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NATIONS UNIES

MISSION POUR L'ASSISTANCE AU RWANDA

UNITED NATIONS

ASSISTANCE MISSION FOR RWANDA

UNAMIR - MINUAR

Inter-office Memorandum

To: ALL COMMANDERS (Cme t,u\\om-““) File: 1000.7(DFC)/G/7
From: FORCE HQ
Info: Coo
MIO
Date: “Ait, MARCH 1994
Subiject: CRATER ALYST I TIFICATIO
1. The attached document on crater analysis and fragment

identification is to be reproduced and distributed to all UNMO
teams as SOPs and part of their packages. It is believed
portions of it can meet the Force Component regquirements
during investigations. It is also useful to the troops who
operate in the -field.

2. Training would be required to ensure they understand the
package.
3. This document is provisional. An amended copy will be

forwarded when received.

GK | ZOWONOO
Lt¥Commander
For Force Commander



10081-1 {FAS)

Field Artillery Schacl
Canadian Forces Base Sagetown
Oromocto, New Brunswick

EQG 2P0

BEGen R.A. Dallaire
Force Commander, UNAMIR
KIGALY, RWANDA

CRA SIS AND F T I3 IFICATI

Beference: Fax dated 14 Feb $4

1. The Field Artillery Schocl received your Fax requeating
infermaticn on Crater Analysis. This s certeinly a subject that all UN
personnel should be familiar with.

<. My ataff has put together the information that we hold in
our Locating Artillery wing (enclosed}. The informatior was drawn from
Annexea from 307(1) Locating Artillery Employment, and Appendix A from
FM £-121 Target Acquismition (american). I hope this information will
ngly in your efforts to cobhaerve the cease fires viclations in the
Demilitarized Zones. If additionzl infermation is required please de not
hesitzte to call/fax. Our fax number im 506-422-2734.

3, Ubigue.
R Fmeefyd
B.W. Macleod
Ligutanant-Colonel
' Commandant
Bnclogure: 1
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CRATER ANALYSIS
1. One of the rost positive methods of obtaining information about
enemy weapon locations and new t})'pes of amunition iz the examination of
craters and projectile fragments. This information assists in the
develcpment of countermeasires, ie, CB.
2. An examination of projectile and mortar craters may permit the

identification of:

a. the bearing to the HB;

b thé position of the area beirg shelled;

cs detemin::ation of the angle of descent and hence the possible

range Of mortar rowds; and

d:. cellection of fragments for identification, see Annex E.
3. Crater analysis is unlikely to ke viable during fluid mobile
operations, but in static cperations may prowide useful information on
enemy artillery and thus all armst should be made aware of the value of
the information which may be determined, ;
4. The initial step in crater analysis is to locate 2 suiteble
crater for use in detemining the direction to the HB, The cratar should
be clearly defined cn the ground and should be reasonsably fresh. GSince
the crater is the beginning point for pletting the direction to the enemy
weapon, the grid ocoordinates of the crater should be detemined as
precisely as time and the method used will allow. The direction of the
firing weapon rusr be determined (using one of the methods described
belaw) amd prolectile fraginents nust be collecte;i for use in identifyirg-

the type and calibre of the weapon.

/22



5, Fuze Quick Craters (Arcillery). whe cetcnation of a prejectile

causes an inner crater. The burst and momentum cf the projectile carey

the effect forward ard to the sides, forming an arrow which points to the

reay {toward the weapon from which the round was fired). The fuze

continmes along the line of £light, creatimg a fuze furraw. There are

o methods of cbtalning a direction of a hostile weapon from this type

of crater. The best results are ¢btained by using both methcds:

=

Fuze Tunnal and Centve of Crater Hethed. In the fuze tunnel

ard centre of crater method, one stake iz placed in the
centre of the crater and another is placed in the furrow at
the point where the fuze was blown forvard to the fyont of
the crater, see Figure F~l. A direction measuring
instrgment is set up in line with the two stakes ard tha
direction measured to the hostile -weapon. A variation of
this method is to place a stake vhers the projectile entered
the groodd, instead of in the centre of the c-:ater:,' ard
detemine the direction in the same manner. This is rarely
péssible, howaver, since indications nf the point of entwy I,"
are usually‘destrq{ed by the explosinn of the projectile.
The five steps of the fuze tunnel and centre of crater
methnd are — |
(1} place a stake in the centre of the crater,
(2} place a second stake in the fuze furrow,
(3) set up a direction measuwring instrument in line with
the stakas and away from .f.ra.gnﬁnts,
(4} orient the instrument, arxd

{5) measure the directlion to the HB.

Z/.za

-
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DIRECTION-MEASURING
INSTRUMENT

TO GUN

Figure F~1 Fuze Tunnel and Center of Crater Method.
b, Bide Spray Method. Ancther method used to measure the

direction to a hostile weapon: is to bDigect tha angle formed
by the lines of side spray by striking an arc, see Pigure
P-2. The five gteps in measuring the direction of a fuze

quick crater by the sifde spray method are -

3/22.



(1)
(2}

(3}

(4}
(3)

(&)
{73

place a stake in the center &£ the erater,

Place two staxes, ond at the end of each line of side
spray, sguidistant fram the centre stake,

hold a langth of wire to each side spray, stzake ard
strixe an arc forweed of the fuze furrow,

place a gtake where these arcs intersect,

set up a direction messaring instrment in line with
the stake and the ce;zter stake,

arient the instrument, and

measure the direction to the HB.

INSTRUMENT

Figure F~2 Side Spray Method

H/22
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SIDE SPRAY METHOD - COMPASS OPTION

1. A SECOND METHOD AVAL FOR DETERMINING THE BEARING TO THE
HOSTILE WPN 1S58 TO EMPLOY A COMPARSS. FIGURE ~-1A HIGHLIGHTS THE
PROCEDURE. THE FOL STEPS ARE TO BE FOL:

a. BEARINGS ARE TAKEN FROM B TO A AND FROM B TO C ALONG THE
‘SIDE SPRAY OR WINGS, AND THE FOL CALCULATIONS ARE CARRIED

QUT;

{1} MAG BEARING B TO A ... 900 MILS

{2} MAG BEARING B TO C ... 4960 MILS

(3} ANGLE ABC (1-2 + 6400 MILS IF REQR) ... 2400 MILS
(4) MAG BEARING LINE DP FIRE = 4500 + 2400/2 ... 6100

MILS

(5) MAG BEARING TO HOSTILE BTY
6100 +/- 3200 ... 2900 MILS

(6} GRID BEARING TO HB 2500 + MV AND COMPASS ERRCOR
2. THIS METHOD CAN BE EMPLOYED WHEN TIME IS SHORT'OR THE

TACTICAL SITUATION WILL NOT PERMIT THE MORE DELIBERATE SIDE SFRAY
METHOD OUTLINED ON PAGE F-3 AND FIG F-1.

5/22



LINE OF FIRE -

SIDE SP

FIGURE 1-A !
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g, Fuze Delay Craters {Artillery). There are wo types of fuze

delay craters — ricochet and mine acticn:

a'

-2

Ricechet. The projectile enters the groamd in a line

follewing the trajectory and continues in a2 strajght line

for a few feet, causing a ricochat furrew. 'The projectile

narmally deflects upwerd and ac the sama time, changes

direction., The change of dlrection veually is to the right

as the rfesult of the rotation of the mrojectile. The effect

of the airt:;Jrst man m» noted on the gromd, see Figure M3,

Directions obtained from ricoched craters are considerd to

be most teliable. The five stepe required to determine

direction fraom a ricochet furrow are -

(1) clean ot the furrow,

(2) pleoe stakes at each el of a useable straight sectiion
of the Hhuorow,

{3) get tp an instrument in lne with the stakes and away
fram fragments, |

{4) orient the instmnument, ard

{5} measure the direction to the HB.

Mine Action. Mine acticn occurs when & projectils barsts

benaath the grc;mi. Nccasionally, such a harst will lasve a

fuzrow which can be analyred intiumémru the

rvitochet furrow. A'mine actien erater uhidch does not have a

furrow qannot be used to datermine the directicon to the

Weapch. ‘

/22



EHELL EUTH THAGLGH GAL)E

T ;nmn'r
FORTON USED BIELL EKIOS BLONG TxE CROUNE,
URuALLY Ewmcmﬁ OIREGTION

TFFLET o
, A sy

JFigure F=3 Ricochet Furrcow Method

7. Mortar Shell Craters. In & typlcal movtar aratay, the turf at
the fotwayd edge (the direction away from the hnatile mortar) is under—

cut. The Teay adge of the crater is shorn of vegetation and grooved by
splinters, see Figure P-4, wWhen frash, the crater is coversd with locse
earth which must be carefully rvemwved o disclese the firm, buornt inner

crater, The ground surraamding the crater is stresksd by splinter :

grooves which radiate from the point of detomation, The ends of the
splintsr grooves ¢n the Tesxward side are on an xpproximately straight
line. Thig line is perpendicular ©o the line of flight when on lowel
groand or on slopee with contnure perpendicular to the plane of fire, mee
Figure F~3. "A fuze tunnel is causad by the fuze buryimgy irself at the
bottem of the inrer crater in front of the point of detonation., Three
methods may be tzed to determine direction fyem a mortar shell crater -
main axigs, splinter grove arnd fuze tunnel: .

/22
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a. Main Axis Method. The four steps used to determine

directicn'by the main axis method when a definite and

regular crar.er.is formed are, sce Figure F-4 =

{1) lay = stake alorg the main axis of the gratar,
Qividing the crater into symmatrical halves «
the stake pointz in the direction of the mriar,

(2) set up an ingteumant in line with the stake and
away fram fragmenta,

{3) orient the instrument, and

{4) measure the direction &= the HB,

NTRUMENT STAKE

L@ SEER

AL e T W A i S g

TO MORTAR

Pigure F-4 Main Axis Method '7/5 >



B, Splinter Groove lathod. The five steps used to detemine

direction by the splintér groove mechod are;, sse Figure

Frul -

{1} lay a stake alorg the ends of the splinter groovas
whigh gxterd fran the crater,

{2} lay a gecord astaze perpe_rdicular o the Ei.rs_t Stake
through the axila of the fuze tuﬁnel,.

L]

{3) set up an instrument in line with the second staka
snd away from fragrents, )
(4) orient the instyummnt, and

(5) measure the dlrection of the HB,

INSTRUMENT

-.Q.--.-.....

ot = v -

' 76 RORTAR

Figure F~5 Splinter Groovy Method

10/22

2



Y

c. Puge Tvmnel Method., The four steps used to determine

direction vy the fuze tunnel method are, pee Figure ¥-6

(1) place & stake in tha fuze tunnhal,

(4) =et wp an ingtrument.in line w'.li.th the stake and
away from fragments,

(1) crient the instrument, and

(4) measure the dirnctipﬁ to the HB.

" INSTRUMENT

SIDE VIEW

Figure F=6 Puze Tunnel !‘leﬂ'n-&
€. Ihen examing craters, no attempt ghould n mede 0 remve
fragments wrtll the beaiing-hag been determined, Bearimgs ard other
information should be reported by the quickest meana to the artillery
::.nteuigmce oEfice usirg the ROMBREP/MORTREP/SHELREP format.

MHiz2



1. ¥CR BOME CRATERE - ANGLE OF DEBCENT. THE FOLLOWING
DETAILS WILL ASSIST WITH DETERMINING THE ANGLE OF DESCENT:

a. IF THE ANQLE OF DESCENT I8 VERY STEEP, THE SPFLINTER
PATTERN GIVES LITTLE INDICATION OF THE EEARING OF PIRE,
AND THE CRATER WILI. BE ALMOST ROUND. IF THE ANGLE OF
DESCENT IS5 COMPARATIVELY SMALYL, THE CRATER WILL BE PEAR
SHAPED, AND AN INDCIATION OF THE DIRECTION OF THE MORTAR
I8 GIVEN BY THE LONGEST AXIS OF THE CRATER.

b, AN ANGLE OF DESCENT MAY BE OBTAINED FROM A MORTAR BOMB
CRATER DUE TO THE FACT THAT FUZE AND FINS FOL EA OTHER
INTO THE EARTH AT THE FRONT END OF THE CRATER, FORMING A
TUNNEL OF WKICH THE AXIS IS IDENTICAL WITH THE TRAJECTORY
AT THE MOMENT OF IMPACT, THIS IS ILLUSTATRATED BY THE
SIDE VIEW OF A CRATER BHOWN IN FIG F-5. THE FOL PTS
SHOULD BE NOTED;

{1} THE EDGE FARTHEST FROM THE MORTAR HAS TURF
. UNDERCUT, WHILE THE NEARER EDGE I8 SHORN OF GROWTH,
AND VERY MUCH SERRATED BY SPLINTER GROQVES.

(2} WHEN FRESH, THE CRATER I8 COVERED WITH LOOSE ERRTH
WHICH, WHEN CLEARED, DIBCLOCSES THE FIRM INNER
CRATER A. THIS SHOWS SIGNB OF BURNING.

(3) THE FINS AND FUZE ARE BURIED IN THE TUNNEL R, OFTEN
AT A CONSIDERAELE DEPFTH. THE TUNWEL IS FULL CF
SCFT EARTH, BUT IT8 SIDES CAN EASILY BE FELT WHEN
REMOVING THE S8OFT EARTH BY HAND.

{¢} TO FIND THE ANGLE OF DESCENT, A PEG I8 DRIVEN INTO
THE CENTRE OF THE FIRM INNER CRATER A UNTIL THE TOP/
OF THE PEG REPRESENTS THE PT OF DETONATION. THE
ENTRANCE TO THE TUNNEL IS CAREFULLY ¢LEARED OF
LOOSE EARTH AND A BTICK INSERTED IN THE CQENTRE OF
TEE TUNNEL AS IN FIG F-7. THE ANGLE OF DESCENT I8
MEASURED WITE A PROTRACTOR AND PLUMB BOB. IN S0OME
CABES THE INNER CRATER MAY BE DIFPFICULT TO
IDENTIFY. IF THIS I§ SO THE S8STICK SHOULD BE
INSERTED AS ACCURATELY AS POSSIBLE DOWN THE AXIS8 OF
THE TUNNEL. THE BEARING OF THIS STICK WILL ALSO
GIVE AN INDICATION OF THE DIRECTION OF THE MORTAR.

1e/22



FIGURE F-6

FIGURE F-7
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FRAGMENT IDSXTTIFICATICN

l. In conjuncticn vith crater analysis, when possible, fragment
{dentification is carried cut toc determine the calihre of the projectile
ard, hence, often the equipment from which it came. This can be deter-
mined from a visual or dimensionsl analysis of the fragment. Artillery
intelligence staffs may {dentify the calibre of the projeceile from any
fracment displaying an undiztortsd segment of the circumference of the
soursl, This segment should ba at least 4 centimetres in size for the
analysis to be accurate.

2 Genevally speaking, the easiest method to ldentify projectile
fragrents 1s by exanining or measurlng the rotating band, or rotating

band geat, however, ather portions from batween the bourvelat and band
are acceptable if larme emough. Such fragments are genaerally available

only after low ordsr burst, ie, explosive Eiller not completely
detonating. Fragments from high ¢rder burets are generaily =zmall and
use_lesa, unless they include a portion of the rotatimg band or rotating
hand seak. These sactions will pogitively ldentify the projectile, as
each ‘pmjectile hag its own distinctivs bend markings, see FPigure 1.

AN sl —

. -
AU —
et —— =
v+ —m
s o — ——
Vi S

1 . B » . 13
ko . ——| }

Figure E-1 Soviet 122mm (Left) and 1%54mm (Right) Rotatimg Band Markims
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3. Undistorted fracments can be measured with reasoratle sccuracy
usirg a terplate. This i a ehest of thin metal or cther meterial Havirg
arszs of a nown radius out in it. The varicws prolectils fragments are

presenced to the cut areas to determine which fits, A~tual size

terplates are showm at Pigures E~2 and E-3.

tE3+mm

Fiqure R-2 Curvature Template Soviet Bquipments

1S /22
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A T, T

8lom
-, 10I5mm
m el <'“
- Pigure E-3 Qurvature Terplats NATO Equipments
4.. In certain instances it rRy be possible to measuze fragnents

directly to determine malibre of the projectilet
8. The tail fing of narurmﬂsmybemmﬂta&teming"
the calibre <f ths nortar,

_H

CALIBRE DF
' ROUND

Figure -4 Mortar Calibre by Measurement of Tail Fins

16 /22



v, The diameter (caliizre) of the projectlle may te measured if

very large fragments are found.

=

CALIBRE GF
ACUND

4

Figure E-5 Determination of Calibre by Measurement
5. Fragments sMwiré 5 centimetres of the wdistorted circumference
of 'a projectile can be messured Ty gecmefric construction. This method
requires caréful draughtmanship and is normally attempted only if a |
sultable template is-not availablet '
a. Select and mark three polnts on the projectile. They are
labelled A, B ard C and must b¢ on 2 stralght line arcund
the clrounmference of the projectile, o¢¢ Figure E-6. a

Pigquwe E-6 Fragmant Showing Points A, B and C

17/22
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b. The triangle ARC is now censyructed -
(1) Measure the distance AC with a compass and tranafer it
to a piece ¢f paper, marking A and C.
{2) Measure the distance AB‘and strike an arc fram A on the

paper at the diatance, see Figure B-7.

[FE R TR I T

Figure E-7 Line AC and Arc of Radius AB
. {3} Measure tﬁe distance PC with a <oxpase ad strike an
- arc fram €, intersecting the are of radius AB, mee /
Pigure E=8.

X

FamaN

Figure -3 Arc of Radius BC

/8722



{4) The rolnt of invaysection ¢f arcs 13 B. Joln AS

and BC %0 fom triangle A3C, sae¢ Pigure E-7.

Figure I-9 Triangle ABC
<.’ The right bisector of AC is ccnstructed -
{1} With the compass at A ard a distance of approximately
3/4 of A, an arc {s gtruck sbove and below line N..;,
see Figure E~10,

Figure B-10 Arce with Cantre A

/7/22
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{2) With the corpass at C and the same radius, draw

arcg cutting arcs from A, see Figure E-11

e — il ﬂ

Fignre B=11 Arcs with Centre C

b

{3} Join the interszectiong to omastruct the right
bisector of X, asee Figure E=12

i

Figure E~12 Right Bisector of AC
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é. Conetrust the rignt cissctar of A} and BL in the same
manner. They will all pass through the same point.  Labkel
this point P, see Figure Z-uJ.

e. Measure the distance in millimetres from P to A, B ard C.
These distances should be the sxme, if mot, mean them.

This distance equalg 1/2 the calibre of the projectile,

Semen ——

Figure E-13 Right Bisector of SBides AB, A& and BC Forming Point P

6.

A useful hardbock for visual fragmest identification is:

PIOJECTILE FRAGHENT IDENTIPICATION GUIDE = FOREIGN

Prepard bys US ARMY, ARMY MATERIAL DEVELOPMELIT AD READINEES
COMURID, FOREIG SCIENCE AND TEGHNOLOGY CHNTRE

Coder DET-=11580G~209-30

zf/zz
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