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Introduction ~ - ~~~~ \
0... Background
CD
C.) “Battle in Central Europe against forces of the Warsaw

Pact is the most dem anding mission the U. S. Army could be
assigned.. . .Warsaw Pact doctrine anticipates use of nuclear weapons
in. . . future war , but teaches preparedness to fight without them.
For both conditions, it emphC.4~Lze4 he~wy ~onc.e t1ta.t)~.on4 o~ alunofl 
Forces opposing Soviet equipped and trained troops must expect
intense, highly mobile combat. [If initiated,] battle will be
fought on a scale and at a tempo rarely seen in all history (from
Field Manual 100—5 (i)).

The U. S. Army is presently developing a bulk explosive
system intended to make possible the rapid excavation of obstacles
and defensive positions, and to be used againzt large, prechambered
targets. It is also intended that this system will be useful for
quarry work, and as a substitute for standard military explosives as
may become necessary under emergency conditions. It is not generally
recognized that the Army has no truly suitable explosive available
for the size of demolition mission between tho~e normally undertaken
with military high explosives and those considered suitable for the
employment of atomic demolition munitions (ADM’s). Bulk explosives
will also be desirable in certain cases to substitute for low—yield
ADM’s where field commanders must have the ability to respond to
tactical situat ions unencumbered by nuclear release procedures and
employment constraints.

It is apparent that large quantities of explosives will be
routinely used . on bulk explosive system missions. It is also readily
apparent that the greatest need for obstacle creation will occur at
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early times durthg the ba t t l e , a:~d that , to be ‘t~eetive , obstacles
will have to be prepared w i t h  great speed . ihe conclusion is
in escapable : dur ing t he ~ o ; t .  critical engagements , there will not
be time to use a bulk explosive s~ stem that. re~ uires transport f r o m
ammunition supply points to obstacle sites. The system must be
suitable for safe storage and use in forward areas, so that it may
be rapidly employed as threat s u re  perceive~l . Also , bulk explosives
will have to be used in conJ unction with a t ruly  rapid emplacement
capability, since timely availability of these explosives will do
little good if emplacement ~:can5 are wanting .

Purpose and scope

This paper summarizes the charactecistics or available
bulk explosive systems, and evaluates them in terms oV military
requirements. It also discusses the continuing development of
techniques intended to place et i ’eetive obstacles and defensive
positions on time using bulk explosives under sut.icipated combat
conditions.

An EValuation of F~cisting Bulk RxpiL.ive5 Systems

Bulk explosives

Bulk explosives s:’e a class ot explosives that may be
handled by bulk loading t c ~.:i i quc ’s , i.e., that ar e pourable or
pumpable during emplacement operations. They ~o’e characteristically
used in large quantit ies , and t!i o~ r costs p~~

. unit weight are nor-
mally very low compared with those of high exp L~ t; ives. llu) k explo-
sives may be used in cartridge form, as are hI~ ,h exp .ostves. Ilow—
ever, during the excavation and quarrying applications , for which
they are most suited , they are more typically placed direc tly into
holes in the ground without packaging.

In this report, eight hulk explosive types will be
discussed:

a. ANF() is a dry blasting agent composed ot’ wnmonium
nitrate and ~‘uel oil , usually in a 9l~ pe i cc nt . to
6 percent ratio by weight. Neither AN [~O tar any other
blasting agent conta ins  any chemical ci It’ i ed as an
explosive , and all require high—explosive p~’ iaers  to
ind uce detonation . ANFO m’ty b~ ~~~~~~Od t t’em t’xp~ o—

mis. sives manufacturers or f ie ld—mix ed .

~~~ b. Aluminized AhF() is  ANFO conta ining up to 28 reret ’u t ,
_________ D part iculate aluminum by weight . It may be urchase’d

__________ from explo sives manufacturers or field—mixed .

i~
:~~~~~~~~~~ 

. . -

~~~~~~~

*-.-——----

~~~~~~~~~ ~~



‘CARLETON

c. }3:tsic f i e ld — m ix siur !L blast ing ~a~ent~ are a~;L’~1oniUm
nitrate—based fox~~ulut Ions that may be mixed in the
f i e ld  f rom commonly available chemicals us ir i~; p ioneer
haudto ols or tr an s i t—mix  eoncr t t.~ del ivery  t rucks.
These and other blasting agents are essent [ally mix-
tures of oxldi~ ers ( such as ammonium n i t r a te)  and
fuels (such as fuel oil or aluminum) in a liquid
medium thickened wi th  a ~,um and :eLled with  a chemical
called a cross—linker. ~~iu r ry  b~.as ting agents are
strongly water—resistant , and may be used in wet soil
charge emplacements without protect ive packag ing .

d. I)evelppmental field—mix alLunitti~ cd slurry~ blasting
agents are advanced two— or three—component slurries
that may be mixed in large quantities in the rield
without heating , using equipment no more C :apltx than
transit—mix concrete delivery trucks. A few explo-
sives manufacturers have done research to develop
such products , and are presently considering their
sale on the open market.

e. Commercial slurry blastin& agçnts are, for the pur-
poses of this evaluation , commercially availa~’le
slurry blasting agents that c on t a i n  less th an ~~‘ per-
cent aluminum by weight . These nroducts are ta~’t ory—
mixed by explosives manufacturers.

1’. h ighly aluminized commercial slurry blas t ing  agents are
commercially available slurry blasting ~~ent s that con-
tain from 25 to 35 percent aluminum by wei~~h t .  These
products are factory—mixed by explosives manufacturers.

~~~. Commercial slurry explosives are similar to commercial
slurry blasting agents except that they contain explo-.
sive compounds as sensitizers in place of (or in addi—
tion to) nonexplosive fuels such as fuel oil or
aluminum. They may or may not be cap—sensitive , but
all are classified as explosives for shipping purposes,
whereas blasting agents are not.  These products are
factory—mixed by explosives manufacturers.

h. Geiled nitrornethane is a mix ot’ nitromethane (a chem—
lca.l used in the pharmaceutical, dye , i ns e ct i c id e , and
textile industrl~’~ ), a modified guar gum , and ,
sometimes , a rross—l inker that increases t h e  thick-
ness and water resistance of the mix. It is f i e ld—
mixed with specialized equipment , and is not normally
cap—sensitive.
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The fact that blasting agents contain no chemicals that are
classified as explosives can be misleading under certain circum-
stances. ANFO can be produced in cap—sensitive form by using finely
pulverized ammonium nitrate, and slurry blasting agents incorrectly
made with finely flaked aluminum become similarly cap—sensitive .
Because of the extreme variability possible with these products , care
must be taken to ensure that the particular product being considered
for use in the field will be properly handled. A more complete back-
ground on blasting agents and slurry explosives (2_li), a description
of a recent experiment in the field mixing of a slurry blasting
agent (5), and a discussion of gelleci nitromethane (6) are available.

Candidate systems versus
required characteristics

Table 1 lists required characteristics and mission
statements provided by the U. S. Army Engineer School (UsA.ES), and
the author ’s judgment of the acceptability of each of the eight
defined bulk explosive systems ror each listed requirement or
mission. Though the order of the listed items has been changed some-
what , the number associated with each item is that from the original
USAES listing. This section and the following section qualify the
evaluations found in Table 1.

ANFO and aluminized ANFO. These products are rated
unsatisfactory for required characteristics )4 , 5a, and 9 because
they become ineffective when exposed to water. ANFO is considered
unsatisfactory for required characteristic 11 because it is bulky
and the least efficient cratering explosive (in terms of charge
weight) of the eight bulk explosives being considered herein. Its
great popularity in industry is explained by it~ extremely low cost
and ease of mixing. Watertight packaging is frequently used to pro-
tect ANFO products from ground moisture, but such packaging is not
always effective and may lead to other difficult~ss such as static
electricity hazards or toxic gas formation upon detonation.

Slurry blasting. agents. These products are rated marginal
for required characteristic 5b because many slurries become rigid at
freezing temperatures, in addition to becoming less sensitive. h ow—
ever , special formulations are available that maintain fluidity at
freezing temperatures. Factory—produced slurries have a shelf life •

of from 6 months to 1 year, depending on storage conditions . Thus,
they have been rated unsatisfactory for required charac4-eristic 2.
As with the dry blasting agents , slurry blasting agents become more
efficient cratering explosives with the addition of significant
amount s of aluminum. The basic field—mix slurry blasting agent has
been rated as unsatisfactory for required characteristic J~ because
several of its six components are damaged if exposed to water before
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mixing is completed . i t  I ~. r1t~~L-.L: marginal t oe required t ialac—

term t Lc ~ l’t n ILUSC the aUd it .  ion c : the minor ~~~~~~~~~ t. i t.ueu t, a ( ,iatr guts

~ flJ ~.~~~~~i .;s _ l i n k e r )  iiiust be ~~-~~~‘ n y liatt ~I1 sd I s  ‘ the t
5 t 5 t 0 n L ~y in t h e  i’iual mix.  ‘~h s~~

-Ve ’Lu t ’::tettta1 t ie id•—m i x it I a’iiu i ~~‘d
slurry blasting agents ax.e ~~~ 5~ j :‘nie~ m a T  for re.~~t I red c l a t r a c  Lee
tics and l~ because these n :e  i’ :ese - . ti  tL : ;  p u t - c u t .  L a l  pe~’b s ’:~i ~L ’ ~ t~ ;

for which satisfactory per c c  .‘ ::c ~ut ce  l~ yet o be demons t r a t e d
Cc tnmercta L ;~ 1 uta~~~ -~ al.ei ives . ‘1’i~~

.4.. p~~ s j ~~ .~~55 have many
charac terist Ic in c csc:t. sn w - ..nerc i t i  

~ 1’ last. i tc ~ 1t~~cn t,~;

Thus , they are rated unsat. is :~ ~ur  required ch:t rite t s s t . Ic  ~
and marginal j’ ,s.  i t~quircd el m e t  er is t. i c bb toe t. tie ~~tmte ret sit 5 sin

the ce:~uiterc i al a 1 urry bias L i :i~ ~1~~eLt t.U . Ps c a U e s  they con La in compo-
nents  that :trc classified s. e~~~~ oal vt tor s~ t i pp itig 

~ i it ~~
. a n , they

have been p l a c ed i t t  I lie ma : -d ~~ t s . ~. cv t~os t~~~ui red elm a t e —
t er i st  ics I aud m ’ .

C s l l e j  n i t .  t. ’ ’t~~ . i z.~~ . u it guar gt usi u sed in t i t  i ii formula—
I. ion must bc q u i c k  l v  ~i iaptsin- ~d thm eu~ hout t.hc Li quid n i t  come t hsine
dur ing m l x i  h g  to prevent t lie c ar:csti tL)fl c t’ I umpa that ii ro dir r i  cult.
lu break up. T1ILIS , th is  

~
‘ in .ic: is r~ ltd unsat I a t i ~c tory roe re-

qui red character! is tic 7. 1. . .t a it , rome t it ~ute in a si ub i e itt water
st~id itt t’ae t c an ist ~ seas it. I sod ii o: : ewhut. by t. lie addi t. iou o ss:sct .l 1
amounts ot water , It is I hero  ~-o r at ed as t i t t ~ itt . Ii; i SLe I c v  roe all—
weather s:i l x i  Us. ( t ’espt I rod e i s i a so  -

~~~~ 1~~t ic It . i t lii tn o~l nit :‘~~ 1 na t,
t o r  required oliucac tee I~~t I.e a a b is ta n u t a L ’ it. i a to t ooiii~’itt. lIt
WI Iii several ma I tic ia.Ls , nor-a- u . wh ich  are used iii out u in tvr a  . Its
i i i  s ’r sts.~o is a I so sub 5) cot, to ~ i ’d  ciii c ’5 — 11 igh  e~~p ion  iv e  p r i m e r s
tat at p r o t . t e  t. I o i  wh en U L s1 in i d  a.~rie t lena , i t i c e  Li t  i s d a t  i cit I can
p r L r t . Lu! L v di s n o l v i . ma.nit . I.: i Li :.ncy .i i~~~ii S ’ X p t s . s i ;  iv t ’r ; . 1”or t i t i  is roason .

huid bt ’cit ua ~ go I Lt d  it it . roidit t ii a !:io cc ii u s c  01S1, i t~ It . ’ 1.0 cli: t r:,s.’
d5’ icr [oration under s e v e r s ’ i’. i ~~~~~~~~~ COt1s.il Li OILS Lh:ui ace a 1, ttr r I en
it in rated marginal for ceo .J acs charstct- t’ r 1st ics 5sL amid 9. I t ,  is
rated marginal for required e l a t n i e ct e r i u t  i c ~ because I Iquid iii L eo —
methane vapors sire considered ~~m.-s,ierate health  its test .

Candidate systems vet’-
sun military mi ss ions

lP tj ~~ 1 t ~~~~ i s ’li t .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ L~’~ • t i i .’s . i i t ~~~ ot ’ I - l a ’  i r
c r - t I e r  i i i ~ t’r x ’ic I e t i c y  StUd ~-. t t s ,’d ‘‘.‘.i I ~ t~ t t t ~ t’ * i i  rdi l ,v a I ti:::i iii :s - .i e~iu r ry
t ’I  t5 t t  it~ agents SIt ’ I lit ’ no I . e . -. ii :‘ clue Lct t’or [hi is tcs 1 ~~ .: s ’ S i  . h ow—
ev er , t h e  tao t o r ~’—i:i I ~ed pre i mo I- t.zc.a; sot ;i~ ’ct, n I t’:s~’.t ’ r i- s in I sa’r -n -s i (ii ,

an~1 t’rs’s iueIlt . s t5 ~ ’h\ t .u e t ’ r i o ~ o n ’ .o’ .~ he tuIi ~ ’ otiorri ie: t  I . l i t e  A N V s  1’t’ t~ t t L o t  Si

tb i n s t  have t h e  required w st t  en con i u t .  :UlOt’ 1 o gu : t r c t t t t . e c  irs I I ott
ste comp Li shett.—n t. . I~ :t rety I a e. ‘isa ~o red p i’~ si’ I ems I. i or ti wit -it s I ur ry cx~
piouivt’e ; and gel. led n i t .  roes -Il

(- 5 
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Nonnuclear alternative to small AOM ’s. The comments of
paragraph 13 apply also to this mission . However, charge esnpact—
ness has added importance in this  appl icat ion because t he A~~- 1’ s to
be replaced are very small devices in proportion to their yields .
Even a very compact , efficient bulk explosive might not be suitable
for certain small ADM missions. Because confinement is especially
beneficial to the performance of’ an aluminized product, some surface
missions might be accomplished at reduced efficiency .

Safe, economical storage near planned obstacles for sr-:n—~~mu~ logistics impact. The ANFO products and the field—mix slurry
blasting agents are the products of choice for this mission. Long—
term storage is not practical with state—of—the—art factory—mixed
slurries. Safety is considered problematical with slurry explos ives
and gelled nitromethane.

Able to replace military dynamite and ammonium nitrate
cratering charges for a wide variety of military exolosive missions.
A readily mixed , two—part aluminized slurry blasting agent would ‘be

- ideal for these missions because of its efficiency and, the elimina-
tion of the explosive storage requirement. All of the factory-mixed
slurries would require some sort of special storage, as would. gelled
nitromethane. The ANFO products and the basic field—mix slurry
blasting agent s would be susceptible to water damage during mixing ,
and. the ANFO products could be rendered. ineffective by groundwater as
well. However , it should be kept in mind that the ANFO proiuct~~,
because of the universal availability of their components and their
ease of mixing , could, be used as emergency supplements to the Arr1y
demolitions system .

Techniques for the Use of a Bulk Explosive System

A concept for explosive
barrier ditch creat ion

Figure 1 presents an explosive barrier ditching plan that
enables troops in the field to use single— , double— , or triple—ditch
designs, depending upon the perceived thr~at and available prepara-
tion time. It is anticipated that the single-ditch design would ‘be
most appropriate for use where the barrier trace is to be mined and
adequately covered by the fires of defending units. However , where
the defeat of armored vehicle launched bridges (AvLB) is a require-
ment, as might be the case where defending fires are overcommitted,
the double— or triple—ditch designs could be used (time permitting)
to increase the obstacles’ effectiveness.

Figure 2 shows schematic cross sections of the ditches pro-
duced by each of the three designs shown in Figure 1. The double-
ditch option is the double—ditch tank trap described in an earlier

I

LL, 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~

- -i

•cAftL~roN

— ‘ 1 ‘h— —Ulit CHA!GI

( 1.’rn NU TLN I N IN UM DtLAfl
f 

I S I I 5 S S •‘~~~~~ ROI L

)(TCH OISIGN
Ot?t b. . ~ bRIDGI NG CAPA BILIT Y 1

I. . . .  •......
•1’ t IF USID)

7* IPtl-DITCN DUIGN a
DU(AIS 30--N BRIDGING CAPABILITY I

S • S S f  • S • f S • f - — - 100 3
4. .1_4 , .4 - -  i 4 .4  I i  4 . 4 (IF USID)

NUNSIR OF CHANGI LOCAT IO NS AS NCIDID FOR *TLNUID SARRI (R LENGTH

**.L CHARG E HOLES ARE 1.35 DE1P

Figure 1. Explosive barrier ditching designs (plan view ’)

~ )$~~LI DflCiIt
t2.lIlIUfl~~NINUbDIL*ii

f l * 5 # ~~‘4S

I XUIL I WT CH
fU,tATs I..IsRIo N~~cAPuut Ve

~ tseu oiTn~BUIATI S U UWGUIG tAP*~ILItY’

Figu re .1. Explosive barrier ditch cross sections

I  

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



- :

* CAR LETON

report ( 7 ) .  flote that  the charge hole depths (1.5 m*) ,  the i n — l i m o
su-uic i ngs between charges (1; us ) ,  and the spacings between charge re’..n
(17 us , it ’ unec ) are always the Sante , regardl ess of the nature  of tb-
med ium being cratered.  All three di tching denL ~ ns are e.-srsvat ed b~.
tbe simulta:ieous detonation of all of the buried charges a ft e r  the
charge holes ha~ - - been stemmed (backfilled above the e::.pJ at ’nd
charges) to the original surface with native soil from the digging
operation.

The l. ’ —m charge hole depth has been chosen because it is
no rmally pract ical  with shaped charges and hand tools , rapidly exca-
vated with  backhoe or auger , and close t o t he average of optimal
charge burial depths for cratering purposes in a variety of soils.
The availabili ty of t he JD ~41O tractor within the Army materiel  sy s—
tess allows troops to use either the backhoe or an auger to make
charge holes , depending upon the specific conditions with which they
are faced. The backhoe will generally be best for the digging of
charge holes for stacked charges such as TNT , and for the emplace—
merit of large charges of any type explosive. Preliminary field t e nt
results also indicate that for smaller charges in clay soils ,
backhoe—dug charge emplacements produce steeper cra ter side slopes
than do auger—dug charge emplacements. Thus, the use of the backhoe
may be advantageous for the production of obstacles and defensive
positions in certain situations. However , any such advantage may be
offset  by the greater digging speeds possible with the auger in many
situations. Further field tests have been scheduled to quantify the
d i f ferences between backhoe— and auger—dug charge emp ]acomt :its in a
variety of soils, and to investigate new techniques for charge
emplacement .

Table 2 shows the explosive charge weights required in
each hole for any of the plans in Figure 1 for obstacle ditching in
a variety of earth materials . As can be seen from the wide varia-
tion in the weight s of the required charges , crater size is greatly
influenced by the composition of the cratered medium . The efrects
of soils on ditch size may vary greatly , even within a very small
area where composition differences are not readily apparent. For
this  reason the recommended charge sizes have been chosen to produce
at least the minimum required effect in typical earth materials of
the types named. However, in cases where the soil type has not beer5
determined , the largest individual charge weight for the explosive
considered ( shown in boldfaced type in Table 2)  may be used as a
rule of thumb .

By projection from earlier estimates (7 ) ,  a 10—man crew
with a JD I~iiO tractor should be able to complete 150 us of the
triple—ditch design in a 12—hour day. Alternately , the same crew

* To convert metres to feet , multiply by 3.280839 . 
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at~~o 2

- - - t t’~’u’ H:-’ ‘ o H .  ~st- i et - f i t c h _ Pr~duct-io:.

Individual u is~rge
Weight of 1

— tL :e Li s~ lb

:‘~~~
- ~~~ ~~ 20

- S_ L ~ s • b.t~~ s ~~~~~~ 
• - -

a e s  ~o 88

- 60 132

S -~~si 100 221

- a~~ c :a~ 160 353

o~~ t’: Fe~ a i d den i g t I - s in  this table : charge hole dej’ths
= I . “ in; in— inc chargo ~rac .Lngs = r: ; sp ac  i iigs be—

;. ‘ es: rows = I~’ r. . fos igs basis i s he t el-once ~
* I t , highly a1~saini sed slurry blasting agent
cha:’ges would be about (‘0 percent as l arge an
e f feet t ye 1~ T c ha: es. Exact charge weights f~ r
bulk eXplosiVe to be aaopted by the  A s my wil l  be
available before the scheduled date for type clan-
nifleat ion. i~ot To convert ki lc~:i-ss:ts to pounds
(mans), mu lt i ply by 2 . 205.

sh~ uId be able to comp le te  22’ m of the double—ditch don ~gn , or
~5O in of the single—ditch denign , in a .~2—}uour day.

Aa explosively exca—
vated tank posi t ion  -

Figures 3— 5 show front , side , and rear views , respectively ,
of an explosively excavated tank position created during recent . f i eld
tes t s  at Fort Polk , Louisiana. i~c~ uirements for the design were sin

follows :

a. The tank hul l ::r .nt h s v e  full protect ion f r ee :  the t’ro:i t .
and both side s of ~.2s s’eo lt-ie:i.

b. The tank’ 5 ::~~- ‘. - -~~~~ ~s t he able to make a t’ul I — circle
traverse at s - ::-:ni r ug elev at -  ions .

c. The t ank i-sn: be :u t i  e to eutt-ei’ and ii cave the pos it i on
from the u’car ’:’l the 2- it ’ fi cut t y , and wi t-li ou:t slay itddi—
t i otistl 

~
‘ OOfn ~- Ion f t  OS ’ the n i t  iai exeav at ion .

_______________________ _________________________ — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -



*C/.J~LEvrQN

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4r~~~~-

Figure 3. ‘r ront view of an Mc~0 tank is . an excienic-
excavated defensive posit: :.
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Figure ~~. Side view of an M60 tan k an explosively
excavated defen sive pos i t i on
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Figur e 5 ear oi ~w of :11 !~o0 tank is. as: ext Jon ivety
exeava~ ed defons  Is e p ‘s1 i s ri

~~~~ he explo~~ive exestej . t ion must he ~1~ rio w i t h ~~ut the use
o ~ o i a y caps.

;eL i non iga re~~~irc :ncn tn  wet-c met by t h e  expee- iment yh ich  VOS

~ 
toted in 1 Iic~ r .

F igur e  o und Table 3 give specifications for the os-e~ttioi’.
ot’ the hull—down t ank p o s i t i on  us lay ‘i~ ’i~ in a wet clay so.i i. It
should be remembered , however , tha t this den iga i-n s t i l l  waler
development. T~ st-~ have been scheduled to simplify t h e charge : irrav ,
and to examine the ef fec t s of different soils on its successful
execution .

Cone ln:s ions :LSSd :~ceomne:tnat  roan

When t ho :- :- i :nat-~- ha 1: ‘xe Lo~i lye SV st-on req~:t rot::os:~-r s f~ r
cs-at er .ing c Cf i I eac y , wa tee t-es ist. once , st : i J  long— L-et’~ noIse. ’ lOS I V t ’

storage are ce::s i lc~’ed t.ogctlie , only esse crinc h [rtte n~ st  er~i nosy ives
the  eri-n i ly  t’ i e t d  mixable, h i gh ly  aLumln .i-;cd , n ur ry  blast- i : -; agent. .

s tic k ~sn adeanced :;ystcm is still at- a devel eprien t - :: I t.:sgc

w t h i n  the industry . The present Army effort to a~ce1esstt c corp Ic—
t i - :: of thin development aype:trs very likely to succeed ; it
recommended that  the project  be given approp: -iate p r io r i t .  ics to

- - - - ______ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~~~~~~~~ a.s: - -
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FRONT OF POSITION

Wi 2.8 M

CHARGE HOLE NUMBER
IS IN DICA T ED A T EACH
CHA RG E LOCA TION

•-0

___________________ L2

0
Os

0
0S ~

z

.L3

TIlE EIGHT CHARGES AR E
~ FIREO SIMULTANEOUS LY.

CHARG E WEIGH TS A R E

- 
SHOWN IN TABLE 3.

w~ 
1.9 M L4.? -

~~~~~~

• NO W I N D  IS NECESSARY.  THIS  CONFIGURATION ENSURES T H A T
STRONG WINDS , IF PRESENT , WILL  NOT UNDO TIlE EFFECT OF
THE EXPLOSIVE DESIGN , WHICH PREVENTS FALL BAC ~ F R O M  •

THI~ SHOT .

1’ igur e  6. Explos Lye hu l l—down Lank po:: .rt Loit
sie~: i .-~n (plan v ow)
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Table 3

Pc-ni gu Data for  Explosive h ull—Down ‘lank Posit ion Trodttc Li on

Charge Weight
Charge Hole Depth of TNT

Hole No. m ft lb

wi o.6o 2.0 1~i 90
W2 0.52 1._f 27 60
W3 o.~6 1.5 18

1.3 1? 27
Ll 1.15 3.8 20
12 1.01 3.3 1t~ 30
L3 0.88 2.9 9 20
L1~ 0.77 2.5 6 13

To tal 1 325

Note: Design basis iu wet clay curve (8 ) . Hole depth r e t e e s  to the
depth of’ the empty charge hole be fore t uxo charge is added .
Holes must be baekfilled after  charges are placed to get full
excavation. If used, highly aluminized slurry blasting agent
charges would be about 60 p ercent ~ s J orge as the TNT chai-ges
listed above. Slurry blasting agents are also much l::ore read-
ily empLaced than block munitions. A final desi gn fu:’ thi s
excavation using the bulk explosive to be developed for the
Army will be available before its scheduled typo Cltti3Sit’ICSLLjOY1
date.

enable the DARCOM Project Manager for Selected Ar~~unition to achieve
on—time completion.

The constant charge depth and spacing technique for
single— , double— , and triple—ditch obstacle production (Figure i) is
ideal for use with a bulk explosive system. Use of’ the h)AdCOh slurry
blasting agent with this simple employment technique should give the
Army an improved capability for swift and effective d it ch  producti on.
Future emphasis in the Military Engineering App lication-n of
cial Explosives (MEA CE) program will he on increasing ~-ii:te ;o
emplacement speed , determining tile exact ersitering c - ~t:-ne tc: •iot I -
of the DARCOM selected slurry blasting agent , and co::plt-Ling d~- ; .i g ; t n
for explosively excavated do Cons iv-e pot; it ie:ts . it is rt ’ceer :eitdt’ t
that, close coordination be maintained between I’ Ai- f~ and tb U.
Army Engineer Waterways Experimen t gt :it ion to i st:sos’e that ia’w iy
developed bulk exp losive n2,’st em employment t-eca~ j stuc~ wit . I be r,-:t 15
for incorporation irito doet,r.in:LI l i terature prior to Uhi ’ syst -n ’s
availability to troop units.

1
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