Origin of Artillery Attacks on Ukrainian
Militar y Positions in Eastern Ukraine
between 14 July 2014 and 8 August 2014
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Summary

Ukrainian armed forces positioned near the Russian -Ukrainian border were attacked by
artillery fire in the summer of 2014. Between 9 July and 5 September 2014, the Ukrainian
Border Service and the National Security and Defense Council reported more than 120
artillery attacks from Russia. Russian officials , however, have denied the existence of any
artillery attacks on Ukraine originating from its territory.

The pressure of sustained artillery attacks through early August led Ukrainian armed forces
to lose control of hundreds of kilometers of border territory . Google Earth satellite images
of eastern Ukraine from July, August, and September 2014 have enabled the Bellingcat
investigation team to find evidence of these artillery attacks, determine their origin, and
compare them with local sources.

After reviewing and a nalyzing these satellite images as well as videos from social media,
local media reports, and the shifting maps of the ongoing conflict, the Bellingcat
investigation team has determined that there is compelling evidence that artillery attacks on
Ukrainian territory and against Ukr ainian armed forces originated from the territory of
Russia.

! http://russian.rt.com/article/4367 7#ixzz39INVe6AU
http://web.archive.org/web/20150210142502/http://russian.rt.com/article/43677
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Introduction
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Russian separatists and made significant territorial gains in eastern Ukraine, regaining

control over a large portion of the Russian -Ukrainian border.
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The situation in the eastern regions of Ukraine on 11 July 2014. Image courtesy of the National Security and
Defense Council of Ukraine °.

However, on the morning of 11 July 2014, the situation suddenly changed. A massive and
unexpected artillery attack on units in the Zelenopillya region killed 30 and wounded over
100 soldiers?. In the days and weeks that followed, the units at the border we re subjected to

% http://www.rn _bo.gov.ua/files/2014/RNBO_map_11_07_eng.jpg ;
http://web.archive.org/web/20150210142635/http://www.rnbo.gov.ualfiles/2014/RNBO_map_11
07_eng,jpg

? http://www.interpretermag.com/ukraine __-liveblog-day-144- 30 - ukrainian -soldiers-killed - near-
russias-border/ ;
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dozens of additional artillery attacks. By late July 2014, the massive bombardment reversed
Ukrainian gains and contributed to the encirclement of portions of the Ukrainian armed
forces. A separatist offensive across eastern Ukraine began s imultaneously with the artillery
attacks, leading to the separatists capturing much of the Russian -Ukrainian border along
with vast areas of the Donetsk and Lugansk oblasts.

Artillery attacks on Ukrainian forces near the border proved to be an important fa ctor in
turning the conflict in favor of the separatists. Using in  -depth analysis of satellite imagery
and social media sources, this Bellingcat investigation brings new evidence to help clarify to
the origins of these artillery attacks against Ukrainian a rmed forces.

Research methods and sources

The starting point for this Bellingcat investigation was the distribution of updated satellite
imagery from Google (DigitalGlobe satellite imagery) with a panchromatic resolution of

0.5m from the territory of easte rn Ukraine and its border regions with Russia (17 July to 31
August 2014 satellite images). Additionally, the Bellingcat investigation team analyzed
videos shared on social media (YouTube and VKontakte) and geolocated the events
captured in these videos to key sites involved in the artillery attacks on Ukraine.

From the satellite imagery, the Bellingcat investigation team located artillery impact crater

fields from artillery fire and conducted extensive analysis on a crater -by-crater basis. In the

examination of each area, our team created a novel analysis method based on

internationally -s f dp hoj-fhé-e s plpoen! gspdfevsft!uplefufsnjof!u
artillery fire.

DIRECTION- DIRECTION-
MEASURING MEASURING
INSTRUMENT INSTRUMENT
Figure J-3 side-spray method * Figure J-6 splinter groove method °
http://web.archive.org/web/20140711204743/http://www.interpretermag.com/ukraine -liveblog -
day-144-30-ukrainian -soldiers-killed -near-russias-border/
* http://www.globalsecurity.org/military/library/policy/army/fm/6 -50/Appj.htm#figj_3 ;

http://web.archive.org/web/20020215215239/http://www.globalsecurity.org/military/library/polic
y/army/fm/6 -50/Appj.htm
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The satellite images from eastern Ukraine show two main types of craters, low-angle fuze
rvjdl!dsbufst!)xjui!ejtujodujwf! Ntjefl!ltgsbzn!bsfb
and high-angle shell craters (triangular -shaped craters that spread outwards t owards the

origin of fire) :

belléngcat
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High -angle shell craters (e.g. mortars, high -angle Multiple Launcher Rocket Systems fire)

Both types of craters are suitable for determining the trajectory of artillery fire. In reality, the
trajectory of the projectile is determined by a variety of factors, such as the type and
hardness of the ground struck, wind direction and speed, and the type of projectile. Our
team adopted a simple linear trajectory in our analysis, but the actual traject ory may vary
somewhat due to these factors.

® http://www.globalsecurity.org/military/library/policy/army/fm/6 -50/Appj.htm#figj] 6 ;
http://web.archive.org/web/20020215215239/http://www.globalsecurity.org/military/library/polic
y/army/fm/6 -50/Appj.htm
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The Amvrosiivka attack 14 July 2014
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attack took pl ace on positions of the Ukrainian armed forces in the vicinity of Amvrosiivka °.
It was suspected that the origin of this attack was from the territory of Russia ’.

On the satellite image below, taken on 16 July 2014, an extensive crater field south of
Amvrosiivka is visible, located at the coordinates 47°45'52.38"N 38°30'47.65"E.

100 m
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The crater field near Amvrosiivka from the 14 July 2014 attack, positioned at 47°46'1.07" N 38°30'43.16" E.
Google Earth satellite image date 16 July 2014.

The Bellingcat investigation team counted a total of 3 30 craters in this crater field and
determined the observable direction of each impact crater based on the analysis methods
previously described. From these 330 craters, the averag e trajectory was calculated and was
determined to be 193.97¢, i.e. from the south -south west (180 ° being due south). When
screening for possible firing positions from this trajectory, the Bellingcat investigation team
found a firing position 14.6km from the crater field. Burn marks are visible at this location,
which is on Russian territory and approximately 750m from the border near the Russian
village of Seleznev at the coordinates 47°38'13.52"N 38°28'9.69"E.

® https://en.informnapalm.org/anti __-terrorist -operation -summary -for-july-14-2014/ ;
http://web.archive.org/web/20150210142924/https://en.informnapalm.org/anti -terrorist -
operation -summary -for-july-14-2014/

" https://www.faceboo _k.com/v.parasyuk/posts/675221185878989
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Crater field and firing position, viewing north -north -east

Based on our crater analysis, we judge that these were very likely the five firing sites that
caused the craters near Amvrosiivka. There are several pieces of evidence that lead us to
believe that these strikes were carried out by five 122mm BM -21 Grad or 9K51M Tornado-G
Multiple Rocket Launcher S ystems (MLRS) as opposed to the BM -27 Uragan, BM-30
Smerch, or other types of field artillery.

It is well known that BM MLRS create large areas of smoke behind them during and after
firing. Many examples of this are available online®. This area of intense smoke and heat
results in burned/ singed ground behind the MLRS and are visible from Google satellite
images. Such burned areas are visible at the firing position considered for the Amvrosiivka
attack, and so we judge that these were very likely MLRS s.

8 https://www.youtube.com/watch?v=Ily6_20jur0Q
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Firing position near Seleznev. Position: 47°38'14.38"N, 38°28'9.77"E.
Google Earth satell ite image date 16 July 2014.

Analyzing the satellite imagery of the firing position also gave us evidence for determining
the type of MLRS most likely used to conduct the artillery attack.

ussian Federation

< R,
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The visible tracks that lead to the site come from fa rther inside Russian territory.

The tracks of the vehicles that entered and exited the field to reach their firing positions are
visible from the satellite imagery. This leads us to believe that there was no cross -border
(Ukraine to Russia) movement of military equipment for this particular loc ation.
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Three MLRS systems are primarily used by the Russian military (see Russian MLRS
systems figure below ).

BM 21 Grad or Tornado

© GRE)

7,30m

BM 30 Smerch
-I 1
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Y

Russian MLRS systems

The measurement of the average track width from the satellite images vyielded an average
value of 2.40m. As the resolution of the satellite images is 0.5m, the tolera nce for this
measurement is 1.9 to 2.9m. In comparison, the widths of the BM -21/Tornado-G, BM-27,
and BM -30 are 2.4, 2.8, and 3.1m, respectively. The track width determined from satellite
imagery is suggestive of a smaller vehicle, but because of the potential error due to imagery
resolution, this is not conclusive.

Using the satellite images , we were able to determine the turning radii of the vehicles. The
smallest turning radius was measured as 14m. The BM -27 and BM -30 MLRS s have two
steered front axles, so if they were used in this instance, we would expect to see evidence of
two overlapping sets of wheel tracks in the turns leading to or from the firing position.
However, the satellite image shows only the tr aces of one clear, single track. Based on this
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evidence, we conclude with high probability that a BM -21 Grad or 9K51M Tornado-G was
used for this attack .

The spacing between, and the sizes of the types of MLRS units judged to be at the firing position

The visible traces of the vehicles also fit well for the typical spacing of BM-21/ Tornado-G
systems in battle formation (see the image above for the spacing of the units visible from
the satellite image) . According to Army Field Manual No. 100 -2-3°

The BM-21 launcher can be traversed through 180° and the bank of 40 launcher tubes
elevated from 0 to +55° electrically or manually. The rockets can be launched singly at
any desired time interval by manual means or in partial or complete salvo at a fixed 0.5-
second time interval from within the cab or up to 60 m away from the cab with the aid
of a remote-control unit connected to the vehicle by a cable. The rockets must be fired
with the launcher parked obliquely to the target to prevent blast damage to the
unshielded cab.

Our investigation of this attack shows that the average trajectory of the craters pointed
toward the direction of the suspected firing positions with a high  degree of accuracy; the
maximum -to-minimum deviation of the analyzed crater angles is only 0.2%. Additionally, a
measurement in the other direction, extrapolating the trajectories of the visible burn marks
at the firing position , revealed that the trajectories led directly to the center of the artillery
crater field.

® https://www.fas.org/irp/doddir/army/fm100 -2-3.pdf
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