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Engineering Assassrrent of Two Cylinders Ohserved at thre Dowma {ncident
- Execitive Summary

DEAFT FOR INVERMAL REVIE'W
Expanded Bew 1 - 37 February 2019

It e bl

1. This note relates o the incident of alleged use of toxic chemicals 35 @ weapon In Doum? on 7 Apil
2018 in the Syrian Arab Reputlic.

2. As part of the fact-finding misslon, Informarlon was gathered amdt assessed on fwo chionine
cylinders, observed at two separate Iocations in Douma, The FFM team visied both these (ocation::

* Locatlgn 2, where & observed the presence of ap industrial gas oylinder on a top floor
patlofterrace of an aparteient block, next to a crater-lke gpentng in the reinforced conorete
roof leading Lo a rooen bekow.

# Locatlon 4, where it observed the preseace of a slmilar cylinder bring on a bed in & top floor
room of n apartment, with 3 cratenlike opening in the reinforced concrete roof abave the
TCHHYY.

3. An engineering assessment has been conducted, wing all avalkble information, to evaluate the
possible meeans by which these two oylinders arrived at thelr resgecthre locations as observed. This
report summanses the findings of the engineering sub-team.

Approach

4. The studits an the two oylmders were conducted using sources of informatlon avallable to the FFpA
team, which Included; open-source material {Images and videos]; ohservations and measurements
taken by the FFM tearn at both kocatlons; photographs taken by the FFM team at both locatlons;
ond engineering data from open-source information relating to the dimensions, design code,
specHications, materak of construction and mechanical properthes of the cylinders, sourced from
the manufacturer's stamps and country of manufactore.

5. Samples were taken by the FFM teamn at both lecations. Whikt the results of analysks are obvloushs
refevant for the averall investigation of the alleged Incldant, they were not the central fogus In the
scope of this element of the fact-lieding misskon, B wds necessary, however, o mrake sormes
assumptions; for example, aboot the [lkely contents of the eylinders, [n order to provide [nputs for
the engingecring assessment, These were neccssarly defined a2z scenarkes L be used in the
devebopnent of hypotheses, 25 described below.

Hypotheses

6. To derlve the Inpuls for an eagincering assessment, it was necessaty 1o develop hypotheses for
what was thought [i.e. alleged} 1o have sceurned, This needed to be dose in 3 way that did aol gre-
iwdge the stuation or lwad prematurely ta a mistaken intempretatkon of the Rets, The sheation was
also complicated by the many sources of Informatipn and opinion about what was zlleged to have
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eoourred, including Impressions and wiews of alleged witnesses, spokespersons, the medls,
representatives of States Parties, a5 well a5 the views of supposed experts in subsequent exchanges.

. Kecping Lhe abewve in mind, an atternpt was made to define a set of assumptons ard at keast two

claar opposing hypotheses for each of the fwo focations, (o use a5 Inputs for the baseline ofinder
shutliérs, The baseline stindies were almed at examinipg the two situations In terms of what is alkeged
1o have happened b each case, a5 bost &5 is cutrently understood. This was then tested againgt an
ahterngtive explnation. This methodology will be eapanded If any new lacts or Information need 1o
be taken into accaunt.

Location 2 Hypotheses

Hypothests [2-1: The obzerved object was of 2 standard design for a eylinder wsed for storage of
liguefied chigrine. The cylinder, full or partly full of liqueRed chlgring, was dropped from an
alraafr {most Hkely 3 helipopter] from 8n unknown atitude, and fell onto the reinforoed
concrete roof of the terrace, The cylinder built up velocity during the feeefad and the resulting
impact plerced the rgof, forming the crater that was observed In the roof, The impact resulied
in fracture of the vabee at the frant of the odinder, thus decharging the contents (the oylinder
wias found by the FFM team to be empty), and caused structural deformation of the ofdinder
itsel, Other observations may have had infuences in this hypothesis, Le. the oylinder may Bave
beren fitted with a crude mild steel fremewark and fins (remnants of these were observed on the
terrage] and the terrace may have been covered with an angle-irgn frame and wire netling
LOwEE,

Hypothesis L2-2; The observed object 15 of 2 standard design for a c',ll!nder used for storage of
lquefisd chlorine. The cylinder, full ar partly full of liquefied chloring, of empty, was in the
possession of persons whe placed Bt an the terrace eyt L0 4 pre-sdising craler,

. Lopcsilon 4 Hypotheies

Hypothesls L4-1: The observed object was of a standard deslgn for a eylinder used for storage of
liquefied chiorine, and was fitted with a crude miid steel framewnrk and fins, The cylinder,
raoslly Tull of liquefled chiorine, was dropgped from an alrcraft (most |kely a heliwoprer) from an
unknawn akthude, and fell anto the reinforced concrebe roal of the bedroom, The oylinder baily
up vabackty during the freefall and the resuling kmpact plerced the roof, forming the crater that
was obtarved i the moof. The ofinder peaetrated through the orater and was subsequently
defletted laterally to end up on the bed in the room, in the poshion observed by the FFM team
and shown in open-spurce Images. The vatve remained Intact and the cylinder Ccontents
Temalngd within the vescel.

Hypothesis Ld-2- A for 14-1, but with the possibility Lhat the oylinger had landed on the floor of
the room underneath the crater, and had subsequently been plekad up and placed on the bed
by the first persans at the scene. There k no particular persuasion for this, or reason 1o belleve
that it orcurred, but it may be best to acknowledge it as a possibdlity.

Hypothesis L4-3; The observed oblect is of a standard design for 3 oylinder used for storage af
lwquefied chiorne, and was fitved with a crude mild steel framework and Ans. The deformed
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cylinder, mosthy full of bguefled chlorine, was in the possession of persaons who placed it on the
ted In the bedrgom. The crater In the roof was created thy unspecified means} ether priorio or
afier the oylinder was placed o the bed.

Methodoiogy — Locwtion 2 study
1. The key observations at Locarton 2 were the cylinger, which showed a specific mode ard 2xtent of

11.

1x

13

deformation, and the crater. Critical elements of this study were ientded as {11 cylinder
deformation, {21 1he size, shape and characterlstics of the trater, and {3} a relathe comparkon of
the cylinder and crater, i.e. was theps the match of an assumed Impact between the twaf

The study fofussed on fwo main conslderatipns; kinetic enengy dissipaton throogh plastic
deformation of the oyfinder, and through mechanical darmage to the retnforced Concrete plate [the
cancrete slab). It was deoided ta perform an engineering assessment of the coupled and yrcoupled
mechanical responses 1o the alleged impact.

In a first step the mechanical responses of the vessel and the concrete plate were uncoupled, Le,
the impact of the vessal on a vighd plate and the impaet of 3 vigld body [with the geometny of the
contact surface of the vessel} on a concrete target weare studied separately, Consequenthy, In the
first case, the total kinetic energy of the vessel had to be absoprized complelely by the vessel fself,
malnky by plastic deformation of the vessel materal. In the second case, only Lhe conorele plate
would dizsipate enengy and show dawn the fighd mass,

The step was reguired ta fine-tune the material medel adopted for the concrete. The results clearly
shiowed ihat bath the vessel deformation and concrete orater of the sbserved irmpact cvent could
nol be caused by a parfectly vertical Impact, Ao impact angle of approximately 20° was found to be
requined for reults Lo bear any resemblance to observations. The shmulation results, hewsver, also
shawed that the deformation of the vessel angd the peretration af the eonceete plate connot be
uncoupled, as there was a stromg mutual interaction,

Tharefare, in the mext step, the impact of the vessel on 3 deformabla contrete target was studied,
For this impatt case, vessel and concrete plate both abworbtenergy. Next to providing Insight into
the relatlon between certaln impact conditions and the resulting deformation and damage patterns,
the simulations were alco Intended to address the question as o whether 3 vessel, dropped fram an
assumcd heaght [a range of heights was tested, rescitlng In calculated impact veleoitles), gave fse 1o
tafarrration and damage patterns cimilar to the ones absarved [ the images of the vessel/plate
impact case shown In numerous images of the alieged incident. Further analysis of the resutts of the
simulated cases focussed an the folowing:

# deformation geometry of the wessel and how the vessel shape evolved durleg the lpnt e 2bibern
pratass;

» defarmation and, if cansidersd, damage pattern of the concrete plate; and

v syolution of the velooity of the vesse] from 5 inltial valee untll the end of the mpact event.

Following this, the tcope of the study was expanded ta socount for the Infleente of the steel
reinforcing bars in the concrete sksb, This required further consulation with concrete modelling
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experts to establiish the rigorous integrated mode! which took imbo account all three mechanisms,
Le, vesial deformation, conoete deformation and damage, and deformation and damage on the
rebar within the conorete sfab. Commerclal finlte element code Abaqus/Explict was used as the
madelling platferm.

tn addition, expert assessrent was pravided on the appearance of the upper and undermeath
surfages of the crater and surcounding walls and debrls, by exarmination of muttiple ghotographs of
the seene,

After the shnulatbons were run, results were compared wih the actual pbserved deformation of the
cylinder gbserved at Locateon 2. Additkonally, baoth the sieulation results and ohserved cylinder
daformation were compered with images of previously-observed deformed cylinders from sim|lar
alleged incidents from 2014 W 2017, noting that In wost cases these cyvlinders weare reporied to
have [anded on a supported concrete substrate (e, with soll or aggregate underneath),

Methodclogy — Location & study
16. An gssessment of the sifeatlon at bocauon 4 prampted a dfferent approach, According to

hypothesk L4-1 the oylinder would have fanded on the concrete roof, suffered delormation long
with the assoclated steel frame, wheels and fins} through impact and subsequent travel through the
resultant orater, and [inded an the bed. The appearance of the cylinder was apparently consistent
with such an obfect having stifered a fiat/horzontal impact with a horlzontal surface; however the
relative appearance of the clinder and crater, the penetration thoough the crater, and the tateral
movement of the cylinder post-impact within the room seeded further anahsis.

K was decided as a first stage to perform a scaled dimensional analysis of the scere at the Incdent,
uslng images (taken by the FFM team}, site observatkons and measurements, and subsequent
recanstruction of the scene using scaked dimenskons detlved from photographs that included the
ccabe of a tape measure. The study included the followlng elements:

o Measurarments were taken at the scene, and photographs (some Including tape megsure
reference scates] were taken of the crater fram the roof of the bullding. These were used 1o
estaklish an arcurate s ke drawlng of the crater.

= Measurements, observations and photographs were taken inside the roam; of the crater in the
rawf, the cylinder, walls, and abjects of fumiture and flitlings within the rgom. These were used
14 establish a scake drawing of the deformed cylinder, Lo reconstruct pre-deformation oylinder
dimenskens, with vn—deformed frame and fins, and {0 oreate 3 scale drawlings of these takfng
into account that fin addition to defarmation the frarrework appeared to have been displaced
backwards 35 a result of an Impact.

# A sealed 3-0 mode] was generated of the pre-deformation cylinder and the cater, Im arder bo-
examine the range of possibe canfigurallons upon bmpect, and predicted damage and
tefarmation caused by serbsequent travel through the cfater,

= Anassessment was performed on the posslble dynamics of the lateral movement [post-antry] of
the ol nder within Lhe foom, examining the three mechantsms conskdered feasibde; (1) incoming
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flight tra)ectary, (2} deflection off walls gr objects in the oo, and (3} transferred Aogr friction
by 3 “compressive-restitution™ effect resulting Fram plastic deformation of the cylinder due to
impact and subsequent recovery due tg internal pressure (omparable with an oupld
COMPIEsERon-restitution model, the mechanism for altening dirgction a3 bounce, the so-called
"rughy hall effeet™),

Andirgs = Lot 2

17,

18

15

F1.8

For the fmal simulstions, a realkstic damage model was adopted for the eancrebe, inithally withoot
steel relnforcerment. Using the model under aforementloned assumptions, regardless of the
indination angle and intthal velocity considered, the vessel not onby fully penetted the concrete
plate, but still had 3 non-negligible velosity after penetratkon. Analysis of the evolution of the vessel
deformation duding the panetsabion of the conerete showed that the vessel shape observed in the
observed (allaped impact] event could only have bean caused by an impact, under an angle of 20°,
wilh zn initial yebocity significantly lower than the ones considered in the simalations,

Based on these resyits, an inftial part of the study was rarmowed to establshing whether a concrete
plate could stop a vessel dropped from 2 height assumved between S00m and 2000m. This guesthn
helped to select certaln model assomptlons. To exphore all possibilities, in the final medel all
posslbbe elements that could contribute o an enhanced energy absorpthon, 2nd thus lower final
wessel veloclty, were adapted {1} atthough on the images Indicatlons can be fownd that hollow-oore
skabs fad been wsed, a lufl sobd concrete piate with 3 Rirly heavy, steong steel rebar reinforcement
was tonsiderad in the cancrete, i) the mass of the vessel was lowered by ignaning Hs tiquid content,
iii] the {astimated) full dime ngtons af the canorete plate were taken ko acoount and {iv) Bound ary
cond|{kons favouring energy absorpthon wene sebected.

Detpite thase maasurcs, nesults of these simuplations showed thak the vessel was again not slawed
down to a standstill. Consequantly, based an the simulations, the answed o the firsk basic question
was negative. The simulation resufts thus indicaxted that the assumed drop helghts, even the [owest
one of S00m, were too high to be atle to reprodfuce the oheerved impact evant, Further analysis of
the siulated and real concrete arater and vessel shape ako reveabed the fgllowing discrepancies:

* tn the simulatons, sleed rebar clearly affected the defavmallon of the vessel. indeed,
pronounced Indents of the steel rebar were oialned. Although, steel rebar was visible in the
images of the chserved concrete oraber, ao (races of nteraction of the cylinder with the steel
rebar werg phserved an the oyfinder,

s  The model was not abe 1o reproduce the reinforcement response cbierved n images of Lhe
abserved crater, wmore specifically reinforcement bars which are loCally bent over an anghe
higher than 30* at a location away from the Impact locztion. Thiz might be assumed ta have
been @used by a high vertical veloctty at the moment of barfeoncrete falture resyiting in huding
away of lpose parts. High acepleration and velochies are typically for expheshons.

Finaily an assessmant was pedformed on the mechantsm of fommation of the aater, F assumed by
the cyllnder, Independent of the need to assume » starting kinetic energy fie. the velodty of the
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eyfinder at Impact with the concrete sfahl, The simulation results demonstrated that the observed
non-genetration of the congrete slab by the cylinder, required the verlical component of velacity of
the oylnder and the rebars, to approsch rera at some point. The cylinder slows Sown until it 15
stopped iy the rebar as the model clearty shows the conerate slab does not de this, In this regard
the pbserved appesrgnce of the cylinder and rebar were not consistent, The front of the observed
cylinder shows no sipns of impact with the concrete slab o rebar, and the appearance of the
obseryed rebar does not Indicate it baving slowed the oylinder to a stop.

Al the elements fisted above point to the cancuskan Lhat the alleged impact #vent {or eventsh
leading to observed vessel deformation and cancrete damage wene rot compatibibe.

As mentioned above, the predicted cylnder deformation was not cansktent with that observed on
the cylinder obsenned at the seene 3t Location 1. The resulls predicted from the simulation were
morg consistent whth images of deformed ofinders from earler Incdents of ofinders allegedhy
dellvered from helkopters in the Syrian Arab Republic

The possiblity of 1the observed deformation of the oylinder being the result of an Intermedliate
Impact with [for #xampk) the corner of the temace wall, was net consistent with the almost
complete lack of deformatikon on the rest of the cyfinder, nor was it consbstent with the subsequent
Impact that would have led tg the creatlon of the crater (as mentioned b paragraph 201, Sdmilarty,
Lthe inflaesce of the possible presence of wire netting above the termoe was caiculated by using the
yhald stress for mid steel together with estirmated whe thickness. The potential “cushioning” effect
was found ta be negligible when compared with the energy of 3 oylinder falling from the lowest
estimated helght.

Regarding the posslble efect of the wire netting, a “criss-cross” pattern was observed on the
paintwork of the odinder body, which was attriterted by sgme observers as an lndication of the
cylinder falllng through the wire mech. This explanation however s inconsistent with the vertical, ar
near-vertical, angle of Incldence of the cylinder that was assurmed (and woukd have been required)
1o have created the crater in the concrete slab, )

Experts were consulted to ascess the appearance of the orater observed at Locatkon 2, particularhy
the underside, The expert view was Lral it was mare sonsisteat with that expected as 3 result of
blastfenergetics for examphe Trom 3 HE mortar or rocket artllery round] rether than a result of
Impact from the falllng obdect. This was also borne out by the observation of deformed rebar
splayed out at the urderside of the crater, which was not esplamed by the apparent non-
pefetratian and minimal damage of the ylinder. The lkellhpod of the crater having Been craated by
a mortarfanillery round or simikr, was ako supported by the praserce of more than cne crater of
vary slmllar appearantce In conorete slabs an top of nearby buildings, by an {unusually alevatad, but
possible) fragmentation pattern on upper walls, by the indications of concrate spalling under the
crater, and {whikt i was observed that 7 Are had been created in the corner of the room} black
seorching on the crater underside and ceiling,
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26, The presence on the termace of mangled remains of mild steel frarmewosk and Ans, and a ather flat

truntated cankeal metal object, were not consislent with the appearance of the coylinder.
Exarnination of the ofinder did nat indicate that it had been ftted with these, nor did it show signs
af them having been stripped from the oylinder ac a result of impagt.

Flrdings — Lecathon 4

r

2B

28

£33

In Lhe scaktd dimensional analysls on the Locxtion 4 cylinder, pre- and post-deformateon, compared
wilh the trater in the roof, it was not possible to establish a sl of circumstances wherg the posi-
deformation oylinder could fit through the orater with the vabee 50l intact [whether or oot an end-
cap was assumed to have been fitted at the front end of the eylinder), and the fins deformed in the
manner observed. The observed deformation of the cylinder and divection of apparent inertlal
deformation of attachaents, were clearly consistent whh a oylinder having Impected in a {lat
configuration on a horizantal surface, and not that of a cylinder having penstrated throwgh & crater,

Open-source rmages showed the presence of a truncated conleal metal abject in the bedrogm. By
the Hme the FFM arived at the scene, thic object had been removed. Examination of Lthe frant of
the cyfinder did wot show stgns of this evar having been attached 1o the front end of the oyfinder,
ror of it being stripped off 35 o resolt of Impact.

Examinathon of the odinder, inchuding paintwork, condition of the metal surfaces, and Lhe mikd stecl
attachments, |ndicated a significant degree of degradation [corrasion) as 8 result of weatherng in
the Argas that had been damaged rhrough impact. Whilst it may ba speculative ta consider i
unlikely that an old, musty, already-damaged cylinder would be deployed from an aircaft; the
cylinder showed apprarance of having speat some posr-damage time belng cxposed to the
elements, and would most likely not have degraded 1o such an extent in the Lase of it belng Inskde
the Sedroom.

. The defhection of the chower franse In the bedroom was primarly in the wesl {MeR™] direction; not

consistent with the direction af reqeired rorthward movement of the oplinder within the roam o
mave from the as-delvered hocation under the ofater, b the bed. The shower frame appe:rad e
have been pulled outwords rather than impacted forwards in the direction of cylinder travel.

RegardIng the posi-mpact movemant of the cylinder ksterally withln the reom {l.e. from a position
directly balow the crater, bouncing onto the bed), it was estabtished that obstackes on top of the
bullding precluded the possibliity of this being due to incoming fAght trajectary. Examination of
walk In the bedroci d1d aol indicate marks that would have indicated the “cqual and opposite”
forces required to deflect The cylinder in a horizomtal direction. And the stil-remaining praojections
of the vatve at the fronl of the cylinger 3nd fins gt the rear, preciuded the possibility of a direction-
changing “Bounce”. Therelors |t was not possible to establish a set af cieumstances that wene
consistent with observations, which could have resulRed in that movement.
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At LhE stage the FFM engineerning sub-team cannpt be certain that the oylinders at elther location
arrived there 3% 3 result of being dropped from an aircraft. The dimensions, characterlstics and
appearance of the cylinders and the sumounding scene of the Inddents, were inconsistent with
what woukd have been expected bn the case of etther oylinder having been delivered from an
aircraft. In each case the afternative hypothesis produced the only plavsible explanathon for
ohservations at the soone,

i1 sumrreary, observations at the scene of the two locations, {ogether with subsequent anabysks,
suggest that there & a higher probabiity that both cyfinders were manually ploced at those two
Iecatipns rather than befng delvered from aincradt,

fan Hendersan
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Appendices,

1. L2 predicted and observed deformation

2. Freliminary sketch of L4 oylinder pre-mmpact

3. Prellminary sketeh ol 14 cylinder post-impact

4, Freliminary sketeh of L9 eylinder supenimposed onto scaled crater
5. Angles of incidence shown [from 3-0 model]
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Flgures 1 & 2 [above]: Predicted deformatian; lnltial and final computational analysis

Figures & and 5: Cylinders from previous alleged incidears
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Figure & Location 4 oylinder dimensions pre-kmpact

Papa 11 of 15




LIMCLASSIFIED - O S nd e
0o not croulate

Figure 7: Location 4 oylinder dimensians post-lnapact

Figure & Cylinder at Location 4
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Figure 9: Location 4 cylndar post-ipatt superimposed onta crater {basellie configuration, for
lllustrathse purpases). Sketch from a scaled drawing

Figure 10: Location 4 oylinger past-irnpact supsrimposed onto crater, froen d rensional madel
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Figure 11: Test case - nosa-down anghe of Lncidence

Fhgure 12: Test cate - hoekzontal angle of incldence
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Figure 13; Test case - fin confguration at impact

Flgure 14: Test case = tail down angle of mcldenca
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