hexogen) and detonates with 
high indicators of velocity and brisance. In tamped small-diameter 
cartridges (24-28 mm) it transmits detonation over long distances. Sven 
higher characteristics are shown by this explosive when pressed; it in 
in this state that it is mainly used in cartridges (charges) 36 mm in 
diameter, less often 45 on in diameter, and weighing 250 and 400 grams, 
respectively. 

Standardized technical indicators for pressed cartridges of rock- 
oriented ammonite No 1 are as follows: 

Density of cartridges, g/cm^      1.45-1.58 
Brisance for moderate cartridge 
density, not less than, in mm      22 

Transmission of detonation, cm: 
after exposure in water, not 

less than 4 
between dry cartridges, not 

less than 5 

In pressed cartridges (density 1.45-1.50 g/cm ), rock-oriented ammo- 
nite Mo 1 has even higher explosive characteristics: it detonates at the 
rate of 6.0-6.5 km/sec; when tested for brisance, it produces a compression 
of lead amounting to 28-32 mm and transmits detonation between cartridges 
5-10 cm apart. Although pressing reduces somewhat its sensitivity to 
the initial impulse, it still is detonated with a Mo 8 blasting cap and 
detonating fuse. Pressed cartridges of this explosive exhibit high water 
resistance, withstanding many hours of soaking in flooded blastholes 
containing running water. They do not suffer loss of detonatability at 
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TABLE 15.  CALCULATED AM) EXPERIMEMTAL CHAHACTERIST1CS 

.XapaKTepicriKH ' 
AHMOHM 

CKJ^bHUA 
M 3 

PtcseTHue-* 

KHCJiopoAKuA öa.iaHc, "ö * - 
Ten^ora Bapuaa, KKCLJIKI y. 
06KM raaoe, -1/« • »• • ^ 
TeunepiTypa Bjputa, ;p'id. 7 
riamaa ' luea.ibiian paficra 

upuea, KKOAJIU jO  .  .  . 

dKCDCpUMCHTUbHUe " 

Ten.iora Bapusa, KKa.i/Kel.''. 
06ifM rasoB, .«//c^ /«• . j- 
PaöoTocnocoÖHocTb, i/cj«* fT 
BpHSaHTHOCTb {MM) npif II.IOT- 

HOCTH   I   i/CJ»':     ij' 
B npeae.naxA  
B cpcaHCM 17.  

riepejaMa     jeroHaumi    (CM) 
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HBMH  dHaMCTpoM.   MM:   Ig 
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28  
32  
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JK BbldepjKKH  B Boje B Te- 
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24   .  .  
2«  
32  
36  

TpOTH.IOBUft     3KBIIBa.ieilT     HO 
"0   öa.riHCTMHccKOMy vadTHMKy 

J(   CkOpOCTb  ACTOIlaUHH,     KV/ctK 
*^KpHTHMecKHfi juaMt'Tp jeroiia- 

UHH OTKpuioro sapsja. .it« 
]3  BoenpHHHHKBOCTb     X   JCTOria- 

UHH   OT   TpOTHJIOBOfi  UJaUIKH 
Becox 50 ^ Ha paccTonniui, 

•T^yBOTBHTMLHOCTb K v.iapy, 0,', 
^<THii<KHiii"i npejc.i lyBCTBMTe.it- 

HucTM K yoapy. MM    ... 

HyBCTBHTMbHOCTb     K     VMpy 
X»  Ha Co.ibiuoM Konpe, %   .  . 
--MyiiCTBrTe.TkHOCTb  K  TpeWIK), 
*7  KT/CM*  

BojOyCTOAMKBOCTb,    CM    eod. 
28 em.: 

2<f   B ripeae.7ax  
j^ Ü cfjHen  

-0.79 
1292 
830 

3520 

I0S5 

1250 
820 

450—480 

18,5-22,5 
20 

4—6 
6—10 

10-14 
15-18 

3—4 
4—6 

10—12 
12—16 

I.I 
4,8—5,3 

5—6 

15 
40—60 

10». 

80 

900-1200 

70-80 
75 

-0,78 
1360 
810 

3640 

1060 

1343 
801 

450—470 

18—20 
19 

3—5 
6-9 
8-12 

10—14 

2-3 
5-8 
8-10 

10—12 

1,12 
4,0—4,5 

8-10 

18 
40—44 

150 

40 

1320 

70-90 
83 
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+0.18 
1180 
845 

3210 

940 

410-430 

16.4-19,5 
17.5 

5-8 
8-12 

4-5 
6-8 

1.08 
4.0—4,5 

12-14 

10 
24-36 

200 

32 

1936-2840 

40—70 
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KEY [to Table  l^ji 
1 ■— Characteristics 
2 — Ammonite, rock-oriented. No 1   (in powder) 
) ~ Ammonal, rock-oriented. No 5 
4 ~ Ammonal, water-resistant 
5 — Calculated 
6 ~ Oxygen balance 
7 — Heat of explosion, koal/kg 
8 — Volume of gases, l/kg 
9 — Temperature of explosion, degrees 
10 — Total ideal work of explosion, kcal/kg 
11 — Experimental 
12 — Heat of explosion, kcal/kg 
15 — Volume of gases, l/kg 
14 ~ Efficiency,  g/cm^ 
15 — Brisance (mm) for a density of 1 g/coK 
16 — within the limits 
17 "~ on the average 
16 — Transmission of detonation (cm) between tamped cartridges 

having the following diameters 
19 — Transmission of detonation (cm) after exposure in water for 

1 hour of cartridges with the following diameters * 
20 — Trotyl equivalent based on the ballistic pendulum tests 
21 — Rate of detonation, km/sec 
22 — Critical diameter of detonation of exposed charge 
23 — Susceptibility to detonation from a trotyl load weighing 

50 g, at a distance indicated, in cm 
24 ~ Shock sensitivity 
25 — Lower limit of sensitivity to shock 
26 — Sensitivity to shock using a large pile driver 
27 — Sensitivity to friction, kg/cm2 

28 ~ Water resistance,  cm of H_0 column 

29 ~ within the limits 
50 ~ on the average 

high rates even in intensely wetted state.    Rock-oriented ammonite in 
explosive operations forms toxic gases to a smaller extent than do 
ordinary ammonites,  especially nitrogen oxides. 

Compared with ordinary ammonites, rock-oriented ammonite exhibits 
greater sensitivity to mechanical forces  (Table 13) and naked flame.    When 
the residues of cartridges that for some reason can remain in "bootlegs" of 
blastholes are drilled out, an explosion is possible by a strong blow of 
a steel instrument against rock in which this explosive can be present. 
When cartridges of this explosive are burned (for example, in bonfire), 
detonation is also possible.    Therefore,  in transporting, storing, using, 
and eliminating rock-oriented ammonite No 1,  increased caution must be 
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exercised, in spite of the fact that in handling conditions it is classi- 
fied as a group-II explosive.    In addition to pressed cartridges 36-43 nm 
in diameter and small-diameter tamped cartridges of this explosive, in 
some orders it can also be produced as large-diameter cartridges (60-120 mm) 
at heaped density (for charging of refractory drillholes).    Transporting 
and using noncartrldged rock-oriented ammonite is forbidden. 

Pressed at rock-oriented ammonite Mo 1   is intended for driving opera- 
tions in extremely tough hard-blasting rock in faces flooded to any extent. 
Including also with running water.    Cartridges 36 mm in diameter consist 
of two loads each weighing 123 g» while 45-mm diameter cartridges consist 
of two loads each weighing 200 g.    A recess with a diameter of 8 ±.0.1 mm 
and a depth of 73 ±0.3 mm is provided at one end of the pressed cartridges 
intended for making strikers, under the electric detonator or the blasting 
cap.    Lots of the strikers are provided in sets on the basis of four packs 
of cartridge-strikers for ten packs of cartridges without recesses.    The 
same ratio was observed aloe when packing in boxes.    An arrow indicating 
the placement of the recess is printed on the shell  of the cartridge- 
striker, and the word "strikers" is written on the packs of these cartridges. 

The wholesale price of 1  ton of pressed rock-oriented ammonite No 1 
for a cartridge diameter of 36-43 mm is 900 rubles,  for tamped cartridges 
of the same diameter — 713 rubles, and for 60-90 nm diameter cartridges 
— 697 rubles, while for 100-120 mm diameter cartridges it is 689 rubles. 

j 
Powdered water-resistant explosives of increased strength and regular 
strength 

This group includes high-strength rock-oriented ammonal Ho 3»  contain- 
ing ~ in addition to hexogen — 8 percent aluminum; water-resistant 
ammonal; and the dynammons AM-8 and AM-10, whose compositions also include 
aluminum. 

Rock-oriented ammonal Mo 5 is a weakly-friable, homogeneous steel-gray 
powder.    Compared with rock-oriented ammonal Mo 1,   it has somewhat less 
sensitivity to mechanical forces and is marked by relatively lower stabi- 
lity, while  it has a higher indicator of explosive energy (Table 15). 
This ammonal  is  the most powerful ammonium nitrate powdered type explosive, 
as to explosive characteristics,  of the explosives used in tamped car- 
tridges.    Its good detonatability allows to be produced in standard and 
small-diameter cartridges  (24-26 mm).    In these cartridges,  it exhibits 
high water resistance,  does not become caked during storage,  stably deto- 
nates in wet and soaking condition, and is suitable for charging severely 
flooded bias tholes.    It is intended for driving and clearing operations 
in rock and for certain specialized operations  (contour blasting,  and so 
on). 
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KEY [to Able 16] i 
1 — Component and indicators 
2 — Ammonite Ho 6-ZhY 
3 — Dinaphthalite 
4 — Ammonite No 7-ZhV 
3 — I^nammons 
6 ~ Compositions 
7 — Water-resistant ammonium nitrate 
6 — Ammonium nitrate 
9 — Trotyl 
10 ~ Mnitronaphthalene 
11 — Wood meal 
12 — Aluminum powder 
13 — Paraffin 
14 — Mineral oil 
15 — Technical indicators 
16 ~ Moisture content, not more than 
17 ~ Density of cartridges, g/cm3 
18 — Efficiency, not less than 
19 ~ Brisance, not less than 
20 — Transmission of detonation (cm) between cartridges having 

the following diameters 
21 — not less than 
22 — not less than 
23 •"- Transmission of detonation (cm) after exposure in water* of 

cartridges having the following diameters 
24 — Water resistance based on use of the hydraulic Instrument, 

not less   Uian cm UpO column 

25 — Guarantee period of use in paper packing 
26 — in polyethylene packing, months 
27 — Cartridges 
28 — Test is optional 

Rock-oriented ammonal No 3 In long charges detonates more reliably 
than pressed rock-oriented ammonite No 1.    Increased caution during handling 
is required, even though it is classed as a group-II explosive.    Use of 
this explosive in noncartrldged form is not permitted.    The provisional 
wholesale price of 1 ton is 650 rubles. 

Water-reaistant flBBffjy], is a steel-gray    finely dispersed pulverulent 
powder of the following formulated compos it iyn« 60.5 ±1*3 percent water- 
resistant ammonium nitrate,   13*0 £ 1.0 percent trotyl,  and 4.3 ±1.0 per- 
cent aluminum powder.    It exhibits satisfactory water resistance and does 
not cake when normal storage conditions are observed.    It is Inferior to 
rock-oriented ammonal No 3 and ammonite No 1   (cf. Table 15) in its energy 
characteristics and detonatability, but exceeds ordinary ammonites in 
strength.    A distinguishing feature of water-resistant ammonal is its 
relatively low sensitivity to mechanical forces.    It is at the level of 
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KEI [to Tible 1?]« 
1 — Chazucteristlca 
2 — Amaonite »o 6-ZhV 
5 ~ Dinaphthmlite 
4 — Aumonite lo /-ZhV 
5 — Dynammons 
6 — Calculated 
7 — Oxygen balance 
8 — Heat of explosion, kcal/kg 
9 — Volune of gases, l/k« 
10 — Temperature of explosion,  degrees 
11 — Total ideal work of explosion, kcal/kg 
12 — Experimental , 
15 — Heaped density after shaking,  g/cnr 
14 — Efficiency,  ctn^ 
15 ~~ Brisance 
16 — on the average 
17 "*■ Transmission of detonation (cm) between cartridges having the 

following diameters 
18 — Diameter of 60 mm 
19 ~ Transmission of detonation  (cm) after exposure in water of 

cartridges having the following diameters 
20 — Water resistance based on use of the hydraulic instrument, 

cm HpO column, within the limits 

21 — on the average 
22 ~ Detonation rate,  km/sec 
25 ~ Critical diameter of detonation 
24 — of exposed charge 
25 — in strong shell , 
26 — Critical density, g/cnr 
27 — Sensitivity to shock 
28 — Lower limit of sensitivity to shock 
29 — Sensitivity to friction,   kg/cm2 

50 — Diameter of 100 mm 
51 — Diameter of 40 mm, horizontally 

ammonite No 6-ZhV in terms of these characteristics.    The permissible 
amount of toxic gases is released in blasting operations.    It is stable, 
just as other waterproofed ammonites.     It is manufactured in noncartridged 
form as well as standard and large-diameter cartridges.     It is intended 
for blasting tough rock of any degree of flooding with standing water in 
underground and open-pit operations.    Toe wholesale price of 1   ton of 
ammonal powder is 20b rubles,   the  cost of 1   ton of 52-36 mm diameter 
LÄrtridges is }29 rubles,  for  1  ton of 40-^0 BD diameter cartridges — 
}22 rubles, and for  1 ton of f ""100 mm diameter cartridges — 514 rubles. 

66 



? 

I^maiMiona AM-fl and AM-10 (Tables  16 and 1?) «re nonpulverulent oiled 
poorly-friable amnoniuB nitrate,  powdered mixtures of Moderate dispersion 
and steel-gray in color.    They do not  cake in cartridged for« and are less 
water-resistant than ammonite Ho 6-ZhV.    Uynammon AN-8 is at the  level of 
water-resistant ammonal in its energy characteristics and efficiency, while 
dynamBon AM-iO is close to detonite 101 in this respect.    A distinguishing 
feature of these explosives is the low sensitivity to mechanical forces, 
permitting the    barging of ascending drillholes with large-diameter car- 
tridges, and another feature is their low cost compared to their strength. 
The presence of mineral oil in the dynammon composition renders them 
nonpulverulent and to some extent phlegmatizes them.    They differ between 
each other mainly by strength and resistance. 

When used in drillhole charges,  dynammons in many cases are  capable 
of replacing ~ owing to their efficiency -* not only ammonal, but even 
the more expensive rock-oriented ammonite No 1   (in tamped   cartridges) and 
detonites 6A and  10A.    Dynammons are sensitive to Ho 8 blasting caps and 
detonating fuses, however when blasting is done in drillhole charges it is 
recommended that a small intermediate detonator (ammonite cartridge) be 
used to totally ensure that the detonation does not hand fire.    They are 
produced in 60-120 mm diameter cartridges for charging of dry and wet 
remaining drillholes.    The wholesale price of 1  ton of large-diameter 
cartridges of the dynammons AM-8 and AM-10 is 340 and 365 rubles,  respec- 
tively. 

Powdered water-resistant moderate-strength explosives 

These include the water-resistant ammonites Ho 6-ZhV and Ho J-ZhV 
and dinaphthalite  (Table 16). 

AlMnTlltf *0 6-ZhT is a finely disperse, poorly-friable,  and pulveru- 
lent powder.    As to explosive qualities and water resistance,  it is 
suitable for blasting rock of modera e and extra-moderate toughness in 
flooded faces (cf. Table 1?).    It is not  recommended to charge flooded 
drillholes with uncartridged ammonite in view of its poor immersibility. 

When carefully manufactured and well-packed, ammonite So 6-ZhT does 
not cake in the cartridged state and does so very little — when in 
powdered form.    In detonalability (critical values of diameter and density, 
and distance of the trai.omiasion of detonation between cartridges),  it is 
close  to the more powerful high-sensitivity explosives.    In addition to 
being produced in moderate- and large-diameter cartridges,  in some cases 
it  can also be manufactured in 28 mm diameter cartridges.    It is supplied 
for blasting operations also in noncartridged form in asphalted paper 
sacks priced at 180 rubles per ton,  ana in paper sacks with polyethylene 
sack-insert  (for a guarantee period of use of 12 months) »*• the price of 
''93 rubles.    The wholesale price of  1  ton of 32-36 mm diameter cartridges 
is 3^ rubles, and for 120 mm diameter cartridges — 291  rubles.     Owing 
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to poor transportability,  the capacity to becoae electrified, and intense 
dusting when dry,  it is not suitable for pneuaatic chargin«, Just a« all 
powdered explosives are not suitable.    It is peraitted for use in open-pit 
and underground operations in dry and flooded faces in cartridge as well 
as in powdered fora.    It can be used as interaediate detonators for 
granulites,  zemogranulites, and igdanite.    It is classified as a group-II 
explosive in terms of handling conditions. 

IflMBh^FPUtif? i8 * friable low-dusting powder with grain content from 
30 to 60 percent.    The grains consist of coapacted fine-disperse explosive 
powder;  their peraissible size is 4"^ aa and its density of explosive 
is  1.2^-1.46 g/ca3.    Waterproofing and granulation of an explosive mixture 
renders dinaphthalite water-resistant and noncaking.    In explosive qualities, 
it differs only slightly froa aaaonite Ho 6-ZhV (cf. Table 17), and is less 
sensitive to mechanical forces.    In the noncartridged form,  it is poorly 
suited for charging by the pneuaatic method. 

It  is intended for blasting rock of moderate and increased toughness 
in flooded faces.    It is manufactured in 32-36 aa diaaeter cartridges 
priced at 348 rubles per ton.    When ordered,  it can be delivered in 
large-diameter cartridges (90-120 am) priced at 335 rubles per ton lor 
charging  ascending   wet drillholes in underground operations.    This 
explosive is  clsssified in group II of explosives in terms of conditions 
of storage and handling. 

anite Mo 7-2hY is a fine-disperse      water-resistant powder,   soae- 
what loosened by the addition of wood meal   (Table 16), which guarantees 
it noncaking dependency along with a retention of water resistance.     It 
is  close to ammonite lo 6-ZhV in explosive characteristics (cf. Table 1?) 
and in several cases can replace it when blasting rock of moderate and 
increased toughness in flooded faces.    It is suitable for drillhole and 
blasthole  charges.    In the case of noncartridge charging with   pneuaatic 
charges,   it is not recommended for use owing to its dusting tendency.    It 
is produced in noncartridge form at the price of 16? rubles per ton and 
in 32-36 aa diaaeter cartridges at the price of 290 rubles per ton.     It 
is  classified with group-II explosives. 

Powdered  water-resistant explosives 

These include detonites 6A.   10A,   15A-10, and M, which are weakly- 
friable nonduating powders oily to the  touch, whose composition includes 
a hard-to-freeze mixture of liquid nitro esters  (Table 18).    They are 
more coarsely dispersed than ammonites.    Their friability decreases with 
increase in the nitro ester content.    Greater friability is shown by 
detonite 6A containing 6 percent nitro esters and detonite N, which 
contains   10 percent each of aluminum powder and nitro esters. 
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TABLE 18.    FORMDUTIOM COMPOSITION AND STAHMRSIZED 
TECHNICAL INDICATORS 

ACTOMTU 

KOMnDNeHTy ■ noKJMTejw 
•A I0A 15A-I0 

CotTU.   % 

TpyaHOJlM^ p^lOIU.IH  l'J'Tl.    HMT 
pOS^WpoB X.  

rr.iHTpl   (MMCjilinu    BoaoycTofl 
'iiiMH y  

Tpor».^         .... 
Ilyapa a.noMiiUHiaaii / .   .   . 
Crt-apar Ka.n uim IUM u. u. a  9 
KoJI-IOHJIiUH X.cpnnK .^.    .    .    . 
COM (cwpx 100%)/©.  .  .  . 

// 
TexwnKKae nwaMreja 

EnaiMiocTb N «ryiMC 

njiOTHocTb narpoHOB. lien* 
SKCVjaUM«.^  

He (SOMC, 

13 

0.O_l,0 

77,0   2,0 
II.OTl.O 
5.3 + 0,6 
0.7±0,3 

0.2—0.3 

IO,0±I.O 

76,0±2,0 
8,0+1,0 
5.2+0,5 
0,7+0.3   . 
0,1+0,05 
0,2—0,3 

M,7+1,0 

74,0+2,0 

,0+1,0 
,0+0.3 
,3+0.05 
,2—0,3 

(L  CionKocTb   no lojoKpawa.'iuiuft j 
npofic npH 72 C. HC Mewe MUH I 

r^  PiöOTOCMUCO&.OCTb,   HO •lOI'i.« C.tt' 
(f DpH3aHTHOCTb,   He  MCHCC  JKJI    .    .  I 
. yllepeaiia fleroHiaiiH (c*) MCJKJY I 

RaiponaMii jHaveTpoM; 
24 «JM. He Metice iJD.   .   .   • j 
28 **. He MCHee j 
32 v». He meiice  

^ 30 HH, «e Menee  

Bbiaip/KLii   B  Bo.-e   narpoiios , 
jlHaneTpOM: - I 

24 JI.'I. iic Muioe^^.   •   ■   • : 
28 JKJM. He ntHce ! 

—j,        32 jK.«, i.e weHce  
rapaHTHfini.fi   cpoK   iicnuuaoM- 

Hiis. Hecmi: \ 
x3   ■ CyuaxHoA ynaKObKC      .   . I 
3*t ■  nOJIHiTHJICHOBOfl  

0.5      I        0,5 0,5 
1.0—1,31    1,0-1,3       1,0—1,3 

/c-,ilu.UKHa orcyTCTBOBaTb. Zlonyo- 
KMOTCX  HCfojIbUlHe   IIHTHa   H.iTpu- 
a^Hpoa na BHyrpeHHeft cTopow 

oöaioMKH narpema 

10 10 
125 425 

17 17 

3 4 
5 6 
8 8 

10 10 

10 
460 

18 

6 
8 

10 
12 

6 
12 

8 
12 

KET:    1   — Components«nd indicators 
2 — Detonites 
5 — Coapoeition 
4 ~ Low-freezir.,'      mixture of nitro esters 
^ — Water-resistant aimnonium nitrate 
6 ~ Trotyl 
[Key continued on following page] 
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KEY [to Table  18,  continuation]« 
7 — Aluainua power 
6 —• Oalciua or zinc stearate 
9 — Colloidal cotton 
10 — Soda (upwards of 100 percent) 
11 — Technical indicators 
12 — Moisture content and volatiles, not «ore than 
13 — Density of cartridges, g/co»? 
14 — Exudation 
13 ~~ Must be absent, small patches of nitro esters on the inner 

side of the cartridge shell are allowed. 
16 — Resistance based on the iodine-starch test at 72* C, not 

less than, in minutes        , 
17 — Efficiency, not less than, in c« 
18 ~ Brisanoe, not lese than 
19 — Transmission of detonation (cm) between cartridges having 

the following diameters 
20 — not less than 
21 — Transmission of detonation (cm) after exposure in water of 

cartridges having the following diameters 
22 — Guarantee period of use, in months 
25 — in paper packing 
24 — in polyethylene packing 

Setonite 10A is a heavily oiled, clumping powder, while detonite I^A-IQ 
can be classified with the semiplastic explosives in its physical condition. 
When cartridged, detonites compact more readily than ordinary ammonites 
«d are produced in cartridges of various dilimeters with higher densities. 
Their cartridges can be pressed upon in blastholes to achieve greater 
charging density. 

Detonites cake only slightly and are quite water-resistant. They are 
notable for high detonatability when dry and when wet and stability of 
explosive characteristics in storage. They have very small critical 
diameters of detonation; they transmit detonation over large distances 
between the cartridges, which renders them suitable for use in small- 
diameter blasthole charges. They do not suffer from overcompaction, 
overwetting, and soaking in blastholes. They detonate stably in the most 
unfavorable blasting conditions, giving off less toxic gases, especially 
nitrogen oxides, can do the nonnitroglycerin ammonites. They also lack 
a major disadvantage of dynamites, ageing, which reduces or completely 
eliminates explosive qualities; they are less subject to exudation.  Deto- 
nites 6A and M virtually do not exude at all, while detonites 10A and 
I^A-IO exude only when overwetted during manufacture or storage. In 
contrast to plastic dynamites, detonites do not suffer changes in their 
explosive characteristics at low temperatures when frozen. The freezing 
point of nitro esters in their composition is about -19.3* C. Short-term 
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TABLE 19.     CALCULATED ANS EXPERIMENTAL CHARACTERISTICS 

2-     Jl'TOHUT 

XapAKTCpHCTIKB 

P«c<«f TMue 7 

T" KBC.ioponüufi öa.iaiK-,  % 
5"TenjioTa sapuiu, KKOA/K! 

£  OOICM raaoB. AJKi 
y TtMnepaTypa Bjpusa. epad 

^     "   McnrDNMCHTajIkHUC 
7 
^ n.ioTHocTb narpoHOB, «/Cü1 

* PaCOTOCnOCOÖHOCTb,  t*'       1 
/( BpHiaHTHocTb. «JH: 

/ii npejcrax | 
J^B CpMIPCM  
lepejaMa jtTOHauiin ICJ«) 1 

ueiKAy narpoiiaMH ana- : 
MerpoM, MM: 

24  
28  
32  

Hril 

1% ,-     36 
riepejana jeroHauHM  (oil 

noc.ie Bbuep^Kii  B BO 

Ae B rescHHe   1 1   nar- i 

poNOB AxaMeTpoM, MM:   ; 
24 I 
28  
32 ! 

/t     36  
TpOTH.lOBhifl »KBIIBa.leHT .10 ] 

(SiJUIMCTIIHeCKOHy   IUIIT- I 
4-1 «"«y 1 

CKopOCTb  JlfTOHaUHM   (KM/  i 
ctK) B naipoiiax waMeT- > 
POM,   .«.«; 

24  
28 I 
32  

It    40 ....  ... I 
Kp^TiiiecKnn jn^'K-ji :,v 

Toiiauiü:. .u.u: I 
/ ToTKfuToro upnn .   . 
2* B npomiüfi o6o.io4Ke    j 

K i KpHTHMeCKa«!       n.lOTIKXTb, 
XZ   *1CM* I 

MyBCTBMTe.uiiocTb  K yja- 

ZJ^, py- % 1 
MyBCTBiiie.UHocTb  K yoa- 1 

2Jt py Ha öaibuicM Konpe. "o ' 
*lyBCTBHlt.1bll(.\'ll,    K   Tpt- j 

HM»,   KFfCM* I 

-1.0 
121» 
»37 

3270 

1.1-1,2 
425-440 

17—18,5 
17,6 

5-8 
8—15 

■ 12-18 
15-22 

4-5 
7-12 

10-15 
14-20 

1,00 

! 0,51 
1200 

f>26 
32SO 

1.15—1,25' 
j 430—450 

1   17-20 
!     18.0 

1.2-1,3 
470-520 

18-23 
19,5 

6—10 I0-1Ö 
10—17 11-20 
12-20 15-22 
18-25 23-28 

4—8 I 8-12 
«—12 ' 10—16 

li>—16   1    12-18 
11    22 

1,1 

20-25 

1,13 

1,1-1,3 
460—500 

18-22 
10,0 

6-12 
10—16 
16-22 
20—26 

4-8 
6-12 

10—15 
12-2U 

1.12 

4,0-4,3 
4,2-4.5 
4,r,-t,s 
4,8-5,1 

4,2—1,5 
4,4—4,8 
4.8—5.0 
5.0—5.3 

4.3-5,0 
4.7-5,0 
4,9-5,3 
5.4-5.8 

3,9-4,3 
4,2-4.8 
4,8-5,0 
5.0-5,3 

8-10 
5 

6—8 
5 

4-9 
5  ' 

8—10 
5 

1,55 1.6 1.7 1.6 

32-56 40-78 48-8S 40-60 

20-36 36--10 80-100 32-36 

1500-1930 1245-1330 980-'200 1525-1930 
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KET [to Table 19]» 
1 — Characteristics 
2 ~ Detonite 
3 — Olculated 
4 — Oxygen balance 
5 — Heat of explosion, kcal/kg 
6 — Volume of gases, l/kg 
7 — Temperature of explosion, degrees 
8 — Experimental , 
9 — Density of cartridges, g/cm 
10 — Efficiency,  cm5 

11 — Brisance 
12 — within the limits 
15 ~" on the arerage 
14 — Transmission of detonation (cm) between the cartridges having 

the following diameters 
13 —> Transmission of detonation (cm) after exposure in water per 

hour of cartridges having the diameter diameters 
16 — Trotyl equivalent based on use of the ballistic pendulum 
I? — Detonation rate (kn/aec)  in cartridges having the following 

diameters 
16 — Critical diameter of detonation 
19 ~~ of exposed charge 
20 — in strong shell 
21 — Critical density g/co? 
22 — Sensitivity to shock 
23 — Sensitivity to shock using a large pile driver 
24 — Sensitivity to friction, kg/cm2 

storage of their cylinders  (for several hours) is permitted in blasting 
operations down to temperatures as low as -40* C.    They are classified 
with the group-11 explosives in terms of stoxage conditions, not requiring 
heated storage sites.    They are suitable for use in all climatic regions 
of the USSR.     They have extended guarantee periods of use. 

Detonites are powerful explosives.    The highest strength and a high 
level of water resistance are shown by the semiplastic detonite  15A-10 
and by the powdered detonite of grade M, in whose manufacture technical 
conditions set approximately identical standardized quality indicators. 
In blasting efficiency,  they are not inferior to high-percentage plaatic 
dynamites and therefore are intended for hard-blasting and extremely 
tough rock in,flooded faces of mine workings.    Detonites 6A and 10A are 
intendecT for Use in blasthole and drillhole charges  (in underground 
operations,  in 40-60 mm diameter cartridges) for tough, flooded rock. 
All the detonites listed are suitable for use in cartridges 24 and 28 mm 
In diameter.    They detonate at high rates in cartridges of standard and 
small diameters  (Table 19). 
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Detonites exhibit increased sensitivity to mechanical and thermal 
action,  increasing with their increased content of nitro esters.    More 
careful handling is required than for ordinary ammoniteu.    According to the 
Yedlnw» Prsvilv Bezopaanostl Pri Yzrvynvkh Habotakh [Unified Safety Rules 
in Blasting Work],  their cartridges must be periodically inspected during 
storage and,  before use,  must be checked for exudation.    A key disadvantage 
of detonites,  just as for other explosives containing nitro esters, is the 
toxic action of nitro enters on the human organism.    Therefore when working 
with them direct contact with open explosives and inhalation of explosive 
dust must be avoided, and so it is recommended that the operator use   gloves 
and respirators in handling these explosives.    In order not to pierce deto- 
nite cartridges,   the strikers must be made of non-nitro ester water-resistant 
explosive. 

Detonites are produced in cartridges of the following diameterst 24, 
26,  52,  36, 60, and 90 mm; on cuptomer order,   they can also be produced in 
cartridges of other diameters.    The production and use of these explosives 
in uncartridged form is forbidden.    The following prices have been set  (in 
rubes per ton),  depending on the grade of detonlte and cartridge diameters 

24 mm        28 mm        32-36 mm      60-90 mm 

Detonlte 6A — — 485 — 
Detonlte 10A 546 532 506 485 
Detonlte I^A-IO 608 594 585 580 
Detonlte M 578 564 545 — 

In its service  characteristics and fields of use,  detonlte M is more 
universal than other detonites.    It was developed and recommended to replace 
them.    In the future, with the aim of consolidation, a gradual reduction in 
the output of detonites 6A,  10A, and 15A-10 is projected, with a conversion 
to detonlte M in cartridges having the diameter range 24-6O mm. 

Technical  conditions specify the following standards for detonlte Mi 

Cartridge density,  g/cm5 1.0-1.3 
Efficiency,  not less than, 

in cm5 450 
Brisance,  not less than,  mm 17 
Transmission of detonation 

between 32 mm diameter 
cartridges s 

before soaking in water, 
not less than,  cm 8 

after soaking, not less 
than,  cm 6 
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TABLE 20.  STANDARDIZES TECHNICAL INDICATORS 

DOKlUTeJII 

AXMH«TU 

I" Et» 

a  7 

S3 

BMDKHOCTb,  He (Sonet %  
•rUiOTHOCTb narpoHOB, lie MeHee ilcm*    .  . 
7 XMMHiecKa«   croAKOCTb no AmoKpaxMa.ib- 
ft     Hofl npoöe. He »iciiee, sun  
' PaÖOTOcnocoÖHOCTi., i:c Menee en* .... 
^ BpiiUHTiiocTb   npn   n.ioTiiocTH   narponoB, | 

He iienec MM I 
(OriepeAiia  AoroxamiH  (CJN)  »teiKjy   narjio- { 

iiaMH AiiaMcrpoM:      u 
28 MM, ne MCHec I 
32 MM. ne ueuec > 

I*-    36 MM. ne Menee '.  .  .  . | 
r»piHTHHHuft |cpoK   Hcncutaotaiuin. MCCH- I 

UOB  

0,75 
1.4 

10 
380 

18 

4 
8 

10 

He HopMHpyerc« 
1,41     1,3,     1,4 

fi     I 1 
He HopMHpyeTc« 

3W   | MO   | 450* 
/4^<t'aKy.ibTaTHBiio 

20        18*      20» 

* Charge is initiated with a trotyl load weighing 10 g. 
When prepared in large-diameter cartridges  (60-120 DID), 

KEY: 

acceptance tests of lots for detonation transmission 
are carried out in }6 mm diameter cartridges. 

10 — 

11 — 
12 — 
1} — 
14 — 

~ Indicators 
~ 62 percent tynamite 
— Akvanites 
— ZL (casting type) 
~ Moisture content,  not more than 
— Density of cartridges,  not less than,  g/cm^ 
— Chemical resistance based on the  iodine-test, 

not less than, minutes 
— Efficiency, not less than 
— Brisance for a cartridge density not less than, 

in DUB 
Transmission of detonation  (cm) between car- 
tridges having the following diameters 
not less than 
Guarantee period of use,  in months 
Not standardized 
Optional 

Water-resistant plastic explosives 

Plastic explosives include slurry [water-filled] akvanites No 2 and 
No 16 and 62 percent  low-freezing dynamite  (Thble 20).    Epical distinguish- 
ing features of these explosives include the plastic consistency of 
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oooposition, high density,  and water resistance.    As to physical state,  they 
are thick structure-bound paste-like suspensions,  consisting of a gel-like 
base (gelled liquid phase) and solid fine-disperse constituents.    In the 
normal state (at above-zero temperatures and undisturbed structure), these 
explosives readily lend themselves to the formation and retain the form 
imparted to them, which is of much practical importance, since it makes 
possible in cartridge and noncartridge charging to attain high density and 
high concentration of the explosive energy in the charge cavity.    Such 
explosives are especially profitable for charging steeply ascending blast- 
holes and drillholes in which the cartridges — with limited compaction — 
are held tightly, and also for charging descending flooded blastholes 
during driving and deepening of mine shafts.    They can remain in water for 
up to several days in cartridged and uncartridged form.    Uncartridged akva- 
nites are suitable also for secondary blasting with external charges, which 
upon being compressed lie tightly against all irregularities of rock fragments 
to be blasted.    Good contact between the charge and the surface of the rock 
fragment, and high density and detonation rate of the explosives make for 
good fragmentation.    These charges are capable of being retained on an 
irregular inclined surface of rock after cleared of dust and wetting. 

"Hie group of slurry akvanites also includes akvanite JL, which in 
contrast to the akvanites No 2 and 16 has a liquid-viscous consitstency and 
therefore is suitable for charging descending blastholes and drillholes by 
the method of casting or by compression under water. 

Common disadvantages of all plastic explosives include changes in 
their plasticity and rheology in relation to temperature and their ability 
to age with time.    After prolonged storage,  their plasticity gradually 
decreases and at minus  temperatures they shrivel and harden (freeze). 
Heating, kneading,  or remixing can restore the lost plasticity.    A result 
of ageing of plastic 62 percent dynamite is a reduction in sensitivity to 
initiating impulse and a worsening of detonation qualities.    Slurry explc- 
sives, with a reduction in plasticity, show practically no changes in their 
detonation qualities.    They  can dry out when not adequately sealed in 
packing. 

Disadvantages of plastic explosives can also include the complex 
technology of their manufacture,     adding      to costei. 

Akvanites.    In contrast to dynamite,   the plasticizing base of akvanites 
No 2 and No 16 is an aqueous solution of potassium nitrate,   thickened to 
a gel-like consistency,   in which ammonium nitrate and other constituents 
are also partially dissolved. 

In akvanite }L,   this base is a thickened aqueous solution of ammonium 
nitrate.    The liquid phase in akvanites No 2 and No 16, at normal tempera- 
tures,  is about 20-25 percent, while in akvanite 3L it is about 45 perceiit 
which gives ix fluidity.    Though the water content in akvanites No 2 and 
No 16 does not exceed 5-7 percent, still thie amount severely reduces the. 
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TABLE 21.     CALCULATED AMD EXPERIMENTAL CHARACTERISTICS 

/ 
XapaKTvpacTHKH 

2- 
AHHaunr 
6»%-Mbl« 

* AKUHITM 

Si t 16 U. 

4- 
PaCHrTHHC 

KHc^opoaHtid Ca.iaHc. % 
C Teiuora Bapuaa. KKdA/iu: 

7g   BCCOUII  

' Oöie« ra30H. -i KJ   .   .   . 
((J Tuineparypa Bipusa, ipad 

-0,96 

1274 
1850 
586 

4100 

0.0 

1095 
IG00 
855 

3500 

-7,5 

1067 
1410 

—0.47 

935 
1590 
680 

H 3KCIKpMMCHTajlhllblC 

' Teuncparypa   saMcpMHiiii, 

/3   'P00  
n^oTHiicTb BB B naTpoiic. 

14.     t/CM*  

-19.5 

;.45—1.5 

-15-20 

1,45-1,5 
380-400 

-15-20 

1.30—1,35 
320—340 

-15-20 

1,45-1.50 
' PaöoTocriocoftiocTb, CM* ^80-420 470—520* 

/5T>pH3anTHocTi>   npn   n.ioT- 
HOCTII   1,5  eJCM*.   MM        i l«-22 20-22 18-20 18-20» 

/£ OSlKaTHC  CBIIHUOlioro   Uil- 

n'7 
riMHoe 

JiMHjipa aapxAoM B cTa.ib- , 
HOM Kaibue,  MM    .   ■   . \ — 30-33 27-30 

Uepejaqa ActoiiauHii  (CM) 
Hcxuiy   narpoHaMH .v.a- 
VCTpOM     MM: 

»C.lll 

i no- 
rai- 

32  
-     36  
n   45  

rie^ laia acToiiaai;:i 
UIVVIC   BWacp/KKH 
30   B   TeWHI«:    I     H 
poHos jiaMerpOM.- 

32  
;>c  

iO    45  
O. pocrb    .1  : i.uUM'.i. 

XI     KMlCCK.         
Kr:iTMiccx n _. .>:■< .p. ;.M 
2l oTKpL T-O sapnaa .   . 

<;39'B r.poii'.'M o6o.noqhc 
«^MyEciF.me.ibiiOCTb K y.;a- 
"^ py- %  

^yHHNUwA npr.i«.i   lyscTBH- 
 TCnuiOCTM.   MM   .    . 

HyBCTBMTe.ibHocTh K vjapy 
Yf  Ha (SaiuuoM Konpe   *'„ 

MjBCTBIITe.lbHrVTh    K   TpC- 
HH».   «t/Vf.«'  

2f MHHHMa.lbHblA      HHHUHa.lb- 
HblA   HMnv.lbC.   d  TpOTH- 
^a (H.IP KJ V? «)    .   . 

5-10 
8—15 

12-20 
20—28 

f-IS 
1J-20 
2"—2S 

5.5—6,8 

1—20 

100 

!00 

650 

KJ „Vs 8 

3—5 
4-8 

4-H 

3—5 
4-€ 

1—2 
^—4 

I«i3pyiue- 
HHC 

5.8-i"'.3    n.!.-5.4 

20-23 
10-12 

12-10" 

450 

8-12 

2900 

KJ .V. 8 

2.*—30 
23-22 

0 

>500 

>3000 

KJ .V? 8 

5.0-5.5 

40—45 
22-25 

0 

>500 

0 

>3000 

10-20 

♦ Initiating a charge weighing 5 g. 
♦* Anhydrous mixtures. 
*** For a weight of 2 kg. 
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KEY [to TBble 21]j 
1 -- Characteristics 
2 -- 62 percent dynamite 
3 ~ Akvanitea 
4 — Calculated 
5 — Oxygen balance 
6 — Heat of explosion,  kcal/kg 
7 ~ gravimetric 
8 — volumetric 
9 — Volume of gases, l/kg 
10 -- Temperature of explosion, degrees 
11 ~ Experimental 
12 —   freezing point,  degrees , 
13 ~~ Density of explosive in cartridge,  g/cm 
14 — Efficiency , 
15 — Brisance for a density of 1.5 g/cm 
16 •— Compression of lead cylinder by the charging a steel ring 
17 ~" Total disintegration 
16 — Transmission of detonation (cm) between cartridges having 

the following diameters 
19 ~~ Transmission of detonation (cm) after exposure in water for 

1 hour of cartridges having the following diameters 
20 — Detonation rate, km/sec 
21 — Critical diameter 
22 — of exposed charge 
23 — in strong shell 
24 — Sensitivity to shock 
25 — Lower limit of sensitivity 
26 mm Sensitivity to shock when using a large pile driver 
27 — Sensitivity to friction, kg/cm* 
28 — Minimum initial impulse, grams of trotyl (or blasting cap 

Mo 8) 
29 — Blasting cap No 8 

sensitivity to mechanical forces.    Therefore the major advantages of akva- 
nitea over 62 percent dynamite, which they are not inferior to in density  or 
water-resistance, but are slightly inferior in strength characteristics 
(Able 21),  include very low sensitivity to mechanical forces,  safety in 
handling permitting mechanization of the charging process, absence of 
toxicity, and relatively low cost.    Particularly low sensitivity to mechanical 
forces distinguishes the akvanites 3L and 16 sensitized with trotyl.    They 
do not produce explosions when tested for shock sensitivity and friction 
sensitivity by laboratory methods.    But in the anhydrous state  (after drying 
out),   they do not differ from ordinary ammonites in terms of sensitivity. 

High sensitivity in this state is shown by akvanite No 2, whose sensi- 
tizer is hexogen.    However,  in the slurry state it is suitable for mechanized 
charging with the breakdown (crushing) of cartridges. 
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Akvanites show reduced sensitivity to initiation by an air shock wave 
owing to the intense phlegmatizing action of water present in their composi- 
tion.    Therefore,  the distance by which a detonation is transmitted between 
standard-diameter cartridges of akvanites No 2 and No 16 is relatively small. 

By its consistency,  akvanite JL is not suitable for cartridge uset the 
transmission of detonation between its cartridges would be made difficult. 
It is intended for use in continuous blasthole or drillhole charges;  it is 
recommended that they be initiated with a cartridge of pressed rock-orientea 
ammonite.    Akvanites !(o 2 and No 16 in the normal state are sensitive tu 
a No 8 blasting cap.    They detonate at a high rate also in the solidified 
and frozen state when their charges are initiated by means of an intermediate 
detonator.    Normally detonating akvanites form toxic gases in mines to no 
greater extent than other explosives that are permitted in underground work. 

To achieve high charging density of bias tholes,   it is recommended that 
akvanite No 16 be charged in uncartridged form using a charging device.    In 
the absence of a charging device,  its cartridges must be slit and crushed 
for better filling of the  charging cavity.    Akvanites No 2 and No 16 are 
intended for production in standard-diameter cartridges (32-45 mm) for 
blasthole charges.    By customer order,   these akvanites can be delivered in 
uncartridged form, packed in packs or in polyethylene bags;  hermetic packing 
is required,  without which they dry and shrivel, as a result of which it 
may be necessary to knead the cartridges before charging.    Akvanite 5L can 
be produced in fill-type polyethylene containers (canisters or cans) or in 
thickened polyethylene bags laid in boxes.    Akvanite No 2 is intended for 
driving operations in rock in dry and flooded faces of underground workings. 
Akvanite No 16 is intended for blasting tough rock with blasthole and 
drillhole  charges.    Akvanite 3L is intended mainly for sinking shafts and 
breaking tough rock with  charges placed in descending drillholes and blast- 
holes. 

Akvanites are in the  commercial testing stage.    The approximate wholesale 
price of 1  ton of akvanite No 2 is  500-550 rubles,  for akvanite No 16 — 
380-400 rubles, and for akvanite 3L — 490 rubles. 

fi? pprr-ont dynam-itp is an    elastlccplastlc,    high-density mass prepared 
from a low-density mixture of liquid nitro esters.    In addition to the 
common properties of plastic explosi/es,  it is marked by its virtually 
unlimited water resistance;   its  cartridges do not lose their ability to 
detonate or their strength after prolonged residence  in water,  including 
flowing water.    This explosive is classified as a nonhygroscopic low- 
melting explosive.    Its melting point  is -19'5* C,  but owing to the ability 
of nitro esters to undergo some supercooling,  it does not freeze after 
short-term (not more than 4 hours) residence in air at  -30° C,   though in 
these cases its cartridges require heating before beinf, compacted.    62 per- 
cent dynamite has high energy characteristics, density, and detonation rate 
(cf.  THble 21).    It is used in very small amount in sinking shafts  through 
rock in conditions of continuous flooding.    Its key disadvantages include 
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the following: high senaitivity to mechanical forcea,   toxicity,   inadequate 
physical  stability (exudation and ageing), and also high costs.    Exuding and 
freezing dynamite represents the same danger as  pure nitroglycerin.    In this 
condition,  when its  cartridges are punctured for placement of the blaating 
cap,   or when th.'y undergo iracture or are struck with a metal  object,  they 
can explode,    "niis explosive is sensitive to flame.    rAe burning of even 
a few of its cartridges   (for example,   in a bonfire) can lead to detonation. 
■Rierefore  it  is classified as a group-II explosive as  to storage and handling 
conditions. 

Ageing or freezing dynamite cartridges becoare hara,   insensitive to a 
No 6 blasting cap, and suffer a sharp loas in detonation rate and other 
explosive  characteristics.   In these jtaes,  to achieve a suitable explosion, 
they must be initiated with an intermediate cartridge detonator of good 
quality explosive.    It  can be proctuced In cartridges having the diameters 
26,  32,  36,  40, and 45 mm.    The wholesale cost of  1  ten of dynamite in 
52-43 mn, diameter cartridges is 8^0 rubles.    Well manufactured dynamite, 
under normal  conditions of storage, ages and exudes only slightly  (within 
the limits  of the permissible norms)  during the specified eight-month storage 
time. 

Granulated water-resistant  explosives for unoergrouna work 

These include zemogranulite 73/2'   (hot-mixed) and grammonal  A-e 
(Tables  22 and ,23),- intended for noncartridge mechanized  charging in umer- 
ground  operations  chiefly  of wet and  flooded  Dlastholes  containing nonflowing 
water. 

Zemivgramil 11«» 79/21       is a granulated, very friable ano homogeneous 
light yellow product, whose nitrate  granules are impregnated and partially 
coated with fused trotyl.     In composition and exploaive energy,   it  corres- 
ponds to ammonite Mo 6, differing froa it by improved physical  character- 
istics,   somewhat reduced sensitivity and high stability.    It does not cake 
when stored,  exhibits seme water resistance,   that  is adequate for use in 
damp and wet faces in which there is no running water ^.    It is readily 
transported along pneumatic-charging pipelines laid along horizontal mai 
vertlu»!   mine workings,   for example,  when charging from a haulage horizon. 
It  is  suitable for hand  charging of underground vertical and  inclined 
drillholes  by loading explosive  into  them from the top.     It exhibits  better 
detonation characteristics  than granulites.    It is sensitive to a Ho 8 
blasting cap and to    a detonation fuse assembly and detonates reliably  ir 

The numerator of  the fraction denotes  the emmonium nitrate  content 
ana thf   denominator — the  trotyl   content. 

2 
r.liter's note.     The  water resistance of this ana  other iaiproved  or 

new explosives  car be  .iudgea fron experience  in xiaxnp them unoer varied 
conditione. 
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TABLE 22.     STAMDARDIZED  ?ECHIiaL I'iDICATOÄS 

| 5 3tpm>rpM»\JtM7 79/JI 

A ti rupwticro x.no-iioro 

'^Tp,\.-;. 

cmimiwic 
t  ' : J  

^ '  rpiH> jiu 1 rp»Hy.iy CMcch rpany^ 
1—3 *«   1— ; **    ct-.niTpu ii 

IQ ccporo    i MxjnuTu  jepcH TDOTM- 

"      .   OTKPUTC.     ..,.,.     .^r" I 

Tp•"''•■ •!.„   ,"   ,-,».■■ 
nn<* ii*cHu- >   r„,;,.M,^ ; 
»»POM /^r 

4   *«.    W  &.., • r i ! 3 

nr 
ü-9 **■'""   '*..:::    fc3      •.•■>   ■    * ripx.:^::.i..:   .f,o,.    .       ,„ 

iwcaa: 
(f i fiyiUAHWl M--UU„ 6        |       6       I 6 

KEY:     ''  — Indicators 
2 — GraiH»ori*i 
5 ~ ^emogranuiite 
4 ~" Hot-«ixed 
b —• Ccla-mixed 
6 — Extemai  appearance ar.a  granule   (grain)  size 
7 — Granules   '•-} mr,  gray in color 
6 —- Granules   "-5 a«,  yellow  in color 
9 -~ Mixture of nitrate granules ana  trotyl  grains 

*.t) ■B in si-e 
13 — Moisture   content,   not  ■ore  than 
1 '  — Insoluble  substancea,   not «ore than 
12 — efficiency,  not less  than 
1} — Must detonate  completely in an exposed  charge 

with a dianeter of not  less  than 
*& — GranuloBetrl .   composition  (percent) ~ of 

reaidues  on sieve with  «esh  of the  foilowinp 
sizes 

1v — not aore   than 
tb — not leas   t>-;an 
17  — Guarantee  period   of uae,   in aonths 
■'S — ir. paper  hags 
*9 — in polyethylene   bags 
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TABLE 23.    CALCDUTEI) AW) EXPERDEMTIL CHAHACTERISTICS 

|3 SepHorpaHyjinT 79/J1 

XipuiepHCTiKa 

PacscTNUc 

Kuc.iopoji.UH Öi-iaiic.  %  T • 
TerviTri Bjpuu, «c«-«^'»« ■ .  . 

TiM.iipanpa bipuaa. tpae) .K> . 
l]'..-}H3Ji hjia-ihia« paöora  »spu- 

U,   KiMA/Ke   If  

3«ciMp«MrHTajiMiur 

B,Ta!KHOCTk,   <».'■?.    .    .    .   1-. 
HacfciiiHa« n.^iiTiiocTL. flcM*^". 
PaSoTocnocoöHocib, CM* . '.J7 . 
■|er.iora uphiM, Kkajt'ice I*. . 
TpoTK.ioBUH äKBiina-ieiiT no 6W- 

.iHCTiiitrKtijiy Ma«iiii!Ky   tT  . j 

aapsjoM B cmiuiofi  o&xtovut j 
OT  Tpf-TII.1ÜB0ri   UUHUKM    BtCOM 
Se.MMjf      1 

rmpoHMM aiiaMerpoM, MM: in 
60   , 
90  

Kr.'THMeckan n.luTHoCTb. ^'CM*2^ 
Kpi.TirK-CKMH  JHJMfTp,   «Jl' JZ    j 

b i:pomioil oOu.iO'mc ^T .   . 
ll\ riTBHTCTbHOTTb   I.   KJ.  S\  &Jf 

PcKOticiuyfMMÜ       onTiiMa.ibiiuA 1 
npoMP*vTcwiiMH JfTOHaiop^' 

.'. B^TLii-cibrkii,: 
K   VMpv,   »,',♦'  
t. Tp   litt, .,/" <r«s .   3i .   . 

:'..,..,.\   I I'vJi.T    WXBi.7tMTtjn.Hu- 
^      -.   ,   <  ■:•".   ■■■: J>   .... 

, ..  lu 6. ~.:_ w 1. i~po.   v.« 
jj-:':\--p;':.,i"v>-ri,     K     I j.-f'irfi 

:   .:   i  — pj, > Tui;ill.f    BOCnpMt- 
TI 1   v ■ ::ai:i'M   'i ;•<•'.   BO .J\ X 

«•T   TpcTIMnB >ii    UUUJKH    DCCi.M 

-""•■■'.  f-« I 

rvpMen* xoÄijwioro 
CHCUICIIMII 

-0.24 
1285 
860 

3350 

1060 

+0.02 
1030 
895 

2960 

850 

-1-0.02 
1030 
«95 

2960 

850 

0.1-0,5   ! 0.1-0,5 I 0.3—0,6 
0.»5—0,90  0.85—0.90 0.8-0 85 
420—MC   i 360-3S0 I 360-370 

1264               907 967 

l.t 

26-30 
3,8-4.0 

8-12 
15-IH 

1,4-1,45 

W-40 
13-15 

1,05 

22-26 
'i,5—1,2 

1.05 

20—25 
3,0-3.0 

10-15 
15-20 

1.5-1,6 

25-35 
10-15 

! 

JtTOH,:|.;cT 3« 

2-3 
5-8 

1,5—1,55 

i     50—60 
15-20    2' 

HCMOCTBTU«!- 
HM 21 , 

200-r(»Hvc«uA narpoH aMwoHiira 
.IW&iM wapkH 

24-36 
22'» 

120- '70 
1400 

30-40 

12-24    I      12-24 
2450 2500 

; HO-200 
1600 

35-45 

205-220 
1800 

25-30 

[KCT on foilowiiv: page] 
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KEY [to Able 25]! 
1 — Characteristics 
2 — Gramoonal A-8 
3 — Zernogranulite 79/2 "^ 
4 — hot-mixed 
5 — cold-mixed 
6 — Calculated 
7 ~ Oxygen balance 
8 ~ Heat of explosion,  koal/kg 
9 — Volume of gases,  1/kg 
10 ~ Temperature of explosion,  degrees 
11 — Total ideal work of explosion, koal/kg 
12 — Experimental 
15 — Moisture content        , 
14 — Heaped density,  g/cm 
it) — Efficiency 
16 ~ Heat of explosion,   kcal/kg 
17 — Trotyl equivalent  based on the ballistic pendulum test 
13 — Compression of lead column by a charge in a steel shell, 

using a trotyl  load weighing 5 g 
19 ~ Rate of detonation,  km/sec 
20 — Transmission of detonation (cm)  between cartridges having 

the following diameters 
21 — Critical density,  g/cm? 
22 — Critical diameter 
2} ~ of exposed charge 
24 — in strong shell 
2b — Sensitivity to blasting cap No 8 
26 ~ De-onates 
27 — Inadequate 
28 — Recommended optimal  intermediate detonator 
29 — 200-graB cartridge of ammonite  of any graae 
50 — Sensitivity 
51 ~ to shock 
}2 — to friction,  kg/cm 
}} — Lower limit of sensitivety to shock 
}4 — As above, using a large pile driver 
55 — Sensitivity to shock wave — distance detonation is effective 

tnrough air from a  trotyl  load weighing 200 g 

blasthole  charges  of small diameters   (2^-50 DB).    For a complete assurance 
of the  blast not hanging fire,  drillhole and  blasthole  charges of this 
explosive are  recommended to be  initiated with a standard cartridge of any 
grade of ammonite.     Mhen biastholes are  charged without cartridges in rocks 
of moderate and increased toughness,   it can replace ammonite Ko 6-inV and 
ether,  more expensive cartridgea explosives.    It can be used for secondary 
blasting,  with  biasthoie  charges,   of oversize rock fragments.     It  is not 
suitable  for external  charges. 
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Hot-mixed  zernogranulites,   since  it is a homogeneous explosive sensi- 
tized with trotyl,  differs little in its toxic gas content from ammonites. 
Wetting of no more than s percent during pneumatic charging is permitted 
(when necessary to suppress dust with water), and up to 10-12 percent — in 
blasting.    It is produced loose in paper bags priced at 186 rubles per ton. 
It is equated with ammonites as  to handling conditions.    It is permitted for 
permanent use  in open and underground work. 

^T^HB^pal A-8 is granulated ammonal with an increased aluminum content 
(8 percent).    Externally,  it is a homogeneous friable silvery product with 
0.^-2.5 mm granules.    It is  classified as among the most powerful granulated 
explosives intended for underground work and   is only somewhat inferior in 
strength to cartridged rock-oriented ammonite and  cartridged detonite  10A, 
but  can replace  them in noncartridged charging of blastholcs and drillholes 
in tough flooded rock.    Flooded blastholes and drillholes,  before being 
charged with grammonal,  oust  be swept with compressed air. 

In storage,  grammonal does not  cake and  is readily transported along 
charging hoses.     To eliminate  the dust  in the pneumatic charging classes 
of this explosive,   in its manufacture it is  treatea with a small amount of 
mineral  oil, and at  the field location it  is wetted up to 2-3 percent in 
the pneumatic charging of blastholes, and up to 4"*3 percent — in charging 
drillholes.     It  is sensitive to a No 6 blasting cap and detonating fuses. 
It is  only slightly subject to wetting,  has a satisfactory gas characteristic 
in normal  blasting conditions,  and detonates when severely wet   (up to mois- 
ture  content  of   10-12 percent).     It  is  intended for blasting tough and 
extremely tough rock in driving and  clearing operations in flooded condi- 
tions.     For total assurance   that  the detonation will not harv   fire and  to 
provide normal  gas  characteristics,   its  blasthole and drillhole  charges 
(especially when wet) must  be  initiated with a  cartridge of good quality 
ammonite. 

In the pneumatic charging of grammonal  and  zernogranulite,   safety 
»asures as to static electricity specified by the appropriate  instructions 
ana regulations governing operations must be strictly adhered to.    Grammonal 
is  produced loose in paper bags.    It  is  classified as a group-II explosive 
in  terms  of handling conditions.     The wholesale price of 1   ton  is 2}6 rubles. 

Granulated r.onwater-resiatant explosives for open-pit and underground work 

T^ese explosives  include  zemogranulite  79/21   (cold-mixed) and  the 
granulites AS-6,   AS-4,  S-2,  and M,  plant-manufactured, and aiso granulite 
prepared by users  in the field. 

Cold-mixed zemogranulite 79/21 (cf. Table 25) is a friable mechanical 
•nixture of granulated nitrate with flaked trotyl, taken in a stoichiometric 
ratio during pneunatic  charging,   this explosive raises dust and when charged 
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st a high rate is capable of segregating owing to the pulverization of trotyl 
flakes in the stream.    Therefore,  when blastfaoles undergo pneumatic charging 
in underground work,  it is recommended that to the composition of this 
explosive be added up to 3 percent water, and when drillholes are charged — 
up to 3 percent water.    Wetting of zemogranulite, in addition, prevents 
electrification and increases charging density.    When pneumatic charges are 
used in open-pit work, it is desirable to have dust-trapping devices for 
charging of dry zemogranulites.    Charging by heaping into drillholes is 
not accompanied by much dusting,    nils  zemogranulite permits damp blastholes 
and wet drillholes to be charged if they have a slight water content.    In 
normal initiation,   the gas characteristic of the detonation products is 
satisfactory.    This explosive is not sensitive enough to detonating fuse and 
Mo 6 blasting caps;   it requires a small Intermediate detonator — a standard 
ammonite cartridge.    It stably detonates in blastholes when dry or wet (up 
to certain limits).    The optimal limits of blasthole charging density is 
1.0-1.2 g/cvS, and the optimal limits of drillhole charging density is 
'.0-1.}  g/cmJ.     It is intended mainly for open-pit work.    It can be recom- 
mended for underground work only for chamber charges and for charging of 
downward-directed drillholes by heaping.    It is not recommended for secondary 
blasting with exterior charges.    In terms of harHing conditions,   it is 
equated to ordinary ammonites.     It is supplied in loose form in paper bags 
at the rate of 167 rubles per ton.    When mixer-charging machines are avai- 
lable,  it can be prepared on location. 

r.ranulitAa.    For blasting operations in rock of various toughness levels 
in open-pit and underground work,  granulites AS-6,  AS-4, S-2, and N are 
produced, differing by strength and cost (Tables  24-2^). 

Granulites AS-8 and AS-4 are outwardly homogeneous and granulated 
silver-gray explosives, whose granules are spherical in shape and  1.0-2.5 mm 
in size, uniformly co.ted with an oil film, and powdered as to formulation 
composition (cf.  Table 24),  they art» metallized dynammons; here  the finely 
disperse aluminum deposited on the granule surfaces acts as a sensitizer, 
by giving off large amounts of heat in combustion.    The aluminum also 
prevents  caking and promotes friability of the explosive.    The mineral oil 
included in their composition bonds  the aluminum particles in the nitrate 
grmul- s, which means that the explosive raises little dust. 

According to the instructions on using granulites in underground work, 
for complete prevention of dusting during pneumatic charging, eliminating 
the possibility of electrification, and increasing the charging density and 
reducing explosive losses due to entrainment,  the explosives are wetted 
during charging of blastholes and drillholes using charging units equipped 
with water sprayers. 

r.ranulite S-2 is a    toree-base mixture,  in which the powdering 
omponent  is fine-disperse, porous wood meal, partially absorbing oil and 
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TABLE 2b. CALCULATED AMD EXPERIMEMTAL CHAHACTEHISTICS 

rpaiiyjoirw Z- 

XaptKrepaCTHl 
AC-» AC-4 CJ 

Hrxwir 

PacirrMue 
f 

KMCjiopoAHuA 6a.TaHc,  \ 

Tcnxora Bjpuu, KKOJI/KI   . 
to OCVTM ravni, Aim 

Worn»» n;Hd.it.iwH patera upwaa, uuu/iu 

3» cnqraxcHiaJikHwe * 

EnawHiicTb, %  

Ilacunu« iiJiOTiiocTk, ^/f**  .   .   . 

Pd6<iT(xnoco<jiiocTb, CM* P . '   .   . 

// 

TportuioBuA iKBiniaJieHT'?  .   . 

TcnÄna i.ipuBa, nM*ltU'! . 

OfiA'arne cmiHiiDBoro cTo^öiiKa  oipuuoM   ia 
paaa a rtaJibiioA ofio^üMKe ui TPOTM^OBOI'I 

Ul.illlKll   IK-CUM  5 i, MMtt  

CuopucTb aeroHauiiH,  KM let* rr.  

Kprnitir.   an M.IOIIIIICII.,  ^/f*•      

Kpimiwi Mifi .aiiaMcTp, **: 

(iTKpMTOrO japHJWT  

ii nptnHoA o&viosKe (iuiType)r  •   •   •   • 

MyBlTBMllVll.HllClb   K   KH  At   S   II    JllU .    .    . 

MMimiOJMiMfi HOC npOMOtiyTOMiioro nciwu- 
Tdpa, .■ TpoTWia •*»  

Myui IBMK.ILIUPITI. K yflapiioft Bonm-paccroB- 
Hi-i- Bi« iipmnH» «cTuiiauiMi Mipea Bivi.iyl 
m TpdiüjHiMiA iiuLiKH BecuM 200 e, (»■■ 

Myi« TBiiK JibiiocTb: »^ JT 

i*K vvty. %30 ^. 
K i;Hiii!io C npMMccuo pecKa, Kf/CM* .  . 

llHXIIHH   lipejc.l   MMiCTBMTf.'H.llUCTH,   MM.'* 
30 

x j,i;iny na teibiuon    Könne   (IMBCCKü B 

CjUalKIKlM  CT3Kai«HKCl 3^  
pcK<iMCn.iy<MiJii    onTMnajiwuH   npouemyTo«!- 

Hufi flnoiiarop 3f.  

+0.34 
1242 

847 

955 

0.4—0,8 

0.87-0.92 
410-430 

1.08 

1260 

24-28 
3.0-3,6 

1.3-1.4 

80—100 

U518-25 
B  OTKpUTOM 

5—10 

120 
5—10 

8-12 

>3000 

420 

>2000 

lllauiKa 

+0.41 

1060 

907 

870 

0.4—0.7 
0.8—0.85 

390-410 
1,05 

1128 

22-26 

2.6-3.2 

1.3-1.4 

100—120 
20-28 

+0.06 

917 
935 
755 

0,4-0.8 

0,8—0,85 

320—330 

1.03 

886 

15—20 

2.4—3.2 

1,3—1,4 

120—150 
20-25 

+0,14 

920 
980 
755 

0.3-0.7 

0.9 
320—330 

1.04 
904 

18-22 
2.5—3,6 

1,25-1,3 

70-100 
20-25 

+0.12—1.OS" 
900-920 
980-990 

755 

0.8—1,2 
0,8—0,9 
320-330 

1.04 
904 

15-20 
2,2-2,7 

1.25-1.3 

120-160 
25-30 

aapnae. CKMMHIIC H mnype HwcTaTcwiio .lyacTBHTCJibiiu, 
TpföyioT npoMtmyToiMoro acroiiaTopa 

3% 
5-10 20—30 10-20 

UXMBMCTP aapRfl» rpaiiy^Mp<»aiMK)ro BB 
120 

2—4 

4-12 

>3000 

450 

>2000 

0—2 

0—4 

>3000 

500 

>2000 

150 
2-4 

0 

>3oao 

500 

>2000 

20-30 

150 
0-2 

0 

>3000 

npfccoMHHoro rporiLM HJTII Trrptuia BCCOM 150—200 *; 
narpoM aMMauiTa BCCOM 200—400 i 

♦ For porous nitrate. 
•• Depending on the diesel fuel content 
[KEY on following page] 
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KEY [to Table 25]: 
1 — Characteristics 
2 — Granulites 
5 ~ AS-8 
4 — AS-4 
5 — S-2 
6 ~ Igdanite 
7 — Calculated 
8 ~ Oxygen balance 
9 — Heat of explosion,  kcal/kg 
10 — Volume of gas,  l/kg 
11 — Total ideal work of explosion,  kcal/kg 
12 — Experimental 
15 ~~ Moisture content   . / 
14 ~ Heaped density, g/cm / 
15 — Efficiency, cm* 
16 — Trotyl equivalent 
I? ~~ Heat of explosion, kcal/kg 
16 *— Compression of lead column by the blast of a charge in a steel 

shell from a  trotyl weighing ? grams,  mm 
19 ~~ Detonation rate,  kn^sec 
20 — Critical density,  g/cm^ 
21 ~ Critical diameter,  DO 
22 — of open charge 
2} ~ in strong shell  (blasthole) 
24 ~~ Sensitivity to No 8 blasting cap and detonating fuse 
21) — Not sensitive enough in open charge,  drillhole, and blasthole, 

and requires  intermediate detonator 
26 — Minimum weight of intermediate detonator,  grama of trotyl 
27 ~~ Diameter of charge of granulated explosive 
28 ~ Sensitivity  to shock waves — distance detonation is received 

through the air from a trotyl  load weighing 200 grams,   cm 
29 — Sensitivity 
50 — to shock 
}1  ~ to friction with sand impurity,  kg/cm 
}2 — Lower limit of sensitivity 
53 ~~ to shock using a large pile driver (weighed sample a small 

paper beaker) 
34 ~~ Recommended optimal  intermediate detonator 
JÜ) — Charge of pressed  trotyl or tetryl weighing 1t>0-200 grams; 

ammonite cartridge weighing 200-400 grams 

preventing its streaming.    It is prepared with ordinary nonporous granulated 
grade B nitrate. 

Granulite M is a loalle-base mixture of porous granulated 
nitrate and mineral oil.     Die good absorbability oT the porous nitrate 
granules accounts for the stability of granulite during the guarantee period 
of storage. 
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Important distinguishing features of these granulites are the following! 
the absence of a caking tendency, good friability,  low dusting when the 
appropriate pneumatic charring conditions are observed, and low sensitivity 
to mechanical forces and the initial impulse  (of.  Table 2^).    They are in 
ei'fect        very slightly sensitive to shock and friction;  in the absence of 
a strong shell,   th^detonate stably only in large-diameter charges;   they 
are not adequately sensitive to a No 6 blasting cap or detonating fuse; 
they are reliably excited to detonation only with an intermediate detonator; 
here a single cartridge of good quality ammonite weighing 200 g is adequate 
as the intermediate detonator for blasthole charges of dry explosives, while 
for drillhole  charges a large-diameter (weighing 1.!J-5.0 kg) of ammonite 
No 6-ZhV must be used as the intermediate detonator.    Mechanized use of 
granulites is quite safe when general safety rules,  operational procedures, 
and instructions on automatic charging are observed. 

Chamber charges of granulites are recommended to be initiated from 
several points.    As for all dynammons,  granulites are sensitive to wetting 
and when the moisture content is more than 1.5-2.0 percent they require a 
more intense impulse.    Granulites containing aluminum show a acre stable 
gas characteristic when wet. 

A major disadvantage of all granulites is  their lack of water resistance. 
Sranulite AS-8 is  the most powerful explosive in the granulite group.    It is 
intended for blasting tough and extra tough rock in dry or wet (without 
water actually presents) faces, with drillhole or blasthole charges.    It is 
sensitive  to an air shock wave and has a smaller critical detonation diameter. 
The optimal limits of charging density in blastholes are 1.1-1.25 g/cm5,  and 
in drillholes — 1.1-1.^0 g/cm?. 

AS-4 granulite is intended for pneumatic charging of dry and slightly 
wet blastholes and drillholes in underground work.    It is recommended for 
drillhole and chamber charges in open work,    nie optimal limits of charging 
density in blastholes are  1.0-1.20 g/cm^,  and  1.1-1.25 g/cm? — in drillholes. 
It  can be used in combination charges with a water-resistant explosive when 
charging flooded drillholes  in open-pit operations. 

The granulites S-2 and M are suitable for blasting moderate-tough rock 
in dry faces; when blastholes undergo noncartridge charging in these condi- 
tions,  they can replace more powerful ammonites  (No 6-ZhV and No 7-^hV). 
They can be used in wet drillholes  to charge their dry sections.    The 
optimal  limits of the charging density in blastholes are 1.0-1.2 g/cw? and 
in drillholes — 1.1-1.25 g/cm5. 

The detonation characteristics of granulite M depend heavily on the 
porosity of the nitrate granules; when prepared with porous nitrate,  it has 
greater sensitivity to detonation,  smaller critical diameter,  higher values 
of the optimal  blasthole charging density (1.15-1.25 g/ca^),and detonates 
at a higher rate  than the same granulite prepared with ordinary grade B 
nitrate,   though they are practically the same in explosive strength charac- 
teristics. 
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These ^ranulitea are unsuitable for secondary blasting with external 
and small 1: las thole charges.  In terms of handling conditions, the granulites 
AS-8, AS-4, S-2, and M are classified as group-II explosives. They are 
produced in loose form in paper bags coated internally with polyethylene; 
the cost of 1 ton of granulite AS-8 is 18^ rubles; 1 ton of granulite AS-4 
costs 1^0 rubles, 1 ton of granulite S-2 — 116 rubles; and 1 ton of granu- 
lite M — 112 rubles. 

Igdanite is an explosive mixture of ordinary granulated ammonium nitrate 
with diesel fuel (cf. Table 26); it is prepared in the field; it is Intended 
for use in open-pit and underground work and is marked by low cost compared 
with plant-manufacture explosive. Abroad, these mixtures are prepared 
mainly on the basis of a specially produced porous granulated nitrate, 
exhibiting higher absorbing and retaining ability compared to liquid petro- 
leum products. 

Mixtures prepared with porous nitrate are marked by the requisite 
uniformity and stability of composition (prolonged storage is allowed), in 
most cases are sensitive to the blasting cap, and detonate at an increased 
rate (2.8-5.5 km/sec). 

In the USSR, in mining enterprises igdanite is made with granulated 
nitrate (grade B according to COST 12-65 and others); the production of a 
special grade of porous nitrate for igdanite and granulites is being 
developed.  In some cases, grade ZhV granulated water-resistant nitrate is 
used in making igdanites, marked by superior retaining ability compared 
with diesel fuel. 

To prepare an oxygen-balance explosive mixture, igdanite used in under- 
ground work contains 5.5 percent diesel fuel; for open-pit work, the propor- 
tion of fuel is raised to 6 percent on the basis of its partial loss from 
drillholes due to vaporization and absorption by the surrounding medium. 
For underground work, igdanite requires straight proportioning and more 
careful blending of the constituents.  Its detonatabillty, just as that of 
granulites, depends heavily on nitrate granule (grain) size and porosity. 
Igdanite prepared with porous nitrate in blasthole charges detonates at an 
increased rate (3*0-3.5 km/sec). Grinding and compaction of igdanite, just 
as for other granulated explosives during pneumatic charging. Increases the 
detonation rate of bias whole and drillhole charges and promotes their 
retention In ascending drillholes. Properly prepared Igdanite using granu- 
lated nitrate with low moisture content (O.4-O.8 percent) exhibits good 
friability, does not form plugs, and does not dust in pneumatic charging. 
When using these explosives in poorly ventilated underground workings, 
personnel must be protected against breathing vapor and the mistlike droplets 
of diesel fuel formed during charging. 

Igdanite is not water-resistant and is suitable only for dry faces and 
for charging the dry sections of drillholes when blasting with combination 
charges. It is not suitable for secondary blasting using external charges. 
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Its sensitivity and detonatability,  just as for granulites,  decrease with 
increasing wetness.    When the moisture content is up to 8-10 percent,  it 
completely loses its ability to be detonated in blastholes and detonates 
unstably in drillholes.    With increasing wetness and reduction in detonata- 
bility,  the content of nitrogen oxides in the explosion products can rise 
sharply.    For underground conditions,  in blaathole work it is recommended 
that igdanite be prepared with dry (with moisture content not more than 
0.3 percent),  preferably porous,  nitrate.    A small intermediate detonator 
is required for igdanite with a moisture content of O.^-I.^j percent; for 
blaathole charges, an ammonite cartridge is sufficient; while for drillhole 
charges O.^.O kg of this explosive,  or a  150-200 gram trotyl charge is 
adequate. 

The optimal density for charging blastholes with igdanite is taken as 
1.0-1.2 g/cm^,  and for charging drillholes ~ 1.15-1.25 g/caP.    At densities 
above 1.25 g/cm^,   the detonation of charges can die out.     Igdanite is 
classified as a moderately powerful explosive and is intended for blasting 
moderate-tough rock.     Noncartridge blasting with increased density of well- 
prepared igdanite makes it possible to effectively carry out blasting 
breakage of rock of even higher toughness in dry faces. 

The use of igdanite is economically advantageous.    When prepared with 
machines in the field,   igdanite  costs 80-95 rubles per ton.    When it is 
used,  there are no longer transportation and storage costs for supplying 
the  explosives from plants and storerooms are not required.    The use of 
this inexpensive explosive in large amounts has been held off by the lack 
of good quality granulated nitrate (with low moisture content,  good friability, 
and good retaining capacity), and also by a shortage of mechanized facilities 
for preparing and charging it. 

Igdanite is  classified as a group-II explosive in terms of handling 
conditions. 

11.     Safety Explosives for Rock Faces  That Are  Dangerous as  to Methane,  and 
Special-Purpose Safety Explosives  (Class III) 

Safety ammonium-nitrate grade-Ill explosives, according to the classi- 
fication adopted  (cf.  Table 9) are divided into  three groups. 

The first group  is made up of safety explosives,  whose  field of use  is 
limited to blasting country rock in mines  that are dangerous as to gas and 
dust,  given the  condition that in the blasted rock faces  there oust be no 
coal dust and no more  than 1 percent methane can accumulate.    For blasting 
rock,  fairly strong explosives arc   required;   therefore,  rock-oriented 
safety explosives contain small amounts of flame  inhibitor and increased 
amounts of sensitizers and other active constituents, as a result of which 
they exhibit reduced anti-firedamp capacity. 
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TAJBLK 26.    FORMULATION COMPOSITION AND STANDARDIZED 
TECHNICAL INDICATORS 

/ 
KoMnoiienTu ■ iwKaxTCJM no'«" an 4 

1                  AUHOIHTU 3 

CnWU*    ^        MtdlT«HO» * 
» 1  »B j      t*3 KB 

6 
COCTM.   % 

-pvJMOMMepMiqjpÄ        CMCCb 
]iilTpO(})HpO»   '  9.0±0,7 '5.0±0.5 9,0+0.7 

".iiiTpa aMMi jiHa«    BOioyc- 
rcfiiiiBaii &  65.5+1,5 52.0+2.0 52.5^1.5 

>OTll.l    ^  •    •    ,.  
M^MeracHTe-u (v.  

12,0+1,0 11,5+1,0 • 7.0+0.5 
12.0+1,0 30.0+1.5 30.0±2,0 

iDCBecHan MyKa II  1,5+0.5 1.5±0.5 — 
r'ariMMOHHUH x.ionoK (CBepx 

lOOfi) n-. ...... . 0.13-0,15 — 0.13-0.15 
'reapai Ka-iuiiiii .'?.... — 1.5+0.3 
Coja (c»epx 100%)»4 ■  •  -j 0,1-0.3 0.2-0.3 0.2-0.3 

TtXHHHKKMC    naKUBTCJn/' 

3.'j*H0CTb. He fiance % '• . 0,4 0,5 0.5 
KiouraecKU    croAKocTk   no 

HojOKpaxMaJibHoii      npoOe, 
lie Menee MUM 17  10 10 10 

Jiiajierp narpoHOB. MM .H ,, 
T^oTHocTb narpoHoe, ZICM* + 

j      36 32» 32« 
7   1.1-1.3 0.95—1,05 1,1-1,3 

.^CuTOcnocoOHOCTb, He Monee 
CM'.HT. - 

5?inaMTHocn.. He menee MM* 
0        320 200 230 
9         14 11 12 

'..pe.wa     icToiiaUHH,    (CJ») 

S!e*jy   narponaMii AnaMer- 
pon:   H                .J 

32 MM. He Meme. .   .  . _ 5 3 
36 MM. He MeHee?^  .   . 6 — — 

"epejaia   jeroHauHH    noc.ie 
aujep/Kkii   B   TeMemic 1 ■< 
rarpoHos   B Boae B BeptH- 
xa MOM nonoiKeHMM, He MC- 

H(^,   CJM  .1?  5 3" 2 
n-<_.euiuA aapiij npn   noj- 

;;■.<. B vj;:ritpv a OTIUTIIUM 

.        .': ^f             «- 
lo Mtraiiy, HC nenee  .  . 600 — 400"• 

■in, lie Meneej^. 7C0 
i 

(400) ^~ 

* Can also be produced in 56 tun diaoeter cartridges. 
•♦ Cartridges are exposed in water in the horizontal position. 
*** For gasoline vapor in a mixture with methane,   the standard 

is 530 grams. 
[KEY on fol]owing page] 
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KEY [to Table  26]: 
1 — Constituents and indicators 
2 — Pobedite VP-4 
3 ~ Ammonites 
4 — Grade No  1  ZhV 
5 ~" petroleum- oriented No 3 2hV 
6 ~ Composition 
7 — Low-melting mixture of nitro esters 
8 — Water-resistant ammonium nitrate 
9 — Trotyl 
10 — Flame inhibitor 
11 — Wood meal 
12 — Colloidal  cotton (upward of 100 percent) 
1} — Calcium stearate 
14 ~ Soda (upwards of  100 percent) 
15 ~ Technical  indicators 
16 ~ Moisture  content, not more than 
17 — Chemical resistance based on the iodine-starch test,  not less 

than, minutes 
18 — Cartridge diameter , 
19 — iifficiency,  not less than,  cnr 
20 — Brisance,  not less than 
21 — Transmission of detonation (cm) between cartridges having the 

following diameters 
22 — not less than 
25 — Transmission of detonation after cartridges have been exposed 

for 1 hour in water in the vertical position,  not less than,  cm 
24 — Limiting charge for blasting in experimental drift,  grams 
2t) — With respect  to methane,   not less than 
26 ~ With respect to coal  (sulfur) dust,  not less than 
27 ~ Cartridge density,  g/ccK 

This group includes pobedite VP-4 and the ammonites AP-4ZhV and AP-^ZfiV. 
T^Jey are not permitted  for  blasting coal without  being used without  the 
explosives.     In combination charges with lesr   powerful,   but safer explosives 
taken  in a specific ratio,   they can be used — with permission of the mine 
superintendent — in blasting tough coals in coal and mixed faces of mines 
that are  classified  ir.  category  I and  II, with additional  precautionary 
measures observed. 

The second group  includes graae ammonite No IZhV prepared for sulfur 
mines  that are dangerous as  to combustion and explosion of      sulfur dust. 
Here  the flame-inhibitor is ammonium chloride,  marked by high heat-absorbing 
ability,  as  the result  for vhich  the  temperature  of the detonation products 
ejected  into the explosive-dangerous  medium f.t the  time  the explosive is 
blasted is sharply reauced. 
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TABLE 27 •     CALCULATED AMD EXPERIMENTAL CHAHACTERISTICS 

XlpaKTepHCTHK» 
2 

noftAHT Bn-4 

AUMOHBTU 

cepHuN ▼ 
» IÄB 

IM^TIIHOr3 

M 3^CB 

PacwTHue 

KHC.iopo.-.HbiH Ca.Tanc, % 7. . 
Ten^oxa espbita, KKP/I/KIS . 
06IIM ia?o8, .I/KI y.... 
TtMneparypa eapuia, epod/O 

Paoouan mioTHocTb narpoHoe 
«/CM> //  

PatoTocnocoftiocTb, I'CM* /5 
5pH3allTHOCTb   npil   MHIIMMa^b- 

HO aOnyCTHMOft     n.lOTHOCTH 
narpoHa, MM 14  

ritptAaia ACTOHauHH (CM) MOK 
Ay narpcmaMH aHaMcxpoMr'S 

32 .«*  
30 .«.«  

Flepejaia aeroHauHH (f^i) noc- 
m BuaepiKKH   narpoiioB  B 

/7Boae B TeqeHHe \ H H .  . 
CKOpOCTb  ACTOHaUHH,    KMJCt*. 

'IKpHTMiecKiifl AHaMerp. MM   . 
/WyBCTBHTe^LHocTb x yaapy, % 

WyBCTBHTWIbHOCTb K TpeHHK), 
KTICM^ZC  

KpHTiiiecKoe aasneHHe   rope- 
HH«.  KriCMx4l.  

ilMHa yiacTKa   aeroiiauHH B 
yc.iotfMHX   ijjjja.ibHoro   3$- 
(JWKTa, 

■QUam 

—0,20 
923 
780 

2565 

1,13—1,20 
320—340 

15-18 

10-16 
15—25 

10-20 
3,8—4,6 

5-7 
40-60 

1050 

8-10 

O^" 

-1,4 
483 
878 

1570 

0,98-1,03 
200-220 

10-12 

7-10 

3-5' 
2,5-3,0 

8-10 
36-40 

1535 

—0.65 
744 
635 

2090 

1,12—1,26 
230—240 

13—14 

6—12 

2-5 
2,8—3,2 

6—8 
36-56 

1535 

* Cartridges are exposed in the horizontal position. 
♦* Testing in a steel tube with a clearance of 

10-1^1 mm. 
KEY:    1  — Characteristics 

2 — Pobedite VP-4 
5 ~ Ammonites 
4 — sulfur No  1  ZhV 
5 — petroleum-oriented No  'j ZhV 
6 — Calculated 
7 ~ Oxygen balance 
8 — Heat of explosion,  kcal/kg 
9 -- Volume of gases,  l/kg 
10 — Explosion temperature, degrees 
11 ~ Experimental 
12 ~ Working density of cartridges,   g/car 
[KEY continued on following page] 
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««Mini t^'wumum» 

KEY [to Table ?7i   continuation]! 
15 — Efficiency, g/cnK 
14 — Brisance for minioum allowable cartridge density,  mm 
It, — Transmission of detonation (cm) between cartridges having the 

following diameters 
16 — Transmission of detonation (cm) after cartridges have been 

exposed for 1 hour in water 
17 — Detonation rate,  km/sec 
18 — Critical diameter,  mm 
19 — Sensitivity to shock 2 
20 — Sensitivity to friction,  kg/cm 
21 — Critical pressure of combustion,  kg/cm2 

22 — Length of detonation section in channel-effect conditions 

The  third group includes  the petroleum-oriented ammonite  No ^ZhV, 
intended for mines that are dangerous with respect to vapors of petroleum 
hydrocarbons,  characterized by broader limits of explosive-dangerous concen- 
trations with air and by more ready combustibility than methane and coal 
dust.    To ensure the necessary safety in blasting operations in these 
conditions, a large amount  of an effective flame inhibitor is added to the 
petroleum-oriented ammonites — potassium chloride.    It  is also allowed to 
use  combination charges of cartridges  of the ammonite AP-5ZhV and uglenites 
in mines where petroleum gases are liberated. 

Explosives for working in rock faces 

Pobedite VP-^ is a powdery,  nondusting water-resistant explosive that 
is  greasy to the touch,  sensitized with liquid nitro esters;  as a result of 
which,  in cartridges it has increased density and exhibits high detonatabi- 
li!y  (Tables 26 and 2?).    Detonation is transmitted by greater distances 
between cartridges.    Charges detonate stably (without dying out and burning 
up) for blasthole densities up to 1,65*1»7 g/cnK. 

Pobedite is suitable  for faces of any degree of flooding and detonates 
without fail also when wet.    The use of this explosive in flooded faces is 
more  reliable and effective than ordinary water-resistant ammonites contain- 
ing trotyl sensicizer,  though the degree of water resistance of the latter 
may be even higher.    The composition and properties of pobedite are quite 
stable for the entire guarantee period of fitness.    It is suitable for use 
in various climatic conditions. 

In terms of strength characteristics,  VP-4 pobedite  (Table 27) surpasses 
all now-used safety explosives and approaches in this respect nonsafety 
ammonite No 6-ZhV (cf.  Table  17).    The use of pobedite is allowed in combina- 
tion charges containing low-strength uglenites for breakage with blasthole 
charges and shock blasting. 
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TABLE 28.  FORMULATION COMPOSITION AND STANDARDIZED TECHNICAL INDICATORS 

KOMIIOHCIITU ■ noKaurejii 

CoCTiB.'J» y 
Ciiirpa aMMMaiiiaii BOAuycroflHHBati ({)yKCHiiHpoBaiiHaii*    .   .  . 
Tp'iriui   .10 .   .  
I bmieracMTMb .'/        
Miujopa 42  

TcxHNHKKNt no«a>«Tejiii '* 

B-iaatHocTb BB, H« öanie »4 v.  
ri.iuTHucii. uarponoB. .•/c"'  IS ■   ■  
P.ifiorocnoeo&iocTb, I'   MCIIO. ."«• Im  
lipii iaiiTiiocTb npH lUWTtioc m 1 ^/f.«,. He neiiee MM If .  .  . 
lUpt'.M'ia .icroiiauHH we/Kay naTpwiaimt, lie MCHCC CM ft ■   ■  ■ 
IKpv.ia'ia .vuiiMiuiM {CM) mK-.ie qaioaoA BU.wpiKKM   narpoiiOB 

H uoac u Tetemie I  i: I'*. 
DepTHKaJlhHO,   HC  Milieu*y.  
IopHSCxira-Tbtio, ne Mtuce 2/  

UfX'AvMMUÜ 3apnA (<!) "P"    noapune   B   Mopnipc   B OnUTHOM 
iiirptKc:   22 ,- 

no MiTany, ne MCHCS .".•'  
nu j i uni.noH nwiii, lie Meiiee J4.  

64 + 1,5 
16 + 1,0 
20+1,0 

0,2 
,05—1, 

265 
13 
5 

600 
700 

61+1,5 
19H,0 
20+1,0 

0,2 
I .Of)-! ,2 

265 
14 
5 

(WO 
700 

65+1,5 
15+1,0 
18+1,0 
2+0,3 

0,4 
0,85-1,0 

265 
12 

4 

600 
700 

68±1.5 
17+1,0 
15±1,0 

0,2 
1.00-1,15 

285 
13          | 
5         1 

2         j 

600 
700 

70 + 1,5 
18+1,01 
12+1,0 

0,2 
1.0-1, 

320 
14 
5 

15 

600 
700 

* Nonfucsinated modification is also permitted. 
KEY:  1 — Constituents and indicators 

2 — Ammonites 
} — PZhV-20 
4 — Hiporite 
(3 — Ammonites 
6 — AP-4ZhV 
7 — AP-5ZhV 
8 •— Composition 
9 — Water-resistant,  fucsinated ammonium nitrate* 
10 — Trotyl 
11 — Flame inhibitor 
12 — Mipora 
13 ~ Technical indicators 
14 -~ Moisture content of explosives, not more than 
lb — Cartridge density,  g/crn^ 
16 ~ Efficiency,  not  less  than,  cm' 
I? — Brisance at a density of 1  g/cia5, not less  than 
18 — Transmission of detonation between cartridges,  not less than,  cm 

~ Transmission of detonation (cm) after 1-hour exposure of car- 
tridgee in water 

— vertically, not less than 
— horizontally, not less than 
— Limiting charge (grams) for blasting in a mortar in an experi- 

mental drift 
— with respect to methane, not less than 
— with respect to coal n-at, not less than 

J 

19 

20 
21 
22 

23 
24 
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TABLE 29.     CALCULATED AND EXPERIMLMTAL CHARACTERISTICS 

XipaHTcpacTM H 

AHHOHNTU Z 

$ 
PacseTHue 

4 
Kv.V.\'W..:i\  fii.lül.. .    ',„  

li.l.lin.l   h   ! Ulta.   hKllt/Ki         

Ofii*.« raiuii, .i/Ki      

TiMiicpaTyiiii r.t|uaa, spaa  

3KcnfpHMeHTUkHue 

PaOumiH n.iornocTb II;II|IOHOB.  C/CM*  

PaßoTocnocoöHocTb, CM'  

TpUl II.IOBUfi   3KlHBa.11 HT  

UpinaiiTiiwu. npii MH::iiMaA>ii(i AüiiycTHMOfi r.nor- 
iiocTii n.iipoiia, MJ*I7.  

nqicAa'ia JCIOIUUIIM Mcxv.ay naTpunamH, CM .   .   . 

Ilcpt'.ui'ia ,HTOI ,iiinn noc.ic   Bu.iepiKKH   narpuiioB 
B in .ae B Teieimo \ H, CM Ix  

C.KOpiH'Tb aCTOI'ailHH,  KMlCfK^O  

Kpimi'iecKiiii .tiavcrp jcTonauMii (MM) IIPH'IWOT- 

Horin:  21 

1,1  ilcM* fr  

1,0 e/cM* 2Z  

Kpimi'iecKan   n/ioniocTb   acToiiaunii   B  lunypax, 
tic»* 23  

MyiiciBMTc.uiK^Tb K y;uipy, 0i ~*.  

•lyBCTDMTl'.UÜ'ATL  K TIX'IIKIU,  lulcM1 *~ .... 

BoaoycTofimiBocTi. na rnapjnpi.fiope. r.« too. cm. 

1 IprAfixpaiuiTMbiiue ccoiicTBa  

njKB-20 T-19 

+0.32 

813 

717 

2220 

1,1—1.18 

2G5—280 

0.68 

14-16 

7-10 

4-7 

3.5-4,0 

12-14 

26-28 

1.45-1.55 

12-24 

1740—2250 

60—80 

-2.47 

814 

724 

3230 

1.1-1,2 

270-280 

0.7 

15-17 

8-12* 

4-8» 

3,6-4,3 

10-12 

17-19 

1,65-+-! ,7 

12-24 

2000-2300 

60-90 

MMIIOpHT 

AHUOIIHTU 

An-4XB 

—0,1.'. 

830 

745 

2280 

0.85-0,95 

265-2S0 

0.67 

13-15.5 

6-9 

2-4" 

3,5-3.8 

11—13 

^2-25 

1,55-1,65 

12-24 

2300—2700 

30-40 

-t0,34 

804 

701 

2500 

1,05—1,12 

285—300 

0,71 

14,5-16.8 

7—10 

4—6 

3.6—4,2 

11 — 12 

23—25 

1.40-1,5 

10—28 

2200-2500 

50—70 

•7 
AII-S^II 

-0,02 

907 

7.S7 

25JÜ 

1.05-1.12 

320-330 

0.71 

15-17 

8-10 

4-7 

3.6-4,6 

SuAcpwHBaiOT iicnuraiiHe B OIIUTHOM uirpeKe no ra.iy H nu-iii 
no MeroAHKe rOCT 7140—54 

I I I I 

10-12 

20-24 

1.45-1,6 

24-32 

1930-2200 

70-80 

1  H  IIU.1II 

* Based on the three-cartridge method of testing,  4-8 cm between 
dry cartridges, and 2-4 cm between wet. 

♦♦ After soaking in the horizontal position. 
[KEY on following page] 
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KEY [to Table 29]» 
1 — Characteristics 
2 — Ammonitea 
3 ~ PZhV-20 
4 — Miporite 
^ ~ Ammonitea 
6 — AP-4ZhV 
7 — AP-5ZhV 
8 — Calculated 
9 — Oxygen balance 
■ft) — Hett of explosion,  kcal/kg 
11 — Volume of gases, l/kg 
12 ~ Temperature of explosion, degrees 
13 — Experimental , 
14 — Working density of cartridges, g/cm 
i^ — Efficiency, cm5 
16 — Trotyl equivalent 
17 — Brisance for minimum allowable cartridge density, mm 
13 — Transmission of detonation between cartridges, cm 
19 ~~ Transmission of detonation after cartridges have been exposed in 

water for 1 hour, cm 
20 -- Detonation rate, km/sec 
21 ~ Critical diameter of detonation (mm) for the following densities 
22 — g/cm3 
23 — Critical density of detonation in blastholes,  g/cnr 
24 — Sensitivity to shock „ 
25 — Sensitivity to friction,  kg/cm 
26 ~ Water resistance using a hydraulic instrument,  cm H„0 

27 ~ Safety properties 
26 — Passes a test in an experimental drift for gas and dust,  based 

on the method given in COST 7140-54 

Disadvantages of pobedite  include toxicity,  increased sensitivity to 
mechanical forces, and high cost. 

Pobedite is produced in 36 mm diameter cartridges weighing 2^0 or 300 g 
in hermetic polyethylene packing.    By customer order,   it can be produced in 
32 mm diameter cartridges weighing leas.    The wholesale price of 1   ton is 
394 rubles.    It is classified as a group-II explosive,  but requires more 
cautious handling than ammonites.    In view of the fact that nitro esters 
included in its composition freeze at low  temperatures,  it is recommended 
that pobedite  cartridges  (after  they have been at -20° C for more  than 
2 hours) be kept in a room at a  temperature not below 10* C. 

The guarantee period of use of pobedite is 4 months, and for users in 
the Far North — 12 months.    It  is permitted for permanent use  in clean- 
rock dry and flooded faces in preparatory working in mines and coal mines 
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of all categories of gas or dust danger.    When pobedite is used,  measures 
precluding coal dust entering the face from other workings or excavated 
strata must be adopted.    In the event that more than 1  percent of methane 
appears in a face, before blasting pobedite  charges, water-sprayed curtains 
oust be used. 

Ammonites AP-4ZhV and AP-5ZhV are fine-disperse,  low-caking water- 
resistant explosives.    The first of these has potassium chloride as  the 
flame  inhibitor, and in the second — sodium chloride  (Table 26).    The second 
has higher indicators of efficiency and brisance  (Table 29).     In water 
resistance,  sensitivity to mechanical forces, and critical conditions of 
detonation,  these explosives differ little from nonsafety ammonites sensi- 
tized with trotyl.    They are inferior in strength to pobedite.     The guarantee 
period of their use is 12 months when delivered to the Ear North, and 
4 months — when delivered to other parts of the country.    They are permitted 
for permanent use in dry and flooded rock faces of mines and shafts of all 
categories of gas or dust hazard,  assuming that the same blasting conditions 
are observed as in the use of pobedite VP-4.    They are produced in 36 mm 
diameter cartridges weighing 250 or 300 g, with a hermetic polyethylene 
packing.    The wholesale price of  1   ton of ammonite AP-4ZhV is  313 rubles, 
while  1 ton of the ammonite AP-^ZhV costs 312 rubles in polyethylene packing. 
The surcharge for fucsination of the explosives is 10 rubles. 

Explosives for sulfur mines and mines dangerous with respect to petroleum 
vapor 

Sulfur and petroleum-oriented ammonites are nondusting,  poorly friable 
powdered explosives,  greasy to the  touch and sensitized with nitro esters. 
The first of these exhibits less water resistance, less ability to be 
consolidated and less caking owing to the presence in its composition of 
wood meal and the loosening ability of ammonium chloride. 

Cartridges of sulfur and petroleum-oriented ammonites exhibit good 
detonatability.    These explosives are permitted for permanent use.    They 
are produced in cartridges 32 nm in diameter and weighing 200-250 grams. 
The guarantee period of use is 6 months.    The wholesale cost of 1  ton of 
sulfur ammonite is 445 rubles, while  1   ton of petroleum-orionted ammonite 
costs 457 rubles.    In view of the high cost and low strength,   these explo- 
sives find limited use. 

12.    Safety Explosives for Coal and Mixed Faces of Nines That Are Gas or 
Dust  Hazardous  (Class IV) 

Safety ammonium nitrate explosives of class IV are the most widespread 
of the safety explosives.    They are intended for preparatory and cleaning 
operations in coal faces  (with or without rock interlayers) for grouped 
short-delay blasting. 
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TABLE 30.     COMPARATIVE EXPERIMENTAL DATA CHARACTERIZING 
THE DETONATABILITY OP EXPLOSIVES 

/ 
MapKi BB nouurui* 

njnrmcTb   niTpomt. s/cif J 

I.I 1,1 1,4 1.5 1.8 i.r 

4 
AMMOHHT T-19 
AMMOHHT5" 

n>KB-20     i 
no&jHT Bn-4 

Bpil3ailTH0CTb,   *M ' 16,8 
16.3 

14.6 

18,0 
17.7 

15.3 

17.1 
14.8 

14.2 

15,3 
6,4 

14,3 

13.8 
2.8 

13,7 

12.0 

13.2 

AMUOHHT T-19* 
AMM0iiMTn>KB-2Q 
no&aHT Bn-4/ 

CKOpOCTb ACTOHaUHII   B 
T   CTJ.uiioft ipyöe flHa- 

MCTpOM         40       MM, 
KM   CtK       % 

4.3  4,8 
4,1  '4,25 
-    4,1 

5.5 
4,5 
4,4 

5.7 
4,6 
4.7 

5,1 | 4.8 
O™a3/0 

4.31 4.1 

AMMOHHT T-19 
AMMOHHT 5" 

Ii>KB-20      L 
noöejiiT Bn-4 

KpHTHieCKHfi    AHaMCTp        8 
oTKpHToro    aapxAa.    10 
MM   a 

"                           8 

10 
13 

6 

13 
18 

13 

15 
20 

17 

17 
26 

21 

19 
30 

22 

AMMOHHT 1-19^ 
AMMOIIUT     K 

n)KB-20 J 

nepeaaia     jieTOHamiH 
Mcmay      naTpoiiami 

// AHaMCTpOM 36 MM, CM 

9-10 7-8 3-4 
:_9 15-71-2 

0-1 
0 

ft 
BnpHTUK 

OTKa3 /0 

J 

KEYt  1 ~ Explosive grade 
2 — Indicators 
5 — Cartridge density, g/c 
4 — Ammonite T-19 
5 — Ammonite PZhV-20 
6 — Pobedite VP-4 
7 — Brisance 
8 — Detonation rate in 40 

km/sec 
9 — Critical diameter of open charge,  mm 
10 — Failure 
11 ~ Transmission of detonation between 36 

diameter cartridges 
12 — Abutting 

diameter steel  tube, 

mm 

Ammonite PZhV-20 is a trotyl-sensitized moderate-strength powdered 
explosive.    It ia prepared based on water-resistant grade ZhV nitrate, 
usually with the addition of fucsin  (cf.  Table 28).    Because of this,  and 
also due  to the mandatory cooling of the powder before cartridging down to 
below 32s C and hermetic packing in polyethylene film,  cartridges of ammonite 
PZhV-20 show practically no caking and retain their initial blasting charac- 
teristics for the guarantee period of fitness.    It is water-resistant.    Its 
cartridges are capable of detonating after being exposed in flooded blastholes 
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TABLE 31. CONSOLIBATABILITY,PLAMMABILITY, AND 
DETONATABILITY CHARACTERIZING SAFETY OF USING 

SAFETY EXPLOSIVES IN COAL MINES 

AMMüIMIT 
T-19 

AwMOHIlT 
n>KB-20 MtmopHT 

l'n.ioiiiei»!e    BB   D   naiponax, I ytwioTHemie 
r'eM*: S ^ 

up« craTHMecKOM oöiKaTiiM .  1,00—1,65' 1,6—I ,G4 
npn AMHaMiiHccuoM oft/KaTim :  1,5—1,6 1,5—1,55 

Kf! iii'iccKoe jaB.ieHiie  ropcmi«, 
i.in    S  

Zl.niia yiacTKa JCTOIUIUHH B yc- 
Jiootmx    Kai:a.;bHoro   aMeKTa 
(npn aasope 10 MM), .11 7 . . 

ripiinc.ii.': I'M (3CCT0«HBe   ycron- 
MMBOII aeronaUHii', c»/&  .  . 9.3 

I      10-13 

0,77 

12,9-13,'C 

1.4 
He o6*nva- 

! //  sTca 

7-10 

0.60 

♦ When the coal-cement block is used according 
to the method of the MakNII /Sakeyevka Scientific Re- 
search Institute for Work Safety  in the Mining Industr^7 

♦* High quality ammonite gives  the value of 
9.8-10.4 cm. 

KEY«     1  — Test conditions 
2 — Ammonite T-19 
5 — Amnonite PZhV-20 
4 — Miporite 
'y — Consolidation of explosive in cartridges, 

g/cm5 
6 — in static compression 
7 — in dynamic compression 
8 — Critical pressure of combustion, atmospheres 
9 "" Length of section of detonation in conditions 

of channel effect  (with a clearance of 10 mm) 
10 ~ Reduced distance of stable detonation*,  cm 

for several hours.    When released from the plant,  its explosive and main 
physicochemical characteristics as a rule markedly exceed the established 
technical norms. 

The detonatability of ammonite PZhV-20, after increased density,  is 
characterized by the data given in Table 30, from which it is clear that 
its sensitivity to detonation drops off sharply with increase in density. 
When the consolidation is upwards of  1.6-1.65 g/cm5, ammonite PZhV-20 
produces detonation failures in 36 mm diameter cartridges.    The detonation 
properties of this explosive are also characterized by experimental data 
(Table 31) obtained from testing for completeness of detonation in conditions 
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of each chanrel effect  (when the gap between the  cartridge and the blastholes 
is  10 mm) and from determinations of the reduced distance between neighboring 
bias thole charges in a coal mass, where they have not yet been overconsolidated 
and detonate completely (cf. Table 29).    A comparison of data relating to 
the ammonite PZhV-20 with similar data for ammonite T-19 shows that the 
detonatability of the latter is much higher.     It can burn when the pressure 
of the surrounding medium is above 10 atmospheres. 

Ammonite PZhV-20 is produced in 36 mm diameter cartridges weighing 
£.'50-500 grams with mandatory hermetic packing of the packs in polyethylene 
bags placed in boxes.    On customer order,   it  can also be produced in 32 mm 
diameter cartridges weighing 200-2^0 grams.     The guarantee period of its 
use in this kind of container is  12 months for users in the Far North and 
6 months for all the rest.    The wholesale cost of 1   ton of fucsinated 
ammonite in polyethylene packing is 306 rubles, and for nonfucsinated -- 
294 rubles. 

^MKfnlt? T-19 is a moderate-strength fine-dispersed explosive.     Compared 
with ammonite PZhV-20,  it includes somewhat more trotyl and receives better 
manufacturing,  which gives it enhanced explosive characteristics,  superior 
water resistance   (cf.  Table 29), and better detonatability; when compacted, 
it has a smaller probability of burning up in blasthole charges and greater 
safety in use. 

Ammonite T-19 is permitted for the same blasting conditions in which 
ammonite PZhV-20 is used;  it is produced in cartridges of the same diameters 
and weights and in the same packing.    The provisional wholesale price of 
1  ton when packed in polyethylene  is 550 rubles. 

Minorite is a loosened, noncaking ammonite,  exhibiting elasticity owing 
to its inclusion of an additive of foamed urea-formaldehyde resin — mipora. 
The addition of mipora strongly predetermines the properties of miporite. 
Its cartridges do not become overcompacted (they suffer little compression) 
in short-delay blasting of near-placed blasthole charges in coal;  it gives 
fewer failures and burnout in mines and therefore is safer to use than 
ammonite PZhV-20. 

The porous structure of miporite favors  the normal course of the 
detonation process even in severely pressed charges of this explosive.    In 
blasting effectiveness when used in coal and mode rate-tough rock,  miporite 
is not inferior to ammonite PZhV-20.    Owing to its reduced density and 
porosity,   it is more hygroscopic and is approximately half as water- 
resistant as ammonite PaV-20.    Therefore for dry and slightly flooded 
faces,  cartridges must not reside in wet blastholes for more than 2 hours. 
Miporite cartridges in faces with heavy flooding must be insulated from 
the water,   for example,  by being placed in polyethylene hoses. 
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TABLE J2.  STAMDARDIZED TECHNICAL INDICATORS OP 
UGLENITES 

DOKHMTUIII 7? 
yrjKHiTu 2 

3 6 M S M 7 

J 
Ce.lCKTHT 

M 1 

EnaiKHOCTb, lie (Saiee %   ■ • 
XxMimecKan    cToflKocTb   no 

fioAOKpaxMa^Liioft npoSe, He 
MeHee,  MUH. S  

n^oTHOCTt narpoHOB,  I/CM'P 

PaöoTocnocoöHocTb, He Menee 
CM*    7.  

BpH3ailTII0CTb npH n^OTHOCTH 
1,1    l/CM*.    He   MCIICC  MM 8. 

riepeaaia acToiiaumi uemay 
naipoiiüMH jiiaMeipoM 36*.M, 
He uenee CM 9  

FIcpeaaMa ACTonauHH {CM) noc- 
^6      BWAcp/KKH     B     TCieHHe 
0,5 'i B Rüfle narpoiioe: /0 

BCplllKa.lbllo//  
ropraonra.ibho 12.  .  .  . 

ripeAoxpaHine.uHue csoAcTBa: 
ne aaamcH Bocn^aMeHRTb 
MeT3Ho-B03AyiiJnyio CMecb 
npil     BipblBe     OTKpblTOrO 
CBo6ojHonoaBeuieiinoro 
aapn.i.i. e He  Menee 13 

FapaHTiifiiibiA cpoK Mcnoibso- 
Bann«   B    no.iHSTH.ieiioBoli 
ynaKOBKe. tiecnu /<^ .  .  , 

0,5 

10 
1.1-1,25 

130 

200 

0,5 

10 

0,5 

10 
1,1—1,351,1 — 1,3 

50-90* 80 

500 1000 

1,0 

10 
0,95- 1,1 

200 

200 

* Restricted by limits. 
KEYi     1  — Indicators 

2 ~ 'jglenites 
3 — Oelektite No 4 
4 •— Moisture content, not more thaj. 
b  — Chemical resistance based on the iodine- 

starch test, not less than, minutes 
6 — Cartridge density, g/cm3 
7 ~ Efficiency, not less than, cm5 
8 ~ Brisance for a density of 1.1 g/cm3, not 

less than, mm 

9 — Transmission of detonation between 56 mm 
diameter cartridges, not less than, cm 

10 — Transmission of detonation (cm) after 
cartridges have been kept for 0.^ hour 
in water in the following positions 

11 -- vertical 
12 — horizontal 
[KEy continued on following page] 
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KLT [to Table 52,  continued]: 
15 — Safety qualitiea» must not ignite methane-air mixture in the 

explosion of an open freely suspended charge,  grams, not less 
than 

14 — Guarantee period of use in polyethylene packing, months 
15 — E-6 

Miporite is produced in 56 mm diameter cartridges weighing 2^0 grams 
in polyethylene or double paper packing.     In the first case,  the guarantee 
period of use is  12 months and the wholesale price of 1  ton is 5^9 rubles, 
and in the second — 8 months and 541 rubles. 

I}.    Higher-Safety Explosives (Class V) 

Class-V explosives are suitable, based on their safety properties,  for 
blasting in category-Ill coal mines and extra-category mines, and in certain 
metal and non-ore mines using blasthole, drillhole, and open charges.    How- 
ever,  in strength they can be effective only in blasting soft coals mainly 
in clearing faces and for carrying out some specialized operations.    In 
driving faoes,  these explosives are preferably used in combination charges 
with more powerful safety explosives. 

In the USSR and abroad,  three fundamentally different types of class-V 
explosives have gained acceptance.    The first type includes ion-exchange 
explosives.    Their composition has no ammonium nitrate or sodium chloride; 
they are produced in the finely-dispersed state in a ready form or as 
individual components during the blasting process resulting from an exchange 
reaction between sodium nitrate and ammonium chloride that are incorporated 
into the explosive composition.    The increased safety properties of these 
explosives are accounted for by the high dispersion of the sodium chloride 
formed, since the inhibiting actinr. with respect to the oxidation of methane 
depends not so much on the amount of this constituent, as on the specific 
surface area of its particles. 

The second type of explosives in this  class includes equivalent explo- 
sives,  that is,   those in whose composition the  content of the flame inhibitor 
is equivalent  to its overall content in the core and the sheath of sheathed 
safety explosives, which are also marked by increased safety properties. 

A common feature of ion-exchange and equivalent safety explosives is 
the fact that in certain conditions (in a a ma 11-diameter open charge,  for 
a small sensitizer content),  they are capable of detonating selectively. 
For example,   in exposed blarthole charges of these explosives, only their 
sensitizer detonates, ejecting other reacted constituents, as the result 
of which relatively little energy is released into the surrounding medium, 
inadequate to ignite coal dust or methane.    Charges of these explosives in 
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TABLE 55.     CALCULATED AN D EXPER IMEBTAJ . CHAKAC TEHISTIC 

1                      VrMuiTU 2- J 
Xjp.iKiepucnfhii 77 CCMKTHT 

St   1 3 6 K. 5 M 7 

PacMCTHue T 
Kiic^opoAHUii Ca.iaMC,   0o ? . +0,53 —0,18 + 4,94 -0,02 
Ten.ioia B3puM, Knajlue 6. 
OötcM ra30B, AIK: . 7 .   .  . 

640 311 375 810 
560 215 527 760 

Texncparypa Bapwoa, ^pad 5 1790 920 1500 2280 
3KCnepHM«Hra^bHue 7 

Pa6oKan n.ioriiocTb narpoHOB, 
IjCM*   10    . 1,15-1,2 1.2—1,3 1,15-1,25 0.95-1,05 

PaÖOTOCnöCOÖHOCTh,   c.«3  /<   . 130-170 60-90 100—120 220-240 
TpOTH.IODblii  SKBHBa.ietlT IZ   . 0,58 — — 0,82 
BpH3aHTHOCTb   npH   n^OTHOCTH 

1,1    l/CM»,   MM .    13.    ■    ■    ■ 7,5-11,0 5-8 5-7 6-10* 
riepejaMa   aeioiiamiH   Mextay 

naipoHaMii          aiiaMerpoM 
tt  MM,   CM It  7-12 5-10 5—10 5-12 

nepeaaqa acToHamiM (cM)noc- 
ne   Buaep*Kii   B   TeHetiHe 
0,5 H narponoB B Bozti/i' 

BepTHKa.lLMO /^.    .... 1 3-10 — — — 
Iß   ropuaoiiTa-iLiio / 7  .  .  . 
CkopocTb aeroHaunii,   KM/ctL 

— 2-4 — 3-7 
1,9-2,2 1,75-1.9; 1,6-1,8 1,8-2,0 

KpHTHnecKHft flnaMerp, MM fj 7-9         8-10 7-10 8—10 
iüMyscTBiiTe^bfiocTb K yaapy, % 40-70      40-60 80—100 24--36 

lIyBCTBHTe.ll.llOCTb       K       TpC- j 1 
HH»," Kr/CM* 21   ...    .\ 2300 2300 2300 2900 

npeaoxpaiime.nbHue CBOHCTBa: 
22. He Bocn^aMenneT MeraHO- 

B03,iyuinyio   cmecb CBO 
öoaiiö noABeiueHHUM   aa- 
paaoM MaKCHMa^biiuM BC- 
COM, e     300 1000 1500 300 

* For a  charge density of 1.0 g/cm   . 
*♦ Without sand impurity; with impurity,   the produced 

indicators are decreased by more than a factor of 2. 
KEY:    1   — Characteristics 

2 — Uglenites 
5 — Selektite No 1 
4  -— Calculated 
Jj -- Oxygen balance 
6 — Heat of explosion,  kcal/kg 
7 — Volume of gases,  l/kg 
8 ~ Temperature of explosion,  degrees 
9 — Experimental , 
10 ~ Working density of cartridges,  g/cm 
[KEY continued on following page] 
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KEY [to Table  i),  continued]« 
11 ~ Efficiency 
12 ~ Trotyl equivalent , 
15  — Brisance for a density of 1.1 g/cm ,  mm 
14 — Transmission of detonation between 36 tarn diameter cartridges 
15 -- Transmission of detonation (cm) after cartridges have been kept 

in water for 0.5 hour in the following positions 
16 — vertical 
I? — horizontal 
18 — Detonation rat»,   km/sec 
19 -- Critical diameter,  mm 
20 — Sensitivity to shock 
21 — Sensitivity to friction,♦♦ kg/cm 
22 ~ Safety properties«  must not ignite methane-air mixture with a 

freely  suspended  charge having the  maximum weight as indicated, 
grams 

23 — E-6 

biastholes cannot burn when a detonation misfires.    This increases the safety 
of using selectively detonating safety explosives.    In normal blasting 
conditions  (in a  closed volume, with adequate initiation),   these explosives 
detonate completely with the maximum possible release of energy. 

The third type of class-V explosive consists of explosives that are 
composed of an active core of safety explosive and a passive sheath, whose 
composition includes the flame inhibitor. 

Safety explosives of this  class include uglenites E-^ and No 5, selek- 
tite No 1, and the PVP-1-Ü and MGPP-50 cartridges in safety shells. 

Ion-exchange and equivalent selectively detonating explosives 

Uglenite E-6  is a nondusting, poorly friable powder that ic  oily to 
the touch.    It  is  classified as an ion-exchange safety explosive.    Its 
composition includes an exchange salt pair (NaNO, and NH.Cl) and the small 

amount of potassium chloride,  as the supplementary flame inhibitor.    It is 
sensitized with a low-melting mixture of nitro esters   (14 percent) and is 
waterproofed with  calcium stearate.    It is less hygroscopic and less prone 
to caking than other safety explosives whose compositions include ammonium 
nitrate.    It shows practically no caking in cartridges.     It is inferior in 
water resistance to the ammonite PZhV-20.    The technical standard for 
exposure of its cartridges  in water when teated for water resistance has 
been reduced to 0.5 hour (Table 32), but since it has a high-sensitivity 
sensitizer,  it is  capable  of detonating without failure and transmitting 
a detonation from cartridge  to cartridge in the soaked state.    Cases of the 
detonation failure of blasthole charges of this explosive  in flooded faces 
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owing to soaking occur seldom.     It does not freeze when the temperature is 
lowered to -19.5* C.    It is roughly 1.5 times weaker than ammonite PZhV-20 
and exceeds it in detonatability and safety properties  (Table )}).    In the 
normal state and when consolidated in biastholes,  its  cartridges are excited 
to detonation with a No 8 blasting cap without failure. 

With the ability to detonate in the consolidated state,  and also due  to 
its high safety status in comparison with ammonite PZhV-20,  u^lenive £-6  is 
less prone to burn out and,   therefore, is safer in use in category-Ill and 
extra-category coal mines.     It does not ignite methane in an experimental 
drift when a freely suspended charge weighing up to 300 grams is exploded. 

Owing to its  low strength,  E-6 is intended for blasting coal in clearing 
and preparatory workings when two outcropping planes are present (longwalls 
and preparatory faces with machine cut) in mines of all  categories of gas 
or dust hazard, and also for special blasting work (artificial caving in 
of roofs, dislodgement, and so on) in mines  of categories  I and II.    It can 
be used in driving operations when blasting weak coals and when exploiting 
workings with small coal   cross-sections.    In mines with  increased gas hazard, 
it  is recommended to use  combination blasthole charges made of cartridges 
of K-6 uglenite and the ammonites T-19 or PZhV-20 in driving operations in 
weak rock and  tough . oals. 

Uglenite E-6  is permitted for permanent use in mines  of all categories, 
and also in strata that are hazardous as to sudden gas eruption.    The 
distance between blasthole  charges must not  be less  than }0 cm.    This explo- 
sive is produced  in 56 mm diameter cartridges weighing 200-250 grama in 
which the packs are filled in boxes with polyethylene film.    In terms of 
handling in storage conditions,   this explosive is equated to a group-II 
explosive, however since it  is    a    nitro ester explosive  it requires more 
cautious handling than ammonites do.    The wholesale  cost  of  1   ton of 
uglenite is 490 rubles  (without  the surcharge       for polyethylene packing). 

Uglenite  No S is a nondusting, poorly friable powder oily to the touch, 
sensitized with a   10 percent  low-melting mixture of nitro esters;  it is 
classified as an equivalent-type ammonium nitrate safety explosive.    It 
contains a large amount  (75 percent) of a flame inhibitor,   therefore it 
has  increased  safety properties,  low energy characteristics, and low 
strength;  it is marked by good detonatability;  it detonates withoui failure 
in open charges }2-56 mm in diameter and  transmits detonation between 
cartridges over long distances  (cf. Table 33)>    It shows virtually no caking 
in cartridges.     It has moderate water resistance; when tested for water 
resistance,   it withstands  only half an hour soaking of cartridges in the 
horizontal position. 

Uglenite No 5 is permitted for blasting work in coal  in categoiy-III 
and extra-category mines,  and also for special operations with open charges 
in category-I and categoiy-II coal mines  (elimination of obstructions in 
coal chutes and headings,   fragmentation of oversize   chunks of coal and rock 
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using external charges, rebreaking of supports in the artificial caving of 
roofs, and so on).    It cen be used in combination charges for blasting coal 
in driving and cleaning operations in mines with increased methane hazard. 
It is produced in 36 mm diameter cartridges in the weights of 1^0,  200,  250, 
and 300 g, depending on order.    Packs containing cartridges are hermetically 
sealed in polyethylene.    It Is equated to group-II explosives in conditions 
of transportation and storage,  but it requires more cautious handling.    The 
wholesale price of 1  ton of uglenite No 5 is 550 rubles. 

Selektite Ho 1  is a granulated friable ammonite nitrate explosive, 
sensitized with a  10 percent low-melting mixture of nitro esters.    It is 
classified with the selectively detonating safety explosives.    Due to its 
granulated state and }arge amount of carbonaceous loosening material, it 
does not cake during storage and is not overconsolldated in bias thole charges. 
Sensitizing with nitro esters gives its charges high detonation indicators. 
The ability to withstand compacting loads in short-delay blasting in coal, 
to reliably detonate  (without burnouts) in closed bias thole charges, and to 
detonate selectively with small release of energy made it possible to 
classify selektite No 1  in degree of safety with the class-V explosives, 
in spite of its relatively small flame inhibitor content.    However, in 
experimental strength characteristics (cf. Table 33) and its actual explosive 
deficiency, it can be equated to a class-IV explosive.    Selektite No 1 is 
not water-resistant.    When flooded blastholes are charged with it, its 
cartridges must be placed in polyethylene hoses.    It is produced in 36 mm 
diameter paper cartridges weighing 250-300 g.     It is equated to the uglenltes 
in handling conditions.    It is intended for use in driving and clearing work 
in coal using blasthole charges in mines or categories when the use of other 
class-V explosives is permitted.    The approximate wholesale price of 1  ton 
in gross output is about 350 rubles.    The cost of experimental batches when 
packed in polyethylene is 420 rubles. 

Explosives in safety shells 

Charging explosives in rigid strong pressed shells made of mnexplosive 
material increases the detonatability of the core and the safety qiallties 
of the entire charge.    The strong shell promotes a more complete explosion 
occurring at a higher rate,  reduces the critical diameter of stable deto- 
nation, and improves the conditions of detonation transmission between 
cartridges.    In addition,   the presence of a shell reduces the size of the 
charge in a blasthole by about 35 percent.    Safety properties of explosives 
in shells are determined by the composition and thickness of the core, and 
also by the anti-firedamp ability of the shell. 

In the USSR,  safety cartridges of the ammonites TZhV-20,  T-19, or 
AP-4ZhV hfve been developed and produced in soft polyethylene shells with 
double wa'Is (PVP-1-Ü cartridges); the interwall space is filled with a water- 
salt solution; and the safety cartridges of these ammonites are also produced 
in rigid closed type resite-salt safety sheila (MGPP-50 cartri^ues). 
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Fig. 2. PVP-l-ü cartridge in poly- 
ethylene safety shell filled with 

nitrate solution: 
i — inner and outer walln of shell 
2 -— centering boss 
3 -- nitrate solution 
4 — cover 
5 ~ recess for electric detonator 

after puncturing 
6 — ammonite 

Fig. 3-    Resite-salt shell for 
MGPP-^O cartridges 

PVP-1-U slurry safety cartridges 

PVP-1-U consists  of  i double-wall polyethylene shell  (ampule) with a 
false  bottom and a removable  cover  (Pig.  2).     The  core of the  shell is 
filled with ammonite PiihV-20 or T-19, while the space between the walls is 
filled with a %~6^ percent aqueous solution of ammonium nitrate.    The space 
between the shell walls  has a round      centering polyethylene insert    which 
ensures an identical  thickness of the solution layer in the entire interwall 
space of 4-5 mm.    The  center of the shell cover has a recess with a thin 
bottom, which is pierced for insertion of the electric detonator in the 
manufacture of the striker cartridge.    Into the interwall space of the 
shell is placed 150-135 grams of solution, and into its center — 120-125 
grams of the explosive.    The open ends of both of its walls are welded with 
a hermetic seam, while the side of the contact side of the cover with the 
body is hermetized over its entire circumference with bakelite varnish or 
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TABLE 54.     CHARACTERISTICS OF EXPLOSIVES IN SAFETY 
SHELI3 

/ 
XapJKTtpKTIKI 

Dtrporu   2 

Mrnn-so 
4- 

■Z nBni-y   .n 

Tun otionomcH  
6 

^KecTxaii pe- 
SHTOcaiesan 

37-39+0.2 
27-29+0,2 

116+0,3 
110±5 
AMMOHHTU 1 

22     UIH A 
1,05-1,20 

50+4 
160+9 

3,2-3,6 
0.44 

MffrKax noJiH^ 

g 
Powep ofio-noMKH, MM: 

THJieHoeaH, Ha- 
nanHCHHan pacr- 

BOpOM CMHTpU 

38—39 
BHyTpeiiHHH JltiaMOTpi^  30±0,5 

242±2 
les+io* 

JUlHHi //  
Btc, i.fZ.  

r-19, n>KB-20 

n.ioTiiocTb BB,  eiCM*l4:  
Bee BE. ä /5:  

n-4ÄB 
0,95-1,15  > 

120+6 
O&UHA BCC narpoita a o&uimKe, e th. 
riepciaia aeionaUHH uemzy narpoHaMH 

B o6o.-ijikä\, CM: 17 
mo aamoMKH s soje IS.  .  .  .  ._. 
noc.ie sasioMKii 8 TCMCHiie 1 ■<   l.i. 

CKOpOCTb ACTOHaUMH,   KMJCtK 20  .    .   . 
TlwrritjinRuA   «k'nuna.ipHT   7/. 

285+15 

15-10 
5-10 

4.2-4.5 
0.58 

1 

♦ Including 150 grams  of nitrate solution. 
KEY:    1  — Characteristics 

2 -- Cartridges 
5  — MGPP-!)0 
4 — PVP-1-U 
5 — Shell types 
6 — Rigid resite-salta 
7 — Soft polyethylene,  filled with 

nitrate solution 
8 — Shell size 
9 ~- outer diameter 
10 ~ inner diameter 
11 ~ length 
12 ~ Weight,  grams 
15 — Explosive type in shell 
14 ~~ Density of explosive, g/cnr 
15 — Weight of explosive, g 
16 

17 — 

18 
19 
20 

Total weight of cartridge in 
shell,  grams 
Transmission of detonation between 
cartridges in shells,  cm 

— before soaking in water 
— after soaking for 1 hour 

Detonation rate, ko/sec 
[KEY continued on following page] 
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KEY [to Table 54,  continued]: 
21 — Trotyl equivalent 
22 — Ammonites T-19,  PZhV-20,   or AP-4ZhV 

a     special  mastic.      Hermetic welding of the walls prevents leaking and 
drying of the solution and the formation of air bubbles above the solution 
more  than 13 mm in diameter, while hermetizing of the cover protects the 
explosive against wetting during storage and against soaking after charging 
of flooded blastholes. 

Charged cartridges exhibit low water resistance and are strong, 
convenient, and reliable in use.    When they are inserted into a blasthole 
with a rammer,  the hermeticity is not violated.    As to efficiency,  they are 
only slightly inferior to ordinary cartridges of PZhV-20 ammonite  (Table 34). 
They are packed in boxes piece by piece in the vertical position.    A box 
contains  100-120 pieces, and the number of cartridges in a lot is  5000- 
30,000.     In production,  each batch of cartridges is tested for detonation 
transmission (a standard based on the technical  conditions is not less 
than 3 cm) and for safety qualities.    PVP-1-Ü cartridges are supplied with 
a guarantee period of 6 and 12 months, depending on the  conditions of 
transportation and the remoteness of the user.    The wholesale price is 
300 rubles for 1000 cartridges. 

PVP-1-0 cartridges are permitted for driving and clearing operations 
in coal  in mines that are dangerous as to gas,  of all categories, and in 
mines that are dust-dangerous, as well as for shock blasting in strata that 
are dangerous with respect to sudden eruptions of coal, as well as for 
spraying of water from polyethylene bags when setting up wate.? curtains in 
workings. 

Through improvements in the PVP-1-Ü cartridge,   the MakNII [Makeyevka 
Scientific Research Institute for Work Safety in the Mining Industry] 
proposed filling the core with class-V safety explosive uglenite E-6,  and 
the  interwall space of the shell — with a sodium perchlorate solution. 
The  grade designation of the new cartridge is SP-1. 

Small-sized MGPP-SO safptv cartridges (Fig. 3) consist of a plastic 
resite-salt shell with a false bottom and a removable cover. Within the 
shell is placed a small cartridge or else powder of safety ammonite 
PZhV-20 or AP-4ZhV. The body and the cover of the shell have circular 
notches in which cartridges are hermetically coupled together with water- 
resistant cement or paraffin mastic. The center of the cover has a recess 
with a 2 mm thick bottom; after puncturing it, the electric detonator is 
introduced, and its wires are fastened in a circular slot formed between 
the body and the cover as they are being assembled. The body of the shell 
has a small taper facilitating its fabrication by pressing, and also inser- 
tion into an opening drilled into the mine support when artificially caving 
roofs in longwalls. 
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MGPP-^O cartridgea are permitted for permanent use for auxiliary 
blasting work using open charges  (caving of roofs, water spraying, and so 
on) in coal mines of all categories of gas or dust danger.    They are 
supplied to users in lots in wooden boxes.    The number of cartridges per 
box is 200-220, and per lot •— from "jOOO to 20,000.    The guarantee period 
of use  is 6 months and the wholesale price is 133 rubles per 1000 cartridges. 

In manufacturing release, each cartridge lot is  tested for safety 
properties  in a test drift by blasting cartridges in the freely suspended 
state. 

14.    High-Safety Explosives  (Class VI) 

Class VI of explosives,  whose limiting charge in the freely suspended 
state must not be less than 1000 g,  include uglenite Mo 7. which is a low- 
strength,   but quite detonatable,  nonwater-resistant powdered explosive 
mixture of the ion-exchange type,  sensitized with nitro esters  (Table 33). 
When uglenite undergoes explosive transformation, as the result of the 
exchange reaction a large amount of flame inhibitor in the fine-disperse 
state is formed, as the result of which it has the highest safety   properties. 
In blasting,  little energy is given off and no high temperature is produced, 
tnerefore  the methane-air mixture is not ignited in blasting of an open 
charge weighing up to 1.3 kg.    When a detonation is extinguished,   its 
charges  cannot burn owing to the inclusion in its composition of large 
amount of inert salts. 

Dglenite Mo 7 is permitted for blasting coal with blasthole charges 
in mines of all gas and dust danger categories, and for special operations 
with open charges: rebreaking wooden supports in the  blast caving in of 
roofs in developed workings using charges weighing not more than 130 grams, 
fragmenting oversize pieces of rock and coal, dislodging coal headings 
and coal chutes with charges weighing not more than 300 grans, and so on. 
It can be used in large-diameter cartridges for shock blasting of coal in 
mines with feeder release of methane.     It is produced in 36 mm diameter 
cartridges weighing 230-300 grams.    The provisional wholesale price is 
400 rubles per ton.    It is equated to group-II explosives as to handling 
and storage conditions.    Compared with ammonites,  it is more sensitive to 
mechanical forces and therefore requires more cautious handling. 
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CHAPTER IV 
EXPLOSIVE PRODUCTS FOR AUXILIARY BLASTING WORK 

AND  FLAMELESS     BLASTING 

13*    Shaped External  Charges and Intermediate Detonators 

Shaped charges 

For secondary fragmentation of oversize rock and ore  chunks with 
external charges,  special high-density charges  (Fig. 4) with shaped recess 
intensifying their penetrating action are used,  in addition to powdered 
and plastic explosives. 

Several types of shaped charges are produced for open-pit worki  they 
differ in size, weight,  and sometimes in the kind of explosive use  (Table 
33)-     Charges are usually prepared from trotyl by casting or pressing, and 
less often from tetryl,  phlegmatized hexogen,  or pentolite.    The density 
of explosives in these charges is within the limits  1.^2-1.68 g/cnr.    An 
intermediate detonator is provided for initiating the detonation of shaped 
charges with a detonating fuse in their design» a pressed load of tetiyl 
or pentolite.    One or several  coils of the detonating fuse are wrapped 
tightly in the lateral position against the faces of the load and are held 
on it with an aluminum staple.    A steel sheet 0.8 mm thick is used for 
lining the shaped and end surfaces of charges.    Steel-lined shaped charges 
are somewhat more effective than ordinary external  charges made of powdered 
or plastic explosives.    Employing them permits a reduction of several 
times  in the powder factor of explosives in secondary fragmentation of 
large pieces of rock. 

The external surfaces of charges are coated with a protective layer 
of varnish or paraffin mastic to increase safety in handling them and 
prevent soaking of the explosive when      charges are used in water.    To 
the index JKfl is added the  letters OP or    DP in marking shaped charges, 
indicating that they are permitted only for open-pit or underground work 
[respectively]. 
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Pig. 4. External charge of the ZKP [i*n] 
type (weighing up to 400 grama) with 
a spherical shaped recess for secondary 

blastings 
1 — explosive charge 
2 and 3 — steel lining 
4 ~ load of intermediate detonator in 

shell 
5 — aluminum staple 

Intermediate detonators 

Several kinds of loads are used in intermediate detonators (TaUe 56) 
for reliable initiation of the detonation of charges of explosives that are 
not sensitive enough to a No 8 blasting cap or detonating fuse. 

A pressed T-400 load for a cast TG-^OO load has a continuous central 
channel intended for tight placement in it of a bundle of four blasting 
fuse strands  (Pig.  5), more sensitive loads have a channel under one 
blasting fuse strand (Fig. 6),  from which they are reliably initiated. 
Cast PT-150 loads have two parallel continuous openings for rapid connec- 
tion with the blasting fuse in the form of a loop (Pig.  7).    The moat 
inexpensive pressed Sh-200 and Sh-400 loads are produced in oblong form 
without openings or nonblasting cap initiation, or on customer request. 
WJ ? !Je!f88 rder a N0 8 bla8tin« caP for cap initiation.    The reliability 
of initiating loads without openings depends on the number of blastim? 
fuse strands and the density of their attachments to the load surface. 
Fig. 8 shows one of the recommended procedures of connecting an oblon« 
load with a blasting fuse. K 

All types of loads,  in manufacturing, are coated with a layer of 
varnish or paraffin-petrolatum mastic protecting them against soaking when 
they are immersed in water and increasing safety in handling.    When packed 
in wooden boxes,  the loads are wrapped item by item in paper,  on which the 
appropriate marking is made. 
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TABLE 3^.    CHARACTERISTICS OF SHAPED EXTERNAL 
CHARGES 

3 Pawcpu, 

Tan upaAi 

sKn-so'f^ 
3Kn-l00'6 I 
3Kn-200/7 1 
3Kn-400/? [ 
3Kn-1000/»i 
3K.n-20002ö 
3Kn-4oooa/ 

CpeAHaA aec BB, 

•^ 3»p«fl« 

8 

3 = 

9^" 

6  li 
7     ti 

• IS 
■ X 

i8 

 ^'^r  X« 
„ICTOWJTOpi    g { « I     ^T 

/«> A'i /* 

X i 
S^» £   3 . 

83 äi^i 

52 I 5—10   501 25       30 
125 I 5—101  80' 30 I   38 
225 ;i0—12 100 45 I   43 

400-450 10—12 125 .M—60 55—58 
1000 '1+40' 172 77 |   68 
2("0 1-40* 200 90 I   80 
4000 1+40»|25J I 113 1 100 

 —"ti  
10 14 |0,18|0-43 
10 14 !0,45 0-64 
15 14 0,80 0-73 
12 S—10 1,6 1-48 
401 20 2,0 11—11 
40! 21 3,0 0—57 
401   2J  .0,9   Ü-94 

♦ Detonation assembly consists of a 40-gram load 
of tetryl and extra DP-1  detonator weighing 
1  gram with a recess under the detonating fuse 
and a securing staple. 

KEYt     1 — Charge  type 
2 — Average weight of explosive, g 
3 — Dimensions 
4 """ Of charge 
5 — Of detonator 
6 ~ of main charge 
7 — of intermediate detonator 
8 — Diameter 
9 ■— Diameter of recess 
10 — Nominal height 
11 — Diameter 
12 — Height 
1} — Maximum allowable volume of oversize 

rock 
14 ~~ Cost per unit,  rubles-kopecks 
15 — ZKP-50 
16 — ZKP-100 
I? — ZKP-200 
18 — ZKP-400 
19 — ZKP-1000 
20 ~ ZKP-2000 
21 — ZKP-4OOO 
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Flg. 3-  Connection of T-400 and 
TG-5OO charges with detonating fuse: 
1 — charge 
2 — detonating fuse 
3 — blasting cap 

Pig. 6.     Connection of Tet-150 
charge with detonating fuse: 
1 — charge 
2 — detonating fuse 
5 ~ blasting cap 

Fig. 7.    Connection of PT-1^0 
charge with detonating fuse loopt 
1 — charge 
2 ~ detonating fuse 
3 and 4 — paper shell 
5 — blasting cap 
6 — cord 

dfa 
Jl i h 

fjr^ii r^T"^ 
^ 

^f 
L 

Pig.  8.    Binding of straight 
charge Sh-400 with coils of 

detonating fuset 
1 — charge 
2 — detonating fuse 
3 -" cord 
4 -" blasting cap 
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TABLE 56.  CHAfiACTERISTICS OP DETONATOR-LOADS 

7 
AaBJH-iute 

HoHUMajibirue paaiiepu 

MllAfKC 
X 3 

Boc riJIOTINXTU. P < 
9   mauiKH, JHJN 

fZ /3 
CKOpOCTb 

ACTOIia- 
UHOilHOfl g^ to // AHaiKTp llPHA 

UI.IUtkH TMH Ult uialUKll, II tu* AeTOIMUHH, uojniM. 9 OTMpcTHH, aa uiryKy. 
e 

si 
XÜ /»K 10' i 

If | i 
«Jl Kon. 

/f 20 
T-4(X) Tporii;! 40O±2O 1,50-1,59 1030 6,4-7.0 159-199 70 70 _ I4.5±0.5 39,5 

tr H 
m-2oo To )KC 200:1:10 1,47-1,59 1028 6,2—6,8 143-189 51 101 26 7.7-8,2» 12,5 

/6 
111-400 > 400±20 1,48-1,59 1028 6.2-6,8 143—189 51 101 SI 7.8—8.2' 23.5 

17 22 
Tr-500 TpOTHJI- 

reKcoieii 
500+30 1,58-1,64 1200 7,2-7,8 209-225 70 83 — 14.5—0,5 80,0" 

19 « 
TeT-150 TerpHfl 150+7 1.53-1,62 1090 7,0-7,5 192-231 50 50 — 6.0—6,1 42,0" 

"} 24 
ITM50 rieilTWlHT 150+7 1,58-1,64 1280 7.8-8.2 230-243 50 50 6,0-6.1 75,0" 

* Depths of opening (recess) 34~38 mm (can be as 
much as 60 nun); 

♦* Provisional prices. 
KEY:  1 — Load 

2 — Explosive type 
3 ~ Load  weight, grams 
4 — Density, g/cnr 
5 ~ Specific energy, kcal/kg 
6 — Detonation rate, km/sec      ,      „ 
7 ~ Pressure of detonation wave, 10 , kg/cm 
8 — Nominal load  dimensions 
9 — diameter (width) 
10 — length 
11 — height 
12 — Diameter of opening 
13 -- Price per load,  kopecks 
14 — T-400 
15 — Sh-200 
16 — Sh-400 
17 ~ TG-500 
18 — Tet-150 
19 — PT-15O 
20 — Trotyl 
21 --As above 
22 — Trotyl-hexogen 
23 — Tetryl 24 -- Pentolite 
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Detonator loads require cautious handling;   they are not allowed to be 
fragmented with strong blows of metal objects,   or have holes drilled into 
them,  or be burned.    A short manual    on      their use is sent to the user 
with each lot of detonator loads. 

Detonator loads permitted for open-pit werk (cf.  Table 36), with the 
permission of mine superintendent agencies,  can be used also in underground 
work in the event  (for example,  in chamber or drillhole charges of large 
diameter)  the intermediate detonator will represent a negligible weight com- 
pared     to the weight of the main charge and the amount of toxic gases 
formed will not threaten the safety of mine personnel. 

For most commercial explosives  in use,  it is sufficient to have one 
detonator load per charge of any weight.    Trotyl charges are recommended 
for initiating dry and moist drillhole and chu^.ber charges of igdanite, 
granulites,  zemogranulites, and other explosives.    Charges with high 
initiating ability  (TG-^OO,  Tet-150, and PT-150) are intended for initia- 
tion of flooded charges of granulotol, alyumotol,   zemogranulites, and 
slurry akvatols.    In specific blasting conditions,   the size of the inter- 
mediate detonator must be selected by trial and error. 

16.    Methods and Means of Flameless Blasting 

Flameless blasting is used in extra-category coal mines in especially 
dangerous  conditions when the use of explosives,   including high-safety 
explosives,   is prohibited. 

Essentially, flameless blasting consists in transforming the potential 
energy of the compressed gas into kinetic energy, performing work in break- 
ing up coal without  forming flames. 

The energy accumulator is a metal  cartridge placed in a blasthole, 
consisting of a charge head, discharge head with exhaust openings  (for 
gas exiting), and the tube (case) made of high-strength alloy steel.    A 
metal shear diaphragm is positioned in the discharge head.    The reserve 
of potential energy in metal cartridges  can be produced by various methods 
and means, and depending on these flameless blasting    is divided into the 
Itydrox, Aerodox,  Cardox, and other methods. 

The ifjydrox and Aerodox methods have gained the widest use in the 
USSR. 

Bydrox method.    In this method the reserve of potential energy is 
produced by the chemical gasification of a powdered charge in a hermetically 
sealed vessel  (Fig.  9).    The gas pressure in the metal cartridge rises 
until it perforates  the diaphragm,  after which the gases escape into the 
blasthole.    Water vapor (6O-7O percent) represents most of the gaseous 
products formed in the transition of the charge from the condensed state 
into the gaseous. 
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Pig.  9.       "Bydrox" cartridge  containing BV-48 
flameless blasting charge: 

1 — charge head 
2 ~ discharge head 
5 —  tube 
4 — replaceable shearing diaphragm 
5 — charge sheath 
6 -- electrothermic element 
7 ~~ initiating composition 
8 -- main .lomposition 

The reaction of the charge in the cartridges initiated with a heating 
element, due  to which the initiating (internal) composition of the charge 
is ignited.    As a result,  in the charge pressure and temperature are built 
up that cause the main charge composition to react, and as a result the 
working pressure of gases in the cartridge rises to 1600 kg/cm2.    Exposed 
to the high pressure,  the  calibrated metal disk is sheared and gases are 
liberated through the openings of the discharge head into the blasthole, 
performing work in breaking up the coal or rock. 

Metal cartridges for Ifydrox charges are produced in two type classes 1 
V-1, 40 mm in diameter and  1210 mm in length,  and V-2,  53 mm in diameter 
and 1320 mm in length.    BV-48 charges weighing 190 grams are used for V-1 
cartridges, and for V-2 cartridges ~ charges weighing 270 grams and 
2.0 mm thick shear disks. 

When the cartridge diameter is 48 mm,   b1  mm diameter cutters and 
48 mm diameter drilling rods are used in drilling blastholes; for a 
55 mm diameter cartridge — 60 mm diameter cutters and 57 mm diameter 
rods. 

Aerodox.    In this method high-pressure compressed air is the source 
of potential energy.    The layout for blasting by the Aerodox method is 
shown in Fig.   10. 

Compressed air is generated with a high-pressure (800 kg/cm ) 
compressor with a capacity of 3 m3/min and is fed into a main pipeline 
laid along the mine workings,  from whence it is supplied through flexible 
armored hoses into a pneumatic cartridge accumulator of compressed air 
energy.    Regulation of air supply into the main pipeline network, into 
the face, and into the pneumatic cartridges is carried out with main line, 
faces, and breakage valves. 
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Pig.  10.    Breakage with hi^i-pressure compressed air» 
1 — KVD 3/800 hi^i-pressure compressor 
2 -~ main 25 mm outside diameter (16 mm inside diameter) 

steel pipeline at a working pressure of 700 kg/cm2 

5 — main valve 
4 — face valve 
5 ~ breakage valve 
6 -- armored hose, 17 mm outer diameter and 4«5 mm inside 

diameter 
7 — pneumatic cartridge 
8 — coal broken by pneumatic blasting 

The operation of the pneumatic cartridges based on the principle of 
shearing a calibrated metal disk (on analogy with the tydrox cartridge), 
a strip,  or a pin.    Accordingly, a distinction is made between disk type, 
slide gate type, and piston type pneumatic cartridges. 

Depending on the gauge of the shearing devices,   it  is possible to 
regulate the working pressure of compressed air in the pneumatic cartridge 
within the limits 500-700 kg/cm2. 
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Pneumatic cartridges are produced in three diameters:  A2, 5A, and 
63 mm, and in lengths from 1100 to 2300 mm.  For a 42 mm diameter cartridge 
cutters 47 mm in diameter and drill rods 43 mm in diameter are used. With 
54 mm diameter cartridges the cutters are 60 mm and the drill rods are 
57 mm.  With 63 mm cartridges the cutters are 70 mm and the rods 67 mm. 

When flameless blasting agents are employed, cartridge size type is 
chosen in accordance with the mining geological and technical conditions 
of the working (stratum thickness, coal strength, presence of outcropping 
planes, etc.). 

Flairo2ess blasting «gents provide safety in the conduct of blasting 
operACion.- in mines that are dangerous because of gas, dust, or outbursts, 
a lowering of coal mining labor consumption as compared with the use of 
mechanical picks, a bringing Into line of the tiroes for performing coal 
mining technological processes, an improvement in the wholesomeness of 
working conditions, and an improvement in the quality of the coal (anthra- 
cite) extracted. 

Flameless blasting methods and agents are recommended for use 
a) for cutting coal with a strength coefficient of f - 1 to 2 on 

Prof. M. M. Protod'yalconov'8 scale when stratum thickness is more than 
0.8 to 0.9 meters: with gently sloping or tilted layer bedding: 

b) In mines that are supercategory or III category in gas and that 
are dangerous because of dust or outbursts, for carrying out coal mining 
operations in stopes, either with or without preliminary cutting in the 
conditions enumerated in paragraph a: 

c) in anthracite mines in the conditions enumerated in paragraphs 
a and b; 

d) for blasting soft rock of the clay shales type In the conditions 
enumerated in paragraphs a and b. 
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CHAPTER IV 
BAGGING, PACKING, TRANSPORTING, AND STORING OF COMMERCIAL EXPLOSIVES 

17.  Bagging, Packing, and Labeling. 

The types ot bagging and packing of explosives depend on the proper- 
ties, purpose, storage conditions, and use of the explosives.  The uncar- 
tridged (loose) form can be used for low sensitivity explosives, which 
Include all granulated and pelleted explosives, the majority of ammonites, 
dynammons, ammonals, and others. They are bagged and packed in bags weigh- 
ing 40 to 44 kg. All nitroester and hexogen containing explosives (deton- 
Ites, dynamite, ammonites Nos.l and 3 on the scale), which have increased 
sensitivity, and also all permitted explosives can be used only in the 
cartridged form. 

For non-permitted explosives (except for pressed scale ammonite) 
cartridges 32 mm in diameter weighing 200 g are considered standard; fur 
permitted explosives these same parameters are 36 mm and 250 to 300 g, 
respectively.  Non-permitted explosives with increased detonation capability 
(detonite, scale ammonite, and scale ammonal) can also be Issued in small 
diameter cartridges (24 to 28 mm).  Pressed scale ammonite No.l cannot be 
issued in cartridges less than 36 mm in diameter.  All non-permitted ex- 
plosives of the powder type. Irrespective of their sensitivity, besides 
being issued in cartridges of the standard diameter-can, according to the 
request of the consumer, be issued in cartridges 60 mm in diameter or 
larger.  Permitted explosives for mines that are not coal mines can be 
issued in cartridges 32 mm in diameter.  Deviations from these technical 
conditions on cartridge diameters are permitted only with the agreement of 
the State Conmdttee for Supervision of Industrial Safety and for Mining 
Inspectlc i (Gosgortekhnadzor). 

The weight of explosives in a cartridge is mainly determined by its 
diameter. Rarely it Is determined by the dimensions of the external con- 
tainer in which they are packed. Cartridge length depends on its weight 
and on the density of explosive packing. Cartridges up to 45 mm in dia- 
meter ave the following allowances in diameter, weight, and length when 
their »nsity varies within the limits of 0.95 to 1.20 g/cm3: 
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Diameter Weight of Length,  mm 
mm explos Ive, (approximately) 

23—24 100+5 210—250 
27—28 150+7 221—2">0 
31—32 200+10 220—2'o 
36-37 250+12 210—255 
36—37 300-15 2 !0— WO 
39—40 400-20 270—320 
44—45 500+25 270—320 

For 30-210 mm diameter cartridges,   the following rational weights of 
their constituent explosives have been set, based on producing a cartridge 
length corresponding to the length of a standard box  (300-^10 mm)« 

Diameter, 
mm 

Weight of  Diameter, 
explosive,    mm explosive, 

kg 

Weight of 
explosive, 

kg 

50. 
60. 
70. 
80. 
90. 

1,0+0,050. 
1,5+0,075. 
0,0±0,l00. 
2.5^2,125 . 
3,0+0,150. 

100 
120 
130 
15a 
210 

4,0+0,20 
5,0+0,25. 
6,5+0,30, 

10.0i0.50. 
17,6x0,SO , 

The diameters of these cartridges are allowed to deviate by up to 
"•5 percent.    The density of cartridges prepared by heaping explosives 
along with shaking or tamping usually does not exceed the  limits 0.95-1-10 
g/cm*.    The d^ncity of worm conveyor-packed cartridges of ammonite V-3 
is allowed to be vithin the limits  1.25-1.55 g/cwP, and their length can 
be within the limits 290-420 mm. 

Cartridges up to 32-45 o"» in diameter are packed in wooden bundles 
or stacks of 8-12 each, while smaller diameter cartridges are packaged 
in paper bags containing 16-24 cartridges each.    Cartridges of large 
diameters are packed in boxes without bagging. 

Explosives not containing nitro eaters or liquid constituents of 
other kinds are cartridgod in cases made of ordinary paper 55-50 g/cm2 
in density.    Nitro ester explosives, and also slurry akvanites are car-    _ 
tridged in      parchment-like paper or in pre-waxed cartridge paper 40 g/cm 
in diameter.    Dynamite is cartridged only in plant-origin parchment. 
Cartridges  (except for nonhygroscopic dynamite cartridges) are coated 
over the entire surface in a continuous thin film of a water-insulatirg 
mixture of paraffin containing 20-50 percent petroletum,   imparting to 
the layer the necessary elasticity and adhesion to paper.    For cr^tridge 
explosives intended for underground work    the weight of the paper case 
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Pr?.   11.    Polyethylene box 

and the moisture-insulating coating are standardized by technical condi- 
tions.    For cartridges up to 32 nn in diameter,  the weight of the paper 
case must not be more than 2 g per 100 g of explosive, while it must not 
be more than 3 g per 100 g of explosives in cartridges 36 mm or higher 
in diameter.    The weight of the moisture-insulating coating in both cases 
must be not less than 1.3 g and not more than 2.5 g per 100 g of explosive. 
For detonites and several  other explosives in parchmenWike shells,  the 
weight of the paper and the weight of the coating are increased,  respec- 
tively,   by 2.3 and 3 g per  100 g of explosive.    These indicators are not 
standardized for cartridged explosives used in open-pit work. 

Bundles of cartridges are also well proved with a paraffin mixture. 

Water-insulated cartridges not bagged in bundles are packed in boxes 
after they have been continuously interlaln with strips of water-insulating 
paper. 

All safety ammonium nitrate explosives, regardless of their period 
of use,  undergo hermetic packing that ensures retention of their Initial 
properties.    To do this,  either bags made of polyethylene fila 100 ±, 20 
microns  thick lined in wooden boxes with a capacity of 28-36 kg of explo- 
sive are used, with internal dimensions 505*324x270 mm and a weight of 
10 kg (COST 4450-51),  or else polyethylene boxes with a cover closed with 
locks  (Fig.   11) are used,  with a capacity of 28-32 kg of explosives, whose 
internal dimencions are 505x320x225 mm, weighing 3 kg. 

The open neck of a polyethylene bag-insert, after water-insulated 
bundles of cartridges have been placed in it, must be hermetically sealed. 
Nonsafety explosives are packed in this way only on customer request or 
when hygroscopic products are shipped with a guarantee period 12 months, 
in particular,  to the Far North.    When hermetic packing is used,  the price 
of   1  ton of explosives is raised by 18 rubles. 
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All noncartridged friable explosives are packed in multilayer paper 
bags, asphalt-treated, or else bags coated internally with a thin layer 
of polyethylene. IJygroscopic ammonium nitrate explosives are packed in 
two such bags with the total number of paper layers being not less than 
eight, while nonhygroscopic explosives (granulotol, alyumotol, trotyl 
chunks, and so on) are packed in a single six-layer asphalt-treated paper 
bag, whose upper surface is lined with a jute bag to provide packing 
strength. 

Hygrosccpic explosives with a guarantee period of use up to 4 months 
are packed in asphalt-treated doubled bags, while explosives with a period 
of use of 6 months are packed in bags coated with polyethylene. The paper 
layers of the open neck of bags are alternately turned under with a cover 
— for better hermetization, leaving three layers of the outer bag for 
sewing or joining with a length of jute twine. The bottom seams of both 
bags are insulated against moisture by immersing them in a paraffin- 
petrolatum mixture. When the guarantee period of the explosive is 12 
months or longer, packing is done in doubled four to six-layer paper sacks, 
between which is placed an insert-bag coated with a 100 +.20 microns thick 
film. The neck of this bag is sealed hermetically after the explosive 
has been loaded. When noncartridged explosives are hermetically sealed 
in polyethylene, the wholesale price is raised by 13 rubles per ton of 
explosive. When products are shipped to the Far North and in movements 
to other remote regions by sea, paper bags containing explosives in poly- 
ethylene inserts are additionally packed in wooden boxes or jute sacks. 
The cost of the wooden container is paid as a surcharge. 

All kinds of explosives have markings and distinguishing symbols. 
The  name and weight of the explosive, number of the lot, and the date of 
its manufacture are placed on the paper case of a cartridge, along with 
the trademark of the manufacturing plant. The paper cartridge case or 
its waterproofing coating must in addition be of a specific color or have 
a distinguishing color band. A red distinguishing color is specified 
for all explosives intended for use in mines that are not dangerous in 
terms of gas or dust; a blue color — for explosives used in rock faces 
of mines that are dangerous as to gas or dust; a yellow color — for 
explosives used in coal faces of mines that are gas or dvit hazardous; 
and green ~ for explosives used in sulfur mines. The name of the explo- 
sive, the trademark of the manufacturing plant, and the corresponding dis- 
tinguishing diagonal  band are marked on bundles of cartridges, if paper 
of a different color is used in making up the bundles. 

The external container (bags and boxes) of all explosives has the 
following markings the name of the products, number of the COST or TU 
under which it was manufactured, number of the location and batch, month 
and year of manufacture, trademark of the manufacturing plant, net weight 
and gross weight of the individual location, railroad mark, explosive 
function group, colored distinguishing band applied along a diagonal over 
all of the remaining marks, and the red warning legend "Do not load with 
detonators'." 
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In addition to marking,  a control label   gives the name of the packer 
and the controller is inserted into each packing unit.    The external 
container, after being packed and marked, as a rule is sealed with lead. 

18.    Hauling, Storing,  Control Tests, and Disposing of Explosives 

The movement of explosives from plants to users along main routes 
of transportation is carried out In accordance with the prevailing 
Pravilv Perevozki Gruzov [Regulations on Fleet Movement],  issued by the 
ministries of transportation,  maritime fleet, and river fleet. 

The movement of explosives by the customers'  own means,   their 
storage at  base and service warehouses,  and delivery to the  location of 
blasting are carried out according to the appropriate instructions of 
the existing Yedinwe Pravilv Bezonasnosti nri Vzrwnilch Babotakh (YePB) 
[Unified Safety Rules in Blasting Work].    The instructions contain specific 
requirements and safety rules, whose compliance prevents the possibility 
of spoilage and explosion of explosives during transportation and storage. 

All commercial explosives arc subdivided into two groups by a degree 
of risk in transportation and storage, according to the YePB.    Croup I 
includes explosives in which the nitro ester content is more than 15 per- 
cent.    Group II includes all ammonium nitrate explosives containing trotyl, 
hexogen,  dinitronapnthalene,  and nitro esters not more than 15 percent, 
and also trotyl  in pure form and in melts with aluminum (alyumotol), 
aluminum and nitrate (ammonals), and hexogen (detonator-loads      with the 
index Tf).    Explosives of both groups must be transported and stored 
separately,  as a rule.    The possibility of their combined shipment is 
permitted only when specific conditions provided by Section 41  of the 
YePB are complied with. 

Combined storage of group-I and group-II explosives is permitted only 
in above-surface dispensing warehouses made of fire-resistant materials, 
with permission of the responsible      agency and given the condition 
that each group must be stored in a separate insulated room. 

All explosives when released from a plant undergo control  tests to 
see that  they measure up to the formulation composition and the quality 
indicators,  meeting the requirements of the appropriate technical condi- 
tions or COST.    During shipment and storage,  explosives can H?terlorate 
in their properties,  therefore regardless of the plant tests — whose 
results are sent to the user in shipping the explosives, each explosive 
batch when arriving from a plant undergoes external inspection and control 
tests  to determine its suitability for warehouse storage and use. 

According to the YePB, all nitro ester explosives must undergo 
periodic examination and control tests for exudation,  caking tendency, 
and ability to transmit detonation between cartridges, while all other 
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ammonium nitrate explosives must be inspected and undergo tests for mois- 
ture content, caking tendency, and ability to transmit detonation. Water- 
resistant explosives are tested for their ability to transmit detonation 
between dry cartridges also after the cartridges have been soaked in water. 

Batches of all explosives undergo internal inspection for the condi- 
tion of packing and to see that the marking corresponds to the given type 
of product. 

Nitro ester and all safety explosives undergo these control tests and 
inspection at the end of the guarantee period and every month during its 
coverage, while all other explosives receive this scrutiny at the end of 
the guarantee period, and every three months during Its coverage. 

Besides the mandatory control checks at the specified times, explosive 
batches must be tested also for other quality indicators, regardless of 
the periods of storage, if there is a doubt that they are in good condition 
or in the event of hangfires, or incomplete blasts in their use. 

If upon inspection and tests shortcomings are found in the explosives, 
the question of their possible use is resolved by the superintendent of 
the blasting work at the enterprise. Exuding nitro ester explosives in 
all cases undergo immediate disposal. Other explosives which chemical 
stability is detected must also be disposed of. 

All explosives becoming unsuitable for some reason are to be disposed 
of. 

Explosives that are capable of being exploded are usually disposed 
of by blasting. For this purpose, measures preventing the possibility 
of shock and seismic waves striking personnel and also building and 
structures being damaged must be adopted.  If owing to local conditions 
blasting cannot be carried out, other methods are used. In disposal by 
burning, measures are taken to guard against the possible transition of 
the burning of an explosive into detonation, the amount of explosive 
burned at one time is limited, it is cut up and spread around over the 
burning location, and blasting caps and detonating fuses are not allowed 
to be present in the fire. 

The safest methods of disposal include dissolving or immersing in 
water. All explosives capable of dissolving in water can be disposed of 
by being so dissolved. When water-resistant explosives of the powdered 
type are to be dissolved, intensive agitation must be used to better 
wet them with water. Undissolved residues of explosives are done away 
with by burning. 

Disposal by immersion is permitted to be done in the high seas at 
deep locations. Here measures must be taken against surfacing of the 
explosives. 
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CHAPTER    V 
METHODS OF TESTING EXPLOSIVES 

Methods of testing commercial explosives are divided into mandatory 
control and nonmandatory optional tests.    Mandatory methods are used to 
monitor each lot of explosive product as it comes from the plant to see 
that  its formulation composition and its service indicators correspond 
to the  technical norms set by the appropriate COST or TU [Technical Condi- 
tion].    These methods are also used in testing lots with elapsed guarantee 
service periods and in other cases when the need rises. 

The monitoring organizations  (MakNII and VoatKII [Eastern Scientific 
Research Institute for Work Safety in Mining]) make periodic mandatory 
tests of samples of lots that arrive for control checking from plants on 
specified schedules or in a nonplanned fashion from coal mines and ore 
mines. 

New explosives, when developed and introduced, must undergo -~ besides 
mandatory  control tests — additional optional tests in the developing 
and monitoring organizations or the comprehensive study and evaluation of 
their properties and the determination of their conditions of use. 

19.    Methods of Testing for Indicators  Covered by the COST or the TÜ 

Determination of brisance 
i 

The simplest method of testing for brisance is the test for compres- 
sion of lead cylinders, still known as the Hess test. Test for brisance, 
under COST 5984-I)1,  is carried out as follows. 

A 50 +0.1  g weighed sample of the  test explosive is placed in a 
paper case, with an inner diameter of 40 mm,  and is covered on top with 
a 1.3-2.0 mm thick round cardboard disk, with an outside diameter of 
J8-59 mm and a 7«5 mm diameter central opening.    The charge is hand-pressed 
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Fig.  12.    Determination of brisancei 
a — general view of charge before blasting 
b — view of small lead  cylinder after blasting 
1 — steel plate 
2 — lead cylinder 
3 — steel disk 
4 — weighed explosive sample in paper cartridge case 
^ ~ blasting cap with length of safety fuse 

in a special die to a density of 1.0 g/cor or to Siiy other density given by 
the test conditions, using a plunger that has at one end a nipple for making 
a recess  for the blasting cap (7.5 mm in diameter and 23 mm deep).  In the 
recess  formed, a wooden plug of suitable size is temporarily inserted, and 
then over the cardboard disk are bent the free edges of the paper case. 

The charge case is made of a sheet of thick paper, 150x65 mm in size, 
by cementing it onto a cylindrical template. To the case is cemented its 
bottom made of the same paper, and here a 60 mm diameter disk is cut out, 
its edges are trimmed with a star wheel to a diameter of 40 mm, and the 
resulting serrations are bent over and cemented to the outer section of the 
case. 

A prepared charge (Fig. 12 a) is transferred to a blasting platform and 
is positioned on a zinc cylinder, which in turn must rest on a smooth steel 
plate not less than 20 mm thick, placed horizontal on a strong base.  It is 
recommended that the plate be provided with four forks for reliable fastening 
of the charge with cord. A steel disk is placed betwesn the charge and the 
cylinder for uniform compression of the cylinder ir. the explosion. The  disk 
must have a diameter of 41 ±.0.2 mm, a thickness of 10 ±0.2  mm, a Brinell 
hardness within the limits 150-200, and a total surface finish of V6. The 
charge is  pressed tightly against the steel disk with turns of the  cord. 
The lead cylinder must have a diameter of 40 ±,0.2 mm, a height of 60 ±.0.5 
mm, and a machining finish of the end surfaces ^74 • 
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After placemeit,  centering, and securing of the charge,  the wooden plug 
is removed from its recess and in its place is inserted an electric detonator 
or a blasting cap connected with a 300-330 mm length of safety fuse and the 
explosion is performed.    After the blast, as a result of the sudden impact 
of detonation products over the steel disk the cylinder takes on a character- 
istic mushroom shape  (Fig. 12b). 

Before and after the blast,  the height of the lead cylinder is measured 
in four mutually perpendicular directions.    The measure of brisance is the 
combustion of the cylinder, expressed in millimeters,  that is,  the difference 
between its mean heights before and after the blast.    Two parallel tests are 
performed;  the deviation between these must not be more than 1 mm.    When a 
greater deviation is found between parallel experiments,  the number of tests 
is doubled. 

Lead cylinders are cast at 400° C of refined lead (COST 3778-65) in metal 
molds with ground inner surface.    After casting,  the end faces are turned on 
a lathe. 

Lead cylinders are made in lots from the same lead melt.    From each lot, 
2 percent of the cylinders, but not less than 4» are tested for compression 
by blasting,  following the above procedure,   of a reference standard sample 
of crystalline trotyl at a density of 1 g/cnK.    Trotyl with a melting point 
not below 80.2° C is used as the reference standard;  the trotyl is recrystal- 
lized from alcohol, with crystals that pass through a 0.16 mm mesh sieve and 
remain on a 0.08 mm mesh sieve (G06T 4403-67). 

A lot of cylinders is regarded as acceptable if after testing the 
reference standard trotyl the compression is  16.5 ±0.5 mm.    In addition to 
observing the quality of the lead used in the columns, test results are 
strongly affected by the absence of a gap between the bottom of the paper 
case of the charge and the steel disk. 

The Hess test is used as the main standard method of evaluating the 
quality of fine-disperse commercial explosives sensitive to a No 6 blasting 
cap,  in which the critical diameter of the open charges is less than 40 mm. 
This test is not suitable for coarse-grain (granulated) commercial explosives 
that have a critical charge diameter of more than 40 mm and do not completely 
explode in these conditions.    In these cases,  to ensure detonation complete- 
ness,  the charge is placed in a steel ring and the detonation is initiated 
with an intermediate detonator ~ a 5 g trotyl charge.    These test conditions 
characterize brisance to a lesser extent  (since it is not only the head but 
also much of the total impulse that acts on the steel cylinder),  since the 
steel ring confinesthe lateral scattering of detonation products. 

Determination of efficiency 

The most common laboratory method is lead bomb blasting (the so-called 
Trauzl test), which consists in exploding a small explosive charge in the 

128 



Fig.   15.    Determination of 
efficiency: 

a — lead bomb in cross-section, 
containing charge and sand 
stemming before explosion 

b — view of bomb after explosion 

channel of lead bomb with sand stemming and estimating the efficiency of the 
explosive by the size of the dilation in the bomb channel formed after the 
blast. 

Under GOßT 4546-48,   the efficiency test is carried out as follows.    A 
10 ±,0.01  g weighed sample of the explosive is placed in a 24 mm diameter 
case, made of parchment-like paper, which is cut to a template corresponding 
to a rectangular trapezium with the dimensions  1^0x120x70 mm. 

The      case      bottom   is   formed by bending the paper on four sides to 
a height of 1^-20 mm over the cylindrical  section of the case.    A cardboard 
wad 1.0-1.5 mm thick is inserted over the explosive into the case;  the wad 
has an outer diameter of 24 mm and a 7>5 <nm diameter central opening.    Then 
the case is placed in a special die with an inner diameter of 24.3 ±.0.1  mm, 
and using a 24 i 0.2 mm diameter plunger that has a nipple at one end to 
form recess for the blasting cap (7 mm in diameter and 12 mm in depth),  the 
weighed sample is manually pressed to the specified density, which is usually 
1 g/cnP for powdered explosives.    An electric detonator or a blasting cap 
connected with a 300-350 mm length of safety fuse (Pig. 15 a) is inserted 
into the recess of the miniature cartridge through the opening in the card- 
board wad. 

The charge prepared in this way is cautiously lowered to the bottom of 
the channel  of the lead bomb,  200 mm in diameter and 200 mm in height.    The 
diameter of the bomb channel is 25 mm and its depth is  125 mm.    The free 
volume of the channel  is heaped up to its mouth with dry sand screened on 
sieves No 07 and No O42 according to GOST 3584-55 and the explosion is 
carried out. 

After the explosion,  the bomb channel  takes on the characteristic   pear 
shape (Fig.   13 b).    The cavity formed is  cleaned with a hair brush;   the 
contents are removed by turning over the bomb, and the volume of the cavity 
is measured by filling it with water from a graduated vessel. 
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The difference in volumes before and after the blast, expressed in cm , 
is the numerical value of the efficiency of the  test explosive. 

Two parallel tests are made, and the deviation between these must not 
be more than  10 cm.    The result is calculated as the arithmetic mean of 
these tests. 

The tests must be conducted at a bomb temperature of 15° C to comply 
with the standard conditions.    If the tests are conducted at another tempera- 
ture,  then the following corrections are introduced into the result. 

Bomb tem- Correction, Bomb tem- Correction, 
perature , percent of perature. percent of 
degrees measured degrees measured 

dilation dilation 

-30 
-25 
—20 

+ 18 
+10 
+14 

0 

4 
+5 
+3,5 
+2,0 

—15 +12 + lu 0,0 
-10 
-3 

+;? 
+20 
+25 
+30 

—2 
—4 
-6 

In addition, all bombs intended for testing a given series of explosives 
must be cast from the same lead batch (COST 5778-56) simultaneously and 
uniformly.    The casting is done at 590-400° C.    The boubs are presented for 
testing not earlier than 40 hours after testing. 

The quality of load bomb lots is tested for its effect on the efficiency 
of crystalline trotyl,  obtained by recrystallization of flaked commercial 
product from alcohol.    The reference standard trotyl prepared in this way 
must have a freezing point not below 80,2° C.    Two bombs from each lot are 
sampled for testing. 

When a 10 g weight trotyl sample is exploded, the dilation of the bomb 
channel must be 285 +7 cnP. The bombs are accepted for remelting not more 
than 10 times with the addition to each melt of not more than 50 percent of 
fresh lead. 

Any deviations from the test conditions outlined,  in particular, 
■ieviations in the hardness of lead,  can distort the results of explosive 
efficiency and are therefore inacceptable. 

Using this method to test for the efficiency of coarse-grained (granu- 
lated) explosives capable of detonating completely only in large-diameter 
charges is carried after the explosives have been ground to pass entirely 
through a 0.05 mm mesh sieve.    Slurry explosives are tested with an addi- 
tional detonator — a 5 g tetryl charge, with later correction of the results 
by the dilation of the bomb channel that this charge produces. 
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Since the results of testing for efficiency are predetermined mainly by 
the formulation of the explosive and depend little on the possible deviations 
in the technology of its manufacture within the limits of plant regulations, 
not    every batch of product produced by the plant is permitted to undergo 
this test. In continuous production, the  efficiency test is conducted 
once a month or even once a quarter. 

Teats for detonation transmission 

This test amounts to determining the ability of transmitting detonation 
from cartridge to explosive cartridge through an air gap between their faces. 
The test method it  based on initiating the detonation of one cartridge by 
the explosion of another placed in the same line, at some distance from the 
former. The maximum distance to which detonation is transmitted between 
the cartridges is determined; this value is one of the major characteristics 
of the detonatability of a test explosive and characterizes the quality of 
its manufacture. 

According to the procedures in COST 14839«1^"69, an electric detonator 
or blasting cap with a length of safety fuse not less than 0.4 m is inserted 
into the face of one of the cartridges sampled from the explosive lot. The 
cartridge-striker prepared thusly is placed on hard smooth ground of the test 
platform or the proving ground. Then at some distance a second cartridge 
is placed in the same lines so that its axis is a projection of the axis of 
the striker-cartridge. A template (distance gauge) with a length equal to 
the standardized distance to which detonation is transmitted for a given 
explosive is placed between the cartridges; to the template is tightly 
pressed the inner faces of the cartridges and then it is carefully removed 
without displacing the cartridges. Then, all personnel selected for the 
teat retreat to cover or to a safe distance (not less than 50 m) and the 
cartridge-striker is exploded; from it the detonation of the second (passive) 
cartridge must occur. The transmission of detonation is evaluated by the 
absence of explosive remains and the shell of the passive cartridge and the 
presence of depressions or traces of the blast in the ground at the cartridge 
locations. If no depression is found at the location of the second cartridge, 
this means that the detonation was not transmitted and the ejected remains 
of the explosive and its shell must be looked for some distance from the 
explosion site. 

Depending on the result of the firs* blast, subsequent pairs of car- 
tridges are exploded in similar fashion; the distance between their inner 
faces is gradually increases or reduced by 1-2 cm until the maximum distance 
at which in three parallel experiments total detonation of the passive car- 
tridge is recorded has been established. This distance measured in centi- 
meters is then taken as the distance to which detonation of the test 
explosive is transmitted. 
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All     lots     of explosive produced in cartridged form are tested by this 
method at the plant,    usually cartridges of the same diameter, weight, and 
density with which they are supplied for blasting work undergo testing. 
When cartridges are produced with diameters greater than 45 mm«  it is 
permitted to conduct acceptance  tests for detonation transmission of the 
explosive lot in cartridges of 52-56 mm diameter and weighing 200-300 grams. 
For each cartridge diameter and weight,  the technical conditions specify 
th. detonation transmission norms. Explosive lots sent from plants 
in noncartridged form do not undergo testing for detonation transmission. 
Diey are tested by the user for ability to transmit detonation before blast- 
ing work; for this purpose  they are cartridged in paper cases of the same 
diameter with which it is proposed to use the explosive,   or more often in 
51-52 mm diameter cases at a density of 0.95~1.5 g/cm5.     The weight of the 
cartridges must  be 200 + 10 g. 

In several  cases,  for example, when it  is necessary  to test a lot of 
cartridged explosive before vise or when the guarantee period of its storage 
has elapsed,  the method of testing for detonation transmission is somewhat 
simplified.    Instead of looking for the maximum distance  of detonation 
transmission,  three cartridge pairs are alternately blasted with the dis- 
tance between their faces  corresponding to the specified norm for the given 
explosive.    The explosive lot  is held to pass the test if in all three 
experiments total detonation of the passive cartridge is established.    In 
the event that detonation fails   in   even one  of the experiments,  the test 
is repeated in a doubled number.    If even after the repeat testing incomplete 
detonation of the passive  cartridge is recorded,  the explosive lot is rejected 
and is not permitted in blasting work in cartridged form. 

The process of detonation transmission from cartridge to cartridge 
depends on numerous factors,   therefore  the tests must be  conducted with 
extra care.    The  cartridges must be placed on even ground  strictly along 
the same axis,  the  corners  of the paper at the inner cartridge faces must 
be carefully bent c-er, and streams of paraffin from under the paper must 
be removed.    Caked cartridges are manually kneaded before being tested. 

MakNII developed and proposed for introduction a three-cartridge method 
of testing for detonation transmission, which has been standardized at the 
present time   (COST 11151-6^) and is in the stage of mastery.    By this method, 
three cartridges with identical distance between their inner faces are 
placed on the ground;  a No 8 blasting cap displaces one  of them.    The 
maximum distance  ^rtween the  cartridges at which both passive  cartridges 
are completely detonated is  found by the above-described  technique.    The 
three-cartrräge method of testing is more rigorous, requiring a higher 
quality of manufactun.   of cartridged explosives at plants. 

Test for water resistance 

There are several methods of testing commercial explosives for water 
resistance in relation to their kind and physical state.    Water-resistant 

132 



explosives produced and used in cartridges with diameters up to 43 mm and 
weight up to 300-400 g in most cases are tested for water resistance by 
determining the  transmission of detonation between cartridges after they 
have been soaked  in water.    Noncartridged explosives of the powdered type, 
as well as powders intended for the manufacture of cartridges with diameters 
greater than 43 mm and greater weight than that  indicated above are tested 
on a hydrodynamic instrument.    Granulated water-resistant and slurry car- 
tridges of gel-like consistency used in noncartridged form are tested by 
exposure of their weighed samples in water and subsequent determining of 
the amount of nitrate and other water-soluble constituents  that have dissolved. 

Determination of the  ability to transmit  detonation from cartridge  to 
cartridge after they have been exposed in water.     By the procedure in GOBT 
14859.13"69, paraffin-treated cartridges are placed,  in aluminum cases with 
inner diameter and height  somewhat exceeding the cartridge dimensions, and 
provided with a sufficient number of holes   along the bottom and side surfaces 
for free access of water.    Each pair of cartridge-containing cases is inmersed 
on twine for equal  time intervals  (5-5 minutes)  in a bath containing water 
to depth of 1  m,  measured from the lower end of the  cartridge.    The water 
must be at room temperature and not contain impurities   (for example, soap) 
which would reduce its surface tension and thus  increase the wetting ability 
ard penetration into the  cartridge.    After exposure  for the time period that 
is actually required for blasting work, alternately two cases at a time are 
removed from the water and placed on the blasting platform for the detonation 
transmission test.    In testing,   cartridges are removed from the cases and 
placed on the ground in such a way that the lower (with respect to the posi- 
tion in which th^y were placed in the case) end of the striker-cartridge 
faces the upper end of the passive cartridge.    A blasting cap or electric 
detonator is inserted into the upper end of the active  cartridge.    Crops of 
water from beneath the paper shell at the inner faces of both cartridges 
are squeezed out  by cautious  compression with the fingers. 

Soaking of  cartridges occurs to the greatest extent fron their lower 
end in accordance with the hydrostatic pressure of water,  whose value 
increases with  the dept.h of immersion. 

Cartridges of highly water-resistant cartridges after being soaked for 
1 hour remain completely dry and transmit detonation to the same distance 
or even in greater distance than do cartridges of these explosives that have 
not been soaked.     Cartridges  that are not adequately water-resistant are 
soaked from the lower end to a depth of 1.2 cm and reduce  the detonation 
transmission down to 4-2  cm.    With more prolonged soaking,   they can cause 
detonation hangf ires for low water-resistant explosive s;  when tested for 
water resistance,  less stringent soaking conditions are set up.    Their 
cartridges are exposed in water in the horizontal position to depth of 
1 m or 5 cm for  1 hour or 30 minutes.    The soaking conditions are regulated 
by technical conditions for each type of explosive. 
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Pig.   14.    Testing for water resistance: 
a — layout of hydrodynamic instrument 
b — instrument assembly in cross-section 

After soaking,   cartridges are  tested for detonation transmission.    If 
this test is difficult,  then the water resistance can be evaluated by the 
depth to which explosives are soaked in cartridges, which is readily 
discernible by the  change in the  color of the soaked layers  of the material. 
For this purpose,   the shell is  stripped from cartridges inmersed in water, 
a longitudinal  cut  is made in the explosive, and a rule is used to measure 
the depth of soaking from the lower end and the lateral surface of the car- 
tridge.    If the explosive is soaked from the lower end of the cartridge by 
more  than 2 cm, and from the lateral surface to a depth of more than 0.^ cm, 
then it must be regarded as not adequately water-resistant. 

Determining water resistance with the hvdrodvnamic instrument.    This 
method is based on determining the hydrostatic pressure of a column of water, 
increasing at a constant rate that is necessary to force water within the 
explosive.    The criterion of estimating water resistance is the maximum 
height of the  column of water in the gauge tube of the instrument,  corres- 
ponding to the moment when the first drop soaking through the layer of 
tested explopr.     of a given thickness and density appears.     'Ehe instrument 
and  test method are standardized (GOST 14839.15-69). 

The hydrodynamic instrument  (Fig.  14 a) consists of a 5~10-liter bottle 
1,   filled through funnel 2 to the mark with distilled water,  a mercury 
manometer 3« a hand pump 4, and assembly of the instrument 3 containing the 
test explosive, a gauge tube 6 1000 mm in length and with inside diameter 
of 2-3 mm, a three-position cock 7, auxiliary cocks 6 and 9,   capillary 
tubing 10, and rubber connecting hoses.    The bottle,  assembly, and gauge 
tubing are connected with each other according to the principle of communi- 
cating vessels. 
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The instrument layout described can be simplified if in order to produce 
the required pressure head the bottom containing the water is placed at a 
height of not less than 2 m from the zero mark of the guage tubing of the 
instrument. In this case there is no need for the pump and the manometer. 

The assembly to the hydrodynamic instrument (Fig. 14 b) consists of 
a case 11 with an inner diameter of 40 mm, height 50 mm, and a screw-in 
cover 12 made of stainless steel and provided with a 10 mm central opening, 
a aluminum lock ring 13 10 mm thick and with an outer diameter of 39 mf 
and two gasket rings M made of 6-8 mo thick soft microporous rubber. The 
inner diameter of all three rings is 10 mm. The housing of the assembly 
has a connecting piece for connecting to the water line rubber hose. Its 
lateral surface is provided with a movable limiter 1^, which delimits the 
course of the screw-in cover and the compression of the gasket ring to form 
a layer 16 of the test explosive 10 an thick and 1 g/cnp in density between 
the rubber rings. The gasket rings prevent water being soaked up between 
the explosive layer and the housin,; walls, and the rings 1? made of filter 
paper prevent the spilling of powder. 

Before the tests begin, an excess pressure of 1^0 mm Hg required to 
form the hydrostatic column of water in the gauge tube is produced in the 
bottle over the water, using the hand pump. 

During the entire operation, the pressure in the bottle is kept at this 
level, by being monitored with the manometer. Then the instrument constant 
is checked — it is the constant raxe at which the water rises in the gauge 
tube, 20 cm/min. For this purpose, vhe instrument assembly is disconnected 
by rotating the three-position cock 130*, the control cock is turned on, 
and the water is observed to enter the gauge tube. At the moment it passes 
the tube zero mark, the rise rate is recorded with a timer.  If it is not 
possible to achieve a rate of 20 cm/min with the control cock, the capillary 
tube is replaced with another, of gn ater or smaller diameter. 

The instrument constant is measured not less than twice for the hei^it 
of measuring tube 0-60 cm. After the instrument constant is determined by 
rotating the three-position cock clockwise 1}5*» the bottle, assembly, and 
gauge tube are disconnected from each other and charging of the assembly 
unit is begun. 

A 100 g explosive weight is sampled and sieved through a No 13 sieve 
(COST 4403*67). The remaining crumbs and large grains of the product are 
forced through and rubbed until they have passed completely through the 
sieve, and then the sample is carefully mixed and a 10 g weight amount is 
taken. Then a rubber ring is placed tightly against the bottom of the 
assembly housing; the opening in the rubber ring is covered with a disk of 
filter paper and above it is heaped the weighed sample, leveling it with a 
rubber plug or by lightly rapping the assembly against the table to form 
a uniform layer 10 mm thick. Over the layerisplaced another disk of filter 
paper 58 mm in diameter, followed by a rubber and a lock ring, and the cover 
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is screwed on until it reaches the stop in the limiter, whose position on 
the housing is determined in advance in such a way that the explosive layer 
is compressed with the rubber ring to a density of 1 g/cuP,  or to another 
density value that is required based on test conditions. 

The completed assembly is connected to the instrument; in the gauge 
tube of the instrument the water column is lowered down to the zero mark, 
by discharging the excess water through cock 8. 

In the test, the three-position cock is rotated clockwise 45*» communi- 
cating now between the assembly and the gauge tube with the bottle that 
serves as the source of the constant water head. Then, continual observation 
is made of the ascent of the water in the tube through the opening in the 
assembly cover and of the surface of the paper ring on the explosive layer, 
awaiting the appearance of the spreading patch of water on the filter paper. 
At the moment the patch appears, by a reverse turn of the three-position 
cock by 43*, the admission of water into the assembly and the gauge tube is 
halted, with the level of the water column in the tube being led off from 
the scale. The  height of the water column in the tube (in cm) noted at the 
moment the patch appears on  the paper   due to the liquid soaking in 
through the explosive layer is the indicator of its water resistance. Thus, 
the explosive is tested under the pressure of the uniformly rising water 
jolumn.  When the hydrostatic pressure exceeds the capillary back pressure 
of the waterproof pores of the explosive powder, the impregnation of its 
layer begins, from which water displaces the air. Prom this moment, the 
water ascent in the gauge tube slows down abruply and when the water 
impregnates the entire layer, halts altogether. The more waterproof is 
the explosive particle surface and the finer the capillary in its explosive 
layer, the higher the water resistance and thus, the greater hydrostatic 
pressure of the water column is needed to impregnate the layer. 

Three to five parallel determinations are made for each explosive 
with the instrument, and the deviation between these readings must not 
exceed 5 cm. The arithmetic mean of the readings of all determination is 
taken as the end result. 

This method is quite sensitive. When the test condition is carefully 
observed, it reveals a strict quantitative estimate of the water resistance 
for waterproof powders (explosive, water-resistant nitrate, and so on). 
From a fairly large number of experiments it was found that if the explosive 
in the hydrodynamic instrument shows a water resistance not less than 40 cm 
H-O, it is capable ~ in standard-length cartridges (24-26 cm) at a density 

not less than 1.0 g/cm — of withstanding soaking in flooded blastholes 
for not less than 1 hour and subsequently detonates without failure. There- 
fore many water-resistant explosives, the hydrodynamic instrument reading 
of 40 cm H„0 was set as the technical norm for many water-resistant explo- 

sives. When the instrument readings are 60-70 cm, standard cartridges of 
this explosive can reside in water for upwards of 2 hours, and when the 
readings are80-90 cm, they withstand soaking for many hours. 
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Testing explosive powders soaked with nitro esters (detonites, uglenites, 
pobedite, and so on) or with mineral oil (dynammons AM) on the hydrodynamic 
instrument gives understated results. The  estimate of the water resistance 
for these explosives must be made by soaking and firing off to transmit the 
detonaticn of their cartridges. 

Determinatiop of water resistance of granulated and slurry explosives. 
TY.c  tests for water resistance of ammonium nitrate granulated and slurry 
gel-like explosives is based on leaching from them the nitrate and other 
water-soluble components by exposing the weighed sample for a specific 
period of time in standing or running water. No generally accepted stan- 
dardized method for these tests yet exists. Usually, in the standing water 
test, a 50-100 g weighed explosive sanple io kept in 250-500 g water at 
room temperature. The exposure time for each explosive is standardized by 
technical conditions. For example, it is 2 hours for zemogranulite 50/50-V, 
while it is 5 hours for zemogranulite 50/70-V. After exposure, the amount 
of dissolving constituents of the explosive is determined by titrating 
averaged samples of the solution or by weighing the dry residue obtained 
after filtering the solution and drying the undissolved substance. 

When making the test in running water, a 100 g weighed explosive sample, 
or a large amount, is placed in a water-filled cylindrical vessel, for 
example, a glass cylinder with an upper overflow cock, and down to its 
bottom is brought a rubber tube through which water is admitted from the 
main water line at a rate of 0.02 l/sec. At this water turnover rate, the 
weighed sample is kept in the cylinder for several hours or days, and then 
the weight losses determined by drying and weighing the residue of the 
weighed explosive sample. For granulated explosives, the exposure time in 
running water is taken as 2 hours, while for slurry explosives it can be 
as long as 3 days, depending on the conditions of their use. 

Test for completeness of detonation 

The test for detonation completeness is the simplest method of verify 
ing the detonatability of an explosive. Cartridges or charges (loads) are 
tested in paper shells of suitable diameter, placed in the ground with ends 
abutting each other.  In one of the outermost cartridges a No 6 blasting cap 
is inserted into one end and the explosion is performed. All the cartridges 
must detonate completely. The detonation completeness is evaluated by the 
absence of explosive residues and the presence of impressions or a funnel 
in the ground. No less than three such determinations are made with each 
test explosive. The length of the cartridge prepared for testing must be 
6-10 times greater than its diameter. It was found that if a charge of a 
given explosive of this length is completely detonated in the open air, 
then the failure-free detonation of its charges of any length can be 
guaranteed in the same diameter both in the open form as well as in a drill- 
hole or blasthole.  If the conditions do not permit testing of long charges 
(owing to the large weight of the simultaneously blasted explosive, for 
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example, of the granulated type), then the tester limits himself to a 
single charge (cartridge) not less than 250 mm in length and the test is 
conducted under COST ^/^8^^.^^-69• 

Determination of moisture content 

The  moisture content of ammonites together with volatile impurities 
is determined under G06T 14859«12-69. Here a 5 g weighed explosive sample 
is placed in an even layer into a tared dry glass or aluminum beaker, 65 mm 
in diameter and 30 mm tall, and is dried at 60-70* C either in a thermostat 
for 4 hours, or using infrared rays in a special apparatus for 30-40 minutes. 
On completion of drying, the beakers are covered, cooled in a dessicator 
for not less than 30 minutes, and weighed. The content of moisture and 
volatiles (in percentages) is calculated by the formula 

w   (Gi-Gj) 100 V n • K. (9) 

where G and G„ are weights of the small beaker containing the explosive 
before drying and after drying, respectively, grams; and 

G is the weight of the explosive sample, grams. 

If the explosive contains much volatiles or it is necessary to find 
the true amount of moisture, the determination can be made by  the familiar 
Dean-Stark extraction method given the condition that the test explosive 
can be boiled in the extracting liquid. 

The moisture content of nitro ester explosives is determined by drying 
over freshly calcined calcium chloride in a desiccator under vacuum at 
room temperature (COST 5132-68). The  test is conducted in the following 
order. Approximately 10 g of explosive is placed in a uniform layer in 
small tared dried beakers and weighed to a precision of up to 0.0002 g. 
The beakers are placed in the desiccator, and then with a water-jet pump 
a rarefaction of 50-60 mm Hg is produced in it and the beakers are kept 
at room temperature for 6 hours. 

'Hie moisture content in percentages is calculated by Eq. (9). 

Determination of density of cartridges, loads, grains, and granules 

Determination of cartridge densitv.  By COST 14839.18-69, the car- 
tridge density is determined gravimetrically using a sand volumeter 
(Fig. 15), which is a 60 mm diameter cylindrical vessel equipped with a 
funnel provided with a slide gate. Depending on the cartridge length, a 
volumeter is selected whose height exceeds the cartridge length by 5-6 cm. 
In testing, no less than four cartridges are sampled from the explosive lot. 
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Fig. 1^). Sand volumeter: 
1 — volumeter 
2 — funnel 
3 ~ slide valve 

Kach cartridge is weighed on balances to a precision of 1 g and placed in 
the volumeter. On the bottom of the volumeter a 1 cm thick sand layer is 
placed in advance. Then a stream of sand flowing from a funnel placed 
b  cm from the top of the volumeter is directed at the upper end of the 
cartridge. 

The volumeter is filled with sand in one step; the excess sand is care- 
fully removed with a roller (flush with the edges of the volumeter) and is 
weighed.  Then, sand is poured out, the cartridge is removed, the volumeter 
is again filled with sand by the above-described methods, and then it is 
weighed. 

In testing, the same sand is used, which must be reflection passing 
through a No 11 silk sieve and remaining on a No 52 ♦ sieve (GOST 4403-67). 

i 

The density of the explosive cartridge is calltd by the formula 

P = -, ~ g/cm5. (10) 

where G^ is the weight of the cartridge, g; and 

V is the volume occupied by the cartridge in the volumeter, CBK. 

* The sieve number denotes the number of openings per cm. 
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The volume occupied by the cartridge is calculated by the formula 
i 

v = T.       cm
3  , (11) 

where G is the weight of the sand in the volume occupied by the cartridge, 
g; and 

Ais  the gravimetric density of the sand,  g/cm . 

The weight of the sand in the volume of the explosive cartridge is 
calculated by the formula 

G = C, + C,-C,,    g, (12) 

where G„  is  the weight of the volumeter containing sand,   g;  and 

G,  is  the weight of the volumeter containing sand and the cartridge,  g. 

This method gives the mean density of the explosive in the  cartridge 
determined as a  ratio of the  sum of the weights of the  cartridge and the 
waterproofed shell to the overall volume  occupied by the explosive,  shell, 
and the air space between the explosive and the shell.    More exact results 
can be obtained by replacing the sand with water.    The density of cartridges 
of water-resistant ammonites can be determined with water.    In this case 
the determination is simplified.    The cartridge is weighed to a precision 
of 1 g,  then immersed in a water-containing cylinder, and the volume of 
water displaced by it is determined to a precision of 1  cm^.    When deter- 
mining the density of cartridges containing highly water-resistant explo- 
sives,  several punctures are made at their ends to remove air from beneath 
the shell and to allow exposure in water for 5 minutes. 

When determining the density of large-diameter cartridges  (60 mm and 
more), in the event that there is no appropriate volumeter,  their volume 
is determined by calculation. 

Determining the density of Dresaed.  worm convevor-packed.  and cast 
cartridges,   loads, and chunks of explosive^.     The true density of an explo- 
sive in pressed and worm conveyor-packed cartridges, loads, and oast chunks 
is determined, after the paper shell has been removed from them,  by the 
volumetric method, using water or mercury to measure the volume  (when 
testing nonwater-resistant products).    When water is used,  the density of 
the product is calculated by dividing its weight by the volume of displaced 
water.    When mercury is used,  the volume of the product is determined by 
the method presented above for the sand volumeter. 

Determination of grain and granule densitv.    The true density of grains 
of grained explosives and the granules of granulated explosives is deter- 
mined with a mercury volumeter based on GOßT 8066-56 (Fig.  16).    The lower 
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Pig. 16. Mercury 
volumeter for deter- 
mining density of 
grains and granules 

tube of a ball-shaped vessel 2 is immersed into a mercury-containing bowl. 
After closing cock 1, one opens cocks 3 and 4» cock 5 is connected to a 
vacuum pump, and air is sucked from the curved tubing and the spherical 
vessel. Then cock 2 is opened and the spherical vessel 1 and tube 6 are 
filled with mercury until the mercury rises to the height of 500-600 mm, 
read off from the scale, and its level ceases to change. Then cocks 2, 3» 
and 4 are closed, the spherical vessel is disconnected from tube 6, avoiding 
warming it with the hands, mercury is removed completely from the tubes by 
lightly wrapping with the hand and is then weighed; then the mercury from 
the spherical vessel and the curved tube of the instrument are poured into 
a wooden bowl. 

After preparing the instrument, about 5~8 grams of explosive grains 
or granules is weighed in a 25 cor miniature beaker to a precision of 
0.01 g and the weighed sample is transferred to the cylindrical vessel of 
the instrument.  Then Just as in the first case, the instrument is assembled 
by connecting the vessel with a rubber union to glass tube 6 so that the 
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Fig. I?. Instrument 
for deterinining chemical 
resistance based on the 
iodine-starch test: 
a — general view of 

instrument 
b — test tube containing 

explosive and iodine- 
starch paper strip 

midline of the cock 2 is aligned with the zero division of the scale, the 
air is evacuated from the instrument, and the instrument is filled with 
mercury, while attention is directed to see that the mercury level and the 
curved tube in the first and second cases is at the same height. After 
filling, the spherical vessel containing the weighed sample and the mercury 
are disconnected, the mercury is removed from the tube, and it is again 
weighed. Then the temperature of the mercury in the bowl is measured. 

The density of grains (granules) is calculated by the formula 

D = 
Oi-Oi-hG g/cm3t (13) 

where G is the weight of explosive sample, g; 
D1 is the density of the mercury at the temperature of determination, 

which is found from the table in a handbook of physical constants; 
G. is the weight of the spherical vessel containing the mercury, g; and 

G? is the weight of the spherical vessel containing the weighed sample 
and the mercury, g. 

The density (specific gravity) of crystals or grains of individual 
constituents of a mixture explosive is determined by the familiar method 
using a pycnometer, selecting the liquid most suitable for this purpose. 
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Determining chemical resistance 

The chemical resistance of ammonium nitrate explosives can be changed 
by breakdown of molecules of chemically unstable mixture constituents or 
through chemical reaction between constituents as well as their impurities, 
forming new unstable explosive or nonexplosive compounds. 

The method described below pertains to determining chemical stability 
associated with the decomposition of the explosive. 

Iodine-starch test  (Abel test).    The very simple and rapid,   semiquanti- 
tative standardized test  (COST b772-t)l) is used mainly for checking chemical 
stability in manufacturing and storing ammonium nitrate explosives whose 
composition includes nitro esters  (detonites, uglenites, pobedite, and so 
on). 

The test is based on the reaction between nitrogen oxides formed in 
the decomposition of nitro esters and potassium iodide, with which together 
with starch the indicator,  so-called iodine-starch paper strip,   is impreg- 
nated.    When nitrogen oxides react with potassium iodide,  free iodine is 
released,  which yields the characteristic brown color with starch. 

According to COST 5772-51,  the  tests are conducted on an instrument 
(Pig.   17 a) as follows.    The weighed sample of the test explosive,  5.24 g, 
is placed in a test  tube  (Fig.  1? b)  16-18 mm in diameter and 13O-I4O mm 
in height.    The test tube is sealed with a rubber plug through which a 
4-5 ou» diameter glass rod is passed,  with a curved hook at one end.    The 
total length of the  tube and the hook must be 83-9!? mm.    On the hook is 
vertically suspended a strip (15x20 mm) of standard iodine-starch paper, 
-jhich after being introduced into the test tube is wetted halfway up with 
an aqueous solution of glycerin (id  ratio by volume) for a more distinct 
detection of the color change of the paptr strip.    The lower edge of the 
paper strip must be 76 mm from the bottom of the test tube.    The test tube 
is placed in a preheated water bath  (cf. Fig.  17 a) in which it  is kept at 
75 ±0.4° C until a brown band appears at the border between the dry and 
wet sections of the iodine-starch paper strip.    The color is compared with 
a reference standard paper strip placed in a free recess of the bath. 

To check the  temperature during the experiment, a test tube fitted 
with a thermometer is placed in one of the bath recesses. 

The measure of resistance in this test is the time elapsing from the 
moment the test tube is  immersed in the bath until a brown band appears 
on a paper strip,  recorded with a timer.    A period of not less than 15 
minutes is the specified norm for the resistance of nitro esters going 
into the production of commercial explosives;   this norm is 10 minutes for 
dynamites and other otplosives containing nitro esters. 

143 



10   6     7   1     IS 

'Si IT1" 

Fig.  18.    Testing for safety properties of 
explosive: 

a — experimental drift 
b — drift discharger in cross-section 

Ir. testing dynamites, a } g weighed sample is ground with 6 g medicinal 
talc to impart a powdered structure to it, which facilitates removal of the 
nitrogen oxxdes from the explosive.    When testing powdered explosives,  talc 
is not added.    The iodine-starch test is highly sensitive; its results 
depend on the volatility and moisture content of the explosive, on the 
impurities, and several additives introduced into the explosive for specific 
purpose. r 

Testing for safety properties 

Depending on the conditions in which the explosive is employed, various 
methods of testing their safety properties are used.    All safety explosives 
used in the coal industry are tested for blasting safety in an explosive- 
♦^mHi?^116 tt,n08phere or in su8Pended anthracite coal dust according 
to GUbT 7140-^4.    Here,  class-IV safety explosives intended for driving 
work in coal are additionally tested for detonatability in the consolidated 
state in a compressed medium.    The more stringent testing conditions for 
aaiety oi use in a methane-air atmosphere are imposed on class-V and olass-VI 
safety explosives.    Special-purpose safety explosives are tested in condi- 
tions for which they are intended.    Thus,  sulfur ammonite is tested in an 
atmosphere of sulfur dust, and petroleum-oriented ammonite - in an atmo- 
sphere of the vapor of volatile petroleum hydrocarbons. 
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The most common method of testing safety explosives for safety proper- 
ties is the method of exploding charges in a test drift in artificially 
produced gas-air and dust-air media of P .? sific concentrations.    There are 
various methods of exploding charges in - drift in accordance with the 
conditions of the actual use of the test explosive» blasting in a mortar 
with a channel, and blasting outside of mortar, and when a charge is freely 
suspended in the blast chamber of the drift. 

To determine the limiting charge in the control  testing of an explosive, 
a test drift is used;  class-Ill and claaa-IV explosives are exploded in a 
mortar with a central channel, while class-V and class-VI explosives are 
exploded in a freely suspended state. 

Layout  of the drift.     The test drifts used in the USSR (Fig.  18 a) 
consist of a steel tube  1  of elliptical or round cross-section,  1.65-2.0 m 
in diameter and  10-30 m in length,  closed on one side with a thick bottom 
and secured to a concrete base.    A O.5-O.4 m diameter hatch 2 is made in 
the bottom,   that is,  somewhat less than the outside diameter of the mortar 
5 installed on a rail trolley and rolled right up to the hatch during the 
test period.    At some distance from the bottom there is a frame 2 in the 
tube,  covered with a paper diaphragm or automatically opened before the 
blast with a blind to form blast chamber 3,   10 m^  in volume.    To mix gases, 
the chamber is provided with a propeller mixer 6, and to mix the dust -- 
longitudinal shells ?•    In some drifts the dust is distributed with a 
special auxiliary mortar 8,   500-700 m in length and 150-200 mm in diameisr, 
installed in front of the chamber of the tube and oriented at an angle of 
20° toward the bottom of the drift.    For this purpose, a small charge 
(weighing 20-50 g) of the safety explosive is placed in the mortar channel, 
over it is heaped the required amount of dust, and several seconds before 
the blast of the test explosive it is fired off.    Beyond the limits of 
the gas chamber,  ports 9 for visual observation of the ignition of gas or 
dust are made in the tube on opposite sides.    Gas from cylinders is fed 
into the tube chamber through gas line  10.    The gaseous products of the 
explosion are sucked after each test through ventilation duct 11.    The 
blast chamber is also equipped with a connecting piece for sampling gas 
for analysis and with a thermocouple for recording the temperature rise 
in the chamber in the ignition of the gas or dust. 

The mortar (Fig.  18 b) is a 550 mm diameter thick-walled, strong 
cylinder 12,   1140 mm long,  made of high-alloy chrome-nickel steel in the 
form of a continuous rod,  or of two joint cylinders (core and casing) for 
added strength.    The mortar is provided with an axial channel 1}, 55 mm in 
diameter and 900 mm deep for housing the explosive oharge. 

Preparation of the experiment and carrying out  the  test.    Norms of 
limiting charges   are official        for each class of safety explosive;  the 
explosives are permitted to be used in mines with these norms, and they 
must be tested against these norms.    For class-Ill and class-IV safety 
explosives,   these norms  include 600-gram charge for gas and 700-gram charge 
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for dust,  exploded in the  mortar.    Norms  of limiting charges exploded in 
a methane-air atmosphere  in the freely suspended state are set for safety 
explosives in class-V shells and other types of safety explosives of 
classes V and VI.    Gas and dust tests differ in their execution. 

Gas test.    When testing class-Ill and olass-IV safety txplosives, a 
600 g amount of charge,   comprised of standard cartridges 14 (31~}2 or 36-57 
mm in diameter and weighing 200-500 g)  is heaped  into  it all the way up to 
its bottom;   in the  last  of these cartridges  (in the  outer enc) an    instan- 
taneous-action electric detonator 15 is inserted in a  copper or paper oase. 
The electric detonator must be  completely embedded in the  cartridge and 
directed with its bottom section toward tht  bottom of  the mortar channel. 
T5ie end of the  charge must be not less  than b cm from  the  mouth  of the 
mortar.    A stemming 16  10 mm long made of four parts  dry clay and one part 
water is placed into the mouth of the channel,  f^ush with its ena.    The 
loaded mortar is rolled right up to the hatch of the bottom of the drift 
and tht ends of the electric detonator leads are  connected  to the electric 
blast network, reliably de-energized before the time of the explosion. 
Then,   onto the frame  of the blast chamber is  cemented a diaphragm (or else 
the blind is  lowered) and  one  begins filling the  chamber with methane  to 
a 8-10 percent concentration.     The supply of metnane  is monitored wi ;,h a 
gas meter.     During the  chamber filling time,   th^ mixer is  turned on to 
mix the gas with the air,  and  it is  turned off  in ^—10 minutes as the 
methane supply is  completed.     The concentration is  checked with a Zeiger 
pipet or a gas analyzer.     Before sampling of the gas  in the pipet,  it is filled 
with water,   connected tc the connecting piece of the drift, and the 
cocks    '"» opened.     Due  to flowing of the water into the pipet,   the gas is 
sucked from the  chamber.     As  soon as  the  last drops  of water have streamed 
from the pipet,   the  lower  cock is  closed and then the upper.    The gas- 
x-illed pipet  is  connected  through the  contacts  of its  spark gap to the 
ondr  of the blasting machine leads, and by rotating the handle of the 
machine a spark discharge  is produced in it,  igniting the methane.    To 
determine  the volume of the  consumed meuhane,   the pipet is  immersed by one 
rf the  cocks  into a vessel  containing a   lt)-20 percent  solution of sodium 
chloride and the cock is  opened in the solution  for a  certain period  of 
time,  and  then the  inner walls of the pipet are splashed with the accumu- 
lated solution and the  COCK is again immersed in the  solution to a depth 
such  that with the  open cock  the levels  of the liquid  in the vessel and 
the  cock are made equal.     Then,  the  cock is closed,   the pipet is removed 
from the solution,  and  the  volume of the accumulated liquid is measured 
with a graduated  cylinder. 

The methane  content   is  calculated by the formula 
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! 
where V is the volume of the solution in the pipet,  cnP;  and 

V..   is  the volume  of the pipet;  cm*. 
i 

After placing the required concentration of the methane-air mixtur 
in the drift chamber,  the  charge in the mortar is blasted with a blasting 
machine and the appearance of flame in the ports and in the  open end of 
the drift tube is observed.    Ignition of the gas can also be recorded by 
the deflection of the needle of a galvanometer connected to the  thermocouple, 
whose  contact head is located in the blast  chamber. 

In the order set forth,   the experiments are repeated the required 
number of times with the same amount of charge.    All produced plant lots 
of explosive undergo control  testing for gas and dust safety.    Three parallel 
experiments in a drift are conducted with each product lot for gas safety. 
In doubtful  cases or when experimental  lots of new safety explosives are 
produced,  the number of parallel tests is brought  to 10.      Ten-fold testing 
is carried out in the MskNII or VostNII of control samples of all safety 
explosives produced by plants  that are obligated to supply them to the 
MakNII or the VostNII not  less often than once a year. 

When establishing the maximum limiting charge  (which does not yet 
ignite  the gas) for new safety explosives,   tests begin with a i'jO g weight 
of charge, and in the  case of nonignition,  the amount  is increased in each 
subsequent experiment until ignition occurs.    The required number of 
experiments is repeated with the maximum charge found,  and in none of these 
must there be ignition. 

When testing class-V and  class-VI safety explosives for their gas 
safety, an empty mortar is rolled drived up to the hatch in the drift, and 
cartridges  containing the  limiting amount of charge  to  be  tested are 
suspended in the  center of the blast chamber along    the drift line in a 
single line one after the other, or with specific gaps,  depending on the 
test conditions.    All remaining operations are carried out just as described 
above. 

Just test.    For this dust,  coal dust of standard composition is used: 
the volatiles  content is within the  limits 29-3^» percent,   the ash content 
is not more than 9 percent,  and the moisture content is not more  than 
2 percent;  the residue on a No 15 sieve  (COST 4405-67) is not more than 
10 percent, and not less  than !j0 percent passes  through a No 76 sieve. 
Die coal dust is obtained by drying and comminuting coal  of the appropriate 
variety.    The amount of coal dust per test must  be 6 +0.1  kg on the basis 
of producing about 500 g per m5  of air in the suspended state.    Some of 
the dust   (about  5 kg)  is placed in the  channel  of an auxiliary mortar 
containing a charge weighing t)0 i 5 g.  initiated with an instantaneous- 
action electric detonator in a paper or copper shell,  while  the other 
part is placed on the shells of the  blast chamber in the drift.     The 
explosive  charge in the main mortar must be 700 g comprised of standard- 
size  cartridges. 
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When testing for dust, half of the experiments are conducted with 
additional heaping into the channel of tne main mortar of 100 g coal dust 
in such a way that most of it is in the free space in front of the charge. 
In none of the experiments is stemming used. The blast chamber is not 
blocked off with a blind and a diaphragm. 

After preparing the charges, the mortars are put in place and the 
blast is conducted with a delay of 5-t) seconds of charge initiation in 
the auxiliary mortar, observing or recording the ignition of the dust with 
a galvanometer and a thermocouple. 

To test currently produced safety explosive lots, according to GOßT TMO- 
t>4, in plant drifts only two blasts are conducted with dust, while in plant 
testing of experimental lots and control tests in the NakNII or the VostNII 
samples of all safety explosives undergo ten parallel experiments for each 
type of explosive. 

When testing freely suspended safety explosive charges of classes V 
and TI for dust safety, the drift hatch is covered with an empty mortar or 
a slide gate, and the cartridges are placed in the center of the chamber 
along the axis of the drift at specific distances from each other. 

If during the testing, in even one of the experiments gas or dust is 
ignited, then a doubled number of cartridges is selected from the test 
explosive lot and a doubled number of blasts is carried out. Even if a 
single ignition is detected, the lot is rejected. An explosive lot is 
rejected also if the ignition of gas and dust does not take place, but 
residues of the explosive are detected in the mortar channel or in the 
blast chamber. 

Testing for sulfur dust. Thus far only sulfur-oriented ammonite 
No 1£hV used in mines containing finely disperse sulfur in workings is 
subjected to this test. The tests are conducted in a standard test drift, 
described above, in the same sequence as tests for coal dust safety. The 
limitingweight of 

the charge of the test explosive placed in the main 
mortar is 400 g. To disperse the sulfur dust in the blast chamber (at the 
rate of 200 g of dust per m3 of chamber volume), a t)0-100 g cartridge of 
the same explosive is used; it is placed along with the dust either in 
tha auxiliary mortar or is suspended in the center of the drift chamber 
surrounded by dust. The dispersion is carried out 2 seconds before the 
explosion of the test charge. The tests are repeated five times. In none 
of them must dust ignite.  If dust is ignited due to the blast of the 
auxiliary charge (which is suspended freely in the chamber), then this 
does not count in the test. 

Dust obtained by drying and grinding sulfur dust from the Gaudrak or 
Changyr -Tash mines is used in the tests. It is dried to a moisture content 
of not more than 0.1 percent and is ground until not less than 40-50 per- 
«nt passes through a No 78 sieve (GOßT 4403-67). 
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Testing for the vapor of aaBoline in a mixture with methane.    The 
petroleum-oriented ammonite No }-ZhV undergoes this test by the explosion 
of its limiting charge weighing 3^0 g in a mortar containing stemmir? in 
a test drift.    Grade B-70    aviation gasoline covered by COST 1012-^4 and 
natural gas are used in the test.    The concentration of the mixture of 
gasoline with methane in the blast chamber of the drift must be within 
the limits 2-4 percent for their volumetric ratio 1J1   to 1*3.    To produce 
the gasoline-methane-air mixture,  liquid gasoline is fed into the chamber 
of th-? drift through a funnel mounted in the bottom of the tube.    The 
chamber is first heated with steam to 50-^0• C with a heating coil lining 
its inner walls.    Five minutes after dispersion of a portion (1.5-2 liters) 
of gasoline,  its vapor is mixed with air with a mechanical mixer and the 
vapor concentration is determined with a Zeiger pipet.    The gasoline content 
on a heptane basis is calculated by the formula 

X.^00.... OS) ■  V',8 

where  V    is the volume of solution collected with  the pipet,  cm  ; and 
VQ is the pipet volume,   cm5. 

After establishing the required gasoline concentration in the chamber, 
the methane is admitted  through a gas meter and its concentration is 
aetermined with the same Zeiger pipet.    The methane content is determined 
by the formula 

(V-.-yaiW    „, (,6) 
A. ---        j^ 

where V    is  the volume of the  solution collected with  the pipet  in the 
analysis  of the  gasoline-air mixture,   enr; 

V„ is  the volume  of the solution collected with  the pipet  in the 
analysis of the   gasoline-methane-ajr mixture,   cm3;  and 

V.  is the pipet volume,   cm3. 

Five repeated experiments are  conducted,  and  in none  of these must 
the mixture ignite. 

Test in a coal-cement block.     Class-IV safety explosives intended for 
short-delay blasting in group charges fir coal in mines, oust undergo — 
in addition to the nandatory drift tests — also laboratory tests (optionally) 
for resistance  to detonation  in the intensely compact  state  (up  to a den- 
sity  of  1.^-1.67 g/cm>).     In natural conditions of service,  they can be 
in this condition in blastholes  in a coal mass exposed to dynamic loads 
of the  delay blast of neighboring charges and when the explosives exhibit 
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Fig.   19.     Coal-cement 
block containing charge 

in steel casing 

inadequate detonatability they can produce deflagration,  which is dangerous 
in the methane-air atmosphere of mines.    The tests are conducted in coal- 
oement  blocks  based on a method developed by the MakNII,  which  to a greater 
extent than other methods models  the  conditions of short-delay blasting of 
coal  in driving faces.    Essentially,   it consists of exploding pressed and 
test charges located at some unknown distance from each other and determining 
the  failure-free detonation of the latter in a coal-cement block which in 
its physicomechanical properties  is close to the coal mass.    The smaller 
the distance between the charge and the block,  the more  the charge of test 
explosive    is  compacted and,   therefore,  it must exhibit greater detonatability 
in order not to produce deflagrations  in these blast conditions.    The crite- 
rion of the estimate of detonatability is the minimum distance between 
charges  in the  block for which stable detonation of the  test explosive is 
still observed.    This distance,  given in terms of the effective radius  ^ 
of the pressed charges, and i ailed the reduced distance,  serves a measure 
of the estimate of the test explosive  compared with any standard explosives 
adopted as  the reference standard  in this test method. 

A block 2^0 mm in diameter and ^00 mm in height is prepared in advance 
from a mixture of coal,  cement,  and water taken in the ratio  ■'3«9i6,  in 
special  molds consisting of a split cylinder and a false bottom with 

1 
The effective radius is smaller than the actual radius  by the lateral 

scattering of undetonated explosive,   determined by calculation. 
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recesses in which pins are inserted to form continuous  openings (biastholes) 
in  the  castings.    The different  recess layout in tne false bottom makes it 
possible  to modify the distance   between blastholda, as desired. 

Three blastholes are cast in each block; one of the blastholes, 44 mm 
in diameter,  is intended for placement of a charge of the test explosive, 
and  the  other two — 25 mm in diameter — serve to house  the pressed charges. 
All blastholes are located at equal distances from the center of the block 
and from each other.    In casting of the blocks,  initially molds are filled 
with coal, and then a cement mortar is poured over and exposed for 8-10 hours. 
The blocks free from the molds are exposed an additional period not less 
than  '4 days, after which they acquire the requisite physicomechanical 
properties and become suitable for testing. 

In testing, block 1   (Pig.   19) is placed in a thick-walled steel cylinder- 
housing 2, whose inner diameter corresponds  to the block diameter.     From the 
bottom,   into the housing is inserted in advance a metal  insert 5 provided 
with an opening for extending out leads of ionization sensor 4 inserted in 
the charge to measure the detonation rate of the test explosive.    Wien into 
a 44  mm diameter opening is placed charge  5,  consisting of one or  two 36 mm 
diameter  cartridges in such a way that the  charge length is  300-310 mm.    An 
electric  detonator 6 with a   Tj msec delay is inserted into the  charge from 
the  top,  and then the small  clay wad 7  is put into place,  and the  remaining 
free space is he sped with sand 8.    Along the entire charge a metal rod or 
tube 9 is placed into the block hole,  serving as an additional marker of 
the detonation completeness of the explosive.    Pressed charges 10 of the 
same length prepared from the test or other explosive fitted with an 
instantaneous electric detonator  11 are inserted into the two other block 
openings.    The free spaces heaped with sand, with limited additional heaping 
of the sand to the face of the block to form a soft cushion in which the 
electric detonator leads are protected against crushing and short-circuiting. 
Coarse-grain sand is used in the stemming.    A second mttal insert  12 is 
placed over the block, with limited embedding in the housing,  and a massive 
cover 13 weighing about   '  ton is lowered cautiously onto the block with a 
hoist;  the cover is intended to block the rapid outflow of detonation 
products  of the pressed  charges,  which  compress and retain the  charge of 
the   test  explosive in a stresised state before the explosion.     After this 
block preparatii n,   the leads of  the  electric detonators are  connected to 
a current  source,  the instrument  is adjusted to measure  the detonation 
rate, and the blast is carried out.    The nature of the detonation of the 
test explosive is estimated from  the measured detonation rate and  the 
deformation of the marker-tube.     By repeating this experiment with  the 
blasthole  layout in the  block modified,   the unknown reduced distance is 
found  that  characterizes the safety of using the given explosive compared 
with others.    This method reproduces as well the actual pattern of compac- 
tion of the explosive in blastholes of a coal mass and.  by using it,  the 
quality of standard explosives  can be  verified,  and one  can also test the 
detonatability of new safety explosives. 
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20. Methods of Testing for Indicators Mot Governed by COST or TU 

Determining the heat of explosion 

In addition to theoretical calculation, the heat of explosion is deter- 
mined in a calorimetric bomb that is similar in design to the bomb used to 
determine the composition of explosion products. Bombs with a capacity of 
20-26 1 are used in testing commercial explosives, capable of exploding 
charges weighing 50-100 g. 

The method is based on the precise measurement of the temperature of 
the bomb or the water temperature in a calorimeter, which are heated due to 
the heat released in the explosion of a charge of test explosive, and subse- 
quent calculation of the unknown heat by multiplying the resulting temperature 
rise by the heat capacity of the calorimetric stand. Precise recording of the 
temperature is carried out with special thermometers (Beckman thermometer, and 
so on). Blasting of the charge in a bomb is carried out in a lead or other 
shell of high mass in order to ensure its most complete detonation. 

Arrangement of the calorimetric bomb.  The bomb (Fig. 20) has a capacity 
of 20 liters and consists of a thick-walled steel housing 1, with an outer 
diameter of 3^0 mm, and inner diameter of 200 mm, and height of 650 mm, a 
cover 2 hermetically closed via a lead gasket 3 with eight thick bolts. The 
underside of the cover is provided with hooks on which to bang the charge 4. 
The cover is provided with a bushing through to lead out the electric detonator 
leads 5 and to secure a pressure valve 6 used in evacuating the bomo and in 
collecting or releasing gases after the explosion. 

In its assembled form, the boob is loaded into a calorimetric steel 
vessel 7 filled with and equipped externally with heat insulation 8.  The 
vessel dimensions are as follows: diameter 415 mn, height 1000 am, and wall 
thickness 1.4 mm. The vessel is provided with mixer 9 to stir water, and 
thermometer 10 with a 0.01* scale division. 

Preparation and carrying out of the testa. A 100 g weighed explosive 
sample, with appropriate density, is placed in a glass beaker 11 36-40 mm in 
diameter, and onto the beaker is fitted a lead shell 12 of appropriate 
diameter with wall and bottom thickness of 4.0-4.5 mm. The  weight of the 
shell is about 500 g. Over the lead is placed the second glass beaker 13 
in order to prevent the lead from sticking to the walls of the bomb after 
the blast. When an explosive with positive oxygen balance is tested, in 
place of the lead shell a sand or water shell is used, which is poured into 
the outer beaker. An electric detonator in a copper case is used as the 
Initiator. 

The emplaced charge is suspended in the center of the bomb at a distance 
of 150-200 mm from the cover, which is screwed in tightly and the air is 
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Fig. 20.     Calorimetric bomb, 
20 1 capacity,  for determining 

heat of explosion 

evacuated from the bomb with a pump to a residual pressure of 5-5 mm Hg. 
Bien with a hoist the bomb is lowered into the  calorimetric vessel containing 
water onto the support  14f and is  closed with cover 15. 

Enough water is poured into the calorimetric vessel in order to cover 
all metal parts of the bomb.    The water is weighed to a precision of 1  g.    To 
conduct  the blast,  the bomb and the calorimeter are moved into a constant- 
temperature room, where the temperature fluctuations must not be more than 
±.2°.    Before the blast,  the water in the  calorimeter is stirred for 0.5 hour 
with a mixer,  the water temperature in the calorimeter is recorded, along 
with the  temperature and barometric pressure of the air in the room.    IXiring 
the experiment the temperature is recorded in three periods.    Five readings 
are made before the blast, and  then from the instant of the blast a reading 
is  taken from the thermometer at equal time intervals until the end of heat 
release,  when the temperature rise ceases.    From the moment of temperature 
decline five more readings are taken.    ?y the end of the temperature recording 
time,   the mixer is  turned off,   the water is poured out,  the bomb is lifted 
out  of the  calorimeter, and the bomb is dismantled for the next experiment. 

By the time the temperature is measured, virtually all  the water formed 
in the blast is in the liquid state.    Therefore the first calculation of 
the heat of explosion is made using the formula 

CM-q      kcal/kg. (17) 
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where C is  the heat capacity of the calorimetric stand, which is determined 
by a special blast in a bomb of an explosive whose heat of explosion 
is known exactly,  cal/deg; 

q is the heat of explosion of the electric detonator,   1190 cal; 
At is the temperature rise of the calorimeter, corrected for heat 

exchange and for the thermometer degree value  (based on its rating 
certificate), deg; and 

a is the weight of the weighed explosive sample, g. 

The heat of explosion when the water is in the vapor state is a more 
correct characteristic of the explosive.    Therefore a second calculation is 
made;   the result obtained in the first calculation is recalculated for water 
in the vapor state using the formula 

QJ-Q-öSIJ,,      kcal/kg, (18) 

where q 

584 

is  the amount of water in the explosion products determined by 
purging the bomb after the blast with dry air or by trapping the 
entrained moieture in calcium chloride tubes, kg/kg of explosive; and 
is  the difference between the heat of water formation in the liquid 
and in the vapor state. 

Two parallel determinations are made and the arithmetic mean of these 
determinations is taken as the result.    Simultaneously with the heat of 
explosion, when necessary the volume of the gaseous products of explosion 
can be determined and samples can be taken for analysis of gas composition. 

Determination of detonation rate 

There are methods for determining the detonation rate with a high 
precision.    Optical Instruments have been developed ~ photographic recorders 
fixing the de'onation process as a photographic     image on luminescent film, 
where  the detonation process accompanies the propagation of the detonation 
waves  through the charge.    The recording can be made either continuously over 
the entire area of the  charge being measured,   or else in separate frames 
following each other at a frequency up to 2 million/sec.    With the photographic 
recorders,   the detonation rate can be measured  over small areas  of the  charge 
length  (5~10 cm)  to a precision of up to 1  percent, however these instruments 
are suitable only for nonshell charges or charges in transparent shells 
transmitting the luminescence of the detonation process. 

There are even more precise  Instruments -- oscillographs  that are  capable 
of continuously measuring the detonation rate for extremely small (less than 
2 cm)  charge areas.    With these Instruments measurements can be made at 
large distances of open as well as opaque shell-enclosed charges of any size, 
for example,   blasthole and drillhole  charges. 
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Pig.  21.    Oscillographic method 
of determining detonation rate 
KEY«    A — To oscillograph 

QBcillographic method.    Essentially,   the method consists in the following 
(Fig.  21).    Along charge 1  of the test explosive is placed a grounded electric 
wire 2.    Two sensors 3 and 4 are placed in the  transverse position in the 
charge at a precisely measured distance between them.    The sensors oust not 
touch the ground electric wire, forming with it  spark gaps through which 
prior to the  moment of blasting an electric current does not reach the explo~ 
sive,  because all explosives when dry  (excluding slurry explosives) have very 
low conductivity.    TTie ends of the sensor wires are connected to an electric 
unit  consisting of low capacity condensers  3 and 6, and resistors 7.  8. and 9. 
Voltage is  fed      to the unit from a direct  current source 10 that charges the 
condensers. 

Before  testing,  the oscillograph is  connected to the unit.    The charge 
is blasted with an electric detonator 11   or another impulse.    When a detonation 
wave ptssea along the charge,  the explosion products become sufficiently 
ionized  that  the gaps between the grounded wire and the sensors become current- 
conductive.    The sensors are closed alternately.    When sensor 3 is closed, 
capacitor 5 is discharged and produces the first  current pulse to the oscillo- 
graph; when sensor 4 is closed,  condenser 6 is discharged and produces the 
second impulse.    Both successive impulses produce the corresponding voltage 
surges, which in the form of flashes of a glowing curve are recorded with 
high precision on a photographic film from the screen of the cathode ray tube 
of the oscillograph.    With the oscillogram prepared in this way,  the time of 
passage of the detonation wave between the sensors is determined,   by comparing 
the distance  between these two jumps   (peaks) of the voltage curve and the 
time markers on the film. 

The detonation range in the interval measured is calculated by the 
formula 
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D: m/aec, (19) 

where L is  the distance  between the sensors,   m;  and 
t  is  time,   sec. 

The rate can be measured over several areas of the charge if the appro- 
priate number of sensors is introduced into it.    Depending on the atate of 
aggregation of the  test explosive  (friable,  solid,  or liquid),  in actual 
practice sensors of various designs are used (foil type, needle type, and so 
on).    There are specialized sensors capable of continuous measurement of the 
detonation rate.    The precision of measurement depends on the minimum sweep 
time of the oscillograph.    An OK-17  oscillograph has a sweep time  of 5  micro- 
seconds and can measure the detonation rate to a precision of up to 1  percent 
over a charge area up to 2 cm in length.    The detonation rate is measured 
with a still greater precision with the OK-15 oscillograph, which produces a 
spiral sweep on the oscillogram, and with other modern oscillographs. 

Dotrish method.    To verify the quality of commercial explosives, usually 
a simple and accessible method of measuring the  detonation rate with a 
detonating fuse iu used (Dotrish method).    Essentially,  this method consists 
in the unknown detonation rate of the test explosive being compared with 
the known detonation rate of the detonating fuse.    The fuse must exhibit 
high constancy of detonation rate along its length. 

According to COST 5250-58, a steel tube 1   (Pig. 22) with inner diameter 
50 or 40 mm,  wall  thickness 5"4 mm,  and length 4b0 mm is required for the 
test;   the  tube is   closed on both ends with  screw-in cover 2,  in one of which 
a 7«3 mm diameter opening is drilled  to accommodate blasting cap 3«     On the 
surface of the tube there must be two openings of the same size, at the dis- 
tance of 550 mm from each other, and 60 mm from the end of the tube on the 
side of the cover that has the opening to admit into the charge the ends of 
two lengths 4 and 5 of the blasting fuse.    To record the collision of the 
detonation waves of the  blasting fuse  length, a plastic narking device 6 
made of 0.7 mm thick galvanized iron,   15 mo wide and 600 mm long is used. 
TVo transverse marks A and B are scribed on the plate 500 mm from each other 
for placing the blasting fuse ends.     A 10 mm thick steel  insert 7 is placed 
under  the plate;   the  insert is  20 mm wide and 620 mm long.    The plate wound 
spirally with  the   turns and containing the  insert and the blasting fuse ends 
is placed in a metal  tube 8 protecting the marking device against fragments 
in the  detonation of the charge.    The  tube must have a wall  thickness not 
less than 5 mm,  inner diameter 50 mm, and length 630 mo.    The detonation rate 
of the blasting fuse used in testing must be not less than 6.5 km/sec.    Its 
measurement   (taring of the blasting fuse)  is made in advance by some precise 
enough method.    The dispersion of the readings of parallel determinations 
from the mean measured value is allowed to be within the limits ±.1.5 percent. 
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Fig.  22.    Dotrish method of determining 
the detonation rate 

For reliable initiation of a detonation,  an intermediate detonator 10 
is used in the test charge 9 of the explosive:  the  intermediate detonator is 
a pressed load of tetryl or trotyl weighing ^0 g, and its diameter must be 

1 mm smaller than the  inner diameter of the charge  tube.    The load must have 
a density of 1.5~1«6 g/cro? and a 7«5 mm diameter recess,   15 mm deep,  for the 
blasting cap.    In the absence of loads,  powdered or plastic explosive whose 
detonation rate must be one order greater than the detonation rate of the 
test explosive is allowed to be used as the interimdiate detonator.    The 
weight of this detonator must be 50-100 g. 

Two uneven lengths of blasting fuse are used to assemble the recording 
system;  the lengths are determined in relation to the anticipated detonation 
rate of the test explosive.    If the detonation rate is expected to be more 
than 2.5 cm/sec,   the first segment is 1.5    m in length, and the second ~ 
1.0 m long.    But  if the detonation rate must be below 2.5 km/sec,   the first 
fragment is  increased  to 2.2 m.    In addition,   the base  CD along which the 
velocity is measured is reduced from 550 to 200 mm.    When the segments are 
assembled with the marker-plate,  their ends are made to coincide precisely 
with the marks A and B. 

A charge of the  test explosive in a steel  tube must have over its entire 
length the    uniform specified density,  which is usually 1  g/cm^ in standard 
tests of powder type explosives, and fits tightly against the intermediate 
detonator. 

The charge prepared for the test according to the scheme (Fig. 22) is 
blasted in a shelter (armored pit),  then the remaining marker-plate 6 is 
extracted from the protective tube 7»  the mark K formed on it from the colli- 
sion of the  two colliding detonation waves propagating from the charge along 
the blasting fuse  length is looked for,  and measurements are made from this 
mark to the marks A and B. 
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During initiation,  the detonation wave propagating along the charge,  on 
arriving at point B,  causes the blasting fuse length 4 to detonate, and then 
reaching point D,  initiates length 3.    The detonation waves propagating along 
these lengths meet at some point K and,  producing an instantaenous pressure 
rise, forms a characteristic dent on the plate,  which then is used in measure- 
ments when calculating the detonation rate of the test explosive.    The 
measurements between the mark K and the marks A and B on the plate, as well 
as between the points CD (between the centers of the openings on the tube) 
must be made with the highest possible precision,  since the end result of 
the detonation rate depends on the precision of these measurements. 

The detonation rate is calculated according to the formula 

r^ DmL n/sec (20) 

where L is  the distance  between the centers of the side openings — base  CD 
of the tube, m; 

L,  is the distance from the center of the mark K to a point A,  plus the 
length of the fuse segment AB,  m; 

L? is  the dirtance  from the  center of the  mark K to the point B,   plad  the 
length of the  fuse segment BD,  m;  and 

D     is the detonation rate of the blasting fuse,  m/sec. 

Two parallel determinations are made for each test explosive;  the devia- 
tion between these must not exceed 1.^ percent, and the mean result is derived. 
The precision of the detonation rate determination based on the above method, 
assuming that all conditions of the test are strictly observed, does not 
exceed the limits + 5 percent, which is quite sufficient in evaluating the 
quality of commercial explosives. 

Determination of critical diameter 

Thus far there is no standard method for this test.    Usually, a series 
of cylindrical charges of different diameters are exploded in sequence  to 
determine detonation completeness.    The length of each explosive charge must 
be 5 times greater than its diameter, and the density of the explosive must 
be uniform over its entire length.    Charges prepared of powdered type explosives 
are usually tested at a density of 1 g/cm5, while other explosives are  tested 
at their working density if no specific charge density is specified by the 
test conditions. 

Dependable initiation must  be provided for  the  charges to be exploded. 
If the test explosive has insufficient sensitivity to a No 8 blasting cap, 
its charges are initiated via an intermediate detonator, which is recommended 
to be pressed loads of trotyl, tetryl,  or in an extreme case, powdered ammo- 
nite weighing 50 g and detonating at a rate that is greater than the detonation 
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rate of the test explosive. If the diameter of the test charge is smaller 
than the diameter of the initiator (for example, a blasting cap), tb°n a 
conical or cylindrical dilation of the appropriate diameter and length is 
made at the charge end, and into it the detonator is emplaced. 

The  completeness of detonation of the exploded charge is judged by the 
absence of remains of the e«plosive and its shell, and also by the presence 
of explosion traces at the site over a funnel in the ground. A more reliable 
result can be obtained from the findiigs of a detonation of a blasting fuse 
length inserted into the tail end of a charge and buried in the ground. 

Based on the results of exploding the preceding charge, the next charge 
is exploded with a greater or smaller diameter, and in this way the minimum 
diameter is found for which no less than three parallel experiments show 
failure-free detonation. This diameter then is taken as the critical diameter. 
In determining the critical diameter of commercial explosives, charges are 
tested in paper cases. For some kinds of explosives (granulated and slurry), 
the critical diameter is also determined in a steel tube with walls not less 
than 1.5-2.0 mm thick. 

If there is no opportunity to carry out a large number of blasts of 
cylindrical charges to find the critical diameter, the tests are begun with 
charges of tapered form, in which the diameter of the base must be deliberately 
larger than the desired critical diameter for the given explosive. The length 
of the tapered charge must be such that the taper angle of the cone generatrix 
to its axis is 4~5,; the diameter for which the tapered charge dies out is 
found from a mark on the residue of a wooden rack placed beneath the charge. 
This result is regarded as an approximaie value of the critical diameter, 
which is then revised with cylindrical charges. 

Determination of critical density 

In laboratory conditions, the critical density of many explosives can 
be determined by testing for brisance using the Hess test of chargers having 
various densities (Fig. 12). The result of compression of lead cylinders 
then is plotted on a graph of brisance versus density and the critical density 
is found from the maximum of the resulting curve. If the test explosive 
becomes insensitive to a No 8 blasting cap with increase in density, or if 
the 40 mm charge diameter used exceeds the critical diameter of stable 
detonation, then in the former case a load of trotyl or tetryl weighing 
5-10 g is used in initiation, and in the second — the charges are placed in 
a steel shell (ring) with walls }-4 mm thick. The strong shell extenc.s the 
upper limit of the critical density. It is recommended that critical density 
tests be conducted with charges weighing 100 g, by placing two steel disks 
between them and the lead columns in oQch case to reduce the overintense 
deformation of the lead. 
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Test for shock  sensitivity 

This  test  is  based on the effect of the  impact of a  definite weight 
freely falling from some height onto an explosive layer of specific dimensions, 
placed between steel surfaces.    The measurt'  of sensitivity is the energy  of 
the  icpact required tc initiate  the explosion.     Pile drivers differing in 
their dimensions and design  of the instrument  in which  the weighed sample  of 
the test explosive  is placed are used in the  tests. 

In laboratory  conditions,   tests for sensitivity are  carried out on a 
Kast pile driver with small weighed samples  of the explosive  (0.05 g),  after 
placing them on a roller instrument and 5-triking a blow against it with a 
load weighing up  to 10 g falling from a neight up to 100  cm.     I^iis method 
is standardised   (G0ST 4b4t) "48).    In stano conditions,   larger pile drivers 
are used,  with which a  lo^d  weighing 20-24 kg is  dropped  from a height  oP 
'.^-2.0 m.    They make  it possible  to raise  the weight  of  the explosive sami-.'e 
to  ^-10 g,   but  owing to  the   intense blow of the weight,   the roller instru- 
ments are not used.    The  explosive placed in a small paper beaker is posi- 
tioned directly on the anvil  and  is  covered over with a steel plate onto 
which tne  load  is allowed  to  drop. 

Iiesigfi of the Kast pile  oriver.    Tne pile driver   (Pig.  2}) consists  of 
a massive anvil   1   mounted  on a foundation on which a roller instrument 2 
containing the weighed sample  of the test explosive  is  placed.    The falling 
weight } of the  pile driver,   by means  of a special holder 4,   can be secured 
at  the required  height  between two guide racks  5,   measured with rack 6.     By 
pressing against  the  cable   lever,   tne load  slides from the holder and,  freely 
falling along the guides,   strikes a Vlow against the  explosive ir. the roller 
instrument.    To  trap the   load as  it rebounds,  a gear rack is provided on the 
pile driver, and  on the load    — a tooth with whicn it  is  meshed in the rack. 

The roller  inrtrument   (Pig.  24)  consists  of a guide   clutch 1  with smooth 
inner   walls,   false  botton 2,  and two rollers  5  with removed  bevels,  differing 
by a high degree  of constancy of their mechanical properties and dimensional 
precision.    The  rollers slide  freely within  the   clutch.     The weighed explosive 
sample 4 is placed  between  the rollers.    All   parts of the  instrument are made 
of high quality  steel.     The   rollers, which serve as a striker and an anvil, 
after heat-treatment must   neet requirements   imposed on roller bearings.     The 
cylindrical and  face surfaces  of tne rollers are  carefully ground.    The roller 
instrument  on the pile  driver anvil  is  centered precisely with respect to 
the  weight by means  of  the   special   collar. 

Depending on  explosive   sensitivity,   loads  of different weights are used 
with  the Kast  pile driver and  the height from "hich  they fall  is varied from 
2^  to iQC cm.    For high-sensitivity explosives   (dynamites  and so on),  a load 
weighing "  kg is used;   for  low- and moderate-sensitivity explosives,   the 
weight  of the  load  is   '0 g. 
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explosive 
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P.'.g.  24.    Roller 
instrument 

There are several methods of estimating the sensitivity of an explosive 
to an impact with  the pile driver.    The most  common method is  one by which 
the percentage of explosions  is determined out  of 20,  50,   or  100 tests when 
a load weighing 10 g is dropped from a height of 2^ cm.     This method, however, 
hampers the estimation of the sensitivity in those  cases when the percentage 
of explosions is equal  to 0 or  100.    Therefore,   for a more  full estimation 
of the sensitivity,   the lower sensitivity limit  is additionally determined; 
beyond  this limit  the minimum drop height of a load weighing 10 kg is taken 
as  the one for which an explosion occurs in even one of the parallel  experi- 
ments . 

Shock sensiti 
on the  conaitio'-. 

depends heavily on numerous factors,  in particular, 
ie roülor surface and  the presence  of  chamfers along 
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the ed^ea, and on the  quality of steel from which they are made,  as well as 
the degree of hardening.    Of major importanoe  is protection of the explosive 
against wetting and contamination by foreign impurities during the test 
period.    "Bie test results with the pile driver are usually difficult to 
reproduce.    Therefore they are extremely provisional in nature and serve as 
a comparative estimate of the sensitivit:   of a test explosive with the sensi- 
tivity of a standard well-known explosive taken as the reference standard. 
usually tetryl  of a specified dispersion is adopted as the reference standard 
in laboratory practice.    For a more reliable estimation of sensitivity,  it 
is recommended that in parallel with the test explosive tetryl or another 
well-studied explosive be tested with the same lot of rollers,  by alternating 
the experiments  on these explosives.    After each experitn nt  the roller surface 
is  cleaned free of explosive residues and soot, and they are carefully wiped 
with gauze soaked in acetone.    During the test,  special attention is given 
to the preparation of the rollers and the condition of their face surfaces. 

Under COST 4^45-48, a 0.0b g weighed sample  of the test explosive, 
measured to a precision of up  to 0.005 g»   is evenly distributed between the 
rollers  of the  instrument,  which  is placed in the  centering collar on the 
pile driver anvil.     A 10 g weight  is placed at a height of 2^ cm and by 
pressing the release mechanism a blow is struck at the upper roller of the 
instrument.    This  determination is repeated 2^ times,  each time varying the 
roller instrument,   and  the percentage of explosions out  of the entire number 
of tests is calculated.    The result    of the loads striking the explosive is 
aetermined by the souna effect,  flash, and smoke  formation,   or by inspecting 
the remains of the substance in carbonization.     If the impact is not accom- 
panied  by these features,   then it  is assumed that a  "failure" has occurred. 
If the percentage  of explosions  is  100,  the pile  driver weight  is reduced 
aown to 5 kg, and if it  is  zero,   the height of its fall  is  increased to 
■jO cm and the tests are repeated in the same  order. 

The quality of  treatment   of each lot of rollers is  tested  by checking 
the  reference standard  tetryl  explosive for shock sensitivity.     It is twice 
recrystallized from acetone and  is  sieved through a No 2^ silk sieve  (mesh 
opening 0.28 mm).     The oust  is  sieved on a No 52 sieve   (mesh opening 0.2 mm). 
Ttiis kind of tetryl  mu^t yieid  44-^6 percent of explosions  on a pile driver 
in given test  conditions. 

When an explosive is  tested with a ^ kg load,  hexogen treated by the 
above-indicated method is  +aken as  the reference standard.     When all  test 
jonditiona are  complied with,   the hexogen must yield 48 +. 4 percent explosions. 
When ♦he explosive  is  tested with a 2 kg weight,   sometimes  trotyl  is  taken as 
the  reference standard; when this don^ the height  from which the weight  is 
dropped must be  100 cm. 

The liquid explosive is  tested;   the weighed sample   (two drops) is placed 
first  in a German silver drop  cup with the following dimensions:  diameter 
p.95 mm,  height  5.75 mm, and wall  thickness 0.15-0.20 mm,  which  is  then 
inserted in the  roller instrument  between the striker and the anvil.    Then 
the  test is  carried  out by the usual procedure. 
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Shock sensitivity tests of explosives are regarded as effective if the 
results of testing a reference standard explosive can be placed within 
specified limits. 

According to the adopted nonstandard method,   shock sensitivity testing 
of low-sensitivity explosives  in a large pile driver is carried out as 
follows. 

A 3 g weighed explosive sample is placed on the anvil of a pile driver 
in a beaker underneath parchment paper without a bottom,   1^ mm in diameter 
and with a height equal to the height of the explosive layer.    The small 
beaker is covered with a 30 mm diameter hardened steel disk t> mm thick.    Then 
the blow is struck,  by dropping a 24 kg weight from a height of 2 m.    ?rom 
6 to 2} parallel experiments are carried out, and from these the percentage 
of explosions is derived. 

Testing for sensitivity to friction 

Thus  far there is  no standard  teat method.     Most often,  a method based 
on rubbing the test substance  in a  special assembly unit  (Fig.  2^ a) with 
steel  surfaces under a specific  load for a moderate period of time is used. 
'Äie  test  is carried  out  in the  instrument shown in Fig.  25 b.     The criterion 
of  sensitivity is   the  maximum pressure on the weighed sample  of the explosive 
for which  there  is no decomposition of the explosive during the rubbing time 
(decrepitation,  deflagration,   or explosion). 

The test is  carried  out as   follows.    A 0.0b g weighed explosive sample 
is  plbced in a die   1   (Fig.  2i; a)  on a false bottom 2 and the entire unit is 
inserted along guides  into the  mandrel 5 of an instrument which is secured 
on its  base.    Then plunger 4  is  lowered into the die up to the stop in the 
weighed explosive  sample using lever ■) hinge-connected with shaft 6 of the 
instrument.    The plunger is connected with the shaft hy means of chuck 7. 
The  lever is provided with notches  over a certain length of  the arm on which 
load 8 with the requirt-d weight   is  suspended.     A bet  of these weights weighing 
5),   '0,  and 20 kg is provided with  the instrument.     To perform the test, an 
electric motor 9 is  turned on,  which activates   shaft  10 of the  instrument 
under load  into rotational  motion together with  the plunger at the speed of 
■"?0 rpm and the timer is   turned  on.     The test  is   continued for  10 seconds. 
If here no decomposition of the  explosive follows,  a new weighed sample is 
taken and the test  is  repeated under a larger load produced either by 
increasing the  length L of the ann of load application on the lever (maximum 
length of the lover is   1000 mm,  and its left end with counter weight  is 
200 mm long),  or else  if this procedure proves  inadequ-.te,  a heavier weight 
is  used.    Thus,   the  rubbing pressure  is increased until an explosion occurs. 
Then the pressure  is gradually reduced until  out  of six parallel  experiments 
there was not one sign of the decomposition of the explosive.     This pressure 
then is  taken as the  criterion of friction sensitivity.    The pressure is 
calculated  by the  formula 
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Fig. 2^.    Instrument for testing 
explosive for sensitivity to 

friction: 
a ~~ instrument assembly 
b — general  view of instrument 

(21) 

where W is  the weight  of the  suspended  load,  kg; 
L is   the length  of the arm of  load application  (distance  from the 

center of  the hinged point  of  the lever support  to the  point  of load 
application),   cm; 

1   is  the distance from the  center of the hinge  to the axis of the 
vertical  shaft,   cts;  and 

S  is   the area of  the plunger,   cm^. 

To maintain constancy of test  conditions in each new experiment,  the 
cie,   false  bottoir.,  and  plunger are  carefully cleaned  free of scale and 
explosive  residue. 

Most  connercial  explosives do not produce explosions when tested  by this 
method even at a maximum pressure  of J000 kg/cm2.     Therefore,  when  testing 
ali  explosives,  to their weighed samples is added approximately one-third as 
much  fine sand  (screened  through a  No 40 si^ve) which greatly increases 
sensitivity.    This method produces  only a relative  estimate of  the friction 
sensitivity of various explosives in given test conditions.    For a coaparison, 
usually te+,ryl is taken as the reference standard; with this instrument, when 
sand  is aaded tetryl produces  explosions for a load of  f40 kg/cm2. 
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Fig. 26. K-44-111 pile driver for testing 
explosive for sensitivity to sliding shock: 
a — general view of pile driver 
b — working assembly pile driver 
1 ~ hydraulic press 
2 ~ oil pump 
} and 4 — low- and high-pressure piston 

handles 
5; — port  for placement of instrument 
6 — pendulum with load 
7 ~ instrument ejector 
8 — handle  for rolling instrument  casing 
9 — handle 
10 -- sliding roller 
11 — stop 
12 — fixed roller 
1} — explosive 
14 —" hydraulic press plunger 
IJ) — clutch 
16 ~ rod with head  transmitting impact 

In the  manufacture and use of explosives,  often a sliding blow is used, 
producing friction between particles  of the explosive  or between them and  the 
: urface  of colliding bodies.     To determine  the sensitivity  to  this kind of 
action,  a K-44-III pendulum pile  driver  is used (Fig.   26 a).     The layout of 
the main assenbly of  this pile driver is shown schematically in Fig.   26 b. 
An O.O: g weighed explosive sample in this assembly is  compressed between 
two rollers   ''0 mir. in diameter to a specified pressure  by means of a hydraulic 
press.     When the falling weight  of the pendulum strikes a lateral blow against 
the  striker in the direction of  the arrow,   the upper roller is  shifted relative 
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Pig. 27.    Dolgov boab. 
Test of freely suspended 

charge: 
1 — body of steel bomb 
2 ~ electric detonator 
5 -" charge 

Fig. 28.  Dolgov bomb. Pig. 29. Dolgov bomb. 
Testing in sandi Testing in lead or 
1 ~ body of steel rock block 

bomb 1 — body of steel bomb 
2 — electric detonator 2 — electric detonator 
3 — charge 3 — charge 
4 — paper case 4 — lead or rock  block 
5 — sand 5 ~ sand stemming 

to the lower roller,  subjecting the explosive sample to the action of rubbing 
shear.    The probability of the explosion depends on the pressure with which 
the weighed explosive sample is squeezed between the rollers.    By varying 
this amount,   one finds the lower, middle,  and upper limits of sensitivity 
of the  test explosive,  that  is,   those pressure values for which the frequency 
of explosi ..w» is 0,  50, and 100 percent. 

Detennination of gas hazard  (amount of toxic gases) 

The composition and amount of toxic gases formed in blasting work is 
determined by laboratory and production methods. 

Laboratory methods are used when explosives are used in small charges. 
The blasts are conducted in Dolgov or Bichel bombs in which the charges are 
placed in blocks made of various materials or rock, in sand,  or in a lead 
block (Trauzl bomb) to simulate production conditions  (Pig.  27). 

Blasting in box of rock or other materials placed in a 50 liter capacity 
Dolgov bomb or in a 15 liter capacity Bichel bomb is illustrated above 
(Pigs.  28 and  29). 

A 20 g explosive charge is placed in a special blasthole 25-56 mn in 
diameter and  100-120 mm in depth,  made  in a rock block.    The test block 
containing the explosive charge is placed in the channel  of a bomb,  hermet- 
ically sealed with a cover, and is blasted at atmosphere pressure.    Eight 
minutes after the explosion the gas pressure in the bomb is determined and 
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the gaseous products are sampled. Nitrogen oxides are collected in 500 cm 
burette in which 0.03 N (normal) alkali solution had been poured in advance. 
Before sampling, air is evacuated from the burette to a residual pressure of 
^-10 mm Hg. Samples for carbon monoxide taken in rubber bladders. Sulfur 
gases are collected in evacuated glass bottles in which either a ^ percent 
solution of Bertholet salt (for sulfur dioxide) or a 0.2 percent solution of 
sodium arsenate in a 0.t> N sodium carbonate solution (for hydrogen sulfide) 
had been placed in advance. 

Carbon monoxide is analyzed by one of the following methodst on a gas 
analy.:er designed by the Institute of hygiene imeni Erisman, by the Reberg 
method, or else by a conduotometric method. 

The gas analyzer designed by the Institute imeni Erisman consists of a 
column intended for catalytic combustion of CO to COp, absorption of the 

resulting carbon dioxide with barium hydroxide, and an aspirator for sucking 
an air sample into the instrument and measuring its amount. 

The carbon monoxide content is determined on a Reberg apparatus based on 
the principle that air containing CO is passed through a reaction tube containing 
iodine pentoxide heated to 150-150° C. The  reaction can be described as followst 

1,0. i :*.o    f.'Oj 1 l. (?., 

The CC? gas formed is absorbed by a titrated barium hydroxide solution, form- 
ing barium carbonate. The carbon monoxide level is found by the Ba(0H)? titerdrop. 

underlying the conductometric method is the measurement of the electro- 
conductivity of the absorber solution, which by passing continuously over 
the droplet pump sucks in the air to be examined. Since at constant tempera- 
ture change in the electroconductivity of the solution depends only on its 
concentration of a specific compound, the electroconductivity readings 
alternately serve as a measure of the concentration of this substance. 

In conducting the experiments, a conductometric stand is used; in it, 
CO is oxidi ed to CO« in advance with iodine pentoxide; the C0_ is absorbed 

by a NaOH solution.  All changes in the electroconductivity of C0? are 

nwasured. 

I^e nitrogen oxides are analyzed using a Griss-Ilosvay reagent by the 
oalorimetric method using a special scale. 

The amount of sulfur gases is determined overall for sulfur dioxide and 
hydrogen sulfide using hyposulfite and iodine solution. 

Blasting in a sand shell.  By this method (proposed b. B. Ya. Svetlov), 
the test cheirge is placed in a glass or lead vessel containing sand in such 
a way that the charge is completely surrounded by sand.  The vessel is placed 
in a Bichel bomb and is exploded in vacuum.  The test method is the same as 
above, with the exception of the determination of nitrogen oxides, using a 
saturated solution of nitrogen sulfite. 
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Method of exploding an exploBive in a lead block (P. A. Paramonov method). 
The test explosive  is placed in charges weighing 10 g and 20 g in the channel 
of a 25 mm diameter    ead block,   123 nun in depth.    The block size is  100x100 mm; 
it  is placed in a Dolgov bomb and the charge is exploded in a nitrogen atmo- 
sphere at an excess pressure of 1^0-200 mm Hg.    The sampling technique and 
the methods of analysis are the same as above. 

The amount of toxic gases is determined by production methods directly 
in mine workings during the carrying out of blasting operations.    The toxic 
gases formed in an explosion are determined in field conditions by a unified 
method adopted by all laboratories of the VGSCh [militarized mine   rescue 
units],  referred to as the  chamber method. 

It is based on determining the  concentration of toxic gases in an 
isolated chamber,  which is a segregated part of an underground dead-end 
working.    The isolation of the chamber is achieved by dividing part of the 
nine working using a curtain made of gas-tight cloth (canvas or rubberized 
cloth). 

A set of blastholes is    drilled into the blind end of the working;  they 
are  charged and exploded by the electrical method.    Imnedifately after the 
blast,   the  curtain is lowered,  gases are mixed in the insolated chamber,  and 
then samples are taken for analysis. 

The dead-end working for the chamber must be horizontal or inclined by 
an angle not greater than JO',  with a cross-section of 4-10 m  ;   the length 
of the chamber is within the limits  1^-40 m,  and its volume 60-4^0 m5.    The 
distance from the curtain to the ventilation working is not less than 50 m. 

The sampling of the noxious gases for CO is carried out in 2-} 1 football 
bladders or rubber bags 0.5 1 in capacity; for the nitrogen oxides ~ in 
evacuated 0.25 1 or 0.5 1 bottles  containing a solution of 0.1  N KOH or NaOH 
in the amount of 10 or 20 ml; and for sulfur gases — in doubled Petri dishes. 

Carbon monoxide is analyzed by a conductometric method or by the Reberg 
method, hydrogen oxides — by the Griss-Ilosvay method, and sulfur gases are 
determined as a  total  (S0„ and H„S) using the same method as in the laboratory. 

The calculation of the content of toxic gases obtained in laboratories 
as well as in field  conditions is based on the following formulas. 

In laboratory conditions, we have 

.".!:-M./, :1> 1/kg, (23) 
l-" /•ll'O 
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where a is the concentration of carbon monoxide, mg/lj 
0.08 is the conversion factor for recalculating the gravimetric amount of 

CO into a volumetric amount,  percent; 
V is the volume of the bomb channel after subtracting the volume occupied 

by the rock block, liters; 
w is the pressure of the gases in the bomb after the explosion, atmo- 

spheres ; and 
P is the weight of the charge, grains. 

iii'i.i-n.r.j.r^ 
1/kg, (24) 

where b is the concentration of the nitrogen oxides, mg/l;  and 
O.OSJ  is the  conversion factor for recalculating the gravimetric amount of 

N0_  into a volumetric amount,  percent. 

v,, ,,s.  ■-;;«---, 1/kg. 

where c is the concentration of the sulfur gases, m^l; and 
0.05t) is the conversion factor for recalculating the gravimetric amount of 

sulfur gases into a volumetric amount, percent. 

In field conditions, the same formulas are used in calculating the 
gases, with the only difference that w is omitted in these formulas, and 
the letter V denotes th' volume of the isolated chamber in which the blast 
is carried out. 

The overall amount of toxic gases formed in exploding 1 kg of explosive 
when calculated to standard carbon monoxide is found by the formula 

",.\ NO,  2.iViO, + H.i.  1/kg, (27) 

6.^ and 2.^ are the toxicity factors of nitrogen oxides and sulfur gases with 
respect to carbon monoxide; and 

S is the overall amovnt of toxic gases when recalculated for 
standard carbon monoxide. 

169 

I 



Chamberleaa method.  The chamberless method developed by the MakHII 
makes it unnecessary to build a hermeticized chamber and reduces to determin- 
ing the dependence of the concentration of the test gas on the amount of air 
supplied into the ventilated working.  If the amount of supplied air per 
unit time is constant, the gas concentration depends on the ventilation time. 
This  function is determined by measurements in the dead-end working ventilated 
by delivery at a distance of from 50 to 100 m from the face. 

The amount of air supplied to the working to dilute the explosion gases 
is calculated by the formula 

where U  [cp - average] is the air velocity, m /sec. 

Simultaneously with calculating the amount of air supplied into the 
working, air samples are taken over the cross-section of the working at the 
required time intervals. Carbon monoxide is determined by a rapid linear- 
calorimetric method from the time the explosion gases arrive up to their 
disappearance. The method of analysis based on preparing a colored column 
of an indicator tube, whose length is proportional to the concentration of 
carbon monoxide sucked through the given tube.  The method is based on the 
color reaction of carbon monoxide with iodine pentoxide dissolved in sulfur 
trio: ide.  Calorinetry is carried out based on the precipitated iodine, which 
in the presence of sulfur trioxide is colored bluish-green. 

Nitrogen oxide samples are analyzed by the Griss-Ilosvay method. 

Based on data of the analysis and measurement of air, a plot is made of 
the dependence of the carbon monoxide concentration on the amount of air 
supplied into the working; from this plot the volume of thi  carbon monoxide 
formed is calculated by determining the area of the figure bounded by the 
curve (Fig. 50). 

Nitrogen oxide samples are taken during the first 10 Liir.ites from the 
moment the leading front of the gas wave reaches the measurf m'_nt site. In 
the analysis, the mean concentration of nitrogen oxides is determined when 
recalculated on the basis of carbon monoxide, and from this value the mean 
concentration of carbon monoxide is found; the concentration ratio NO/CO is 
determined for this same amount of supplied air. 

Based on this method and the earlier found volume of CO, the volume of 
NO formed in the explosion is determined. By  dividing the volume of carbon 
monoxide and the volume of the nitrogen oxides by the weight of the exploded 
explosive, one determines the amount of noxious gases. 

The gases contained in underground workings, including carbon monoxide, 
nave been analyzed in recent years by means of chromatographs of various 
designs. 

170 



Pig. 50. Plot of the dependence 
of CO concentration on absolute 
amount of gas supplied into working 

* 

i 'j 

T y ij 
Fig.  51'    Instrument for testing explosive 
for caking when exposed to variable humi- 
dity,   temperature,  and compresaive load 

Test for caking tendency 

The caking tendency of commercial explosives depends on the moisture 
content,   temperature,   dispersion of the explosive,   compressive  load,  and 
other factors  that must be taken into account when estimating this effect. 
■Wiese factors are allowed for more fully by the following laboratory method 
that  is  instrument-based  (Fig.  Jl).     Weighed samples  of the test explosive 
heated  in advance and moistened to  the  required  temperature and  moisture 
content are subjected to simultaneous  crushing and slov.  cooling in a special 
instrument assembly,  followed by drying for certain period,  that is,  they 
are tested in conditions that are most common in the practice of storing 
explosives. 

The instrument consists of a heat-insulated case 1  fitted in its bottom 
with an electric spiral heating element 2.    The case has five pairs of recesses 
in wnich the assembly units containing the weighed samples of the test explosives 
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Fig. }2. Peatov instrument for 
caking explosive at room temperature. 

Assembly details: 
1 — pan 
2 — split die 
3 — collar for  blocking die 
4 ~- miniature piston under load- 

bearing rod 

are placed.    The instrument is capable of testing simultaneously five differ- 
ent explosives with two parallel samples of each.     Calcium chloride 3 is 
placed on the bottom of the recesses under the false bottom to dry the explo- 
sives during the experiment.    After an assembly unit containing the weighed 
explosive sample is put into place,  the recess is covered tightly with 
cover 4,  provided in its center with an opening fitted with a stuffing box 
seal.        The instrument is covered with a general  cover 5 provided with ten 
guide bushings 6,  through which rods 7 are lowered,  passing also through the 
openings  in the  recess covers, up to the stop in  the explosive being compressed 
in the assembly unit.    A load 8 weighing 5 or 10 kg is fitted onto each rod. 
The  center of the  instrument cover has a recess  to accommodate the  thermo- 
ricter 9- 

The assembly  consists  of a cylindrical die   10,  whose diameter from top 
*.o bottom increases from }0 to 50.^ mm, and the entire internal surface is 
polished  to facilitate releasing the  sample without  damage after caking. 
We die  is 60 mm high and its walls are 6 ir i thick.     The matrix is placed 
tightly against  the  false bottom 11,   that has  three legs and 1  mm diameter 
openings  over its entire  bottom section through which calcium chloride 
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absorbs moisture from the explosives. Over the explosive sample 12 a minia- 
ture piston 13 with 1 mm diameter openings is placed into the die. The 
center of the ministure piston has a depression in which the rod bearing the 
weight rests during the e-xporiment. 

The weighed sample of powder'.-d or granulated explosive, JO g, moistened 
in the dessicator over water or artificially to the required moisture content, 
is heaped into the die of the assembly placed on the false bottom, on which 
a disk of filter paper is placed. The explosive layer in the die is levelled, 
and then it is covered over with disks of 29 mm diameter filter paper. All 
ten assembly units are prepared in the same manner and they are placed in 
the corresponding recesses of the instrument, which has been heated in advance 
to 60* C. Then covers are placed on the recesses, the instrumi. « cover is 
fitted and tightened on the loops, and through the guide bushings are inserted 
rods on which weights of the required amounts are fitted. In this condition, 
a temperature monitored with the thermometer is maintained in the instrument 
for 2 hours using a laboratory autotransformer.  Then, the electric heating 
unit of the instrument is turned off and the test specimens are allowed to 
cool slowly (owing to the good heating insulation of the instrument case) 
and to dry while being exposed to the compressing load. The test explosives 
are kept in the instrument for 2 days, then the instrument is dismantled, 
the caked explosive samples are carefully expelled from the dies, the height 
of the loads formed is measured, and are either directly subject to crushing 
on a sensitive laboratory press, or (when there is hi^i initial moisture 
content in the explosive) they are dried in a dessicator over calcium chloride. 
A measure of the caking tendency is the maximum crushing pressure of the load 
(kg/cmZ), 

Explosives which cake strongly in actual conditions cake to a crushing 
pressure of 10-20 kg/cm^ in the conditions of a given instrument, while low- 
cakinfT explosives cake to a crushing pressure of 0.5-2.0  kg/cm?. 

To simplify determining the caking tendency, a Pestov instrument can 
be used (Fig. 52); however, in this instrument is not possible to allow for 
the effect on the caking tendency of variation in the explosive temperature 
during the crushing tim.-. The arrangement of the assembly of this instrument 
is similar to the layout described above, but the test ""jthod  differs somewhat. 
Friable samples of test explosives are moistened in advance outside the 
instrument, or else in the instrument assembly units. In the latter case 
weighed samples of explosive are kept for some time in the assembly units 
(12-24 hours) in the instrument under ahood over a cell containing water, 
and then the water is replaced with concentrated sulfuric acid, the samples 
are loaded with weights, and they are again exposed for 2 to 5 days for 
drying and caking. Caked specimens are removed from the instrument, dried 
in the dessicator, and crushed on the press. 
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From the crushing force in the press it can a l so be found ho~ strongly 
an explosive cakes during storage. To do this, several caking cartridges 
are sampled from a lot, the paper cases are remov~d from them, and f rom tvo 
e-nds and the middle of each spec imen siiBll c olumns of explosive 25-30 lllll 

high are sawed off. These small columns can also be drilled when a su · t&ble 
probe is available also from caking crumbs of uncartridged explosive. 

In the absence of suitable tools, the cartridge caking t endency can be 
estimated roughly by the ability to be kneaded in the hand and from the 
results of firing off to transmit detonation. The cartridges are regarded 
as being heavily caked if they cannot be crushed manual y with a single 
hand after the cases have been r emoved, or if they show a transmission of 
detonation by a distance smaller than the rated data. Joncartridged explo
sive in field conditions can be tested for cak:i.ng tendency by dropping ba85 
of explosive from a height of 1 . 5 m onto a solid base followed by a count 
of large C:NJDPS and s c reening of fi.nes through a sieve with 10 11111 mesh 
openings. C&td.ng tendency can also be es tilll8ted from the worlt r equired in 
manual fregmenting of bags of caked explos ive that must be done before 
charging. 

Determine tion of fria bi i r:y 

A t rue characteristic of friabil ity of ammonium nitrate mixed explosives 
is quite difficult to obtain. since the friability of these mixtures is 
inconstant and depends on numerollS fa c tors. Thus far there i s no unified 
method of determ~ning friability. Usually, the friability characteristic 
of a test explosive is found basea on t he t otal test results us i ng a numoer 
of methods. Fairly readily friable coarse-gra in and granulated explosives 
are tested for friability based on t he time required for a 0 . 5- 1 . 0 ltg weighea 
sampl e t o fal l from a funne l (Fig . 33) , that bas a taper ang e of t h e smooth 
interior surface of 6o• ana an opening 20 mm diameter witn round e~s. The 
funnel can be g ass or a luminum with pol ished surface . To t est poorly 
friable explosives, the funnel is placed on a vibratory table wh i ch has a 
specif ic vibratory rate adopted as t .. cons tant. 

Other methoo of testing friability is t o determine the angle of inclina
t ion .,r a smooth or rough surface on which an explosive begins t o pile up 
when placed in a layer of specifi c thickness on to this surface . Tbis test 
can be carried out "i th an uncomplicated instru n , s.~own in Fig. 3~ . A 
l ayer o~ explosive ·o mm tn i c k is p a cec on a horiz tal area ana t nen wi~h 
a uniform r ota t i on of the f~hee the ar is gradua ly raisea until the 
explosive begins t o pile up. The ar~l e by which ~h. area is ro~ated ab~~ 
its axis is determi.ned on a scal e with instrument m:lunte~t on this axis. 
'lbe value of this angle then characterizes the friab.i.litJ' of the explosive . 
A third indicator of the friability of a expl osive can oe th angle 
r•tuxal repose, which is determinea simp y without s pec ia ins tru nts ~. 
heaping an explosive from a specific height ana by meas r · nb ~he angle of 
repose of the pile (con ) f or ~ with a gonio~ter or ~ ca cu ation ( oased 



on the beigbt and dia8eter of the cone base). '!'his can be done si1111l taneousl¥ 
with the deterai.Dation of friability with a funnel. Finall¥, the friability 
of the explosive can be characterized by its ability to be pneumatically 
conveyed through charging hoses during mechaniz·ed charging. 

Fig . 3>· Funnel on s t and for 
de t ermining the friabil i ty of 

an explosive 

Determination of st&oil ity 

-.. 

. ..., 

Fig . 34 . Pl a t form area wi t h 
adjustable angle of incl ination 
f o r t estin an expl osive f or 

friabili ty 

There a r no sa t i s fa ctory r apid methods of es t i mating tne ability of 
the propertles of commerc ial explosives. 

Stabil i ty i s che cked duri ng the guarante pe r iods of use of an e xplo
sive or i n o~der t o es tab ish these pe r ioos ( f or newly developed explosives ) 
mos t often by stor i th proauc t in conditions approximating t he a ctual 
cone1i i ons of i ts stor age by the user, tha t is , in the corresponding packing 
and vi th the required t emperature and humidity of t h air in the s tor~ 
s ite being !118 i n ainea . After the storage , a test i s made of the explos i •:.-

nd physicochemica properti es , and the test res ult::; are compared with 
:-esul ts obta ined frOCD similar t ests be fore the exp osive vas stor ed . 'I'tle 
stability of the explosive is eva ua ted by the r eauc tion in the initial 
m rac t eris t ics . 

A fu er es t i mate of the staoil ity of an explosive can be f ound f r 01!J 
th r sult of i ~s stora e by us rsfor th requ ired period of time . 

l'o verify th persist.-nce of tb main stanaard i zed indicators of plan'l. 
ot s of explosive , the corresponaing stanna rds provid f o r repe a t t es ts 

f or the main techni : in ica t ors of a r bitr ary samples f r om thes e explosive 
ote stor d f or th gu&rh tee pPriod a t th plant warehoJse. He r e no r eeuc

;.ion in t he prope r!y indica t c rs is a llO"'ed (compared to the establis hed 
;.e chnica norms) . 
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From existing rules, in all cases when there are an_y doubts about an 
explosive, it must be checked for moisture content and detonation transmission 
prior to use . 

Determination of heaped densit,y 

Heaped density is defined as the ratio of the weight of an explosive 
freely heaped into a cylinder to the cylinder volume it occupies. A special 
instrument (cf. Pig. 15) is provided for this

3
purpose, and in its absence 

an ordinary gl~ass cylinder vi th 100 or 200 em divisions can be used. The 
heaped density, in addition to everything else, depends on the heisht of 
the column of explosive, therefore its values found in labora tory conditions 
will deviate somewhat from the values obtained in actual conditioDB, for 
example, for heaping into a d~ep arillhole. 

More constant density values of a test explosive are obtained if after 
heaping of the weighed sample into a graduated cylinder it is compacted by 
rapping until the volume occupied by the explosive in the cylinders ceases 
to decrease. For this purpose, by grasping the upper face of the cylinder 
with the palm of the hand, sharp, quite vigorous blows are made with its 
bottom &B~tinst e rubber gasket on a solid base. In this way the rapping 
density is determined, which in addition to the heaped density cbaracteri~es 
the volumetric properties of the explosive. 

Determ.ination of dispersion and granulometric composition 

The dispersion of fine-ground ammonium nitrate explosives can be 
determir.1d with availabl e special instruments by measuring the spe cific 
surface area. Less p recisely, but on t he other hand much more simply, t he 
di spersion charac teristic can 0e obtai ned by sieve ana~]sis on a s e t of 
sieves vi t b smal l interval s of mesh si ze between adj oining sieves. The 
s i eving of a we i ghed expl osive sample of 100 g i s usually done mechanical l y 
in i den tical condi t ions. To do this , the set of sieve s used for this purpose i s 
s ecured on a j os t l ing i nst rument and i t is switched on for a certain a•ount 
of time tha t provides for total sieving of the corresponding fractions. 
Then, the residues on each sieve are weighed and the percent&~ cont ent 
of t he frac tions whose particle si ze corresponds to t he mesh s ize of the 
above-l ying s ieve i s found . The s e t of s i eves used in analyzing fine-
disperse expl osives usually i .ncludes s ilk or metal sieves vi tb mesh openings 
of t he size 0 • . , 0 . 22 , 0 . 104, a nc 0 . 077 mm (sieves Nos ) , 29, 49, and 61 ). 
Si eves wi th mesh openi ngs of 4 , 0 . 9 , and 0 . 5 mm are used f or granulated 
expl osiTes. 

The granulometric composi t ion of grained or granul ated explosives is 
determined by GOOT 48~9 . 7-69 by sieve a nalys is using t he appropria t e 
set of s i eves, to a fairl y good precision. The r esult of analysis is 
either expressed by the percent of indivi dual fractions obtained on each 
sieve, or else a eot~plete particle distribution curve i s pl otte d vi t b si--e 
as t he x coor dinates. 
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Fig. 35. Penetrometer for 
determinjng plasticity 

Determination of pl&~~icity and fluidity 

The plasticity of an explosi~e of appropriate consistency is checked 
with several nonstandard l~'boratory methods. The plasticity of alcvanites 
and dynamites can be determined with some preci.sion on a penetiometer 
(Fig. 35) by measuring the depth of penetration of a loaded rod with a ball 
at its end into a mass of the test explosive in a specific period of time, 
or by m ~asuring the degree of compaction of a column of this explosive having 
a diameter and height in the range 10-20 mm when a given load is applied on 
i t f or a specific time interval. ln the latter case, in place of the ball 
at the end of the rod, a platform is secured with a diameter somewhat larser 
than the dia~eter of the explosive column. The load and the time during 
which it is applied on the test spec imen are found ahead of t ime by trial 
and error , in r cla tion to the consistency of the explosive. With the 
penetrometer, the plasticity of explosive samples is determined at room 
t emperature or else after exposure in a thermostat. 

In fie ld conditions t he plasticity of an explosive is estimated subjec
t i vely by the abil ity of cartridses t o be manually kneaded and t o be mol ded 
into a blasthole or a drillhol e by being pressed with a ste mmer. 

The fluidity of s l urr,i akvatol s is determined in laboratory condi tiona 
o,y measuri~~ their f l ow ra te from glass ca l ibrated tes t tubes inclined a t 
a specific angle to the horizon. The fluidity of an explosive is ~aured 
at room temperature, or lower. 



'lest for exudation 

Exudation can occur due to several factoraa migration owing to capillary 
forces, displacing b;r 110ia ture during 110iatening, flow due to gravity, 
cat~preaaion on expoeure to external loads, and so on. lo all the factors 
listed are accounted for b7 current17 used .etboda of determining exudation. 

The exudation of nitro eater explosives is checked by several methode. 
In the laboratory deteraination, a sull cylinder }0 IIID high is cut from 
the cartrid8e, placed on a sheet of parchment paper and kept in a thermo-
stat at }Q-}}• C for 6 days. The explosive is assumed to have paaaed the 
test if no drops of the nitro eater are visible on the paper beneath the 
cylinder. A 'barely detectable patch at the site of the cylinder is accep
table. If plastic dynamite undergoes testing, then in addition the height 
of the sllllill cylinder III.Uit not be reduced by more t.han 25 percent of its 
initial value. When an explosive with a low nitro ester content is tested 
(uglenites or detonites), to determine the amount of segregated liquid, 
tared disks of filter paper are placed on the parchllent paper under the 
small cylinder, and the liquid is soaked into this paper. 

When nitro ester explosives are stored in users' storerooms and 
before use, exudation in cartridges is determined from patches or droplets 
of nitro esters on the inner surface of a unrolled paper case of a cartridge, 
especially at th pl a ce where the paper layers are joined. An explosive is 
regarded as not exuding if no clear signs of the presence of nitro esters 
are detected on the shel l. Only a gl istening band along the cartridge not 
:--.ore than 5 mm wide at the joining line of the edge of the paper case vi tb 
the next overlying paper la,yer is permitted. 

The same me thod is often used in laboratory studies as well when 
testing freshly prepared nitro ester explosives for exudation. Here, to 
cause exudation cartridges are frozen several times and then are kept at 
elevated temperatures . 

The exudation of g::-anulites and other explosives con t.al.ru.ng liquid 
petrole~m products i s cr.ccked by exposing a layer (column) of these explo
sives 2Q0-500 mm in h~ight in a glass ~ylinder or a polyethylene tube at 
room temperature for 10- 15 days , followed by chemical analyses of samples 
taken from the top, from the middle , and from the bottom of the layer, 
t o find the content of the liquid component. 

In field conditions, exudation of oil- containing noncartridged explo
sives is estimated by visual inspection of the oiliness of various layers 
of t he explosives contained in th l ay rs. 
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CHAPTER VI 
INITIATORS 

2·. Classification of Initiators 

Initiators are designed to pr ovide for the detonation of commercial 
explosives. 

The followine groups of initiators are pr~uced: 

1. Blasting caps (GOST 6254-62). 
2 . Electric detonators. 
3. Detonating fuses (GOST 6169-54 ). 
4 . Safety fuses (GOST 3470-55 ). 
5. Devices for ingiting safety fuses. 

Electric detonators are subdivided int o the following groups: instan
taneo~s-act ion (GOST 9089-63), short-delay action, and delay action. 

Initiators ~nclude the f oll owing: electric igniting tubes; safety fuse 
elec tric igniters; electric igni t ing cartridges; and igniting cartridges. 

The delay r e lay of a KZIX3h de tona ting fuse designee f or short-delay 
blasting with a de t onating fus e is conside red together with d'Jtonating 
fu s es . 

22. Explosive Used in Making Initiators 

lni tiatin expl osi es - mer cury fu lminate, lead a zide, and lead 
trinitroresorcinate - are used in blasting caps and electric detonators 
as primary charges, whi le brisant explosives -- tetryl and sooetimes 
hexogen - are used as se condary charges . 

The cor e of a bl astine fuse consists of a TEN, and t he cor e of a 
safety fuse conLists of black powder. 
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KEY: 1 Indicators 
2 Explosives 
3 Mercury fulminate 
4 Lead azide 
5 Teneres 
6 Tetryl 
7 TEN 
8 Hexogen 
9 -- He&t of explosion, kcal/kg 
10 -- Volume of gases, 1/kg 

2'1- . 

11 Explosion temperature, deg 2 12 Pressure during explosion, kg/em 
13 Work performed, kgm 
14 Density , gf cm3 
5 Oxygen balance 

16 Detonation rate, m/sec 
17 Efficiency, cm3 
18 Ignition point, deg 
19 Sensitivity to shock (fall height of 2 kg load) 
20 Sensitivity to flame and e levated temperature 
2 1 Sensitivity t o reduced temperature 
22 Highly sensitive 
23 Sensitive 
24 Not sensitive 
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Fig. 36. No 8-M blasting cap: 
case 

2 small cup 
3 mercury fulminate 
4 -- tetr.yl (sometimes hexogen) 

- i 
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Fig. 37. No 8-B blasting capz 
1 

2 
3 
4 

case 
small cup 
mercury fulminate 
tetryl 

Fig. 38. No 8-A blasting cap: 
1 case 
2 small cup 
3 silk s creen 
4 teneres 
5 lead a zide 
6 tetryl 

Characteris tics of initia ting and other explosives used in various 
kinds of i .nitiators are given in Table 37. 

lni tia ting explosives in the powdered state are highly sensitive: they 
are easily exploded upon impact, fri ction, jarring, explosure to flame, or 
to sparks. In the pressed state their sensitivity to external forces is 
somewhat reduced. 

Initiating explosives are not hygroscopic , but they can become da~ened. 
Moistened mercury does not detonate, but deflagrates; lead azide detonates 
without failure for a moisture cont ent up to 30 percent. 
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Initiating explosives used in initiators as primery charges detonate 
directly upon being subject to impact,  friction,  or heating.    Explosives 
used in secondary charges detonate from the explosion of primary explosive 
charges. 

25.    Blasting Caps 

A blasting cap is a device for initiating the detonation of an explosive, 
consisting of a metal  or paper case loaded with initiating explosive 
(Pigs.  36, 57, and 58). 

The case is filled with explosive roughly to two-thirds      of      its 
length;   tetryl  (sometimes hexogen^ is in its lower section (considered from 
the  bottom), and its upper section is filled with mercury fulminate or lead 
azide charge tegether with lead trinitroresorcinate, which is pressed down 
all  over the  lead anide in order to ensure  failure-free detonation of the 
charge  from the sparks of the safety fuse. 

The primary charge in the  case is covered with a metal  cup provided 
with a  center opening.    It  reduces  the  danger of an explosion from friction 
when  the  safety fuse is inserted and provides a strong chamber for maximum 
gas pressure  during detonation. 

A free space   17-25 mm long is  left between the bore of the  case and 
the  cup,   intended  tc accommodate the  safety fuse. 

Blasting caps are extremely sensitive  to shock,  friction,  and flame; 
they must  be guarded againot  becoming wet.     Wet mercury fulminate pressed 
into a  copper  case  or a cup forms extremely sensitive copper fulminate, 
while  wet  lead a^ide in an aluminum cup or case forms hazardous     aluminum 
azide.    On exposure to sunlight,  the sensitivity of blasting caps  to 
external   forces rises. 

Blasting cap pirameters are given in Table 58. 

Packinr.     Blasting caps  arc packed vertically,   100 at a  time   in metal 
or  cardboard  boxes,  or in turn are placed  10 at a time  in metal  boxes; 
the   boxes are packed in wooden  crates.    The  capacity of a crate is   "jOOO 
Blasting capr.. 

TTiey withstand  testing by jarring for  5 minutes. 

The  guarantee period  of storage  is  2 years. 

The wholesale price of  1000 blasting caps  in paper  cases  is  21   rubles, 
ana  in metal   cases — }2 rubles. 
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TABLE 38. CHARACTERISTICS OF BLASTING CAPS 
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24. Electric Detona tors 

Kind of blasting cap 
Composition, g 
Tetryl 
Mercury fulminate 
Lead a zide 
Teneres 
Case material 
Case dimensions, mm 
External diameter 

No 8M mercury fulminate-tetr,yl 
No 8B mercury fulminate-tetryl 
No SA lead a zide-tetryl 
No 8B lead azide-tetryl 
Copper 
Pape r 
Aluminum 

6,9 

7,5 

6,9 

7,5 

An electric detona tor is a device for igniting the detonation of an 
explosive, consisting of a blas t ing cap and an electric igniter. They are 
manufactured in the ins tantaneous , short-delay, and delay c tion modifica
t ions. 

A."l insti:intaneous-action electric de tonator consists of a b l asting cap 
in whose case is mounted an electric igniter. 

An electric igniter consists of an incandescence bridge, an igniting 
head , a relieving bridge , a plastic plug , and lead wires . The incandescence 
bridge i s made of 30- 35 micron diameter nichrome wire. The fastening of 
the bridge t o the lead wires can be e la stic or rigid . 
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Fig.  39-     EJ)-8PS 
Nonwater-resistant 
electric detonator: 
1 — electric igniter 
2 —  blasting cap 

Fig. 40. £I>-8-i; electric detonator 
(with elastic mounting of incandes- 

cence bridge)» 
1 ~ blasting cap 
2 — nitro varnish 
5 ~ incendiary composition 
4 ~ igriting conposition 
t) ~ incandescence bridge 
6 — wire 
7 — plastic plug 

J |^.v^.:.,:.:: ,: - 
/       / 

_J 
Fig. 

1 — 
2 -- 
3 — 
4 — 

6 — 
7 ~ 
8 — 

4*.     SD-e-~h electric detonator  (with rigid 
mounting of incandescence   bridge): 

blasting cap 
nitro varnish 
incendiary  composition 
igniting composition 
incandescence bridge 
body 
plastic plug 
wire 
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The  ipniting head of the electric  igniter is  of the double-layer type; 
the inner layer is made  of a readily flammable  composition,  and  the  outer 
layer is made of a composition that produces a strong shaft of fire. 

The lead wires of electric detonators are made of copper or steel 
tinned strands.    Electric detonator is used  in mines  that are dangerous   in 
terms  of gas  or dust must have sinple-strand  copper lead wires. 

Copper wires have a strand diameter of 0.5 mm and a resistance of 
0.09 ohms/m,  while  steel wires have values  of 0.6 mm and O.4~0.5 ohms/m, 
respectively. 

The lead wires  must have a plastic  insulation (polychlorovinyl  or 
polyethylene)  or cotton. 

The  lead wires are   1-4 m in length.     Wieir free ends are stripped of 
insulation,   joined,  and  then the wires are  turned  into a small  coil. 

The electric  igniter in the  case of the  blasting cap is fastened by 
gripping the  case with a plastia plug pressed onto the lead wires when hot. 
The length of the plastic plug is  11-20 mm. 

Instantaneous-action electric detonators are made in the following 
grades:  ED-8-5PS — nonwater-resistant   (Fig.  ^9);   ED-a-t; and £D-8-Zh are 
water-resistant   (Pigs.   40 and 41);   EIB — seismic  (Fig. 42);  ED-e-P-59 
and ED-8P — safety  (Figs. 45 and 44);  and ED-8-PM — safety, high-strength 
(Fig. 45). 

The  main  characteristics of these  electric  detonators are as  follows: 
resistance — 2-4.2 ohms  (with copper strand) and 2.9-9o ohms  (with steel 
frame);   trigger time 2-10 msec;  ignition  impulses — 0.6-2.5  (a'.msec); 
safe  current strength 0.18 a; detonates  failure-free in feries-connected 
groups  of 20 from a   1 a do after being exposed in water to a depth  of 2 m 
for 5 hours,  and in groups of 4 from condenser  type blasting machines. 

Lead  plates  5 mm thick are perforated;   high-strength electric detonators 
penetrate 6 mm leaa  strips;   they are safe  to handle and to transport;   they 
»ithstand  shaking in the adopted packing for  10 minutes;   they are not 
triggered when suspended tc wires of an electric  detonator when struck by 
a 5  kg weight   from a height of O.i m.     The  guarantee period of storage  iö 
'.5 years. 

Characteristics of individual  electric detonator grades.    ED-8-5Pä 
(nonwater-resistant)  is used with a copper wire   in a  cotton insulation 
impregnated with paraffin (sounding wire). 

It  is  intended   for working dry  fa :es  in underground and open-pit 
operations. 
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Pig. 42. EDS electric detonator: 
1 — blasting cap 
2 — nitre varnish 
}  — igniting composition 
4 — incandescence  bridge 
5 — wire 
6 — plastic plug 
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Pig. 45.  ED-8P-59 water- 
resistant, safety electric 

detonator: 
1 — electric  igniter 
2 — blasting cap 

Fig.  44.     SÜ-8P 
(armored) electric 

detonator: 
1 — blasting cap 
2 — electric 

igniter 

Fig. 4!).    KD-8PM 
water-resis tant, 
high-strength, 
safety electric 

detonator: 
1 — electri-j  igniter 
2 ~ blasting cap 
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Fig. 46. EDKZ short-delay electric detonator« 
1 — case 
2 — tetryl 
3 — cap 
4 — lead azide 
5 — delay composition 
6 — silk screen 
7 — electric igniter 
8 — incendiary composition 
9 — plastic plug 

Fig. 47.  KDZD delay electrij detonator« 
1 — case 
2 — tetryl 
3 — cap 
4 ~ lead azide 
3 -*• delay composition 
6 — silk screen 
7 —- electric  igniter 
8 —-  incendiary composition 
9 — plastic plug 

EDS —•  (seismic)  ~ electric detorators have a nichrcfit 3t) micron 
diameter wire as  their incandescence  bridge,  with a resistance cf 1.b_5 
ohms.    T^e safe  current strength is 0.1t) a. 

TTiese detonators are exploded failure-free with a 0.7 u direct  current 
after beinf: exposed in water under a pressure  of 5 atm for b hours. 

iTiey are  intended for operations  in water. 

The  ED-8P (safety) electric detonator has a casing with Q.^-Q.b mm 
thick wall«.     It  is  intended for mines   that are dangerous as to gas  or 
dust. 
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TABLE 39. WHOLESALE PRICES OF ELECTRIC DETONATORS 
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KEY [to Table 59]: 
A — Grade 
B ~ Short characterization 
C — Wholesale price per 1000,  rubles 
D __ ED-8-5PS 
E -"■ Instantaneous-action,  nonwater-resistant,  in bimetallic case in 

pack with 1-4 m long resounding wires 
F ~ ED-8 
G — Instantaneous-action, water-resistant,  in container, wires with 

copper strand and plastic insulation, 2-4 m long 
H — ED-S 
I ~ Instantaneous-action,  seismic, in container, wires containing 

copper strand,  in plastic insulation 
J —  ED-8-PM 
K — Instantaneous-action,  increased-strength,  safety, water-resistant 

in container, wires containing copper strand in plastic insulation, 
1-4 m long 

L — ED-8P-59 
M ~ Instantaneous-action,  safety,  in container, wires containing copper 

strand 1.^-4.0 m long 
N — ED-8P 
0 — Instantaneous-action,   safety,   in container,  wires containing grade 

EP copper strand,   1-4 m long 
P — ED-8-ai 
Q — Instantaneous-action,  in container, body type electric igniter, 

No 8-S blasting cap, wires containing steel strand and grade EPZh 
for EVZh wire-resistant insulation,  2-4 m in length 

R -- ED-KZ 
S — Short-delay action with interval in the range 25-250 msec,  in 

container, wire containing copper strand in plastic insulation, 
1-4 m long 

T ~ KD-KZ-PM 
Ü — Short-delay action,  safety,  increased-strength, with delay in the 

range 15-120 msec,  in container, wires containing copper strand 
in plastic insulation,   1.5-4.0 m long 

V -- ED-KZ-15 
W ~ Short-delay action,  in container, wires containing copper strand, 

2.0-2.5 m long 
X — ED-ZD 
Y — Delay action, with delay interval in the range 0.5-10 sec,  in 

container, wire containing copper strand in plastic inaulation, 
2-4 m in length i 

The ED-8PM (safety, high-strength) electric detonator has an Increased 
secondary charge weighing 1.6 g. 

A layer of flame inhibitor 0.1  mm thick is applied on the outer surface 
of the  casing.    The trigger in time is 2-6 msec.    The ignition impulse is 
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0.6-2 a /msec.    A lead atrip 6 mm is perforated.    This detonator causes 
the stable detonation of ammonites with density up to 1.61  g/cm3.     It 
yields not less than 4 percent ignitions of methane-air mixtures. 

It is intended for blasting work in mines that are dangerous as to 
^as and dust, of all categories. 

Instead of the primary charge  (initiating explosive), an igniting 
composition and TEN are pressed into a thick-walled steel cap. 

It is  intended for blasting operations at ground  level. 

Electric detonators with delay action are manufactured in following 
grades t    ED-KZ — short-delay action (Fig. 46);  ED-KZ-PM — short-delay 
action,  high-otrength,   safety; ED-KZ — moaerate-delay action;  and ED-ZJ) 
— delay action (Fig.  47)• 

The delay intervals  (msoc) are as follows for the various  grades of 
electric detonators: 

ED-KZ-15 10       ?n • ;'.    co 75   00 J.J3    120 
ED-KZ-23 I-')      bo ; ,:,   100 IÖU ^r>'J 
ED-KZ-PM-2^ ;'i        5{j ; ,:.   luo 

ED-KZ-PM-15 is      so •; ri      6U 73   90 lo:,   12.) 

La>-Z-N 15        .■:() < 1.".      ÜU V5   'M 105    l.'O 

ED-ZD (seo) (',;. O./u 1   1 ,5     2 4     0 ti      10 

Electri ■ detonators are packed in cardboard boxes,  40-70 at a time, 
depending on  the length of  th.   wires.     Ten boxes are put in a    metal  box, 
which  in turn is placed in a wooden crate. 

Table 39 gives  the wholesale prices for several  types of electric 
;etonators. 

2^).     Detonating Fuses 

A detonating fuse  (Fig.  48) has a  core of TEN,   enclosed in a  triple 
woven braiding coated with a waterproof mastic or plasticate.     It is 
intended  to ignite  th.- detonation of a charge of explosive;   it  is used 
in all  blasting operations except  mines  that are dangerous as  to gas  or 
dust.    Characteristics  of detonating fuses are given in Table 40. 

The  color of the blasting fuse varies from white  to reddish,  with 
two red filaments or with  two bands on the outer braiding. 

The  guarantee period of use is  1.5 years. 
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TABLE 40. CHARACTiSISTICS OF DETONATING FUSES 

/ 
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KEY: 1 — Rjse grade 
2 — Diameter 
5 — Length of fuse in coil 
4 -~ Weight of explosive in 1 m of fuse, 

grams 
5 — Detonation rate, m/sec 
6 ~ Material of braiding 
7 — DShA (COST 6196-68) 
8 — DShV (water-resistant) (COST 6196-68) 
9 — Not less than 6t)00 
10 ~ First and second braidings — linen 

strand; third braiding ~ External) 
— cotton strand 

11 --As above, but third braiding is 
plastic 

4-/1 

(—f n^r^.>i  /  / 

Fig.  48.    Detonating fusei 
1 — explosive  core  of TEN 
2 — guide stands 
3 ~ polyethylene film 
4 — linen braidings 
5 ~ cotton braidings 
t — polychlorovinyl  casing 
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Puses detonate, failure-free,  when heated for 6 hours?   the DShA 
detonates at a temperature of +^0° + 5* C, and the DShV fuse detonates 
at +^5 ±5° Cj 

when cooled for 2 hours: 
the DShA fuse detonates  at a temperature  of 28 i }• C,  and the DShV fuse 
— 5^) + 5°  C 

Puses  can produce hangfires when used  improperly,  namely,  when bent 
at a sharp angle or when a length is  joined  to the main line  in a direction 
that  is  opposite  to the direction of the detonation wave. 

The  fuse  is packed  in wooden boxes  in  10 or 20 bundlt s per box,   that 
is,   ^00 or 1000 m in length. 

The wholesale price for 1000 m DSh-A fuse packed is  118 rubles,  and 
for DSh-V —  143 rubles. 

The KZDSh delay relay is used for short-delay blasting of charges 
usint' a detonating fuse. 

Detonation relays of two  types are employed» 
The KZSh-!)8,   one-sided action  (Fig.  49),  and  the KZD6h-62-2,   two-sided 
action (Pig.  t)0). 

Fig. 49.    KZDSh-58 pyrotechnic relay: 
1 — blasting cap 
2 — inhibitor 
3 ~ paper tube 
4 ~ detonating fuse 
5 — end piece 
6 — bushir.g 
KEY: A — Direction of detonation 

The KZDSh-^8 consists of a plastic or paper tube in which a blasting 
cap and a pyrotechnic inhibitor is inserted. At the ends of the tubes 
blasting fuses are fastened (manually). 

The impact of the explosion by the left branch of the detonating 
fuse initially causes the inhibitor to burn, and then the explosion of 
the blasting cap and the right branch of the detonating fuse. 
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Pig.   50.    KZDSh-62 pyrotechnic 
relay: 

1 — detonating fuse 
2 — blasting cap 
5 — metal tube 
4 — inhibitor 
5 ~ intermediate cap 
6 — connecting bushing 

The  characteristics of the KZLSh-^S are as follows! 
triggering time   '0,  ?0,  it>»  and  bO msec; 
detonates without failure after exposure for 2 hours  in 100 percent rela- 
tive humidity and at  temperatures  from -50  to +t)0° C; 
detonating    fuse    lengths are  not pulled out of the tube when a weight 
of 2 kg is  suspended from them for 5 minutes;  and 
withstands  the  jostling test for  10 minutes. 

The KZDSh-62-2 detonating relay consists of a metal  tube,  which  is 
fitted with a diaphragm and an inhibitor in the middle at  the  two gripping 
locations  and in the tube up  to the support  from both ends;   the inhibitor 
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Fig.  51.    Safety fuse: 
1 — guide strand 
2 — fuse powder 
5 — first linen braiding 
4 — second linen braidin;,- 
5 — plastic 

TABLE 41.     CHARACTERISTICS OF SAFETY FUSES 
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KEY«     1   — Fuse 
2 ~ Grade 
} — Diameter 
4 — Field of    use 
5 — Guarantee period, years 
6 — Cost per  1000 of bundles,   rubles 
7 — Plasticized 
8 ~ OShP 
9 ~~ Flooded faces 
10 — Double asphalt-treated 
11 — OShM 
12 — As above 
13 ~~ Asphalt-treated 
14 — OShA 
15 — Moist and dry faces 
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is gripped along the bore of the  cup  in the  tube,  and then into the tube 
is     inserted  the  blasting cap;   the  26b mm      lengths    of detonating fuse 
are secured by squeezing on the tube. 

The KZDSh-62-2 inhibitor is similar to  the KZDSh-58 inhibitor.     Their 
difference is that  the K2DSh-62-2  transmits detonation into the network 
of the detonating  ""use regardless  of which end  it is connected  to. 

The detonating fuse relay is used in open pits,  ore mines,  and mines 
that are not dangerous as to gas or dust,  and in place of electric detonators 
if  there  is a danger of stray currents in the same conditions. 

The wholesale price of 100C  KZDSh-^S relay  is 2^ rubles,  and  1000 
KZLSh-62-2 relays  cost   120 rubles. 

26.    Safety Puses 

A safety fuse  (GOST 3470-^5) is a device for igniting blasting caps 
(Pig.  IJI).     It has  a core made of black powder with a central guide  thread 
and braidings  covered or impregnated with airtight    or watertight     compound. 
A safety fuse  is used  in all kinds  of work,   except in mines  that are 
dangerous  in terms  of gas or dust.    A 60 cm length of fuse  burns 60-70 sec. 
It retains its air and water impermeability at temperatures down to 
-50"  C,  while  the  outer case shows  no tackiness  at +4!)0 C. 

The fuse is coiled into turns of various diameters in such a way that 
the coils can lie one on the other. Kach bundle must consist of 25 coils. 
A box is loaded with eight bundles of the same kind of fuse. Fuse charac- 
teristics are given in Table 41. 

i    ?      3      «       } B       7 

\    I      !   /     /      /      I 

•Fir -l::-j^:^:;:i:;3^?#- 
/.-■    II    to     S X 

Pig.   ^2.     EZT-2 electric  incendiary  tube: 
1 — case 
2 — safety fuse 
5 — cup 
4 — ring 
5 — incandescence bridge 
6 — EV wire 
7 — plug 
8 —  tracing cloth 
9 — igniting composition 
10 — incendiary composition 
11 — nitro varnish 
12 — transmission composition 
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27.    Safety Fuse Incendiary Devices 

EZT-2 electric incem'iary tubes consit t of devices composed of an elec- 
tric igniter and a safety fuse (Fig.  ^2).    They are designed to initiate 
blasting caps in flame blasting; they have a 50 micron diameter nichrome 
incandescence bridge;  when joined  in series in groups of 20 they function 
reliably when supplied with 1 a direct current and with 2.^ a alternating 
current. 

The price of 1000 EZT-2 tubes when packaged is   182 rubles when the 
safety fuse length is 250 mm,  and 258 rubles — when the safety fuse length 
is 650 mm. 

Safety fuse incendiary devices are divided into three groups«  safety 
fuse electric incendiary devices,   electric incendiary cartridges,  and 
incendiary cartridges   (Table 42). 

EZ-GSh-B safety fune electric  incendiary devices  (Fig.  55) are designed 
to ignite  the  ends  of the safety fuse  length in dry and wet locations when 
blasting isolated charges and when blasting a small number of unconnected 
charges.     They are used  for cases when there is a large number of series- 
blasted  charges,  when electric incendiary devices are used to ignite various 
lengths  of safety fuse,  regulating the sequence in which incendiary car- 
tridges are triggered. 

The  EZ-0Sh-B electric incendiary device consists of a paper case, 
electric  igniter with a plastic plug,   sounding wire leads, and  incandescence 
bridge, and an igniting head.    It is triggered with  1 a of direct current 
and 2,5 a of alternating current.    It is used everywhere except in mines 
that are gas- or dust-hazardous. 

It is packed 20-40 devices in each cardboard box, which are  then placed 
in wooden crates. 

EZP-B electric  incendiary cartridges are designed to ignite a cluster 
of safety fuse ends  in dry and wet locations in group ignition, when the 
number of incendiary  tubes does not exceed 40-'j)0 and when the charges  in 
faces   (usually driving faces) are not too widely separated.    These cartridges 
are permitted for mines   that are not gas-   or dust-hazardous. 

This  type of cartridge consists of a paper case   (Fig.  54)»   on the 
bottom of which  is placed a press  cake of igniting composition,   that provides 
for the failure-free  ignition of all safety fuse lengths inserted into the 
case.    The press  cake is  ignited by  the  incandescence of a wire  caused by 
electric  current. 

EP-B incendiary  cartrj.d^es  (Fig.  55) are designed to ignite by means 
of a safety fuse length a cluster of safety fuse ends  in dry and wet  loca- 
tions  in flame bias tin,:.    They are also used in conjunction with EZ-OSh-B 
for series blasting of an unlimited number of charges,  beginning with 50-40 
in narrow chambers and longwalls. 
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TABLE 42.     CHAKACTmSTICS OF ELECTRIC INCENDIARY 
AND INCENDIARY CARTRIDGES 

1 

.ui-itomiivc-i 
011H.MKOB 

lipOlrfJA- 
iroru utiiypd 

01 

1- -7 

8- -12 
13- -19 

20- -27 
28- -38 

[.■llllllfl 
AlUMOTp, 

IG 

24 
30 

35 
•It 

JIM 

50-60 

70—80 

80-90 
90-100 

BOA jicnuuiKU, 

KaiiiiiJKUii. 
9   9.5 

9    ~ 
10 4,5-5,0 
,'lM\!nuil nopux 

85-80 

5   " 
i.l  10 
T.ll^ 

00   IUT1 

ä/ICKTpO- 
3l>KHr.l- 
UMIHWC 
ItüTpOHU 

130 

141 
150 

154 
160 

TC.'ll.lMJe 
IIJTpOUhl 

42 

43 
48 

51 
55 

KEY:  1 — Number of accommodated safety fuse length 
2 — Inner diameter 
3 ~ Height 
4 — Composition of powder press cake 
5 — Price per 1000 cartridges when packed, rubles 
6 — Electric incendiary cartridges 
7 — Incendiary cartridges 
8 — Rosin 
9 — Paraffin 
'0 — Black powder 

--1^ 
Fig.   ^3.     EZ-OSh-B electric incendiary device for 

safety fuse 
1 — case 
2 — plug 
5 — sounding wire 
4 — bushing 
b  — incandescence bridge 
6 — igniting composition 
7 — incendiary composition 
8 — OShDA safety fuse 
9 — bushing 
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/  / 

n 
Fig.   ^4.     EZP-B electric incendiary 

cartriage 
1 — case 
2 — bushing 
5 — electric igniter 
4 — incendiary composition 
5 — safety fuse 

Fig- 

2 — 

4 — 

5 — 
6 — 

bb.    EP-B incendiary cartridge: 
case 
incendiary composition 
OShDA safety fuse 
EZ-OSh-B electric incendiary unit for 
safety fuse 
cord 
rubber tube 

They are distinguished from electric incendiary cartridges only by the 
mothod of igniting the press  cake in the  case;   in this  type of cartridge 
the press  cfake  is  ignited  by setting fire  to a short  safety fuse length 
inserted into  the   case. 
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This type of cartridges permitted for use in mines that are not gas- 
or dust-hazardous. 

28. Testing Initiators 

Initiators arriving at mining enterprises undergo tests in accordance 
with Yedinwe Pr^vllv Bezopaanoati prl V:.rYvnvkh Rabotakh [Unified Rules for 
Safety in Blasting Operations]. 

Testing of blasting caps 

External inspection. No fewer than two crates are opened out of each 
lot of blasting caps arriving at the base warehouse and no fewer than 200 
blasting caps are sampled for external inspection. It is found by the 
inspection whether or not there are cracks or pits in the netal cases, 
whether in the paper cases there is layering of the paper at the bore, 
which will prevent the insertion of the safety fuse. 

The inner surface of metal and paper cases must be free of obstructions; 
chips of tetryl are not allowed at the bottom of a blasting cap in the paper 
case. 

When these defects are found, the entire lot is rejected; a complaint 
is filled out and sent to the plant. The question of the further use of the 
lot is decided by a commission of representatives of users and the suppliers. 

Blasting caps sampled and found to have defects are disposed of by 
being exploded. 

Testing of electric detonators 

External inspection. Prom each arriving lot of 20 boxes reaching the 
base warehouse, 200 electric detonators are sampled and undergo external 
inspection. 

There must be no oxidation, contamination, cracks, dents, or pits on 
the metal cases of electric detonators, and there must be no layering of 
paper at the locations of cementing and fraying, nor must be there any chips 
of tetryl at the case bottom. 

Weak gripping of the blasting cap case is not allowed, nor is a break- 
down in the insulation of wires, contamination, and oxidation of the scraped 
wire ends. 

When defects are found, a complaint is filled out, and then it is sent 
to the plant and to the Institute on Blasting Safety (MakNII or VostNIl); 
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TABLE 45. ELECTRIC RESISTAKCE OF VAH I0US CHAD 
OF ELECTRIC DETONATORS 

/ 2. A-"":''1 HWBOjiiux ri!>OBo^ou,  M 5 
Tim 3A «3         .                    co n.i.iinoA 

SJiL'KipiiyctKOc 
unj-olHh.ieMiif. 

C   Ml^'tuß   KH.-IUA   '                IfcHflOÄ 

1                                                1 
OM 

3:18-3 i           2-4 2,0-4.2 
1          2—1                      _ I.6-3.G 

7 3.5-1 1,(5—M 
9a-8Ä i          2,0 

i          2,5 
2.9—5,0 
3.3-0,5 

!         ii.O 3,7—7.5 
4,1-8.5 

8 4,0 4,5—9,5 
30.0 1.5-3,0 

KEY:    1   — Type  of electric detonator 
2 ~ Length of lead wires 
5 — Containing copper strand 
4 — Containing steel strand 
5 ~ Electric resistance,  ohms 
6 — ED-8-E 
7 ~ ED-e-Zh 
8 — EDS 

the entire lot is rejected.  The problem of the further possible use of the 
lot is decided by a commission in which representatives of the users and 
suppliers participate. Rejected electric detonators are disposed of. 

Cheeking electrical resistance. To check electrical resistance (in 
service warehouses), an electric detonator is placed in a specially equipped 
device that affords protection in the event that the electric detonator 
being tested explodes. This protective device (a length of steel tube lined 
internally with rubber or felt) is tested in advance in a proving ground for 
strength and reliability of protection by blasting a new electric detonator 
in it. The electric resistance check is carried out with direct current. 
Table 43 presents data on the electrical resistance of electric detonators. 

Resistance is measured using instruments with a permanent precision 
rating not below 2.^ for a current strength not greater than ^0 ma. 

There must be no breaks, short-circuits, and "wondering" resistances 
(of an interrupted circuit) in electric detonators. 

When deviations are found in the resistance indicators from the values 
given in the product labels, the electric detonators are rejected; a claim 
is filed on them, and it is sent to the manufacturing plant and to the 
Institute on Operational Safety in the Mining Industry. 
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Testing of detonating fuses 

External inspection.    One box is opened of each lot arriving at the 
warehouse;  in the box all  coils of detonating fuse are inspected.    It is 
established whether or not  there are any defects present:  breakdown of 
casing integrity; bends;  or thinned or thickened areas. If the number of coils 
found to have dDfect8 exceeds 10 percent of the total number of those 
examined,   the entire lot of detonating fuses is rejected. 

festing for blasting safety based on established schemes.    In the test 
three coils are selected,  from each of which five  1  m long segments are cut, 
and the remaining 45-meter coils are arranged in the form of main lines. 
To each of these are connected, at some distance,  the detonating fuse length, 
arranging them along the detonation path.    The lengths are connected to the 
main line following the practice in blasting operations for which the fuse 
is  intended.    When the  lengths are connected with overlapping joints,   the 
fuse end must lie tightly along the main line to the extent of 10 cm.    Insula- 
tion tape or cord is used for fastening. 

If the coil consists of individual pieces,  the ends of the main lines 
are  connected with each  other in series using overlapping joints.    To one 
of the ends of the main line  is  connected an electric detonator or an 
incendiary tube and the blast is carried out at a distance not less than 
50 m. 

A detonating fuse  that produces more  than one  failure in blasting with 
respect to detonation in the main line,  or mort  than two failures in five 
connected lengths is rejected. 

Testing for water resistance.    When a detonating fuse  is used in flooded 
conditions,   it is  tested for  failure-iree blasting after being soaked in 
water.    The fuse is soaked  to a depth  of 1  m.    If the fuse  is used in wet 
faces,   it is soaked for  1  hour,  and when the operations are kept in water — 
it is soaked for 4 hours.    A 5 m length of detonating fuse is used in testing 
for waterproof quality.    The ends of the fuse length, after being immersed 
in water, are sealed with an insulating mastic.    After being exposed in 
water,   the  fuse  lengths are divided into five equal parts  and  they are 
connected one with the other in a single line using sailors' knots.    The 
fuse joined in this way is  tested for failure-free blasting; here it must 
detonate completely. 

If the fuse ends do not pass the test for waterproof quality,   th y are 
tested additionally for failure-free blasting without wetting; when positive 
results are forthcoming,  the lot is used in blasting work in dry faces. 

Testing for the effect of elevated and reduced  temperatures.    Fuses 
used at temperatures up to 60° C are tested for failure-free blasting, and 
for water resistance after lengths are heated in a  thermostat at 60° C 
for 4 hours. 

201 



A fuse intended for operations at temperatures below -1^° C is tested 
for failure-free blasting in networks laid out after a two-hour exposure of 
the blasting fuse at its service temperature. Puses not passinj the test 
at elevated and reduced temperatures cannot be permitted for work in these 
conditions. 

Testing of safety fuse 

External inspection. No fewer than one crate is opened out of each 
lot; in the crate all coils of safety fuse undergoing inspection.  Here it 
is established whether or not the following defects are found: bends, cracks 
in casing, fraying of ends, traces of damp, and so on. 

When defects are found, the lot is rejected; a claim is filled out and 
sent to the manufacturing plant and to the Institute on Operational Safety 
in the Mining Industry.  Coils of fuse found to have defects are disposed 
of by burning. 

Of coils passing inspection, 2 percent are sampled for other tests. 

Testing for water resistance.  A safety fuse is tested for all indicators 
only after being exposed in water: 1 hour for the OShA fuse; 4 hours to a 
depth of 1 m for the OShDA and OShP fuses; the ends of grade OShP coils are 
insulated with water-resistant mastic. 

A fuse that yields even a single sputtering out after being soaked is 
permitted only for work in dry faces. 

Testing for rate, completenets, and uniformity of burning. Fuse coils 
selected for testing are uncoiled and from each coil a ^ cm piece is cut off 
from one end, and then a 60 cm piece. The prepared fuse lengths are ignited 
and the burning rate of each length is found. The burning time for a 60 cm 
length must be not less than 60 sec and not more than 70 sec. A safety 
fuse that is found to have a single case of sputtering out, and also a 
longer or shorter burning time is rejected. 

The fuse coils remaining after the burning rate test are uncoiled on 
the test area and are ignited. The  fuse must burn uniformly, without floes 
and eruptions of spark through the casing; there must be no dying out of 
the combustion of the powder core and ignition of the casing. When there 
is even one dying out or other kind of defect, the lot undergoes the second 
test with a doubled number of fuses. When the defect is found again, the 
lot is rejected, and a complaint sent to the manufacturing plant and to the 
Institute on Operational Safety in the Mining Industry. The question as to 
the further use of the lot is decided by a commission of user and manufacture 
representatives. 
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The results of the inspection and tests of blasting machines arc entered 
into a special log on Form No 1   (Appendix 2).    When unsatisfactory results 
are obtained from the tests,  in addition to the log entry, a report is made 
on Form No 2 (Appendix 2). 
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APPENDIX 1 • TABLE OF CERTAIN CONSTANTS OF STARTING COMPONENTS AND 
EXPLOSION PRODUCTS OF C<B!ERCIAL EXPLOSIVES 
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KEY [to Appendix l]i 
A ~ Substance 
B ~ Formula 
C — Atomic or molecular weight 
D ~ Oxygen balance 
E -- Heat of formation, kcal/mole 
F -- Starting components of explosive 
G — Ammonium nitrate 
H — Sodium nitrate 
I -- Potassium nitrate 
J — Calcium nitrate 
K — Ammonium perchlorate 
L — Sodium perchlorate 
M — Technical ammonium nitrate 
N — water-resistant, contains 0.55 percent paraffins 
0 — granulated, contains 98«5 percent nitrate 
P — Trotyl 
Q — Tetryl 
R — TEN 
S — Hexogen 
T ~ Dinitrotoluene 
Ü — Dinitronaphthalene 
V —• Nitroglycerin 
W — Nitrodiglycol 
X — Nitroglycerin/nitrodiglycol mixture 60/40 
V — Colloidal cotton (12.2 percent nitrogen) 
Z ~ Aluminum 
A' — Wood meal 
B' — Paper 
C — Cellulose 
D' — Paraffin 
E' — Mineral oils 
F* — Asphaltite 
G1 — Coal (carbon black) 
H' — Calcium stearate 
II — Polyethylene 
J" — Mipore 
K1 — Explosion products 
L' — Water (liquid) 
M1 — Water (vapor) 
N' — Carbon dioxide gas 
QI — Carbon monoxide 
P1 —- Nitrogen oxide 
Q1 ~ Nitrogen dioxide (gas) 
R1 — Hydrogen chloride (gas) 
S' — Methane 
T1 ~ Aluminum oxide 
U' — Calcium oxide 
V ~ Calcium carbonate 
W' — Sodium carbonate 
X' — Potassium chloride 
Y" ~ Sodium chloride . 

205 



APPENDIX 2 FORM No 1 

I 
Jt(ypna., Y'~Ta tiCObiT311Hii 81\1 r:a CKJIC!.I\C: 

( 118 li11CitOII"J!IIC IIJ'1.",1liJHIM IHR) .2 

-----,--,,---~-- ,,, · ---;;~;t(-p_li<_.1.10-H-.1-II_H_<!_I_I '•-:t-Cp_l4<_0l_J10-
-, 10 JtCni.OT:lHHC 11:\ 

X• r -~?rHn ,1liT-1 M1rO· I .nnT.J 11pt1 · :--- ----- ---- -- •. - -
3
- -

UII 10U~<'JIII II 1 •i:nur. 1!11 ' /I I,_ I I 
11U Ha CK/1:~1 n<"r)l'!;t:1qy n.1:1;ec· j s:,.-:~~. 

I ~r· :-o1 :.tt~UH I JIOCTh : Jll l\KIO 

I ! i ---- -- -~-----,--

K.:.1: 1 Log of tests made of blasting machines at warehouse 
2 (name of enterprise) 
3 Record of tests of explosives 
4 Date of test 
5 Name of blasting machine 
6 Manufacturing plant 
7 Explosive lot number 
8 Date of explosive manufacture 
9 -- Date of arrival of explosive at warehouse 
10 -- Pass or not pass test for [indicator given below] 
11 Transmission of detonation 
12 Moisture content 
13 Exudation 
14 Record of tests of safety and detonating fuses 
15 Kind of safety (detonating) fuse 
16 Date of arrival at warehouse 
17 Pass or not pass test 
18 Safety fuse 
19 Detonating fuse 
20 for 
21 · ·- Burning rate of 60 em length 
[KEY continued on following page] 
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KEY (to Appendix 2, Form 1, continued), 
22 -- Nature and completeness of burning of entire coil 
23 Exposure time in water 
24 Failure-blasting 
25 Exposure time in water 

APPENDIX 2 
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[continued on following paee) 
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COHTINUATION (of APPENDIX 2, FORM No 2) 
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KEY: 1 Form No 2 
2 Report 

'f2. 
Jlomtom 

H xap:lKTt'J'I 
r o;><:ttHM 

ttc·nblx 6yxT 
UIH)'p.l 

BB . .f3 

3 Test explosive at the warehouse 
4 (name of enterprise) 
5 We, the ~ndersigned, director of the blasting machine 

warehouse, Comrade •••• 
[Key continued on following page) 
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KEY [to Appendix 2, Form No 2, continuation]« 
6 ~ Laboratory assistant, Comrade .... 
7 — Have prepared this report 
8 — Stating that on .... 197... 
9 ~~ A test was made of blasting machines 
10 — Rated data of blasting machine 
11 — Name of blasting machine 
12 — Post office of plant 
13 -" Lot number 
14 -- Date  of manufacture 
15 "~ Date of arrival at warehouse 
16 ~ Number of railway car 
17 — Results of internal  inspection of packing and blasting machines 
18 -- Determination of presence of exudation for explosive  containing 

liquid nitro ester 
19 —' Test for transmission of detonation for explosive cartridges 
20 — Number 
21 — Distance between cartridges, cm 
22 — Number of experiments 
23 — Number of exploded cartridges 
24 •— Number of nonexploded cartridges 
2t> ~ Determination of moisture content in ammonium nitrate explosives 
26 —• Lots number 
27 -- Permissible moisture consent 
28 •— Moisture content based on determination 
29 — External inspection of electric detonators 
30 — External inspection of blasting caps 
51 ~ External inspection of safety fuse 
32 — Test for rate, completeness, and completeness of burning of 

safety fuse 
53 ~~ Number of safety fuse lots 
34 ~~ Number of 60 cm fuse length 
35 — Burning time of 60 cm fuse length, sec 
36 — Completeness and nature of combustion of safety fuse (entire 

coals) 
37 ~~ Test of safety fuse for water resistance 
38 — Number of safety fuse lot 
39 ~~ Depth of fuse immersion in water 
40 — Exposure  time  in water,  hours 
41 — Burning rate of fuse length,  cm/sec 
42 — Completeness and nature of burning of entire fuse coils 
43 ~~ Conclusion on the suitability or nonsuitability of the explosives 

tested 
44 ~~ Signatures 
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