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Dutch Safety Board Foreword

The aim in the Netherlands is to limit the risk of accidents and incidents as much as
possible. If accidents or near accidents nevertheless occur, a thorough investigation into Summary
the causes, irrespective of who are to blame, may help to prevent similar problems from

occurring in the future. It is important to ensure that the investigation is carried out

independently from the parties involved. This is why the Dutch Safety Board itself selects 1
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On 17 July 2014, 298 people lost their lives when the Malaysia Airlines aeroplane they
were in crashed near Hrabove, a village in the eastern part of Ukraine. The crash of flight
MH17 caused the relatives of the occupants profound grief. There was also considerable
dismay all over the world, especially when it became apparent that the aeroplane had
presumably been shot down. The questions evoked by the crash were penetrating: Was
the aeroplane actually shot out of the sky? And, if so, why was the aeroplane flying over
an area where there was an on-going armed conflict?

Four days after the crash, the United Nations Security Council unanimously adopted
Resolution 2166, in which the Security Council expresses its support for an independent
international aviation investigation into the crash. The Dutch Safety Board has investigated
the causes of the MH17 crash and why the aeroplane was flying over the eastern part of
Ukraine. This report contains the results of that investigation. The Board is aware that this
does not answer one important question - the question of who is to blame for the crash.
It is the task of the criminal investigation to provide that answer.

International cooperation

This investigation into the crash of flight MH17 was conducted by the Dutch Safety Board
in accordance with the international regulations that apply to independent accident
investigation, laid down in Annex 13 of the Convention on International Civil Aviation.
Although it soon became clear that the crash of flight MH17 was probably no ‘ordinary’
aviation accident, this framework proved to be of great value to this investigation. It
formed the basis for a constructive cooperation between the states involved in the
investigation: the Netherlands, Ukraine, Malaysia, the United States, the United Kingdom,
Australia and the Russian Federation. The representatives of these states, who were
members of the international investigation team, had access to the investigation
information and were able to study and verify it.

This report contains the investigation’s facts, analysis, conclusions and recommendations.
The Dutch Safety Board would like to highlight two themes, which transcend the
investigated crash but which the Board believes could contribute to improving safety in
international civil aviation.

A blind spot in the risk assessment

The crash involving flight MH17 makes it clear that in its risk assessments, the aviation
sector should take more account of the changing world within which it operates. In this
world armed conflicts are ongoing between governments on the one hand and one or
more non-governmental groups on the other. As a rule, such conflicts are more disorderly
and less predictable than ‘traditional” wars between states. The existence and the spread
of advanced weapon systems means that the parties involved in these conflicts may
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possess these types of weapon systems and therefore are able to hit targets at great
distances and altitudes. The aviation sector should take urgent measures to identify,
assess and manage the risks associated with flying over conflict zones more effectively.

Even though flying is a relatively safe form of transport, it still involves risks. Therefore,
the civil aviation sector will always have to find a balance between safety and the price
people are willing to pay for it. These considerations will have to be made as carefully as
possible. It is therefore important that the sector innovates when estimating and
assessing statistically improbable scenarios with a major impact. Risk assessments should
not only focus on phenomena that have threatened civil aviation in the past but also
devote attention to new and thus unfamiliar threats in a changing world. The challenge is
to stimulate the imagination of the parties concerned in such a way that improbable
scenarios are also at the forefront of their minds and receive sufficient attention.

No conclusive system of responsibilities

The system of responsibilities for civil aviation safety is not conclusive. In the system,
states have sovereignty over their airspace and are responsible for operators being able
to safely fly through that airspace. However, the crash involving flight MH17 demonstrates
that an unrestricted airspace is not, by definition, safe. In practice, states embroiled in an
armed conflict rarely close their airspace. Therefore, it is important that these states’
responsibility for closing parts of their airspace above an armed conflict is formulated in
a clearer and less non-committal manner.

Since, in the case of flying over conflict zones, one cannot simply rely on an unrestricted
airspace being safe, other parties in the system also bear a major responsibility: airline
operators, other states and international organisations such as ICAO and IATA. They
should form a second barrier, because the principle of sovereignty may give rise to
vulnerabilities. It is up to the parties cited to jointly ensure that the decision-making
process related to flight routes is improved. No single party can achieve this alone. It
requires new structures for cooperation between states and operators, as well as for
mutually sharing information, even if it is meant to be confidential. International
organisations should facilitate these parties in developing these structures.

The Dutch Safety Board is aware that there is no such thing as a perfect risk assessment,
that a comprehensive system of responsibilities is impossible and that not all crashes and
accidents can be prevented. There are, however, possibilities to improve civil aviation
safety. The ball is now in the court of the states and the aviation sector.
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The crash of flight MH17 raised many questions. What happened exactly? Why was the
aeroplane flying across an area where an armed conflict was being fought? The Dutch
Safety Board answers these questions in this report; it does not address questions of
blame and liability.

Causes of the crash

On 17 July 2014, at 13.20" (15.20 CET) a Boeing 777-200 with the Malaysia Airlines
nationality and registration mark YM-MRD disappeared to the west of the TAMAK air
navigation waypoint in Ukraine. A notification containing this information was sent by the
Ukrainian National Bureau of Air Accident Investigation (NBAAI) on 18 July 2014, at
approximately 06.00 (08.00 CET). The NBAAI was notified by the Ukrainian State Air
Traffic Service Enterprise (UKSATSE) that communication with flight MH17 had been lost.
A signal from the aeroplane’s Emergency Locator Transmitter had been received and its
approximate position had been determined.

The aeroplane impacted the ground in the eastern part of Ukraine. The wreckage was
spread over several sites near the villages of Hrabove, Rozsypne and Petropavlivka. Six
wreckage sites were identified, spread over about 50 km2. Most of the wreckage was
located in three of these sites to the south-west of the village of Hrabove. This is about
8.5 km east of the last known position of the aeroplane in flight. At two sites, post-impact
fires had occurred.

All 298 persons on board lost their lives.

The in-flight disintegration of the aeroplane near the Ukrainian/Russian border was the
result of the detonation of a warhead. The detonation occurred above the left hand side
of the cockpit. The weapon used was a 9N314M-model warhead carried on the 9M38-
series of missiles, as installed on the Buk surface-to-air missile system.

Other scenarios that could have led to the disintegration of the aeroplane were
considered, analysed and excluded based on the evidence available.

The airworthy aeroplane was under control of Ukrainian air traffic control and was
operated by a licensed and qualified flight crew.

1 All times in this report, unless otherwise indicated are in UTC and Central European (Summer) Time (CET). CET in
the summer is UTC +2. See Section 12 - Abbreviations and Definitions, for further explanation.
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Flight route over conflict zone

Flight MH17 was shot down over the eastern part of Ukraine, where an armed conflict
broke out in April 2014. At first this conflict took place mainly on the ground, but as from
the end of April 2014 it expanded into the airspace over the conflict zone: Ukrainian
armed forces’ helicopters, transport aeroplanes and fighters were downed.

On 14 July, the Ukrainian authorities reported that a military aeroplane, an Antonov An-26,
had been shot down above the eastern part of Ukraine. On 17 July, the authorities
announced that a Sukhoi Su-25 had been shot down over the area on 16 July. According
to the authorities, both aircraft were shot down at an altitude that could only have been
reached by powerful weapon systems. The weapon systems cited by the authorities, a
medium-range surface-to-air missile or an air-to-air missile, could reach the cruising
altitude of civil aeroplanes. Consequently they pose a threat to civil aviation.

Although (Western) intelligence services, politicians and diplomats established the
intensification of fighting in the eastern part of Ukraine, on the ground as well as in the
air, it was not recognised that as a result there was an increased risk to civil aeroplanes
flying over the conflict zone at cruising altitude. The focus was mainly on military activities,
and the geopolitical consequences of the conflict.

Ukraine’s airspace management

With regard to airspace management Ukraine is responsible for the safety of aeroplanes
in that airspace. On 6 June 2014, the airspace above the eastern part of Ukraine was
restricted to civil aviation from the ground up to an altitude of 26,000 feet (FL260). This
enabled military aeroplanes to fly at an altitude that was considered safe from attacks
from the ground and eliminated the risk that they would encounter civil aeroplanes,
which flew above FL260. The authorities automatically assumed that aeroplanes flying at
a higher altitude than that considered safe for military aeroplanes, were also safe.

On 14 July 2014, the Ukrainian authorities increased the upper limit of the restricted
airspace imposed on civil aviation to an altitude of 32,000 feet (FL320). The exact under-
lying reason for this decision remains unclear.

The Ukrainian authorities did not consider closing the airspace over the eastern part of
Ukraine to civil aviation completely. The statements made by the Ukrainian authorities on
14 and 17 July 2014, related to the military aeroplanes being shot down, mentioned the
use of weapon systems that can reach the cruising altitude of civil aeroplanes. In the
judgment of the Dutch Safety Board, these statements provided sufficient reason for
closing the airspace over the conflict zone as a precaution.

Choice of flight route by Malaysia Airlines and other airlines

Malaysia Airlines assumed that the unrestricted airspace over Ukraine was safe. The
situation in the eastern part of Ukraine did not constitute a reason for reconsidering the
route. The operator stated that it did not possess any information that flight MH17, or
other flights, faced any danger when flying over Ukraine.

% E; ‘ ‘ 10 of 279

Contents

Foreword

Summary

1
Introduction

Part A:
2 Factual
information

Part A:
3 Analysis

Part B:
Introduction to
Part B

Part B:
4 Decision making

Part B:
5 The situation

Part B:
6 Flight MH17

Part B:
7 Flying over
Ukraine

Part B:
8 The state of
departure

Part B:
9 Assessing the
risks

10
Conclusions

11
Recommendations

12
Abbreviations and
Definitions

13

List of appendices



Not only Malaysia Airlines, but almost all airlines that used routes over the conflict zone
continued to do so during the period in which the armed conflict was expanding into the
airspace. On the day of the crash alone, 160 flights were conducted above the eastern
part of Ukraine - until the airspace was closed.

Other states and the state of departure (the Netherlands)

The Chicago Convention provides states with the option of imposing a flight prohibition
or restrictions on airlines and issuing recommendations related to the use of foreign
airspace. Some states, such as the United States, the United Kingdom, France and
Germany, use this option with regard to their resident airlines. Although flight MH17 took
off from Dutch soil the Netherlands did not bear any formal responsibility for the flight,
because it concerned a non-Dutch airline. The fact that Malaysia Airlines was operating
the flight as KLM'’s code share partner did not provide any legal authority either.

During the period in which the conflict in the eastern part of Ukraine expanded into the
airspace over the conflict zone, from the end of April 2014 up to the crash of flight MH17,
not a single state or international organisation explicitly warned of any risks to civil
aviation and not a single state prohibited its airlines or airmen from using the airspace
over the area or imposed other restrictions.

At the Dutch Safety Board's request, the Dutch Review Committee for the Intelligence
and Security Services (CTIVD) examined whether the Dutch intelligence and security
services possessed any information that could have been important for the safety of
flight MH17. The services had no indication that the warring factions intended to shoot
down civil aeroplanes. The services did not have any information that the groups that
were fighting against the Ukrainian government in the eastern part of Ukraine possessed
medium or long-range surface-to-air missiles.

Possibilities for improvement

The crash of MH17 demonstrates than an unrestricted airspace is not, by definition, safe
if the state managing that airspace is dealing with an armed conflict. The reality is that
states involved in an armed conflict rarely close their airspace. This means that the
principle of sovereignty related to airspace management can give rise to vulnerability. In
the Board'’s opinion, states involved in armed conflicts should give more consideration to
closing their airspace as a precaution. More effective incentives are needed to encourage
them to do so.

Airline operators may not assume in advance that an unrestricted airspace above a
conflict zone is safe. The fundamental principle currently adopted by operators is that
they use the airspace, unless doing so is demonstrably unsafe. In their risk analyses,
operators should take greater account of uncertainties and risk-increasing factors, such
as when a conflict expands into the airspace. The current regulations do not stipulate
that operators shall assess the risks involved in overflying conflict areas.

Operators themselves should gather more information to be able to perform an adequate
risk assessment. This information can largely be acquired by consulting open sources,
but in the case of conflict zones operators also need confidential information from states
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with intelligence capabilities. Vital in this respect is the sharing of information between
states, between states and operators and between operators.

Not only the gathering of information, but also combining information in the fields of
safety and security, as well as on developments on the ground and in the air proves
important. In this regard, international regulations (the Chicago Convention) are currently
too divided across these different fields. It was established that there are gaps between
the various responsibilities, for which a solution should be found.

Recommendations

Level 1: Airspace management in conflict zones
To ICAO:

1. Incorporate in Standards that states dealing with an armed conflict in their territory
shall at an early stage publish information that is as specific as possible regarding the
nature and extent of threats of that conflict and its consequences for civil aviation.
Provide clear definitions of relevant terms, such as conflict zone and armed conflict.

2. Ask states dealing with an armed conflict for additional information if published
aeronautical or other publications give cause to do so; offer assistance and consider
issuing a State Letter if, in the opinion of ICAQO, states do not sufficiently fulfil their
responsibility for the safety of the airspace for civil aviation.

3. Update Standards and Recommended Practices related to the consequences of
armed conflicts for civil aviation, and convert the relevant Recommended Practices
into Standards as much as possible so that states will be able to take unambiguous
measures if the safety of civil aviation may be at issue.

To ICAO Member States:

4. Ensure that states’ responsibilities related to the safety of their airspace are stricter
defined in the Chicago Convention and the underlying Standards and Recommended
Practices, so that it is clear in which cases the airspace should be closed.

The states most closely involved in the investigation into the crash of flight MH17
could initiate this.

Level 2: Risk assessment

To ICAO and IATA:

5. Encourage states and operators who have relevant information about threats within a
foreign airspace to make this available in a timely manner to others who have an

interest in it in connection with aviation safety. Ensure that the relevant paragraphs in
the ICAO Annexes concerned are extended and made more strict.
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To ICAO: Foreword

6. Amend relevant Standards so that risk assessments shall also cover threats to civil
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This report contains the product of the investigation that was conducted by the Dutch
Safety Board and its international partners into the crash of flight MH17 on 17 July 2014.
The report consists of two parts. The first part focuses on the causes of the crash. The
second part addresses the flight route of flight MH17 on July 17 2014, and the decision-
making processes regarding flying over conflict areas.

11  The investigation

Following the crash of Malaysia Airlines flight MH17 near the village of Hrabove (in the
eastern part of Ukraine), the Ukrainian authorities initiated an investigation into the accident,
in accordance with ICAO Annex 13. During the first days of the investigation, the Ukrainian
authorities requested the Netherlands, the state with the largest number of nationals on
board the aeroplane, to take over the investigation. The Netherlands granted the request
made by the Ukrainian authorities. On 23 July 2014, Ukraine delegated the investigation to
the Netherlands. Following the provisions of ICAO Annex 13, from that date the Netherlands
was the State conducting the investigation. As the accident investigation authority of the
Netherlands, the Dutch Safety Board was tasked to conduct the investigation.

A few days before, on 18 July 2014, the Dutch Safety Board had already launched an
investigation into the decision-making related to flying over conflict zones, because
questions were raised over whether civil airline operators should have been flying over
the eastern part of Ukraine, an area in which an armed conflict had been ongoing for
several months. As the route of flight MH17 is one of the circumstances contributing to
the crash of flight MH17, the Dutch Safety Board decided to combine the investigation
into the causes of the crash with the already ongoing investigation into the decision-
making related to flight routes, and to present the findings in one report.

The investigation was performed in accordance with the provisions of Annex 13 - Aircraft
Accident and Incident Investigation to the Convention of International Civil Aviation. The
Standards and Recommended Practices in Annex 13 are prescribed for the conduct of
civil aviation accident investigation.

1.2 Purpose and scope of the investigation
The purpose of this investigation was to establish the causes of the crash and the factors

that contributed to the crash. On 21 July 2014, the United Nations Security Council
unanimously adopted a resolution, concerning the crash of flight MH17.? The resolution

2 UN Security Council, Resolution 2166 (2014), S/res2166 (2014), 21 July 2014.
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expressed support for the ‘efforts to establish a full, thorough and independent
international investigation into the incident in accordance with international civil aviation
guidelines’ and called on all United Nations Member States ‘to provide any requested
assistance to civil and criminal investigations'.

This investigation had two objectives. Firstly, the Dutch Safety Board wanted to establish
the causes of the crash and wished to inform the relatives of the crew and the passengers,
other parties concerned, and those having a special interest in the circumstances of the
crash and the investigation accordingly. Secondly, the Dutch Safety Board intended to
initiate appropriate safety actions in order to minimise the chance of similar occurrences
in the future.

The investigation report provides a detailed description of the sequence of events of
flight MH17 from the departure airport up to and including the ground impact. It
describes and analyses how the flight was conducted, how the decisions related to the
use of its airspace were taken by Ukraine, how the decision related to flying over the
eastern part of Ukraine were taken by Malaysia Airlines, and other airline operators, and
how the decision-making pertaining to flying over conflict areas is generally made.
Finally, it also addresses the role of the Netherlands, as the state of departure of flight
MH?17, and other states with regard to flying over conflict areas.

The key questions are:

*  What caused the crash of flight MH17?

* How and why were decisions made to use MH17’s flight route?

* How is the decision-making process related to flying over conflict zones generally
organised?

*  What lessons can be learned from the investigation to improve flight safety and
security?

In accordance with Annex 13, it is not the purpose of this investigation to apportion
blame or liability. The sole objective of the Annex 13 investigation and the Final Report is
the prevention of accidents and incidents.

1.3 Investigation methodology and parties concerned

The investigation was conducted by the Dutch Safety Board. In addition to investigators
from the Dutch Safety Board, the states listed below participated in the investigation and
appointed an Accredited Representative:

e Ukraine (State of Occurrence);

* Malaysia (State of the Operator and State of Registry);

* United States of America (State of Design and Manufacture of the aeroplane);
* United Kingdom (State of Design and Manufacture of the engines);
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* Australia (State that provided information on request - photographs of aeroplane
wreckage parts at the crash area), and

* Russian Federation (State that provided information on request - radar and communi-
cation data and information on weapon systems).

In addition to the states mentioned above, other states also had a special interest in the
investigation because they lost citizens in the crash. In accordance with paragraph 5.27
of Annex 13, experts from the following states were invited to view the recovered
wreckage parts: Belgium, Canada, Germany, Indonesia, Israel, Italy, New Zealand,
the Philippines, and Vietnam. Some of these states were included because some
passengers held multiple nationalities.

In accordance with paragraph 6.3 of Annex 13, the Dutch Safety Board sent the draft
Final Report to the Accredited Representatives of the states participating in the
investigation, inviting their significant and substantiated comments. In addition, (sections
of) the draft Final Report were sent to other parties involved in the investigation (see
Appendices V and W).

Simultaneously with this investigation report the Dutch Safety Board has published a
separate document in which the investigation methodology used, and the choices that
were made in the process are accounted for.*

1.4 Wreckage recovery

As the crash area was in an area of armed conflict, it was for a long time not safe for the
investigators to travel to the crash area to perform an investigation and to recover the
wreckage. The first opportunity that was deemed sufficiently safe was from 4 to
22 November 2014, about four months after the crash. The second opportunity was from
20 to 28 March 2015 and the third opportunity from 19 April to 2 May 2015. These
recovery missions were organised by the Dutch Ministry of Defence. At the crash area,
assistance was provided by the Organisation for Security and Cooperation in Europe
(OSCE), the State Emergency Service (SES), and local residents.

Due to the limited time investigators had access to the wreckage area and because the
wreckage was located in six sites spread out in an area of approximately 50 km?, the
Dutch Safety Board's first priority was to recover parts that were of specific importance
to the investigation. The majority of the wreckage that was recovered from flight MH17
was secured during the first recovery mission. In addition, some wreckage parts,
recovered during the second and third recovery missions, were used during the
investigation.

3 Dutch Safety Board, MH17 - About the investigation, October 2015.
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1.5 Preliminary report Foreword

The Dutch Safety Board published a Preliminary Report on 9 September 2014. The findings
published in the Preliminary Report are listed below: Summary

1. According to the information received from Malaysia Airlines the crew was properly
licensed and had valid medical certificates to conduct the flight. 1

2. According to the documents, the aircraft was in an airworthy condition at departure Introduction
from Amsterdam Airport Schiphol. There were no known technical malfunctions.

3.No technical malfunctions or warnings in relation to the event flight were found on Part A:
Flight Data Recorder data. inﬁ:r"’:g:‘:f;n

4.The engine parameters were consistent with normal operation during the eventflight.
No engine or aircraft system warnings or cautions were detected.

5.No aural alerts or warnings of aircraft system malfunctions were heard on the Cockpit
Voice Recorder. The communication between the flight crew members gave no
indication of any malfunction or emergency prior to the occurrence.

Part A:
3 Analysis

6. At the time of the occurrence, flight MH17 was flying at Flight Level 330 (FL330) (See |ntr°P;JZt?;n ‘o
Abbreviations and Definitions for explanation on Flight Level/FL) in unrestricted Part B
airspace of the Dnipropetrovsk (UKDV) Flight Information Region (FIR) in the eastern
part of Ukraine. The aircraft flew on a constant heading, speed and altitude when the Part B:
Flight Data Recording ended. Ukrainian State Air Traffic Service Enterprise (UKSATSE) 4 Decision making

had issued NOTAMs of restricted access to the airspace below FL320.
7. The last radio transmission by the flight crew began at 13.19:56 (15.19:56 CET) and
ended at 13.19:59 (15.19:59 CET). S The e tion
8. The last radio transmissions made by Dnipropetrovsk air traffic control centre to flight
MH17 began at 13.20:00 (15.20:00 CET) and ended at 13.22:02 (15.22:02 CET). The
crew of flight MH17 did not respond to these radio transmissions. Part B:
. . . . 6 Flight MH17
9. No distress messages were received by the air traffic control.
10. According to radar data, three commercial aircraft were in the same Control Area as

flight MH17 at the time of the occurrence. All were under control of Dnipro Radar. At - FI‘;?:;E;\,er
13.20 (15.20 CET) the distance between the closest aircraft and MH17 was Ukraine
approximately 30 km.

11. Damage observed on the forward fuselage and cockpit section of the aircraft appears Part B:
to indicate that there were impacts from a large number of high-energy objects (See 8 The state of

departure
Section 12, Abbreviations and Definitions) from outside the aircraft. P

12. The pattern of damage observed in the forward fuselage and cockpit section of the Pt B

aircraft was not consistent with the damage that would be expected from any known 9 Assessing the
failure mode of the aircraft, its engines or systems. risks

13. The fact that there were many pieces of aircraft structure distributed over a large
area, indicated that the aircraft broke up in the air. 10

14. Based on the preliminary findings to date (9 September 2014), no indications of any Comdisions

technical or operational issues were found with the aircraft or crew prior to the ending
of the CVR and FDR recording at 13.20:03 (15.20:03 CET). v

15. The damage observed in the forward section of the aircraft appears to indicate that Recommendations
the aircraft was penetrated by a large number of high-energy objects from outside the
aircraft. It is likely that this damage resulted in a loss of structural integrity of the -

aircraft, leading to an in-flight break-up. Abbreviations and
Definitions
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The Preliminary Report stated that the findings were preliminary and that further work
was required to be performed, in order to substantiate factual information regarding:

* Analyses of data, including Cockpit Voice Recorder, Flight Data Recorder and other
sources, recorded onboard the aeroplane;

* Analyses of recorded air traffic control surveillance data;

* Analysis of meteorological circumstances;

* Forensic examination of wreckage recovered and possible foreign objects, if found;

* Results of the pathological investigation;

* Analyses of the in-flight break-up sequence;

* Assessment of the operator’s and State of Occurrence’s management of flight safety
over a region of conflict or high security risk;

* Any other aspects that are identified during the investigation.

On 10 September 2014, one day after the publication of the report, an amendment was
made to the Dutch translation of the English report. On page 14, the following sentence
was deleted: ‘De NOTAM met luchtruimbeperking was uitgevaardigd in reactie op het
neerschieten van een Antonov 24 vliegtuig op 14 juli dat op een hoogte van FL210 vloog.’
[translated: ‘The restricted area NOTAM was issued in response to the loss of an Antonov
24 aeroplane that was shot down at FL210 on 14 July.’] The sentence was deleted because
during this stage of the investigation it could not be established with complete certainty
whether this information was accurate. When translating the original English report into
Dutch, the relevant sentence was accidentally not removed. However, this did not affect
the provisional conclusions in the preliminary report.

1.6 Other investigations

In addition to the investigation discussed above, several other investigations were
initiated, both by the Dutch Safety Board and other organisations:

e Dutch Safety Board investigations - The Dutch Safety Board initiated two other
investigations related to the crash of flight MH17. One focused on the availability of
passenger information following the crash of flight MH17. The other was aimed at
answering the question whether or not the occupants of flight MH17 were aware of
the crash, and how their remains were recovered. The findings from the investigation
into passenger information are published simultaneously in a separate report; the
findings regarding awareness of occupants were published in this report. The
investigation reports of the Dutch Safety Board were published simultaneously and
are available on the Board's website.

* Criminal investigation into flight MH17 - Parallel to and separately from the work of
the Dutch Safety Board, the Joint Investigation Team is conducting a criminal
investigation into the crash in order to gather evidence and to bring the perpetrators
to justice. The Joint Investigation Team consists of police officers and public
prosecutors from Australia, Belgium, Malaysia, the Netherlands, and Ukraine. It is
being coordinated by the public prosecutor from the Netherlands.

* Victim identification investigation - The victims were transported from Ukraine to the
Netherlands by the Royal Netherlands Air Force and Royal Australian Air Force. The
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identification of all the victims took place at the Korporaal van Oudheusden barracks
in Hilversum. The identification was carried out by a team of 120 forensic specialists.
In addition to the National Forensic Investigation Team of the Netherlands (LTFO),
80 forensic specialists from Australia, Belgium, Germany, United Kingdom, Indonesia,
Malaysia and New Zealand participated.

1.7 Reading guide
The report is divided into:

* Part A: containing the findings of the investigation into the causes of the crash of the
aeroplane.

e Part B: containing the findings of the investigation into flying over conflict areas.

* The conclusions and recommendations made as a result of the investigation.

Part A contains a record of the facts and circumstances established in the investigation:
the sequence of events, flight crew qualifications, aeroplane information, flight recorders,
air traffic services and radars, weather, flight route information, the wreckage, medical
and pathological information, and tests and research. Following the factual material, the
significance of the relevant facts and circumstances presented are analysed, in order to
determine which events contributed to the crash. The analysis is primarily divided into six
subjects:

1. General matters, including the flight crew’s qualifications and the airworthiness of the
aeroplane;

The flight before the in-flight break-up, including pre-flight planning, weather
considerations and flight operations;

The moment of the in-flight break-up;

The in-flight break-up, its aftermath, and causes of the crash;

Survival aspects;

The recording of radar surveillance data.

N

A

Part B concerns the decision-making process related to flight MH17. This part contains
six sections:

1. A description of the system of responsibilities of parties involved;

2. Indicators related to the situation in the eastern part of Ukraine in the months prior to
the crash of flight MH17,

3. The airspace management by Ukraine in the period up to and including 17 July 2014;

4. The route and flight operations of flight MH17, the decisions made by the airline,
Malaysia Airlines, and the decisions made by other airlines and other states with
regard to flying over the conflict area in the eastern part of Ukraine;

5. The role of the Netherlands, as the state of departure of flight MH17, with regard to
flying over conflict areas;

6. Risk assessment related to flying over conflict zones.

Each of these sections contains both findings and analysis.
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The appendices that were produced as a part of this report are either published separately
in an appendix to this report or on the Dutch Safety Board's website: www.safetyboard.nl.

Section 13 gives an overview of the appendices.
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21 History of the flight

On 17 July 2014, the day of the crash, the subject aeroplane, a Malaysia Airlines Boeing
777-200 with nationality and registration marks 9M-MRD, had arrived at its gate at
Amsterdam Airport Schiphol (hereafter, Schiphol) in the Netherlands at 04.36 (06.36 CET)
from Kuala Lumpur International Airport (hereafter, Kuala Lumpur) in Malaysia.

At 10.13 (12.13 CET), after having been serviced and prepared for flight, the aeroplane
left gate G3, thirteen minutes later than planned, primarily due to overbooking and the
late arrival of some transfer passengers, on a scheduled passenger flight to Kuala Lumpur
with flight number MH17.

Malaysia Airlines had prepared and filed an air traffic control flight plan. The flight crew
was provided by the ground handling agent with an operational flight plan, NOTAMs,*
load information and weather information prior to departure. The material had been
prepared in Kuala Lumpur by Malaysia Airlines. The operational flight plan contained
detailed route information, a summary of the mass data, fuel information and information
on the winds and temperatures along the route. It was standard practice for the flight
crew to study the material provided in order to adjust the fuel load or route planned if
the pilot in command deemed this necessary.

There were 298 persons, including 283 passengers on board the aeroplane. The crew
was composed of four flight crew members and 11 cabin crew members.

The aeroplane took off from Schiphol on runway 36C at 10.31 (12.31 CET). The aeroplane
flew to the north of Amsterdam, and followed standard instrument departure route
NYKER 3W to a south-easterly direction towards Germany. The aeroplane climbed in a
series of steps to FL250 before crossing the Dutch/German border at air navigation
waypoint SONEB. From SONEB the route continued south-east towards Poland. The
aeroplane then continued, in accordance with the air traffic control flight plan, across
Poland. After passing overhead Warsaw, the flight continued into Ukrainian airspace.

The flight was planned to initially cruise at FL310, climbing to FL330 in Polish airspace
and climbing further to FL350 when passing air navigation waypoint PEKIT in Ukrainian
airspace. After having crossed Ukrainian airspace, the flight was planned to continue over
the Russian Federation towards the Caspian Sea, over north-east Iran, Afghanistan and
Pakistan before passing overhead Delhi, India and then crossing the Bay of Bengal

4 A notice distributed by means of telecommunication containing information concerning the establishment,
condition or change in any aeronautical facility, service, procedure or hazard, the timely knowledge of which is
essential to personnel concerned with flight operations.
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towards Thailand before turning south towards Kuala Lumpur in Malaysia. The flight Foceie
would remain at FL350 until Thai airspace when a climb to FL370 would be made before
the top of descent prior to the landing at Kuala Lumpur (see Figure 1) after a flight of
approximately eleven and a half hours. Summary

In the air traffic control flight plan (see Appendix C), a climb on airway L980 from FL330
to FL350 was planned for at air navigation waypoint PEKIT. It was noted that the airline’s 1

operational flight plan called for the climb from FL330 to FL350 to be made at air Introduction
navigation waypoint EDIMI, 74 NM before PEKIT. The reason for having planned two

different positions to climb in the two flight plans is explained in paragraph 3.3.2.1. Part A:
2 Factual
information

&

OSN  MOBSA sy

P

_ S PEKIT ¢ o Ak 4 !
FAM g { /. TAMAK R Part A:
j : . v
" X ‘ 3 Analysis
ARNEM ‘POVEL g < :
o SUVOK A T / .o N =
s BEMB! fi '
MAMED
i AN = . 5 Part B:
M - yoa bk a8 Introduction to
A N MuRg 2 Part B
2 RANARH. (5 f—. " -
: BINDO 7
i / Part B:
- i+ : _ 4 Decision making
< & | ' PUT
5 DAKUS
\ LN R Part B:
5 The situation
WMKK
K : (}m\:{[c
I 1 Kaartgegevens £2015 Goegle, INEGI | Gebruiksvoorwaarden
Figure 1: Diagram of the route planned. (Source: Google, INEGI) Part B:

6 Flight MH17

According to data from the Ukrainian State Air Traffic Service Enterprise, the aeroplane

was flying at FL330 and, at about 12.53 (14.53 CET), entered Dnipropetrovsk Radar 7F|P?rt B:
Control (Dnipro Radar) Sector 2 of the Dnipropetrovsk (UKDV) Flight Information Region Uyﬁ:‘gnoever
(FIR). Dnipro Radar Sector 2 is a part of Ukrainian airspace. Figure 2 shows the details of
the airspace structure in Ukraine. Part B:
8 The state of
departure
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Google earth
Figure 2: Ukrainian FIRs and Sectors in UKDV FIR. (Source: Google, Landsat)

On establishing initial contact with the flight crew, at 12.53 (14.53 CET) and at a position
about 6 NM before PEKIT, Dnipro Radar asked whether the aeroplane could climb to
FL350 in accordance with the air traffic control flight plan. The flight crew responded,
without providing a specific reason (see Table 1 for an extract of the air traffic control
transcript), that they were unable to comply with the request and requested to remain at
FL330. This matter is discussed and analysed in paragraph 3.3.2.1.

Parties communicating | Text

ATC to MH17 Malaysian one seven, Dnipro Radar, hello, identified, advise ... able to climb
flight level three five zero?

MH17 to ATC Malaysian one seven, negative, maintain three three zero

ATC to MH17 Malaysian one seven, roger

Table 1: Extract from Air Traffic Control (ATC) transcript. (See Appendix G for a full transcript of the communications)

Dnipro Radar had identified a potential loss of separation between flight MH17 and another
Boeing 777 aeroplane also flying at FL330 approaching flight MH17 from behind. In order
to solve the potential conflict, Dnipro Radar cleared the other traffic to climb to FL350.

At 13.00 (15.00 CET), at a position about 40 NM after waypoint PEKIT, the flight crew of
MH17 made a request to Dnipro Radar to change their track by turning to the left and
deviating 20 NM north, in order to avoid the weather associated with the cumulonimbus
clouds on the aeroplane’s track. The flight crew also inquired whether FL340 was
available. Dnipro Radar cleared the aeroplane to deviate around the weather as requested,
but instructed the aeroplane to remain at FL330 due to conflicting civil aviation.
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Flight Data Recorder and radar data both show that after deviating from the route to the
left by about 6.5 NM (laterally from the centreline of the original track), the aeroplane
turned back towards airway L980 centreline at 13.05 (15.05 CET).

Two minutes later at 13.07 (15.07 CET), Sector 2 of Dnipropetrovsk Area Control Centre
transferred the flight to Sector 4 of Dnipropetrovsk Area Control Centre, a sector that
also uses the callsign Dnipro Radar.

After a further slight turn to the right at 13.15 (15.15 CET), radar data showed that at 13.19
(15.19 CET) the aeroplane was at a position 3.6 NM north of the centreline of airway L980,
almost back on its original course, between air navigation waypoint GANRA and waypoint
TAMAK. From this point, Dnipro Radar cleared the aeroplane to fly directly to air navigation
waypoint RND, about 45 NM south-east of TAMAK and south of the planned airway. The
boundary between Ukrainian and Russian Federation airspace on the airway is at air
navigation waypoint TAMAK. Figure 3 shows the route flown by MH17 across the eastern
part of Ukraine and the planned route into Russian Federation airspace.

CTA DNIPROPETROVSK
~Sector 3

CTA DNIPROPETROVSK
Sector 2
Sector 1

CTA DNIPROPETROVSK
Sector 4 3

Google earth

Figure 3: Route of flight MH17 across the eastern part of Ukraine. The light grey shading shows the area that
is 5 NM left and right of the centreline of airway L980. The black line shows flight MH17 deviating
from airway L980 between air navigation waypoints PEKIT and TAGAN. (Source: Google, Landstat)

The clearance direct to air navigation waypoint RND was acknowledged by the flight crew
at 13.19:56 (15.19:56 CET). This was the last radio transmission from flight MH17. Dnipro
Radar immediately, at 13.20:00 (15.20:00 CET), advised flight MH17 to proceed to expect
a clearance direct to waypoint TIKNA after RND. TIKNA is an air navigation waypoint in
the Russian Federation located on airway A87. According to the air traffic control flight
plan, flight MH17 had planned to use airway A87 after crossing the Ukrainian/Russian
Federation border. No acknowledgement or further radio communication from flight
MH17 was received.

The aeroplane impacted the ground near the village of Hrabove in the eastern part of
Ukraine. The moment of impact could not be determined exactly. However, in various
articles and video's from the media, local habitants described parts of the aeroplane
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falling from the sky and some wreckage and human remains impacted houses and
gardens at about 16.30 local time (15.30 CET). Wreckage parts of the aeroplane were
spread over a number of sites, also near the villages of Rozsypne and Petropavlivka.

Wreckage was identified within six different sites spread over an area of about 50 km?.
The majority of the wreckage was located in three sites (see paragraph 2.12.2) south-
west of Hrabove. These three sites were located about 8.5 km on a bearing of 080° from
the last known position of the aeroplane in flight. At two of these sites, post-impact fires
had occurred.

2.2 Injuries to persons

Injuries Flight crew Cabin crew Passengers Others Total
Fatal 4 11 283° 0 298
Serious 0 0 0 0 0
Minor/None 0 0 0 0 0
Total 4 1 283 0 298

Table 2: Injury chart.

The occupants of the aeroplane were citizens of the following states:

Netherlands 193 Belgium 4
Malaysia 43 Philippines 3
Australia 27 Canada 1
Indonesia 12 New Zealand 1
United Kingdom 10

Germany 4 Total 298

The nationalities indicated above reflect the information provided by the operator, based
on the passports that were used for check-in. 24 passengers had multiple nationalities
resulting in differences in nationality numbers published by other sources. These
nationalities were Australia, Belgium, Germany, Indonesia, Israel, Italy, Malaysia, the
Netherlands, United Kingdom, United States and Vietnam. Further information on the
nationalities of the occupants is included in the MH17 Passenger Information report.

No reports were received regarding injuries or fatalities to persons on the ground as a
result of the crash.

5 Includes three infants who had not reached the age of 2 years.
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2.3 Damage to the aircraft

The aeroplane was destroyed.

2.4 Other damage

Damage was caused to houses, buildings, parts of the infrastructure and agricultural
ground as a result of a combination of the aeroplane wreckage, human remains, cargo
and baggage falling on the ground and the post-crash fire. This information was obtained
via photos taken by the investigators and police, as well as media information and
material published on the internet.

2.5 Personnel information

2.5.1 Flight crew
The flight crew consisted of two Captains and two First Officers, all of whom were fully
qualified to operate a Boeing 777-200. Further details are recorded in Table 3.

Captain (Team A) License Airline Transport Pilot Licence
Malaysian nationality

777 type rating Valid to: 31 October 2014
male, age 44
Base check Valid to: 29 October 2014
Line check Valid to: 31 October 2014
Medical certificate Class 1
Valid to: 31 October 2014
Flying experience Total: 12,385.57 hours
777-200: 7,303.15 hours
Last 90 days: 116.02 hours
Last 30 days: 34.54 hours
Last 24 hours: 0.0 hours
First Officer (Team A) License Airline Transport Pilot Licence
M kgysien meiiomliy 777 type rating Valid to: 31 March 2015
male, age 26
Base check Valid to: 13 December 2014
Line check Valid to: 28 February 2015
Medical certificate Class 1
Valid to: 31 March 2015
Flying experience Total: 4,058.49 hours
777-200: 296.22 hours
Last 90 days: 117.58 hours
Last 30 days: 40.13 hours
Last 24 hours: 0.0 hours
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Captain (Team B) License
Malaysian nationality

Airline Transport Pilot Licence

777 type rating Valid to: 31 October 2014
male, age 49
Base check Valid to: 20 August 2014
Line check Valid to: 30 November 2014
Medical certificate Class 1
Valid to: 31 October 2014
Flying experience Total: 13,239.08 hours
777-200: 7,989.14 hours
Last 90 days: 152.31 hours
Last 30 days: 62.21 hours
Last 24 hours: 0.0 hours
First Officer (Team B) License Airline Transport Pilot Licence
WElaysian neiensiy 777 type rating Valid to: 30 November 2014
male, age 29
Base check Valid to: 6 January 2015
Line check Valid to: 31 March 2015
Medical certificate Class 1
Valid to: 30 November 2014
Flying experience Total: 3,190.12 hours
777-200: 227.48 hours
Last 90 days: 138.14 hours
Last 30 days: 28.24 hours
Last 24 hours: 0.0 hours

Table 3: Flight crew information.

The operator's Operations Manual Part A sets out procedures to meet the applicable
flight time limitations regulations. For a flight of around 12 hours, four pilots, two of
whom are Captains, are required. On flight MH17, two captains and two First Officers
were scheduled to operate the flight in two teams; Team A and Team B. Team A flew the
first part of the flight and were at the controls at the time of the crash, the Captain in the
left pilot seat and the First Officer in the right pilot seat. When not acting as pilots, it is
common practice for the other flight crew members (Team B, in this case) to rest in the
bunks that are located behind the cockpit, in a seat in business class or to occupy the
observer seats in the cockpit.

2.5.2 Cabin crew

There were eleven cabin crew members. The investigation did not consider cabin crew
training and qualification relevant for the investigation into the causes of the crash.
Hence, the cabin crew records were not reviewed and analysed.

Summary of the crew information

According to the documents and information received from Malaysia Airlines the
flight crew was properly licensed to conduct the flight. The flight crew consisted of
two Captains, two First Officers and eleven cabin crew members.
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2.6 Aircraft information

This Section and Appendix J provide information on the following:

A general description of the aeroplane involved in the crash;

A description of the operation, airworthiness and maintenance of the aeroplane and
specific systems and equipment that are deemed relevant to the investigation, and
The load of the aeroplane.

2.6.1 General description

The aeroplane, a Boeing 777-200, is a low-wing, wide body, commercial aeroplane fitted
with two wing-mounted turbofan engines and a tricycle landing gear configuration. The
aeroplane’s maximum take-off mass was 286,897 kg. The passenger seating configuration
for 9M-MRD was 33 business class seats located in the front of the cabin and 247 economy
class seats. The aeroplane had accumulated 76,322 flight hours and 11,434 cycles (see
Section 12 - Abbreviations and Definitions). The aeroplane was equipped with two Rolls-
Royce Trent-892B series engines.

The most recent version of the certificate of registration of 9M-MRD, issued by the
Department of Civil Aviation Malaysia, in accordance with Malaysia Civil Aviation
Regulations 1996, was dated 23 August 2006. The Department of Civil Aviation Malaysia
issued a certificate of airworthiness numbered M.0817 for 9M-MRD (serial number 28411)
on 7 July 2014 that replaced the certificate previously issued on 8 July 2013. The new
certificate was valid until 29 July 2015.

The scheduled maintenance, implementation of mandatory modifications and the
treatment of defect reports were analysed. Details on this and other airworthiness related

issues at Malaysia Airlines are provided in Appendix J.

2.6.2 Aeroplane load and technical defects
According to the load sheet, the aeroplane was loaded as follows:

Load sheet data

Checked baggage and cargo: 17,751 kg
Passengers and hand-baggage (based on standard masses): 20,225 kg
Aeroplane - empty mass: 145,015 kg

The aeroplane’s balance figures were:

Percentage mean aerodynamic chord (MAC): 25.51

Loaded index: 35.47

Table 4: Load data.
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The actual take-off mass of the aeroplane was 278,691 kg* and the forward and aft limits
of the centre of gravity at the take-off mass were 21 and 38.5 percent MAC, respectively.
The take-off mass and the load were within authorised limits.

The 17,751 kg baggage and cargo load was distributed in the under-floor cargo
compartments as shown in Appendix E.

The NOTOC (see Section 12 - Abbreviations and Definitions and Appendix E) produced
for the flight crew by the ground handling agent showed that the loaded cargo did not
contain any dangerous goods. The NOTOC recorded medical supplies, cut flowers and
animals as being on board and classified as Special Load.

A review of the cargo manifest showed no evidence of any goods that should have been
classified as dangerous goods; e.g. chemicals, vehicle engines, etc. It was noted that a
single lithium-ion battery was included on the cargo manifest. This item was declared as
properly packaged and was therefore exempted from being classified as dangerous
goods. As such, this small item was not considered relevant to the investigation.

The technical log entry made prior to departure from Schiphol shows that the fuel
quantity in the aeroplane was 96,500 kg of which 9,800 kg remained from the previous
flight. This is 800 kg more than was required for the planned take-off fuel of 95,700 kg.
Prior to flight MH17, engine oil was added to the left engine. The technical log was signed
by the line engineer and the captain of flight MH17, confirming that the required
maintenance checks had been conducted.

Three deficiencies were open as deferred items on flight MH17. These were:

* Cockpit Voice Recorder area microphone cap in the cockpit was missing;

e A comment about the condition of two cabin overhead bins;

* The left engine acoustic lining was damaged. The area of the damage was
approximately 2 x 6 centimetres.

Summary of aircraft information

* According to the documents and information received, the aeroplane was in an
airworthy condition on departure from Schiphol, with three technical defects
documented.

* The flight documents also showed that the aeroplane was prepared for departure
from Schiphol with a load of 283 passengers, 17,751 kg of checked baggage and
cargo and 96,500 kg of fuel. An air traffic control flight plan had been filed. The
flight crew had been provided with an operational flight plan, NOTAMs, loading
and weather information.

* The mass and the centre of gravity of the aeroplane were within authorised limits.

6 The take-off mass excludes 800 kg of fuel that was used during taxiing.
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2.7 Meteorological information

2.71 General

The weather conditions described in this paragraph were obtained from three

meteorological institutes:
* Royal Dutch Meteorological Institute (KNMI);
e British Met Office;

e Ukrainian Hydrometeorological Institute.

2.7.2 Forecast weather

The meteorological reports (METARs) for the airports in the vicinity, and at about the
time of the crash (times in UTC only), show the following information:

Explanation of relevant information

Information issued: 17 July, 13.30;

Wind: mainly from direction 050° and variable between 020° and 090°,
speed 6 m/s;

Cloud and visibility: CAVOK;’

Temperature: 25 °C, dew point 16 °C;

Barometric pressure at sea level: 1,011 hPa, and

No significant change expected.

Information issued: 17 July, 13.30;

Wind: mainly from direction 060°, speed 5 m/s;

Cloud and visibility: visibility more than 10 km, thunderstorms in the
vicinity, scattered cumulonimbus cloud coverage at 3,300 feet, broken at
10,000 ft;

Temperature: 25 °C, dew point 18 °C;

Barometric pressure at sea level: 1,011 hPa, and;

Expected change: temporarily in the coming 60 minutes, wind direction
050° and wind speed 8 m/s with gusts of 14 m/s, thunderstorms and rain
and cloud coverage: cumulonimbus clouds broken at 1,500 feet.

Information issued: 17 July, 13.30;

Wind: mainly from direction 070°, speed 4 m/s;

Cloud and visibility: visibility more than 10 km, scattered cumulonimbus
cloud coverage at 3,300 ft, broken cloud coverage at 20,000 ft;
Temperature: 31 °C, dew point 11 °C;

Barometric pressure at sea level: 1,013 hPa, and

Expected change: temporarily in the coming 60 minutes, wind direction
080°, wind speed 9 m/s with gusts of 16 m/s.

Airport name (ICAO code)
METAR

Kryvyi Righ (UKDR)

1713302 05006 MPS
020V090 CAVOK 25/16
Q1011 3609//70 NOSIG

Dnipropetrovsk (UKDD)

171330Z 06005MPS 9999
VCTS SCT033CB BKN100
25/18 Q1011 08210270
TEMPO 05008G14MPS
TSRA BKNO15CB

Kharkiv (UKHH)

171330 07004MPS 9999
SCT033CB BKN200 31/11
Q1013 070/// 65 TEMPO
08009G16MPS

7 CAVOK stands for “Ceiling and Visibility OK"; specifically, (1) there are no clouds below 5,000 feet above
aerodrome level or minimum sector altitude (whichever is higher) and no cumulonimbus or towering cumulus; (2)
visibility is at least 10 kilometres or more, and (3) no current or forecast significant weather such as precipitation,

thunderstorms, shallow fog or low drifting snow.
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Explanation of relevant information Airport name (ICAO code)

Information issued: 17 July, 13.30; Kyiv Boryspil (UKBB)
Wind: direction 030°, speed 7 m/s;

Cloud and visibility: CAVOK; 171330 03007MPS CAVOK
Temperature: 30 °C, dew point 16 °C; 30/16 Q1015 88CLRD95
Barometric pressure at sea level: 1,015 hPa; NOSIG

Runway clear of contamination and braking action is good, and

Expected change: no significant change.

Table 5: METARSs in force on 17 July 2014.

On 17 July two SIGMET® messages for the Dnipropetrovsk Flight Information Region
were published. The second SIGMET, number 5, superseded the first. The SIGMETs (with
times in UTC only) contain the following information:

Plain language explanation SIGMET

SIGMET 4 for the UKDV FIR UKDV SIGMET 4

Validity: 17 July between 09.00 and 12.00; VALID 170900/171200 UKDV
Forecast: Embedded thunderstorms with large hail stones | UKDV DNJEPROPETROVSK FIR
forecast over the whole Dnipropetrovsk region, with cloud | EMBD TSGR FCST OVER WHOLE
tops between 34,000 and 39,000 feet moving North with DNJEPROPETROVSK FIR

a speed of 20 km/h, and TOP FL340/390 MOV N 20 KM/H NC
Expected change: No change.

SIGMET 5 for the UKDV FIR UKDV SIGMET 5

Validity: 17 July between 12.00 and 15.00; VALID 171200/171500 UKDV

Forecast: Embedded thunderstorms with large hail stones | UKDV DNJEPROPETROVSK FIR EMBD
forecast over the whole Dnipropetrovsk region, with cloud = TSGR FCST OVER WHOLE

tops between 37,000 and 41,000 ft, moving North with a DNJEPROPETROVSK FIR

speed of 15 km/h, and TOP FL370/410 MOV N 15 KM/H INTSF
Expected change: intensifying.

Table 6: SIGMETs in force on 17 July 2014.

2.7.3 Weather information provided to flight crew

Prior to departing from Schiphol, the flight crew received the most recent weather
information from the ground handling agent during the flight preparation. The information
provided was:

* Prognostic weather charts for significant weather, valid on 17 July at 06.00, 12.00 and
18.00 (08.00, 14.00 and 20.00 CET) on the route Amsterdam - Kuala Lumpur between
FL250 and FL630;

* The forecast wind direction, speed and air temperature between Amsterdam and
Kuala Lumpur from ground level to FL430 at different points along the planned route;

* Forecast of turbulence and, if present, its severity at each air navigation waypoint on
the route Amsterdam - Kuala Lumpur;

8 A SIGMET contains information concerning en-route weather phenomena which may affect the safety of aircraft
operations.
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* The weather reports of large airports and Flight Information Regions on the route
Amsterdam - Kuala Lumpur, including the METAR for Kyiv Boryspil Airport described
above.

The prognostic weather charts for significant weather showed an area with occasional
embedded cumulonimbus clouds up to FL350 north-west of the Black Sea forecast to
move north-east during the period of the forecast.

The forecast wind and temperature in Ukraine at FL330 and FL350, as reported to the
flight crew in the information provided by the ground handling agent prior to the flight,
varied between 160 and 165 degrees/17 to 19 knots in Ukrainian airspace up to air
navigation waypoint PEKIT, and between 180 and 220 degrees/20 to 40 knots between
air navigation waypoint PEKIT and the border with the Russian Federation at air navigation
waypoint TAMAK. The outside air temperature varied between -40 and -50 °C.

2.7.4 Actual weather
An aftercast was made of the general weather conditions in the area of Donetsk at about
14.00 (16.00 CET) on 17 July 2014 by KNMI.

A near stationary occlusion associated with an area of low pressure above the Black Sea
extended from the Russian Federation and Ukraine to Romania. In between this
depression and an anticyclone over north-western Europe, a weak north-easterly flow
led warm and unstable continental air over the vicinity of the crash site. Several clouds,
producing rain and thunderstorms, originated at different places in this system. The
cloud base was between 3,000 and 5,000 feet with peaks, generally, at around FL350.

Weather satellite images of Europe showed large cloud formations west and north of the
Black Sea; an area largely matching with the Dnipropetrovsk Flight Information Region.
The area to the south of flight MH17’s last known position contained mostly cumulonimbus
clouds and possibly thunderstorms. The sky above areas associated with the
cumulonimbus clouds was obscured with a cloud base of between 1,000 and 5,000 ft. In
other places, the sky was less obscured. The weather system was moving to the north-
east. See also Appendix F.

Analysis of ground observations, showed that thunderstorms were reported in the area
to the south, west and south-west of the crash area. The winds at ground level were
north or north-easterly and tended to gradually veer with altitude, eventually becoming
south-westerly by about FL230. From this point, the winds increased in speed with
altitude towards the tropopause, indicated at being around FL400. The cloud cover is
shown on a visible-light satellite image issued at 13.00 (15.00 CET).
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Figure 4: Satellite image of weather and route overlaid on map of the eastern part of Ukraine. Note: the yellow

cross was added by the meteorological institute to mark the geographic position 48°N 038° E.

(Source: Google, TerraMetrics)

Summary of the weather information

The weather forecast indicated that the weather over the eastern part of Ukraine
included thunderstorms. The actual weather was consistent with the forecast.

2.8 Aids to navigation

In addition to the NOTAMs described in paragraph 2.9.4 of this report, the flight crew’s
briefing package contained one company instruction that pertained to Ukrainian
airspace. On 28 April 2014, Malaysia Airlines introduced briefing note MAS 00083/14
regarding the possible loss of Global Positioning System (GPS) signals in Ukrainian
airspace (See Appendix D). Flight Data Recorder data showed that the GPS reception
was normal on flight MH17.

2.9 Air Navigation Service Provider information and other data

2.91 General

This Section contains information regarding air traffic management in Ukraine and the
Russian Federation. Information regarding the Russian Federation is included since flight
MH17 was about to enter Russian Federation airspace. Following a short introduction
about the Air Navigation Service Providers, radar data from both Air Navigation Service
Providers and the communications between the air traffic controllers from Ukraine and the
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Russian Federation are described. Lastly, information from Airborne Warning and Control
System (AWACS) aeroplanes is described. Air traffic management, the airspace affected
and associated restrictions are described in detail in Section 6 (part B) of this report.

Licenses and qualifications of the air traffic controllers were not relevant to the
investigation into the crash. The handling of the flight and the actions after radio contact
with flight MH17 was lost, were considered adequate.

2.9.2 Air traffic management

Ukrainian State Air Traffic Service Enterprise (UKSATSE) is the air navigation service
provider for civil aviation in Ukraine. Air traffic management in Ukraine is the responsibility
of a two-party system, comprising the Ministry of Infrastructure and the Ministry of
Defence. Civil and military air traffic management activities are coordinated by Integrated
Civil Military Air Traffic Management System that functions as a part of UKSATSE.

For the Russian Federation, civil and military air traffic management is the responsibility
of the State Air Traffic Management Corporation (GKOVD). This is a government owned
corporation (a so-called Federal State Unitary Enterprise) which is supervised by the
Federal Agency for Air Transport (ROSAVIATSIA), which in turn comes under the Ministry
of Transport.

2.9.3 Airspace

Ukrainian airspace is made up of five flight information regions and a network of airways
for the purpose of provision of air traffic control service for en-route flights. Ukraine
applies the ICAO system of flight levels. It was noted that due to the situation in Crimea,
the Ukrainian authorities restricted the use of segments of the routes within Simferopol
FIR from 3 April 2014. At the time of the crash, these restrictions, published in NOTAM
number 0569/14, were in force.

The adjacent sector in the Russian Federation to Dnipropetrovsk Control Sector 4 in
Ukraine has the callsign Rostov Radar.

For flights such as flight MH17, performed under instrument flight rules, the general
principle of standard flight levels (FL) applies: odd thousands of feet (flight levels 310,
330, 350) when on a magnetic track of 0° through 179° and even thousands of feet (flight
levels 300, 320, 340) when on a magnetic track of 180° through 359°. Other flight levels
may be available from air traffic control.

For flight MH17, following airway L980, through the Dnipropetrovsk (UKDV) FIR, on an
eastbound track, odd number standard flight levels were in use, as depicted in its flight
plan for this part of its routing: FL330 and FL350. The airway’s width is 10 NM (5 NM on
either side of the centreline) and extends from FL280 to FL660 vertically.

2.9.4 Airspace restrictions

Both Ukraine and the Russian Federation had issued NOTAMs that restricted access to parts
of their respective airspace up to FL320. On 17 July parts of the airspace in both countries
were restricted up to FL320. At the time of the crash, flight MH17 was flying at FL330 in
unrestricted airspace of the Dnipropetrovsk (UKDV) FIR in the eastern part of Ukraine.
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Appendix D contains complete details of all NOTAMs in force at the time of the crash
and provides a short explanation of the structure and content of the NOTAMs. In Part B
of this report the airspace restrictions are described and discussed in more detail.

Summary of the airspace information

At the time of the occurrence, flight MH17 was flying at FL330 in unrestricted
airspace of the Dnipropetrovsk (UKDV) FIR in the eastern part of Ukraine.

2.9.5 Air traffic services surveillance data

2.9.5.1 Introduction

Ground-based data sources were available and obtained for the investigation. Recorded
data from Ukrainian and Russian Federation radar stations was provided to the Dutch
Safety Board.

Air traffic services surveillance data is, in general, obtained from three different sources:

* Primary radar: a system that emits a series of radio waves in pulses that are reflected
off moving targets. Target position and speed are determined by comparison of the
transmitted and the reflected radio waves.

* Secondary surveillance radar: a radar system that interrogates a transponder carried
in an aircraft to provide the air traffic controllers with information such as aircraft type,
position, altitude, flight number and destination. This is known as Mode S.

* Automatic Dependent Surveillance - Broadcast data: an aircraft-based technology
whereby the aircraft broadcasts its position, altitude and speed to air traffic control.

The data received by the sensors in the three systems is known as raw data. The raw data
is processed for display on a radar screen for use by air traffic control staff. The raw data
received by the radar sensors, the data processed for display and the actual displayed
data can all be recorded and stored for analysis at a later date. The Standards and
Recommended Practices in ICAO Annex 11 - Air Traffic Services, contain the requirements
for recording and retaining such data. Table 7 summarises the standards for recording and
retaining data in Annex 11. The recordings are to be retained for a minimum of 30 days.

Data link data between ATC and aircraft 6.2.2
Data link data between ATC stations

ATC computer data exchanged between ATC stations
Surveillance data (including primary and secondary data) shall be 6.4.1

saved for incident and accident investigation, Search and Rescue
and ATC system evaluation and training.

Table 7: Summary of Annex 11 air traffic management data recording requirements.
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A state that, for certain reasons, does not comply with an ICAO Standard is required to
notify ICAO that a difference between their national regulations and the ICAO Standard
exists. A review of the differences notified to ICAO by states showed that neither Ukraine
nor the Russian Federation had notified to ICAQO that their national regulations differed
from the Standards promulgated in Annex 11.

Surveillance data from the radar systems of both Ukraine and the Russian Federation was
requested for the investigation. The data requested for the investigation was as follows:

R . M i C

Primary radar data - raw data Not available Not available
Primary radar data - processed data Not available Not available
Secondary surveillance radar data - raw data | Available Not available
Secondary surveillance radar data - Available Not available

processed data

ADS-B data Available Not available

Other data made available Video film of radar screen | Video film of radar screen
showing processed showing processed primary
secondary data and secondary data

Table 8: Radar data, requested and received.

Appendix | contains various relevant stills from the videos provided by both UkSATSE
and GKOVD.

The reasons why data was not available are discussed in paragraph 2.9.5.3.

On 23 July 2014 (before the MH17 investigation was delegated to the Netherlands),
experts of the international group of investigators and a representative of NBAAI had an
interview with UKSATSE experts. During the interview information from different sources
was provided by UKSATSE. The transferring of Air Traffic Control (ATC) records, including
video and audio records to the experts of the international group of investigators was
laid down in a protocol. See Appendix M. The next day, the investigators transferred the
information received from UkSATSE to the Dutch Safety Board.

2.9.5.2 Surveillance radar data
The radar data for flight MH17 received from both Air Navigation Service Providers,
UKSATSE and GKOVD, is described in this paragraph.

The Ukrainian civil primary radar stations in the area were not functioning at the time of
the crash due to scheduled maintenance. The military primary radar stations were also
not operational. The Ukrainian Ministry of Defence stated that this system was not
operational, because there were no Ukrainian military aircraft in the sector through which
flight MH17 flew. UKSATSE provided secondary surveillance radar data in raw data format
and a video containing a replay of the radar screen. Figure 5 shows a sample image of
the replay of the radar screen and an explanation of the data displayed.

% '5 ‘ ‘ 38 of 279

Contents

Foreword

Summary

1
Introduction

Part A:
2 Factual
information

Part A:
3 Analysis

Part B:
Introduction to
Part B

Part B:
4 Decision making

Part B:
5 The situation

Part B:
6 Flight MH17

Part B:
7 Flying over
Ukraine

Part B:
8 The state of
departure

Part B:
9 Assessing the
risks

10
Conclusions

11
Recommendations

12
Abbreviations and
Definitions

13

List of appendices



Figure 5: Sample Ukrainian radar screen display. (Source: UKSATSE)

The secondary surveillance radar symbol for flight MH17, showed the flight number
‘MAS17’, the flight level ‘330" and aeroplane type ‘B772H'. The letter ‘H’ stands for
‘heavy’; a term referring to the aeroplane’s wake-turbulence category. The word ‘'TAMAK’
indicated the air navigation waypoint to which the aeroplane was cleared. The number
‘491" indicated the aeroplane’s groundspeed in knots. The line displayed in brown was
airway W633 with air navigation waypoint BELOL displayed.

The data did not contain any failures, emergency codes or other alerts from flight MH17.

The raw data for the last received message and the last target data information from
flight MH17 both have a time stamp of 13.20:03 (15.20:03 CET). The processed data
showed that no Mode S data was displayed from 13.20:18 (15.20:18 CET) and the coasting
mode (see Abbreviations and Definitions) was activated at 13.20:36 (15.20:36 CET). This
is shown by the target symbol changing from a diamond shape (0) to a hash (#) and by an
arrow next to the target symbol. This can be seen in the images in Appendix |. Due to
processing delays in the system, the change in display was not expected to coincide with
the actual time of the last Mode S transmission; the former may occur later.

The combined primary radar and secondary surveillance radar data from the Russian
Federation’s Air Navigation Service Provider, GKOVD, was provided in the form of a
video containing a radar screen replay. No other data was received. Due to the absence
of raw data, it was not possible to verify the video radar replay. The video of the radar
screen did not show any failures, emergency codes or other alerts of flight MH17. Figure
6 presents a sample image of the replay of the radar screen and an explanation of the
data displayed. This primary radar data was available for an area between about 30 to
60 km to the south of the aeroplane’s final position and about 90 km to the north and
east and about 200 km to the west.
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CHA351
350 B772
891#%

330 B772
893#%

Figure 6: Sample Russian Federation radar screen display. (Source: GKOVD)

GKOVD data showed flight MH17 as a combined primary and secondary target radar
symbol and label. The data label for the flight ‘'MAS17" showed the callsign in Cyrillic
script '"MAC17’, the flight level ‘330" and the aeroplane type ‘6772H" with the ‘B" in Cyrillic
script (meaning Boeing 777-200). The number ‘893" indicated the aeroplane’s ground-
speed in km/h. N.B. This image is not of the same moment as the image in Figure 5.

From the Ukrainian raw radar data it was established that the last secondary radar return
was at 13.20:03 (15.20:03 CET) with flight MH17 flying straight and level at FL330. The
video radar replay did not show any primary or secondary radar targets in the vicinity of
flight MH17 at that time.

In general, the video replay of the Russian Federation’s combined primary and secondary
radar data was consistent with the Ukrainian radar data. The following observations were
made:

* Flight MH17’s target was detected by primary and secondary radar;

* The video replay data was consistent with the radar data from Ukraine until 13.20:03
(15.20:03 CET);

° At 13.20:47 (15.20:47 CET), there was a ‘jump’ from the previous track; this is due to
the radar re-acquiring the target. In essence, the radar target was coasting and it was
re-acquired north of the coasting track;

* The target data for flight MH17 was lost on the Russian Federation radar screen at
13.20:58 (15.20:58 CET). At that moment the secondary radar label changed to "xxxx’;

* The MH17 label on the radar screen continued to be visible as a coasting secondary
radar target until 13.22:10 (15.22:10 CET) and until 13.25:57 (15.25:57 CET) as a primary
radar target;

* Asecond, primary, target was visible near the MH17 labelled target on two occasions.
Once between 13.20:47 - 13.21:08 and again between 13.21:18 - 13.25:57 (15.20:47 -
15.21:08 and 15.21:18 - 15.25:57 CET).
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Regarding other aeroplanes in the vicinity, the surveillance data showed that three other
aeroplanes flew through the same sector as flight MH17 at around the time of the crash,
see Figure 7. These three aeroplanes were operating flights for Air India’ (flight AIC113),
EVA Air (flight EVA88) and Singapore Airlines (flight SIN351). Two of these flights were
cruising eastbound and one flight was cruising westbound. All flights were under the
control of Dnipro Radar. At 13.20 (15.20 CET), the distance between flight MH17 and the
closest of the three aeroplanes was 33 km.

Google earth

Figure 7: Image of the Dnipropetrovsk FIR, Sectors 2 and 4, and the flown (black line) and intended (thin black
line) route of flight MH17. The yellow line represents the centre of airway L980. Also the aeroplane
type and flight level of the three aeroplanes flying in the same area are shown. The image depicts
the situation at 13.20 (15.20 CET). (Source: Google, Landsat)

Summary of the radar data

*  The raw UKSATSE surveillance radar data and the GKOVD radar screen video
replay both showed flight MH17 on a straight and level flight on FL330 until
13.20:03 (15.20:03 CET).

*  The GKOVD radar screen showed flight MH17 after 13.20:03 (15.20:03 CET) and
also showed primary returns in the vicinity of the MH17 target up to 13.25:57
(15.25:57 CET).

* According to radar data three commercial aeroplanes were in the same area as
flight MH17 at the time of the occurrence. Two aeroplanes were flying eastbound
through the airspace and one was flying westbound. All aeroplanes were under
the control of Dnipro Radar. At 13.20 (15.20 CET), the distance between flight
MH17 and the closest of the three other aeroplanes was 33 km.

9 In the Preliminary Report, Figure 2 showed the relative positions of other traffic. Air India flight AIC113 was
erroneously shown as an Airbus A330 and not as a Boeing 787.
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2.9.5.3 Recording of surveillance radar data

Both Ukraine and the Russian Federation were requested to provide their surveillance
radar data of flight MH17. Not all the requested information was provided (see paragraph
2.9.5.0).

The Russian Federation did not provide the radar data stating that no radar data was
saved, but instead provided the radar screen video replay, which showed combined
surveillance primary and secondary radar. In the absence of the underlying radar data
(so-called raw data), the video information could not be verified. For analysis, raw data is
preferred to processed data. The screenshots and video films made of the data, as
displayed to the controller, whilst of use, were the least preferred media for analysis.

In accordance with ICAO Annex 11 - Air Traffic Services, paragraph 6.4.1 (Automatic
recording of surveillance data) states are required to automatically record data from
primary and secondary surveillance radar equipment systems for use in accident and
incident investigations, search and rescue, and air traffic control and surveillance systems
evaluation and training. These recordings shall be retained for a period of at least thirty
days, and for accident and incident investigation for a longer period until it is evident
that the recordings will no longer be required.

The Federal Air Transport Agency of the Russian Federation stated that because the
crash had occurred outside Russian Federation territory, no radar data was saved, nor
was it required to be saved by national requirements. The Federal Air Transport Agency
confirmed that if the event had occurred in Russian Federation territory, the recorded
radar data would have been saved in accordance with Russian Federation requirements.
The national requirements for radar data recording management in the Russian
Federation are included in the following documents:

* Federal Aviation Regulations ‘CNS and aeronautical telecommunications’, as endorsed
by Federal Aviation Service Decree Number 115, dated 26 November 2007,

* Federal Aviation Regulations ‘ATM in the Russian Federation’, as endorsed by Ministry
of Transport Decree Number 293, dated 25 November 2011.

The regulation, ‘CNS and aeronautical telecommunications’, states that information that
is supplied through aeronautical telecommunication networks and radar data sources to
the displays installed at the working positions of air traffic controllers should be recorded
by special equipment.

This is further clarified in the regulation, 'ATM in the Russian Federation’, in terms of the
set of recorded information and their storage time. The regulation states that radio
communications between air traffic control units and flight crew members, air traffic
controller conversations, pre-flight inspections, weather information transferred by radio,
radar and flight plan information should be recorded by special equipment. In addition,
the recorded data should be stored for 14 days using analogue media and for 30 days
when using digital media.
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The information provided by the Russian Federation does not mention an exception to
the requirement to store radar data when that data relates to an area outside the Russian
Federation territory. When a state cannot, or will not, follow the provisions of an ICAO
standard, ICAO requires that the difference between the national version of a specific
standard and ICAO's text be reported to ICAO. The obligation to make such a notification
was imposed by Article 38 of the Convention on International Civil Aviation. The Russian
Federation has not filed a difference to ICAO Annex 11 paragraph 6.4.1.

2.9.6 Communications

A transcript of the communications between flight MH17, other traffic in the area and air
traffic controllers, and of communication between air traffic controllers at Dnipro and
Rostov air traffic control centres is contained in Appendix G to this report. Below is a
summary of the communication.

The flight crew of flight MH17 made initial radio contact with Dnipro Radar (Sector 2) at
12.53:29 (14.53:29 CET) and reported being at FL330. Dnipro Radar (Sector 2) requested
the flight to climb to FL350 but the flight crew replied that they were unable to do so. Six
minutes later, MH17’s flight crew asked for a clearance to deviate 20 NM to the left ‘due
to weather’; this request was approved. The flight crew next asked to climb to FL340.
Dnipro Radar responded that FL340 was not available at the time.

At 13.07:46 (15.07:46 CET) Dnipro Radar (Sector 2) transferred the flight to Dnipro Radar
(Sector 4). Contact with this station was established at 13.08:00 (15.08:00 CET).

After coordinating by telephone with air traffic control in the next sector (Rostov Control,
in the Russian Federation), which the aeroplane was about to enter, flight MH17 was
cleared at 13.19:49 (15.19:49 CET) to proceed direct to air navigation waypoint RND. This
message was confirmed by the flight crew between 13.19:56 and 13.19:59 (15.19:56 and
15.19:59 CET).

At 13.20:00 (15.20:00 CET) Dnipro Radar (Sector 4) further advised flight MH17 to expect
a further clearance to fly direct to air navigation waypoint TIKNA after passing waypoint
RND. This message was not acknowledged by flight MH17. From this time until 13.35:50
(15.35:50 CET) Dnipro Radar (Sector 4) called flight MH17 repeatedly, and also contacted
Rostov Control, but no response from MH17 was received. The flight crew of the nearby
aeroplane, Singapore Airlines flight 351, en-route from Copenhagen to Singapore, was
asked if they could see flight MH17 either visually or on the Airborne Collision and
Avoidance System display. The flight crew of Singapore Airlines flight 351 answered that
they could not see flight MH17. Singapore Airlines flight 351 also tried, without success,
to contact flight MH17 by radio on the emergency frequency 121.5 MHz. Following the
transmission at 13.20:00 (15.20:00 CET), the last radio transmissions from Dnipro Radar
(Sector 4) to flight MH17 were ten unanswered calls between 13.26 (15.26 CET) and 13.35
(15.35 CET).

No distress messages from flight MH17 were received by air traffic control.
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Foreword
Summary of the radio communications
e The last radio transmission made by flight MH17 began at 13.19:56 (15.19:56 CET) Summary
and ended at 13.19:59 (15.19:59 CET).
* The last radio transmissions made by Dnipropetrovsk air traffic control centre
(Dnipro Radar) to flight MH17 began at 13.20:00 (15.20:00 CET) and ended at 1
13.35:50 (15.35:50 CET). The flight crew did not respond to these transmissions. it er )

* No distress messages from flight MH17 were received by air traffic control.
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2.9.7 Airborne Warning and Control System aeroplanes
Two NATO Airborne Warning and Control System (AWACS) aeroplanes conducted

missions in NATO airspace over Poland and Romania on 17 July 2014. Part A:

3 Analysis

In correspondence with the Dutch Safety Board, the NATO Supreme Allied Commander

Europe stated that the AWACS aeroplanes detected flight MH17 during its flight but the |ntr°P;JZt?;n -
aeroplane ‘had flown beyond NATO AWACS coverage well before it crashed'. He noted Part B
that, following a request from the Dutch Safety Board, NATO specialists had re-analysed

the data that had been collected by the AWACS aeroplanes on 17 July but that ‘there is Part B:

no data from the AWACS which would be relevant to the investigation of the crash. 4 Decision making

Supreme Headquarters Allied Powers Europe does not hold any other radar or other

AWACS data relevant to MH17'.
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5 The situation

Summary of the information regarding AWACS aeroplanes

Part B:
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NATO AWACS aeroplanes did not have information pertinent to the investigation. 9
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Not applicable to this investigation. 8 The state of
departure
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2.11.1 Recovery of Cockpit Voice Recorder and Flight Data Recorder
The Cockpit Voice Recorder and Flight Data Recorder were not recovered by the Annex 13 10
investigation team. Individuals unknown to the investigation team removed the two flight Getneliaians
recorders from the wreckage area. On 21 July 2014, the recorders were handed over to a
Malaysian official in Donetsk, Ukraine by representatives of the armed group present in -

the area. On 22 July 2014, the recorders were handed over to the Dutch Safety Board in Recommendations
Kyiv, Ukraine. Appendix H contains further information on the Cockpit Voice Recorder and
the Flight Data Recorder readouts and data analysis.

12
Abbreviations and
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Both flight recorders had two sets of text labels, one in Cyrillic text and one in French. The
manufacturer’s text labels were in French and, on the other side of the recorder, in English.
The other text label was in Cyrillic text on the recorder unit and read ‘The Prosecutor
General’s Office of the Donetsk People’s Republic’. These text labels were not added by
the Dutch Safety Board, but were on both data recorders when they were handed over to
the Safety Board.

No evidence or indications of manipulation of the flight recorders were found.

2.11.2 Cockpit Voice Recorder

The housing of the Cockpit Voice Recorder (Figure 8) was damaged. The model and
serial numbers were unreadable on the data plate, but the serial number 1366, was
stamped on the underside of the chassis. The serial number 1366 was also provided by
Malaysia Airlines. The external damage to the Cockpit Voice Recorder was consistent
with impact damage; however, the internal memory module was intact. The Cockpit
Voice Recorder was successfully downloaded and contained valid data from the flight.

P P
MonT sdel noxnanor
edAiedAxodu
seHauedana g

TEN L2990

Figure 8: Cockpit Voice Recorder. (Source: Dutch Safety Board)

The replay of the communications recorded on the Cockpit Voice Recorder matched air
traffic control communications with flight MH17 (see Appendix G). The audio recording
indicated that besides the flight crew, a cabin crew member was in the cockpit. The
audio recording included the internal cockpit flight crew communication which contained
no indication that there was anything unusual with the flight. The Cockpit Voice Recorder
audio recording ended abruptly at 13.20:03 (15.20:03 CET). A replay of the Cockpit Voice
Recorder audio recording did not identify any aeroplane aural warnings or alerts of
system malfunctions. One of the four recorded audio channels, the cockpit area
microphone, was of poor sound quality. The relevant parts of the Cockpit Voice Recorder
audio recording were integrated with the air traffic control transcript in Appendix G of
this report.

At the end of the recording, two sound peaks were identified on the last 20 milliseconds
of the recording. A graphic representation of the two sound peaks for the four Cockpit
Voice Recorder microphones is shown in Figure 9.
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r

Observer Microphone (OBS)

Microphone P1 (Captain)

Figure 9: Sound peaks recorded at the end of the CVR recording. (Source: Dutch Safety Board)

The time period shown on each image is 4 milliseconds. The sound identified as ‘peak 1’
was only recorded on the cockpit area microphone (CAM).

2.11.3 Flight Data Recorder

The Flight Data Recorder (Figure 10) was manufactured by Allied Signal, model number
980-4700-003 and serial number 2196. The serial number matched the details provided
by Malaysia Airlines. The recorder that was given to the Dutch Safety Board had no
Underwater Locator Beacon attached.

The exterior of the flight data recorder was slightly damaged, but the internal memory
module was intact. The external damage on the Flight Data Recorder and the loss of the
underwater locator beacon was consistent with impact damage. The Flight Data Recorder,
designed so that a minimum of the last 25 hours of operational data is retained on the
recording medium, was successfully downloaded and contained valid data from flight MH17.
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Figure 10: Flight data recorder without Underwater Locator Beacon. (Source: Dutch Safety Board)

IntroP;L:zt?(;n to
The data'” on the Flight Data Recorder showed that the aeroplane was flying at 33,000 feet, Part B
on a constant displayed heading of 115° and at a constant computed airspeed of
293 knots." The recording had stopped abruptly at 13.20:03 (15.20:03 CET). The Flight Part B:
Data Recorder showed that the aeroplane’s position at 13.20:02 (15.20:02 CET) was 4 Decision making

48.12715 N 38.52630538 E.

No aeroplane or engine system warnings or cautions were found on the recorded data. 5 Thza:;E;tion
For engine parameters and pressure cabin parameters used in the investigation, see
Appendix H.
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6 Flight MH17

Summary of the data recorder information

Part B:
* Both the Cockpit Voice Recorder and Flight Data Recorder were recovered and ‘ Fﬂyﬁfﬂn?er
both contained recordings that could be used. Both recordings ended abruptly
at 13.20:03 (15.20:03 CET). Part B:
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i Part B:
recorder recordings. 9 Assessing the
*  Two peaks of sound were identified on the last 20 milliseconds of the Cockpit e
Voice Recorder recording.
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Flight Data Recorder data. Conclusions

* The engine parameters were consistent with normal operation during the flight.

No engine or aeroplane system warnings or cautions were detected. -
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10 Additional data extracted from the Flight Data Recorder is produced in Appendix H.
11 The recorded groundspeed was 494 knots or 914 kilometres per hour.
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2.11.4 Quick Access Recorder

The aeroplane was equipped with a Quick Access Recorder (QAR). This unit, installed in
the rear part of the aeroplane, records similar data to the Flight Data Recorder and is, as
its name suggests, easily accessible for, among other things, maintenance purposes. The
QAR was not recovered.

2.11.5 Emergency Locator Transmitters

The aeroplane was equipped with two Emergency Locator Transmitters. One Emergency
Locator Transmitter was a fixed unit mounted in the aeroplane (Model ADT 406 AF) and
the other unit was a portable unit to be used during emergency evacuations (Model ADT
406 AP). The Emergency Locator Transmitters operate on three frequencies: 406 MHz,
243 MHz and 121.5 MHz. The Emergency Locator Transmitters were powered by high-
energy lithium batteries and are capable of transmitting signals for at least 60 hours.

Each Emergency Locator Transmitter was uniquely identifiable by a hexadecimal code
embedded into the Emergency Locator Transmitter software. More information on the
Emergency Locator Transmitter is described in Appendix H.

The fixed Emergency Locator Transmitter, located in the aft section of the aeroplane,
was connected to the cockpit remote control panel for manual activation. The Emergency
Locator Transmitter was connected to an antenna on top of the fuselage and it also had a
back-up antenna.

The portable Emergency Locator Transmitter was located in a stowage area to the right
of the forward passenger door 1R. The portable Emergency Locator Transmitter had only
a manual activation system. It was not recovered. It had not been activated, because no
data was found to have been received by the ground stations.

The fixed Emergency Locator Transmitter can be activated in one of three ways,
automatically, manually using a switch in the cockpit or manually using a switch on the
Emergency Locator Transmitter unit. The Emergency Locator Transmitter system logic is
designed to transmit the first encoded signal after 30 seconds when automatically
activated and after 50 seconds when manually activated. The automatic activation is
based on a G-Switch in accordance with the EUROCAE ED-62 standard. The threshold
for activation is 2.0 to 2.6 g acceleration directed in the direction of flight of the aeroplane.
Normal turbulence during flight will not activate the Emergency Locator Transmitter.
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Emergency Locator Transmitter detection

After the Emergency Locator Transmitter has been activated, the detection and
localisation process has two stages. Firstly, the Emergency Locator Transmitter
emergency signal is picked up by at least one of the six satellites in a geosynchronous
orbit that contain Emergency Locator Transmitter reception equipment. These signals
are then relayed to one or more of 31 ground stations. Secondly, when a low-earth
orbit satellite (five such satellites have Emergency Locator Transmitter signal detection
equipment) passes overhead the Emergency Locator Transmitter, its signal is used to
calculate the position of the Emergency Locator Transmitter. Again, this information
is relayed to ground stations. This second detection may have a delay, as more than
one low-earth orbit satellite pass may be required to determine the Emergency
Locator Transmitter’s position. As the location determination process is done on the
basis of the Doppler shift principle, two possible locations are generated and by
correlation of subsequent satellite passes one of the two locations is eliminated.

On 10 July 2014, a test signal during maintenance from the fixed Emergency Locator
Transmitter was detected by a satellite and relayed to three ground stations. On 17 July,
five ground stations received an Emergency Locator Transmitter signal which had been
relayed by two satellites between 13.20:35 and 13.20:36 (15.20:35 and 15.20:36 CET).
This signal was active until 11.48:06 (13.48:06 CET) on 18 July.”” The locations of the fixed
Emergency Locator Transmitter as transmitted by the satellites showed that the
Emergency Locator Transmitter was located, up to the moment that transmissions ended,
in wreckage site 4. This was the site that contained, among other parts, the fuselage
between the wing and the tail section (see Section 2.12).

The fixed Emergency Locator Transmitter was not recovered by the investigation team,
although the fuselage structure at the rear of the aeroplane onto which the fixed
Emergency Locator Transmitter was mounted was recovered. Figure 11 shows the typical
installation of a fixed Emergency Locator Transmitter in a Boeing 777 (left) and the panel
recovered from the wreckage of flight MH17 where the fixed Emergency Locator
Transmitter was mounted (right).

12 Appendix H provides more information on the times of the receipt of the Emergency Locator Transmitter signal.
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Figure 11: Fixed ELT location installed in a Boeing 777 (left), panel recovered from 9M-MRD with no insulation
material or ELT attached (right). (Source: Dutch Safety Board)

Summary of the data from the Emergency Locator Transmitters

* The aeroplane was equipped with two Emergency Locator Transmitters, one
fixed and one portable. Neither Emergency Locator Transmitter was recovered.

* The fixed Emergency Locator Transmitter was automatically activated and its
signal was detected at 13.20:35 - 13.20:36 (15.20:35 - 15.20:36 CET). No signal
was detected from the portable Emergency Locator Transmitter.

* The fixed Emergency Locator Transmitter transmitted from a location in wreckage
site 4 until 11.48:06 (13.48:06 CET) on 18 July 2014.

2.11.6 Other aeroplane data
Two other recorded data sources that were obtained for the investigation were:

* Data transmitted by Very High Frequency (VHF) radio, and
e Data transmitted by Satellite Communication (SATCOM).

The SATCOM data was of interest to the investigation because, unlike VHF radio,
SATCOM interrogates the aeroplane’s system if no data is exchanged for more than
about 15 minutes.

2.11.6.1 Satellite Communication

SATCOM is a radio system that uses a constellation of satellites used to transmit voice
and data (see explanation below). Aircraft Communication Addressing and Reporting
System (ACARS) (see Abbreviations and Definitions) can make use of SATCOM to transmit
data to ground stations. The SATCOM system used by the aeroplane was linked to the
Inmarsat network.
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SATCOM and Inmarsat

The Satellite Communication system uses aircraft earth stations to provide the aircraft
interface to the Inmarsat satellites. Inmarsat is a provider of global mobile satellite
communications services, delivering voice and high-speed data communications on
land, at sea and in the air. Inmarsat operates several satellites in geosynchronous orbit.
Four satellites cover the oceans and the three major landmasses. Their combined foot-
prints provide worldwide communications coverage except in the extreme Polar
Regions. Inmarsat also has a terrestrial network to receive satellite messages, so-called
land earth station operators. One of these stations is located in Burum, the
Netherlands. It was this station that received data from flight MH17, prior to relaying
the data further on the Inmarsat ground network.

SATCOM transmissions were recorded as having taken place throughout the flight at
irregular intervals between 10.11 (12.11 CET) and 13.08 (15.08 CET). The transmissions
were relayed via two satellites. The last transmission from flight MH17 by SATCOM was
between 13.07:26 and 13.08:51 (15.07:26 and 15.08:51 CET). The ground station had an
inactivity timer. After approximately 15 minutes the ground station checked to see if the
aeroplane terminal was still operating by sending a message to the system: a so-called
Log-on Interrogation. As the ground station did not receive a reply from flight MH17, the
Log-on Interrogation message was sent two more times; again without reply. The ground
station’s logic then considered that the aeroplane’s reception terminal was not operating.
This occurred at 13.21:26 (15.21:26 CET), 14 minutes after the previous transmission
commenced.

2.11.6.2 Aircraft Communication Addressing and Reporting System
The following Aircraft Communication Addressing and Reporting System (ACARS)
messages were sent/received on 17 July 2014 to and from the aeroplane:

* |oad sheet and mass and balance information;

* Auxiliary Power Unit report;

* engine data (take-off and climb);

® position reports;

e flight route information;

* communication status messages (uplink messages).

The ACARS data showed a total fuel quantity of 96,400 kg. This is 100 kg less than is
recorded on the technical log and is considered to be a small inconsistency between the
different measuring means. The maximum fuel capacity of the aeroplane type, according
to Boeing, was 135,224 kg. The margin between the actual take-off mass of 278,691 kg
and the aeroplane’s maximum take-off mass of 286,897 kg was 8,206 kg.

According to the aeroplane’s load sheet 86,900 kg of fuel was required as trip fuel for the
flight. Trip fuel is defined as being the fuel quantity required for the period of the flight
from take-off to landing. It excludes fuel required for taxi-out and taxi-in, but includes the
fuel required for known or expected weather conditions or air traffic control restrictions.
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The fuel planned to be remaining on landing at Kuala Lumpur was 8,800 kg. ACARS data Fetet
showed that the engines were consuming an average of 8,758 kg of fuel per hour in the

two hours of cruise flight for which ACARS reports were available. Flight Data Recorder

data showed that the fuel on board immediately prior to the end of the recording was Summary
70,100 kg.

The timing and content of several messages could be verified by cross reference of other 1

sources; e.g. Rolls-Royce and Inmarsat. The first ACARS message from the aeroplane on Introduction

17 July was transmitted at 09.24 (11.24 CET) from Schiphol.
Part A:

At 09.56:35 (11.56:35 CET), an ACARS transmission of the load sheet was recorded. The inﬁ:ﬁg:‘:fgn

Rolls-Royce engine take-off and climb reports for the Engine Health Monitoring

programme were sent to Malaysia Airlines at 10.31:20 (12.31:20 CET) and 10.48:32,

(12.48:32 CET), respectively. oy

Part B:
Introduction to
Part B

Engine Health Monitoring

Engine Health Monitoring is a system that intermittently records a number of engine
parameters for the purpose of maintenance trend monitoring of the engine’s Part B:
performance. More details on Engine Health Monitoring are included in Appendix J. 4 Decision making

Various position reports, generated between take-off at Schiphol and 13.12 (15.12 CET), 5 Thzasr;f;tion

were transmitted by ACARS. ACARS Message number 50868018 showed that at 12.57:32
(14.57:32 CET), the last position report was sent.

Part B:

ACARS Message number 50868202 was the last SATCOM transmission and it was 6 Flight MH17

recorded at 13.07 (15.07 CET). The final ACARS VHF radio transmission was, according to

the ACARS log, made at 13.12 (15.12 CET). Later messages sent from the ground to the Part B:

. . 7 Flying over
aeroplane were not received by the aeroplane. These messages were stored by Malaysia Ukraine
Airlines and were available to the investigation.

Part B:
8 The state of
departure

Summary of the other recorded data

o 0o . . Part B:
None of the recorded data sources indicated that electrical power was available on 9 Assessing the

flight MH17 after 13.20:03 (15.20:03 CET). risks

10
Conclusions

212 Wreckage and impact information
"

The following paragraphs describe the geographic area of the crash and wreckage as it Recommendations

was found. Details are provided on the location, identification and observed damage of

the wreckage pieces.

12
Abbreviations and
Definitions
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2121 Crash area access

Under escort of the Organisation for Security and Cooperation in Europe (OSCE), air
accident investigators from Ukraine and Malaysia, the Australian Federal Police and
journalists had access to the crash area in the days following the crash. During these
visits, the wreckage was photographed extensively and showed the locations mostly
undisturbed. The information gathered was shared with the Dutch Safety Board.

Due to the security situation within the geographic area of the crash, the Dutch Safety
Board was unable to start the collection and preservation of the wreckage directly after
Ukraine had delegated the investigation to the Netherlands.

It was not until 4 November 2014 that the Dutch Safety Board was able to visit the various
locations where the wreckage was located, under the protection of the Dutch Ministry of
Defense’s Recovery Mission. Starting on 16 November, after receiving permission from
local authorities, wreckage parts were collected during six days and transported to the
Netherlands for the investigation and partial reconstruction of the aeroplane. It was
necessary to cut some parts into smaller pieces for transport.

It was not until 20 March 2015 that it was possible to gain access to the site north-west of
the village of Petropavlivka for the first time. Between 19 April and 2 May, pieces of
wreckage that had been collected by local residents were recovered.

It should be noted that many pieces of the wreckage were not physically examined by
the Dutch Safety Board until four months after the crash. During this period some parts
were removed, therefore it was not possible to retrieve all wreckage pieces. Wherever
possible, the photographs taken immediately after the crash were used in conjunction
with the wreckage found.

2.12.2 General distribution and description of the wreckage

The wreckage parts of the aeroplane were identified within an area of approximately
50 km?. Most of the wreckage was located on six sites within this area. The majority of
the wreckage was located in three of these sites to the south-west of the village of
Hrabove. Figure 12 shows the geographic location of the six wreckage sites. Each
wreckage site has an associated colour. The distribution of wreckage pieces over a large
area indicates an in-flight break-up.
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Part A:
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: Part B:

Introduction to
Part B
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Part B:
Figure 12: Overview of wreckage area showing the six smaller sites. (Source of satellite images: Google Earth/ 4 Decision making
Digital Globe)
. . . . . . Part B:
Table 9 gives an overview of the wreckage sites that are described in this paragraph. LA

Outside of the six specified sites, no items of note were identified. Between sites 3 and
4, personal belongings, as well as small pieces of wreckage originating from the aft side

of the aeroplane were found. Part B:
6 Flight MH17
Site no. Part B:
O Yellow Farm land 212.2.1 7 Flying over
Ukraine
2 © Orange Residential area of Petropavlivka 212.2.2
Part B:
: 8 The state of
3 @ Red Farm land south of the village of Rozsypne 212.2.3 desartare
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Figure 13 shows the origin of the wreckage pieces that were recovered from the various
wreckage sites by the Dutch Safety Board.

STA1546.5

, orizontal
Wing stabilizer

@® Site 0 @ Site 4
O Site 1 @ Site 5
O Site 2 O Site 6
@ Site 3 O Not recovered

STA2174 STA1546.5 STASSS

G

Horizontal
stabilizer

Figure 13: Side view left (top) and right (bottom). Identification of wreckage retrieved from the wreckage sites.
The retrieved parts of the wings, engines and horizontal stabilizers, found in sites 5 and 6, are not

shown in this image, but are described in the following paragraphs. (Source: Dutch Safety Board)

As a result of shelling within the geographic area of the crash, the Dutch Safety Board
was not able to retrieve all identified wreckage pieces during the recovery mission in
November 2014. The site in which these wreckage pieces were located was either not
accessible to the Dutch Safety Board or the pieces were no longer present at their impact
location. Table 10 indicates the wreckage pieces not able to be recovered.

Cockpit fuselage top section 41 Site 1
Fuselage top above business class (two pieces) 41 Site 1
Fuselage left hand side with positive pressure relief valves 43 Site 1
Forward section passenger floor (business class) 41 Site 2
Fuselage with windows and door frame of door 1L 4 Site 2
Fuselage with door frame of door 1R and surrounding fuselage 41 Site 2

Table 10: Wreckage parts not able to be recovered.
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The following paragraphs provide, per wreckage site, a detailed description of the
wreckage parts, relevant for the analysis. In the description of the pieces of wreckage of
the aeroplane, Boeing references such as sections and stations (STA) are used. Information
on these two means of reference is provided in the list of Abbreviations and Definitions.

2.12.2.1 Wreckage site 1 (yellow)

This site of approximately 3 km?, is located 8.8 km west of the village of Hrabove. Parts of
wreckage were distributed over three agricultural fields which were separated by roads
and vegetation. No fire nor infrastructure damage was observed on this site. An overview
of the wreckage sites 1, 2 and 3 and the locations of the wreckage pieces is depicted in
Figure 14.

Sites 1, 2 and 3

Legend

— Road

[ Residential area
--- Railway

[ Wreckage location

Site 1

1. Upper left hand cockpit fuselage*

2. Upper part fuselage above business
class (forward)*

3. Upper part fuselage above business
class (aft)*

4. Right hand fuselage with partial text
“Malaysia”

5. Left hand fuselage with positive
pressure relief valves*

Site 2

6. Left hand fuselage with door frame of
door 11*

7. Right hand fuselage with door frame of
door 1R*

8. Left hand fuselage with door frame of
door 2L

9. Lower fuselage with forward cargo
floor

10. Right hand fuselage with door 2R

11. Left engine intake ring

12. Cockpit fuselage

13. Forward section passenger floor,
business class

Site 3

14. Cockpit, including forward bulkhead,
forward cargo hold, nose gear wheel
bay, avionics

*  Parts not retrieved by the Dutch Safety
Board

600 m A

—_— N

Figure 14: Overview of wreckage sites 1, 2 and 3 and the locations of the wreckage pieces. (Source: Dutch
Safety Board)

The numbers in brackets following the titles below correspond with the locations in
Figure 14.

Upper left hand cockpit fuselage (1)
A portion of the cockpit fuselage’s top section (STA236.5 to STA332.5) was located in the
south-western region of site 1 (Figure 15). This part was not recovered. The fuselage skin

% E; . ‘ 56 of 279

Contents

Foreword

Summary

1
Introduction

Part A:
2 Factual
information

Part A:
3 Analysis

Part B:
Introduction to
Part B

Part B:
4 Decision making

Part B:
5 The situation

Part B:
6 Flight MH17

Part B:
7 Flying over
Ukraine

Part B:
8 The state of
departure

Part B:
9 Assessing the
risks

10
Conclusions

11
Recommendations

12
Abbreviations and
Definitions

13

List of appendices



showed evidence of perforation from the outside. The aft side of the fuselage skin was
bent upwards and a number of formers and stringers were missing from the fuselage.
The upper side of the fuselage showed traces of soot.

&

Figure 15: Upper left hand cockpit fuselage. (Source: DCA Malaysia)

Upper parts of fuselage above the business class (2 and 3)

The upper side of the forward fuselage (section 41), above the business class, was found
in two pieces. The distance between the two pieces of fuselage was approximately
150 metres.

The foremost part of the upper fuselage (STA357.25 to STA529) was found in the southern
region of site 1. The inner portion of the fuselage was facing upwards and the Traffic
Alert and Collision Avoidance System (TCAS) antenna module was visible. A number of
formers and stringers were partly detached from the fuselage and others were broken.

The aft portion of the upper fuselage (STA529 to STA655) was located in the south of
site 1. The exterior side of the fuselage was facing upwards and showed evidence of
perforation from the outside. The upper transponder antenna, attached to the outside of
the fuselage, showed no signs of damage.

The upper parts of the fuselage above the business class were no longer present at the
time of the recovery mission.

% % . ‘ 57 of 279

Contents

Foreword

Summary

1
Introduction

Part A:
2 Factual
information

Part A:
3 Analysis

Part B:
Introduction to
Part B

Part B:
4 Decision making

Part B:
5 The situation

Part B:
6 Flight MH17

Part B:
7 Flying over
Ukraine

Part B:
8 The state of
departure

Part B:
9 Assessing the
risks

10
Conclusions

11
Recommendations

12
Abbreviations and
Definitions

13

List of appendices



Right hand fuselage with partial text ‘Malaysia’ (4)

A wreckage piece with a partial print of the text ‘Malaysia’ belonging to section 43 and
section 45 (STA846 to STA1032) on the right hand side of the aeroplane was located on
the south-eastern side of site 1. The upper portion of the fuselage had sheared just
above the text and the letter ‘M’ on the left hand side of the wreckage piece appeared
to be missing. All edges showed clear shears. Halfway, the fuselage was partially sheared
from top to bottom. Formers and stringers were no longer attached to the fuselage.

Left hand fuselage with positive pressure relief valves (5)

The part of the fuselage containing the two positive pressure relief valves was found in
the south of site 1. The fuselage part of the left hand side of the aeroplane (STA529 to
STA655), also contained a static port and six passenger windows. Photographic evidence
showed that both positive pressure relief valves were found in a closed position. The
upper side of the fuselage was sheared just above the window frames. This wreckage
piece was no longer present at the time of the recovery mission.

Cockpit and cabin furnishing
In site 1, pieces of cockpit and cabin furnishing, including the Captain’s charts folder and
pieces of a galley trolley, were found. A single overhead luggage bin, belonging to row
11 JK was found on the eastern region of the site. The surrounding overhead luggage
compartments were missing.

Cargo

Fragments of two cargo containers with registration AKE3951TMH and AKE3540MH were
identified on site 1. In total six textile rolls each with a length of approximately 100 metres
were located in the northern region of site 1. These rolls were identified as being part of
the cargo. The cargo manifest indicated that in the forward- and aft cargo compartment
of the aeroplane, two unit load devices, each carrying 10 textile rolls, had been loaded.
These pieces of cargo were used as part of the trajectory analysis in paragraph 3.11.7.

2.12.2.2 Wreckage site 2 (orange)
This site of approximately 2.5 km?, covers a large part of the village of Petropavlivka and
is located 8 km west of Hrabove. Several structures in the village of Petropavlivka were
damaged by debris. An overview of the wreckage site and the location of the wreckage
pieces is depicted in Figure 14.

Left hand fuselage with door frame of door 1L (6)

The door frame of door 1L (STA309.5 to STA529) with surrounding fuselage was located
in the northern region of site 2. The inner structure of the fuselage was facing upwards
and the frames of six passenger windows were visible. Photographic evidence showed
traces of soot on the bottom portion of the fuselage and the absences of the upper door
sill. This wreckage piece was not recovered from the wreckage site.

Cockpit and cabin furnishing were found nearby the fuselage. However, the initial impact
location of this furnishing on the ground could not be verified due to the absence of
photographic and video evidence. It is of note that as time went by, pieces of wreckage
were collected by the residents of Petropavlivka.
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Right hand fuselage with door frame of door 1R (7)

The fuselage near door 1R (STA276.5 to STA345) was located parallel to a dirt road in the
western region of site 2. The exterior side of the fuselage was facing upwards and a
portion of the door frame of door 1R was visible. This wreckage piece was no longer
present at the time of the recovery mission.

Left hand fuselage with doorframe of door 2L (8)

The fuselage near door 2L (STA655 to STA930) was found in a yard in the north-eastern
region of area 2. The exterior side of the fuselage was facing upwards and the upper side
of the fuselage was folded in longitudinal direction. The fuselage contained three
windows. The upper portion of the fuselage contained the casing of the anti-collision
light. A partial letter ("M’) of the text ‘Malaysia’ was visible.

Lower fuselage with forward cargo floor (9)

Pieces of the cargo floor (STA634 to STA888) were found in Petropavlivka, in the centre
of site 2. The skin on the right hand side of the fuselage had sheared just above the
cargo floor and the cargo rails itself were visible. The fuselage was relatively intact, aside
from shear damage. Two static ports were visible on the right hand side of the fuselage.
Cracks were observed in the transverse direction on the cargo floor.

The left nose wheel landing gear door and the casing of the right negative pressure relief
vent were found near the cargo floor.

Right hand fuselage with door 2R (10)

The fuselage containing door 2R was identified in the eastern region of site 2. The
fuselage surrounding door 2R had sheared above the text ‘sia’ near STA655 on the left
side and STA888 on the right side.

The door was positioned in the door frame and the fuselage had sheared below the
frame of the left negative pressure relief valve. The left negative pressure relief valve was
attached to the upper portion of the frame and the valve was pinned in its open position
between the casing and the ground. Neither the frame nor the door of the right negative
pressure relieve valve were found at site 2.

The negative pressure relief valve itself was cracked over the half of its vertical length.

The valve showed damage consistent with the valve being fully opened and striking the
adjacent rib (Figure 16).
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Left engine intake ring (11) . Fl?al:t BI:H17
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the rear side (right photo). (Source: Dutch Safety Board) Definitions
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Cockpit fuselage (12)

Part of the fuselage, originating from the left hand side of the cockpit was identified in a
garden in the central region of site 2. This part contained numerous puncture holes and
pitting. It also showed traces of soot. The formers on the inner side of the fuselage had
been sheared off. See Figure 18.

Figure 18: Part of fuselage left hand side showing holes and pitting. (Source: Dutch Safety Board)

Forward section passenger floor (business class) (13)

A portion of the cabin floor from section 41 was located in the south-eastern region of
site 2. The cabin floor contained business class seats which were tilted in a downward
position, but still attached to the seat racks. This wreckage piece was no longer present
at the time of the recovery mission.

Cabin furnishings

Cabin furnishings such as passenger seats and overhead bins were spread across site 2.
These items belonged primarily to section 41 and 43 of the aeroplane. In the eastern
region of the site, parts of the overhead passenger service unit with reference STA747,
situated above door 2L, and the centre overhead luggage compartment of row 2 were
identified. The distance between the overhead passenger service unit and the overhead
luggage bin was approximately 260 metres.

The passenger service unit was equipped with a television screen which appeared to be
intact. The latch that seals the casing housing the oxygen masks, was missing and the
oxygen masks were deployed. The position of the solenoid could not be verified due to
the absence of photographic evidence.
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A centre overhead luggage compartment was located in a line of trees. The compartment,
with overhead luggage bins on both sides, came from the centre section above rows 1
and 2. One of the overhead bins had a placard with ‘2 DFG’, indicating row 2 seat D, F
and G. The overhead luggage compartment contained fragments of 5 overhead bins.

2.12.2.3 Wreckage site 3 (red)

The cockpit and most of the lower part of the surrounding fuselage (section 41) was
found in site 3 (Figure 14), about 7 km south-west of Hrabove. The site, approximately 70
x 40 metres, was located in a sunflower field situated on the southern corner of the village
of Rozsypne. Within this relatively concentrated site, cockpit instruments, avionics
equipment and fragments of cabin and cargo furnishings were found. Aside from
flattened vegetation, shallow impact marks were observed on the ground. The distance
between the site where the cockpit fell and the place where the first larger pieces of
wreckage were found, near wreckage site 4, is approximately 6 km.

Photographic and video evidence from the days after the crash indicated that site 3 had
been disturbed and aeroplane parts and cargo had been removed from the site. A
number of avionics units, photographed by third parties following the days of the crash,
were no longer present during the recovery mission of the Dutch Safety Board in
November 2014.

General description cockpit and surrounding fuselage (14)

The forward portion of the aeroplane, part of the cockpit including the forward bulkhead,
was found in a tilted nose-down position facing in an easterly direction. The cockpit and
surrounding fuselage had separated in the longitudinal direction of the aeroplane
revealing cockpit and cabin furnishings. It is of note that the upper portion of the cockpit
fuselage was not located in site 3.

The nose landing gear wheel bay and the avionics compartment had perforated the
cockpit floor and cabin floor pushing it in an upward direction. The adjacent cabin floor
had separated in the longitudinal direction into two pieces. The left portion of the cabin
floor was still attached to the fuselage and parts of the left galley were visible. Other
than the severe structural damage of the fuselage, the bottom portion of the fuselage
was found as a whole. The fuselage on the right hand side of the aeroplane had sheared
behind the large cargo door and the adjacent cargo floor was visible.

On the left hand side of the cockpit, between STA132.5 and STA220.5 of the aeroplane,
no pieces of fuselage were recovered. The left angle of attack sensor, still attached to a
portion of the fuselage, was located in the vicinity of the cockpit wreckage.

The right hand side of the cockpit remained fairly intact. The window panes of the right
cockpit windows were still in place. The presence of soot is noted on the inside of the
right cockpit windows 2 and 3. The upper portion of the right hand side of the fuselage
showed evidence of both perforation and ricochet marks. In contrast to the left hand
side of the cockpit (see paragraph 2.12.2.7), the lower right hand side did not show similar
signs of perforation from the outside (see Figure 19). The size of the perforation holes is
detailed in paragraph 2.6 of Appendix X.
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Figure 19: Part of the right hand side of the cockpit. (Source: Dutch Safety Board)

There was perforation damage on the forward pressure bulkhead. Three holes were
visible. Parts of the cockpit fuselage were still attached to the left hand and right hand 10

side of the forward bulkhead (Figure 20). The left hand side of the fuselage attached to Conclusions
the forward pressure bulkhead contained numerous puncture holes and pitting was
observed (Figure 21). The right hand side of the fuselage attached to the forward

1
pressure bulkhead had no perforation damage.
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Figure 20: Forward pressure bulkhead and right hand Figure 21: Puncture holes on left hand
fuselage. (Source: Dutch Safety Board) fuselage at the forward pressure bulkhead.
(Source: Dutch Safety Board)

A large part of the cockpit floor was found, broken up in several parts, and stripped of
most of its content, see Figure 22. Seats, centre console, wall structure and most of the
control mechanics were separated from the floor structure; only part of the first officer’s
control mechanism remained attached. A part of the right hand side of the cockpit floor
was attached to the aft side of the forward pressure bulkhead. This piece of wreckage
included a significant part of the first officer’s controls and the associated link mechanism.
It was extensively deformed and the construction was folded in on itself.
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The fuselage skin (STA250 and STA330) was pushed in between the stringers and frames, Fetet
see Figure 23.
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The floor part left of and below the captain’s seat was recovered. This part of the floor

was punctured extensively and was also covered in soot and showed signs of heat 5Thza:;¢l?;tion
damage. The lower part of the captain’s control column showed signs of perforation
(Figure 24); the upper part was not recovered.
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Figure 24: Lower part of Captain’s control column showing perforation damage. (Source: NLR)
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Within close proximity to the cockpit wreckage, cockpit furnishings, including pilot seats
and cockpit instruments were found. Together with parts of the cockpit floor, the throttle
quadrant and pedestal had been pushed in an upward direction. The left hand side plate
and the throttle quadrant showed perforation damage (see Figure 25). The remainder of
the cockpit instruments such as the Mode Control Panel and a number of cockpit display
units were found in a heap. A large part of the centre pedestal was recovered.

Figure 25: Throttle quadrant (viewed from the left hand side) showing perforation damage. (Source: NLR)

Most of the captain’s seat was recovered in close proximity to the wreckage. It was found
in three parts: seat bottom, backrest and headrest. All of the parts showed perforation
damage and signs of distortion by ground impact.

The main structure of the first officer's seat was deformed and had perforation holes,
mainly on the backrest support. The floor plate to the left of the seat showed extensive
holing, as did the headrest panel. See Figure 26.
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Figure 27: Perforation holes in seat back panel of left observer seat. Note: The seat back panel is shown flat

on the floor in this image. (Source: NLR)

From the area just behind the cockpit, at the level of the first doors, one part of the floor
(composite honeycomb structure) was retrieved. The floor panel included a number of
beams, but lacked all of the structure above floor level. The part showed some damage,
but no perforation damage.

A number of the avionic units, located in the forward section of the aeroplane, were
recovered. One possible object impact mark was found on top of the left engine vibration
monitoring unit. This is located on the outboard side of rack numbered E1-4, which is
close to the fuselage on the left hand side.

Cargo and containers
A number of cargo containers and their content were distributed close to the wreckage.

2.12.2.4 Wreckage site 4 (green)

The fuselage of the aeroplane between the wing and the tail section (section 46 to
section 48) was primarily located in site 4, approximately 2 kilometres south, south-west
of Hrabove. Pieces of wreckage, including both horizontal stabilizers and both wing tips
were distributed over this site of approximately 540 x 650 metres. The site contains a
number of farm buildings surrounded by a fence and it was partially surrounded by a
forest which was located in a gully. The right stabilizer was found in a small lake in the
south-easterly part of the site. An overview of the wreckage site and the location of the
wreckage pieces is depicted in Figure 28. A total of about 50 oxygen generators were
recovered from sites 4 and 5.
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Site 4

Legend

71 Lake

Forest

[ Building

[ Wreckage location

1. Left horizontal stabilizer 18.Inboard spoiler right
2. Upper fuselage with ELT wing
antenna 19. Left hand fuselage with
3. Right wing tip partial text “sia”
4. Small cargo door 20. Left spoilers
5. Righttrailing edge flap  21.Right hand fuselage
6. Left trailing edge flap with text “9"
7. Left hand fuselage with  22.Part of rear pressure
door 4L bulkhead
8. Left hand fuselage 23.Part of rear pressure
between door 3L and 4L bulkhead
9. Left hand fuselage 24.Left hand lower
between door 3L and 4L fuselage
10.Door frame door 3L 25.Leading edge right
11. Right hand fuselage horizontal stabilizer
with small cargo door ~ 26.Left hand fuselage with
frame text “ia”
12. Lower fuselage below  27.Right hand fuselage
door 4 with partial text
13.Right hand fuselage “Malaysia”
with door frame of door 28.Door 4R
4R 29.Upper left hand
14. Left wing tip fuselage
15. Right horizontal 30.Door 3L
stabilizer 31. Lower half of door 3R
16.Right hand fuselage
between door 3 and 4
17. Auxiliary Power Unit 70 m A
cone . . N

Figure 28: Overview of wreckage site 4 and the location of the wreckage pieces. (Source: Dutch Safety Board)

The numbers in brackets following the titles below correspond with their locations in the
diagram above.

Left horizontal stabilizer (1)

The left horizontal stabilizer was located in the south-westerly region of site 4. The
stabilizer impacted the ground in a slightly tilted position with the bottom side facing
upwards. The stabilizer was relatively intact and it appeared the stabilizer had sheared
near the stabilizer wing box. Damage was observed on the leading edge of the stabilizer.
The elevator surface was missing.

Upper fuselage with Emergency Locator Transmitter antenna (2)

The top fuselage between STA1664 to STA2000 was found near a building in the south-
westerly region of site 4. The fuselage was folded and showed three antennas on the
exterior side of the fuselage. This included the Emergency Locator Transmitter antenna
and the low gain SATCOM antenna.

Right wing tip (3)

The right wing tip was located near farm buildings in the south-westerly region of site 4.
The wing tip was facing in a south-easterly direction and was upside down. The wing tip
had sheared from the wing at the fourth fuel tank vent hatch, counting from the tip
towards the root. A safety line attach point was visible on the top side of the wing tip.
The outboard aileron was missing.
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Small cargo door (4)

The small cargo door belonging to the right hand side of the aeroplane was found in
between the farm buildings. The door was found in one piece with the exterior side
facing upwards. The small cargo door vent, located on the upper side of the cargo door,
was missing. The door assembly was cracked in lateral direction.

Left and right trailing edge inboard flap (5 and 6)

A part of the inboard trailing edge flap of the left wing and a part of the inboard trailing
edge flap of the right wing were found in the field east of the agricultural buildings. Both
inboard flaps had broken off in longitudinal direction revealing the inner structure on
both sides of the flaps.

Left hand fuselage with door 4L (7)

Door 4L and surrounding fuselage (STA1916 to STA2174) were identified between a
number of buildings in the central region of site 4. The door was in the closed position
and a portion of the bottom fuselage was folded. Four window frames, including two
window panes as well as a part of the rear pressure bulkhead were still attached to the
fuselage. The aeroplane registration, ‘?9M-MRD" was visible.

Left hand fuselage between doors 3L and 4L (8, 9 and 10)

The left hand fuselage between doors 3L and 4L was separated in three pieces. The first
piece (STA1546.5 to STA1622) was found in the field, close to the fence surrounding a
number of farm buildings. The fuselage contained the right hand door frame of door 3L,
two window frames and a portion of the wing to body faring.

A second piece (STA1743 to STA1790) was found in the western region of site 4. This
piece included eight window frames, with some window panes still attached. The bottom
part of the fuselage showed a large tear in lateral direction.

The third piece was found close to the second piece in the field, close to a fence
surrounding farm buildings. The fuselage (STA1790 to STA1916) contained five complete
window frames, including two window panes. Three holes, approximately 10 by
10 centimetre, were noted; one below the window frames and one above the window
frames.

Right hand fuselage with small cargo door frame (11)

Fuselage with part of the aft side of the wing to body faring was found in the field east of
the agricultural buildings. The fuselage contained the cargo door control switch, as well
as the right hand side of the frame of the small cargo door.

Lower fuselage below door 4 (12)

Part of the lower left hand fuselage (STA1958 to STA2150) was found in the eastern region
of site 4, in a field to the east of the farm buildings. This part contained the lower part of
the frame of the pressure control system outflow valve and the tail strike indicator. On
the inside, part of the cargo floor was still attached to the fuselage.
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Right hand fuselage with door frame of door 4R (13)

The door frame of door 4R and the surrounding fuselage of the right hand side (STA1958
to STA2129) of the aeroplane was found in the eastern region of site 4, in the field east of
the farm buildings. The letters ‘"MRD’, part of the aeroplane’s registration, were visible,
and two window frames were still attached. Although the door frame was complete, it
had been broken in one of the lower corners, and was found in a twisted position on the
ground. Door 4R itself was found in the northern region of site 4, in the gully. On the
lower half of the door, a perforation from the outside is visible.

Left wing tip (14)

The left wing tip was located near the small lake in the south-easterly region of site 4,
with its top side facing upwards and the tip in a north-westerly direction. A safety line
attachment point was visible on the top side of the wing tip. The tip showed signs of
impact damage on the top side and the leading edge (see Figure 29). The wing tip broke
off from the wing at the fourth fuel tank vent hatch, counting from the tip towards the
root. Several pieces of foreign objects were recovered from inside the left wing tip (one
piece is shown in paragraph 2.12.2.8).

Figure 29: Left wing tip with impact damage near and outboard of the safety line attachment point. (Source:
Dutch Safety Board)

Right horizontal stabilizer (15)

The right horizontal stabilizer was submerged in a small lake in the south-eastern region
of site 4. The stabilizer was moved and placed near the small lake. The stabilizer had
broken off at rib 15. The trailing edge of the right horizontal stabilizer was missing, as
well as the tip. Parts of skin on the upper side of the stabilizer were missing.

% '5 ‘ ‘ 71 of 279

Contents

Foreword

Summary

1
Introduction

Part A:
2 Factual
information

Part A:
3 Analysis

Part B:
Introduction to
Part B

Part B:
4 Decision making

Part B:
5 The situation

Part B:
6 Flight MH17

Part B:
7 Flying over
Ukraine

Part B:
8 The state of
departure

Part B:
9 Assessing the
risks

10
Conclusions

11
Recommendations

12
Abbreviations and
Definitions

13

List of appendices



Right hand fuselage between door 3R and 4R (16)

The right hand side of the fuselage between doors 3R and 4R was located in the gully in
the wooded site on the northern region of site 4. The fuselage included the aft door
frame of door 3R, the cargo door frame and the bulk cargo door. The lower side of the
cargo door frame and door 3R itself were missing. The cargo door was found in the
central region of site 4, between a number of buildings. The fuselage above the windows
was missing. No impact damage on the fuselage was observed.

Auxiliary Power Unit cone (17)

The Auxiliary Power Unit (APU) cone was located in the gully in the small forest in the
northern region of site 4. The cone had broken off at STA2508 and no damage was
observed on the exterior side of the APU cone.

Inboard spoiler right wing (18)

An inboard spoiler belonging to the right wing was found with the top side facing
upwards in the field east of the agricultural buildings. The spoiler was damaged along
the trailing edge of the spoiler assembly, revealing the internal structure.

Left hand fuselage with partial text ‘sia’ (19)

A portion of the fuselage of the left hand side with text ‘sia’, which is part of the ‘Malaysia’
logo on the side of the aeroplane (STA1014 to STA1077) was found in the field east of the
buildings, in the eastern region of site 4.

Inboard spoilers left wing (20)

Two inboard spoilers, still attached to part of the spoiler assembly, belonging to the left
wing, were found in the gully. Both spoiler panels were damaged and a lower portion of
the wing was still attached to the spoiler assembly.

Right hand fuselage with partial text ‘9M-MRD’ (21)

This part of the fuselage (STA2150 to STA2295.65) belongs to the right hand side and
shows part of the registration '9". The top side shows a mostly straight shear. Both sides
were jagged and the bottom side is irregularly sheared. Formers and stringers, as well as
a small part of the rear pressure bulkhead were still attached to the fuselage. Three holes
were visible; each approximately 1 by 2 centimetre. This part of the fuselage was found
in the north-eastern region in the field east of the buildings.

Rear pressure bulkhead (22 and 23)

The rear pressure bulkhead was separated into four pieces. A small portion of the rear
pressure bulkhead was still attached to the fuselage surrounding door 4L. The largest
piece was found in the forest in the gully in the northern region of site 4. The remaining
part of the rear pressure bulkhead is missing.

Left hand lower fuselage (24)

The fuselage, belonging to the lower left hand side of the fuselage (STA1706 to STA1979)
was found in between the agricultural buildings. The exterior side of the fuselage was
facing upwards and a hole of approximately 10 by 15 centimetre was visible.
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Leading edge right horizontal stabilizer (25)
The leading edge was found, separated from the stabilizer, west of the agricultural
buildings. The leading edge of the stabilizer was perforated from the outside.

Left hand fuselage with partial text ‘Malaysia’ (26)

This part of the fuselage (STA1056 to STA1371) belongs to the left hand upper side and
shows ‘ia’, part of the text ‘Malaysia’ and was found in the field close to the fence
surrounding the buildings. Most of the formers and some of the stringers were damaged,
but still attached to the fuselage.

Right hand fuselage with partial text ‘Malaysia’ (27)

This part of the fuselage (STA909 to STA975) belongs to the right hand side and shows a
partial ‘ay’ and contains two complete and two half window frames. The bottom edge
shows a straight tear, the top and sides are irregular. Formers and stringers are no longer
attached to the fuselage. This part of the fuselage was found in the gully at site 4.

Door 4R (28)

Passenger door 4R was found in the gully at site 4. Dents are visible on the edges of the
door. A hole of approximately 1 by 10 centimetre is visible at the bottom side of the
door.

Upper left hand fuselage with horizontal stabilizer travel range (29)

The fuselage (STA2268.25 to STA2344.5) was found east of the agricultural buildings.
The exterior side of the fuselage was facing upwards and a part of the horizontal stabilizer
travel range was visible. Several holes, approximately 1 by 1 centimetre, were observed.

Door 3L (30)
Passenger door 3L was found in the field east of the buildings. The door showed a
horizontal fold and the frame at the back of the door is cracked at the location of the

fold.

Door 3R (31)

The lower half of passenger door 3R was found in the eastern region of site 4. This part
was no longer attached to the door assembly. The lower right hand corner was sheared.
It was noted that, although the upper portion of the door has been recovered, its initial
impact location is unknown.

2.12.2.5 Wreckage site 5 (blue)

A part of the aft section of the aeroplane, including the vertical stabilizer and the
surrounding fuselage was located in site 5, situated approximately 750 metres south-
west of Hrabove. Within this site, pieces of wreckage were distributed over approximately
600 x 800 metres. Parallel to the elevated road on the west side, there were power lines.
It was noted that one of these power lines on the west side of the elevated road had
been clipped. An overview of the wreckage site and the location of the wreckage pieces
is depicted in Figure 30.
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Site 5

Legend

7 Lake

Forest

Wl Burn site

[] Elevated road

[T Wreckage location

1. Vertical stabilizer
2. Horizontal stabilizer
3. Auxiliary Power Unit
firewall and
surrounding fuselage
4. Container cabin
crew rest area
5. Cabin floor aft section

70 m A
N

Figure 30: Overview of wreckage site 5 and the location of the wreckage pieces. (Source: Dutch Safety Board)

On the west side of the elevated road a burn site was identified containing the remains
of the aeroplane’s aft section, including cabin furnishing (seats and seat tracks) and cargo.
These wreckage pieces were damaged by fire.

Photographic evidence and satellite imagery showed that the wreckage site was
disturbed on 17 July 2014 and pieces of wreckage were repositioned.

The numbers in brackets following the titles below correspond with their location in
Figure 30.

Vertical stabilizer (1)

The vertical stabilizer was located on the eastern side of the elevated road with the top
part of the stabilizer facing in south, south-westerly direction. The left side of the vertical
stabilizer was facing upwards. The upper part of the leading edge, the horn balance and
rudder control surface were missing. A small portion of the fuselage from the left hand
side of the aeroplane was still attached to the vertical stabilizer.

Horizontal stabilizer (2)

The horizontal stabilizer front spar was detached from its housing and was situated on
the elevated road next to the aft portion of the tail. Fragments of the right horizontal
stabilizer were still attached to the front and rear spar of the horizontal stabilizer. The
front part of the stabilizer box showed impact marks in a lateral direction.

Auxiliary Power Unit firewall and surrounding fuselage (3)

The aft section of the aeroplane which contained the Auxiliary Power Unit firewall and
surrounding fuselage near the horizontal stabilizer and vertical stabilizer was situated on
the elevated road. The top side of the tail section was facing downwards and the
horizontal and vertical stabilizer were not attached to the fuselage. Fragments of the
bottom portion of the fuselage were facing upwards. It was noted that the remainder of
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the lower fuselage was missing. The Auxiliary Power Unit firewall was visible and the Fetet
Auxiliary Power Unit itself was not present aft of the firewall. The portion of the tail which

houses the horizontal stabilizer and wing box was severely damaged. The fuselage, with

the horizontal stabilizer travel range indication on the left hand side of the aeroplane, Summary
was detached from the surrounding fuselage of the Auxiliary Power Unit firewall.

Container cabin crew rest area (4) 1

The container of the lower cabin crew rest area (located in cargo hold 3, between Introduction

STA1437 and STA1538) was found approximately 150 metres west of the elevated road.

The container had split into two and its furnishing was visible. The aft portion of the Part A:

container was facing upwards and the forward portion of the container was facing .szaCtuf"l
information

downwards. Both parts of the container showed signs of damage.

Part A:

Cabin floor aft section (5) 3 Analysis

Remains of the aft floor section of the aeroplane were identified in the concentrated
wreckage site on the west side of the elevated road. Some of the passengers seats were

still attached to the floor and facing downwards. Fragments of the floor and passengers |ntropjszt?;n ‘o
seats had been damaged by fire. Based on the downward facing directions of the Part B
passenger seats and the attachment points of the seat racks and the seats, it was

determined that the top part of the aft section of the floor was facing downwards. Part B:

4 Decision making
Cargo and cargo containers
Five cargo containers, including the aeroplane’s equipment container, were found in this
site. The content of these containers was also found in site 5. 5 Thza;;f;tion

2.12.2.6 Wreckage site é (purple)
Wreckage site 6, situated in the south-western corner of the village of Hrabove, measured Part B:

. L . o . 6 Flight MH17
approximately 250 x 200 metres. Within this site, a smaller region, where a high intensity
fire had occurred, measured approximately 100 x 60 metres. An overview of the wreckage

site and the location of the wreckage pieces is depicted in Figure 31. Part B:
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Figure 31: Overview of wreckage site 6 and the location of the wreckage pieces. (Source: Dutch Safety Board)

The numbers in brackets following the titles below correspond with their location in the
diagram above.

All large pieces of wreckage that were located in site 6 were found in this smaller region,
with the exception of the forward keel chord. Pieces of wreckage were distributed over
two sub-sites, a northern and southern site, separated by an elevated road. Photographic
evidence and satellite imagery showed that the wreckage site was disturbed on 18 July
2014 and pieces of wreckage were repositioned. The centre section of the aeroplane,
including parts of the wings and both engines were located on site 6.

Another fire occurred on the corner of the residential area on the eastern side of site 6.
Both sub-sites included vegetation, infrastructure and pieces of wreckage that showed
signs of fire damage. A wooden fence and a haystack within this area were damaged by
fire.

Forward keel chord (1)

The forward keel chord (STA888 to STA1025) was separated from the keel beam and
facing in a south-easterly direction in the southern part of site 6. The bottom side of the
forward keel chord was facing upwards and chord itself and parts of the wing to body
faring were visible. A portion of the cargo rail was still attached to internal structure of
the fuselage.

Aft keel chord and keel beam structure (2)

The keel beam was located on the elevated road on site 6 and showed signs of fire
damage. The aft keel chord was still attached to the keel beam. Both wreckage pieces
showed signs of fire damage. The bottom side of the aft keel chord was facing upwards.
Pieces of the cargo rails were identified on the top side of the aft keel chord.

% % . ‘ 76 of 279

Contents

Foreword

Summary

1
Introduction

Part A:
2 Factual
information

Part A:
3 Analysis

Part B:
Introduction to
Part B

Part B:
4 Decision making

Part B:
5 The situation

Part B:
6 Flight MH17

Part B:
7 Flying over
Ukraine

Part B:
8 The state of
departure

Part B:
9 Assessing the
risks

10
Conclusions

11
Recommendations

12
Abbreviations and
Definitions

13

List of appendices



Wings (3 and 4)

Most of the fragments of the wings were located in the southern region of site 6. The
remains of the wings showed extensive fire damage. The wings were found upside down,
as indicated by the tank hatches and their markings.

The left wing was situated parallel to the elevated road in the south-western corner of
site 6. The remains of the wing contained partial markings of the aeroplane’s registration;
‘9" and ‘M. The tank hatches and markings were visible. The left wing near the partial
registration was relatively intact. Further along the wing, towards the root, melted
aluminium was observed. Based on the marking of the registration and the orientation of
the tank hatches, it was determined that the left wing was facing in south-westerly
direction.

The right wing was situated perpendicular to and across the elevated road. The wing
contained placards and markings stating ‘Fuel Tank Vent Right Wing' indicating the right
wing. The portion of the wing, below the tip, was relatively intact and no fire damage was
visible. Further along the wing, towards the root, the tank hatches were no longer visible.
Pieces of melted aluminium indicated that parts of the wing were consumed by fire.
Based on the sequence of the tank hatches, the presence of placards, markings and tank
hatch screws, it was determined that the right wing was facing north.

Main landing gear legs (5 and 6)

Both main landing gear legs were located on the elevated road with the landing gear
bogies still attached. All the tires on the main landing gear were consumed by fire and
the rims were visible. Photographic evidence indicated that the right hand retract
actuator was close to its retracted (gear-up) length.

Engines (7, 8 and 9)

Both the left and right engines were separated from the wing and had impacted the
ground in a slightly inverted attitude. Both fans were found detached and the fan blades
of both engines remained in place in their discs. The engines were located in the southern
region of site 6.

The left engine was located near the left wing. The core of the left engine had split into
two sections. The front part of the engine was facing north and the aft part of the engine
was facing west. The fan blades and the intermediate compressor blades of the left
engine showed little evidence of rotation at impact.

The right engine was located on the south side of site 6, parallel to the elevated road.
The core of the right engine was relatively intact with its forward side facing west. The
right engine was located near the right wing and was separated from the wing.

Wing to body fairing panels (10)

Fragments of a wing to body fairing originating from the right hand side of the aeroplane
were identified on the south side of site 6. The exterior side of the wing to body fairing
was facing upwards. A crack in the transverse direction was noted on the exterior side of
the fairing. The interior side of the panel showed signs of fire damage.
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Right hand fuselage with windows (11)

A portion of the fuselage, containing seven passenger windows and the forward door
frame of door 3R, was found underneath the keel beam and showed signs of fire damage.
Below the door frame of door 3R the Ram Air Turbine actuator was identified with the
turbine fan missing. The fuselage was deformed extensively.

Cargo
Fragments of cargo containers were found, but due to fire damage, none were identifiable.

2.12.2.7 Wreckage site 0 (black)

Pieces of wreckage of which the initial location could not be verified due to insufficient
photographic and video evidence are identified as being at the so-called site 0. These
wreckage pieces may have been moved or photographed at a different location within
the geographic area. Primarily within the village of Petropavlivka, it is known that
wreckage pieces were gathered near central locations such as the town hall. Some pieces
of wreckage were collected by local residents and handed over to the Dutch Safety
Board (Figure 32). The wreckage pieces of which the initial location is uncertain are listed
below.

Figure 32: Handover of the left cockpit window frame to the Dutch Safety Board by members of the SES. This

is the same part as is shown in Figure 33. (Source: Dutch Safety Board)

Fuselage with the lower part of a cockpit window frame

Part of the fuselage (STA180.5 to STA228.5), originating from the left hand side of the
cockpit, was located at the side of the road, in the central region of site 2, near the village
of Petropavlivka. Residents of the village reported that the wreckage piece had been
moved to expedite the search and recovery mission. The fuselage skin was punctured
from the outside in a number of places and the outside fuselage skin was pitted and
showed traces of soot. Frames on the inner side of the fuselage had been sheared off.
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Figure 33: Part of the left cockpit window frame. (Source: Dutch Safety Board)

Cockpit window left hand side

One of the layers of the window (window number 2) on the left hand side of the cockpit
was collected by local residents. Cockpit windows are made of multiple layers of glass
and plastic. The window had a total of 102 puncture holes and marks, varying in size and
shape, as seen in Figure 34. Parts of the window frame were still attached to the window.

59¢cm

68 cm

Figure 34: Left cockpit window 2. (Source: Dutch Safety Board)
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The left nose landing gear door

Photographic evidence indicated that the left nose landing gear door had been placed
in front of the village hall in Petropavlivka in site 2. Nose landing gear related components
were all identified within or close to site 3. This included the nose landing gear itself and
the right nose landing gear door.

The rudder horn balance

A portion of the rudder horn balance was photographed for the first time on site 4 during
the recovery mission of the Dutch Safety Board in November 2014. Prior to this mission,
no photographs of this part were available.

Lower part doorframe door 2L and surrounding fuselage

This part of the fuselage (STA655 to STA825) was collected for the Dutch Safety Board by
local residents. Its initial location is unknown. The lower part of the doorframe of door 2L
is still attached to the fuselage. Furthermore, the fuselage contains three static ports and
a light bulb.

Frame of left hand side negative pressure relief vent

This part of the fuselage contains the complete, but broken frame of the forward negative
pressure relief vent on the left hand side (STA788.5 to STA825) and is partially wrinkled.
The vent itself is missing. The initial location of this part is unknown.

Left hand fuselage with partial text ‘Malaysia’

A part of the fuselage with letters from the operator’s name, located between STA846
and STA1035 were recovered. Parts of some of the window frames were attached. The
fuselage skin was torn and many stringers on the rear of the fuselage skin were missing.
The initial location of this part is unknown.

Left hand fuselage cockpit with pitot tube

This part of the fuselage (STA180.5 to STA212.5) contains the left pitot tube and the left
ice detector. Impact damage is visible on the upper part and the sheared edges are
jagged.

Right hand fuselage with partial text ‘Malaysia’

This part of the fuselage contains the top part of the text ‘Malaysia’ on the right hand
side of the aeroplane (STA846 to STA1032) and was identified in site 1. All edges show
clear shears. Halfway, the fuselage is partially sheared from top to bottom. Formers and
stringers were no longer attached to the fuselage.

2.12.2.8 Other relevant objects recovered

During the recovery of the wreckage, a number of parts that did not originate from the
aeroplane and its content were found in the wreckage area. The parts found appeared to
be connected with a surface-to-air missile. The parts that were suspected to be related
to a surface-to-air missile were transported to the Gilze-Rijen Air Force Base in the same
way as the aeroplane wreckage was. On arrival the parts underwent the same examination
as the pieces of aeroplane wreckage. Subsequently the parts that were suspected to be
related to a surface-to-air missile were subjected to forensic examination, as part of the
criminal investigation (see Section 2.16). In order to not risk impeding the criminal

% E; ‘ ‘ 80 of 279

Contents

Foreword

Summary

1
Introduction

Part A:
2 Factual
information

Part A:
3 Analysis

Part B:
Introduction to
Part B

Part B:
4 Decision making

Part B:
5 The situation

Part B:
6 Flight MH17

Part B:
7 Flying over
Ukraine

Part B:
8 The state of
departure

Part B:
9 Assessing the
risks

10
Conclusions

11
Recommendations

12
Abbreviations and
Definitions

13

List of appendices



investigation, the Dutch Safety Board has decided not to publish images of all of the
recovered fragments that were presented to the Annex 13 partners during the progress
meeting in August 2015. Images of three of the parts are shown in Figure 36.

Figure 35: Image of 9M38M1 surface-to-air missile showing the approximate location of three of the parts
recovered. (Source: NBAAI)

The shape and form of the parts recovered is consistent with a §M38 series surface-to-air
missile. Images of three of the recovered parts are shown in Figure 36 together with an
indication of origin on a 9M38 series surface-to-air missile; namely an engine nozzle (1),
part of one of the four stabilizer fins (2) and a data cable (3).
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1. Rear nozzle of the missile’s engine. (Source:
NBAAI)

Missile engine nozzle as found in Ukraine. (Source:
Dutch Safety Board/Dutch National Police)

h

Part of stabilizing fin during identification at
Gilze-Rijen Air Force Base. (Source: Dutch Safety
Board/Dutch National Police)

3. Data cables as mounted under the stabilizing
fins. (Source: NBAAI)

—— . - i i
S e e = S

Data cable during identification at Gilze-Rijen Air
Force Base. (Source: Dutch Safety Board/Dutch

National Police)

Figure 36: Weapon parts recovered. The parts are shown with sample photos showing their origin on a

In addition, several fragments were recovered from the wreckage of the cockpit and from
the left wing tip that did not belong to the aeroplane or to its contents. Two of those

9M38MT1 surface-to-air missile. Numbers correspond with numbers in Figure 35.

fragments are described in paragraph 2.16.3 and shown in Figure 40.
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Foreword

Summary of the wreckage information

*  Within the geographic area, approximately 50 km?, six sites with wreckage were Summary
identified. These sites were located west and south-west of the village of Hrabove.

* The distribution of wreckage pieces over a large area indicates an in-flight break-up.

* Site 1is north of the village of Petropavlivka which is situated 8.8 kilometres west 1
of Hrabove. Site 2 covers a large part of the village of Petropavlivka, situated Introduction
8 kilometres west of Hrabove. Site 3 is the southern corner of the village of
Rozsypne, 7 kilometres south-west of Hrabove. Part A:

* Pieces of wreckage originating from section 41 and 43 of the aeroplane were inﬁ:r‘:::f;n
found in site 1, 2, and 3. The top portions of the fuselage of section 41 were
mostly located in site 1. Parts of the fuselage originating from section 43 were
mainly found in site 2. The fuselage of the cockpit and cockpit interior were
primarily located in site 3.

e Site 4, located 2 kilometres south, southwest of Hrabove was adjacent to site 5,

Part A:
3 Analysis

. . Part B:
located 750 metres south of Hrabove. Site 6 was located in the south-westerly Introduction to
corner of Hrabove. Part B

* The mid and aft sections of the aeroplane were distributed over sites 4, 5 and 6.
Site 4 contained mostly pieces of wreckage originating from section 44, 46 and Part B:
47. Both wing tips and both stabilizers were also found in this site. In site 5, pieces 4 Decision making

of section 48 were found, including the vertical stabilizer. This site was partially
subjected to fire. Both the wings and engines were found in site 6. Parts of the
aeroplane in this site were damaged or consumed by fire. 5 Thza:;f;tion
* A few hundred holes and ricochet marks were found in the forward fuselage.
Over a dozen holes and marks were found in the left engine intake ring and the
left wing tip. Part B:
, 6 Flight MH17
* A number of parts were found that were not part of the aeroplane’s wreckage
but were considered to be related to the crash. These parts appeared to originate

from a 9M38 series surface-to-air missile. Part B:
. . ore . . 7 Flying over
* Some pieces of wreckage that were identified as having been in the wreckage Ukraine
area shortly after the crash were not found during the recovery missions.
Part B:
8 The state of
departure

213 Medical and pathological information

Part B:
9 Assessing the
2.13.1 General Fisks
The identification of the human remains began in Donetsk, Ukraine the day after the
crash. After registration, the pathologist of the mortuary opened files for the human 10
remains, took photographs, wrote descriptions and took DNA samples. At the time an el

autopsy was performed on one of the bodies. A section of rib was removed from eleven
of the bodies.” This was for DNA examination as part of the identification process and is v

the common local working method. Subsequently the decision was made to perform the Recommendations
identification process in the Netherlands.

12
Abbreviations and
Definitions

13 LTFO employees and their international colleagues have informed the relatives involved about this matter.
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The human remains, including the DNA material, were taken to the Netherlands for
identification. Fragmentation, fire and decomposition explain why little or no human
remains were found for some of the passengers.

As part of the identification and forensic investigation, before the body bags containing
human remains were opened in Hilversum, the Netherlands and the remains were visually
examined, an X-ray or CT scan was made of all of the body bags received. The scans
revealed foreign objects both in and on some of the human remains. Most of the foreign
objects were (later) identified as:

* personal belongings (medical implants, rings, coins, telephones, zips on clothing, etc.);

* objects originating from the aeroplane (such as seat belts, fragments of seats, parts
of the fuselage), or

* objects that stem from the ground (stones, coal particles, etc).

Objects that did not have a readily identifiable source, were removed and sent to the
Netherlands Forensic Institute (NFI) for further examination. Once the metal fragments
had been removed, the human remains were released for identification. The identification
of the human remains, both of the victims with the Dutch nationality and of the victims
with other nationalities, was carried out by a team consisting of 120 forensic specialists
from the National Forensic Investigations Team (LTFO) from the Netherlands and 80
forensic specialists from Australia, Belgium, Germany, the United Kingdom, Indonesia,
Malaysia and New Zealand.

The relatives were informed by the authorities of their respective countries about the
identification process of their family members and all related actions. Once they had
been identified, the human remains were handed over to the relatives.

2.13.2 Crew autopsy

Following a request from the public prosecutor four bodies, that were suspected to be
those of crew members, were selected for further investigation. These were provided to
NFI for a detailed autopsy and toxological examination.

The findings were as follows:

*  First Officer Team A: The First Officer was found with a four-point harness on and had
an epaulette worn by a First Officer. The post-mortem examination revealed that this
crew member sustained multiple fractures of the skull, spine, pelvis, ribs, arms and
legs. In this body, an aeroplane part identified as belonging to the right hand side of
the aeroplane, was found during the post-mortem examination. During the body scan
of the First Officer’s body, over 120 objects (mostly metal fragments) were detected.
The majority of the fragments were found in left side of the upper torso.

* Purser: More than 100 objects were detected. The scatter pattern that the fragments
formed was uniform and comparable with the pattern of the First Officer.

* Captain Team B (non-operating flight crew): Three metal fragments were detected by
means of X-ray examination. Two of which were identified as surgical clips. The third
fragment was found not to be present inside the body.
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* Cabin crew member: This person had sustained relatively few injuries and no metal Fetet
fragments were found other than a medical implant.
Following identification, it was found that the body of the Captain from Team A was not Summary

one of the four bodies that underwent detailed examination. The body of the Captain
from Team A had undergone an external and internal examination to remove foreign
objects. This examination showed a great deal of fragmentation in the body. In addition, 1

hundreds of metal fragments were found. Several bone fractures and other injuries that Introduction
were observed in the Captain’s body were judged to be related to the impact of metal

fragments travelling at a high velocity. Part A:
2 Factual
information

Summary of the autopsy results of the crew members in the cockpit
Part A:
3 Analysis
The Captain and First Officer from Team A and the Purser sustained multiple fatal

injuries associated with the impact of metal fragments moving at high velocity.
Part B:

Introduction to
Part B

2.13.3 Toxicological examination of crew members
Samples were collected for toxicological examination from the four bodies during the Part B:
post-mortem examination. At that time, these bodies were presumed to be four possible 4 Decision making
flight crew members. The results of the identification process determined that one of the
bodies was that of the First Officer, from Team A, who was operating the aeroplane at

the time of the crash. The toxicological examination was performed by the NFI. 5 Th':asr:tf;tion

For the First Officer’'s body there were no indications of the presence of medicines
(including sedatives), drugs or pesticides in the body. In the First Officer’s body, traces of s Flrahrtt II\BII:H17
ethanol and metabolites of ethanol (Ethyl Glucuronide and Ethyl Sulphate) were found in )

liver and muscle tissue. Ethanol may have been formed, in whole or in part, post-mortem.

There is insufficient research data available on these metabolites in liver and muscle Part B:
. . NPT . . . . 7 Flying over
tissue to interpret this finding. No blood was available for toxicological analysis as a result Ukraine

of post-mortem change.

Part B:
8 The state of
departure

Summary of the toxicological examination

* No traces of medicines, drugs or pesticides were found in the body of the First 9 As::;:ifé the
Officer from Team A who was at the controls of the aeroplane at the time of the e
crash. Traces of ethanol and its metabolites were found in liver and muscle tissues
which may be formed, in whole or in part, post-mortem. 10

* No blood was available for toxicological analysis as a result of change post- Getneliaians
mortem.

11
Recommendations

2.13.4 Medical examination of other crew members and passengers
Remains from all but two passengers were found, enabling them to be identified during the -
identification process. It is noted that only a few foreign objects were present, identified Abbreviations and
and extracted for further examination from the bodies of the passengers (See Section 2.16). DEfiiics
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The bodies in the fuselage section forward of the wings and in the fuselage section aft of Fetet

the wings were largely intact. Radiographic examination and CT scans of these bodies
showed multiple fractures and/or crushing. It proved impossible to determine when
these injuries were sustained. Because of the severity of the injuries resulting from the Summary
impact on the ground, any injury sustained earlier could not be distinguished. How many
passengers had already died before the impact on the ground could not be determined.

1
The centre section of the aeroplane was severely damaged and burnt. This was the uiicdicey
section of the aeroplane that landed upside down and was consumed by fire after
impacting the ground. The majority of the human remains from this section of the Part A:
aeroplane were fragmented and/or burnt. The injuries of most of the passengers from 2 Factual

information
this section of the aeroplane could not be assessed with the CT images.

Part A:

The scans showed metal fragments in the bodies of a large number of occupants. 3 Analysis

Research showed that these fragments included medical implants, jewellery and objects

that originated from within the aeroplane.
Part B:
Introduction to

In view of their positions in the aeroplane, the crew members (other than those who were Part B
seated in the cockpit) are expected to have suffered the same fate as the passengers.

Part B:
4 Decision making

Summary of medical examinations of passengers and crew

s .3 g ] . Part B:
The majority of the occupants seated in the cabin suffered multiple fractures L

consistent with the in-flight disintegration of the aeroplane and ground impact.

Part B:
6 Flight MH17
214 Fire
Part B:
T L . . . . 7 Flying over
No indication was found of the ignition or proliferation of an on-board fire prior to the e,
aeroplane breaking up in flight.
Part B:
Wreckage site 6 contained evidence of a large fire that consumed much of the centre 35"9 St:te of
eparture

section of the aeroplane. The two main landing gear legs and the centre wing box

showed fire damage. In addition, the engines showed signs of partial exposure to a fire. Pt B

9 Assessing the
A second, smaller, fire was found to have burned near the location of the auxiliary power risks

unit firewall at wreckage site 5.

10
Conclusions

Summary of fire information

1"
There was no in-flight fire before the in-flight break-up. Fires erupted at two Recommendations

wreckage sites after the crash.

12
Abbreviations and
Definitions
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215 Survival aspects

2.15.1 Search and Rescue

The local Ukrainian State Emergency Service (SES) recovered human remains between
17 July and 21 July 2014. The SES is a federal organisation which has local teams that,
among other things, are responsible for the protection of the population in case of
disasters. When a disaster occurs, the SES is given authority over other services. In the
case of flight MH17, the SES was assisted in the recovery by local fire brigades, police,
farmers and miners. Hundreds of Ukrainians were involved.'

Flight MH17 crashed in an area where an armed conflict was ongoing. Because of this,
part of the area where aeroplane wreckage and bodies had come down was difficult to
access during the first period. Initially, due to the conflict, it was not possible for Dutch
and other foreign experts to enter these areas because of the assessed safety risks.

On 17 July, the pathologist of the mortuary in Donetsk went to the villages of Rozsypne
and Petropavlivka'> where bodies had come down. From there, he directed the recovery
of these bodies. A total of 37 bodies was transferred to the mortuary in Donetsk, where
the identification process began. When it became apparent how many bodies had to be
recovered, the mortuary was ordered by the Ukrainian government as well as by the anti-
government groups to adopt a different working method. From then on, the bodies were
collected in a refrigerated railway carriage in Torez and then transferred to Kharkiv. The
37 bodies that were originally brought to Donetsk were also transferred to Kharkiv.

In Kharkiv, an international team led by experts from the Netherlands organised the
preparations for transporting the human remains to the Netherlands. The preparations
were carried out in a factory building that had been made available for this purpose.

The first reconnaissance missions involving Dutch nationals took place on 20 and 21 July.
The Dutch team observed that there were no more human remains visible at the locations
accessible to them. It can therefore be concluded that the SES had thoroughly searched
the locations that were accessible during the first days.'

After the initial recovery in July 2014, international follow-up missions took place in
November 2014, March 2015 and April 2015."” During these follow-up missions, human
remains were found that had not been accessible or immediately visible during the first
period. During the last mission, the soil was excavated at the site where the centre
section of the aeroplane had crashed, which was where the largest fire had occurred.
More human remains were discovered there.

14 http://www.rijksoverheid.nl/nieuws/2014/08/09/vliegramp-mh17-waar-heeft-de-missie-gezocht.html, consulted on
15 July 2015.

15 These were two of the six crash sites.

16 See also: http://www.rijksoverheid.nl/onderwerpen/vliegramp-mh17/nieuws/2014/08/06/persconferentie-rutte-
over-terugtrekken-missie-uit-rampgebied-mh17.html.

17 The website http://www.rijksoverheid.nl/onderwerpen/vliegramp-mh17/nieuws includes an overview of all
activities with regard to the transferral of human remains and belongings. Information can also be found at:
https://www.politie.nl/themas/flight-mh17%5B2%5D/qga-vlucht-mh17.html.
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2.15.2 Data carriers

No photographs or (text) messages from occupants were found on personal data carriers
such as mobile phones that were taken after the impact of high-energy objects. In total,
407 personal data carriers were found. The condition of 54% of the data carriers found
was adequate for the NFI to further examine the data stored. The other 46% was too
badly damaged to be examined.

Summary of survival aspects

The human remains and bodies were initially recovered by the local State Emergency
Service. The organisation received assistance from local fire departments,
emergency services, police and locals.

2.16 Tests and research

During the examination of the wreckage parts at Gilze-Rijen Air Force Base and the
forensic examinations in Hilversum fragments were safeguarded and further examined
by the Netherlands Forensic Institute (NFI). This work is described in the following
paragraphs.

2.16.1 Forensic examination

In the course of the investigation, hundreds of fragments were found in the wreckage of
the aeroplane, the remains of the crew members and passengers. Some of the fragments
were found to be aeroplane parts, some were identified as personal belongings and
other fragments originated from the ground.

A distinct group was identified as small pieces of metal that were suspected to be high-
energy objects, or parts of them. These fragments were extracted from the Captain from
Team A, the First Officer from Team A, the Purser, who was present in the cockpit at the
time of the crash, and from the cockpit wreckage (Figure 37). These fragments were
found to be ferrous.
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Figure 37: Four distinctly shaped fragments. Top left: cockpit. Top right: Captain’s body. Bottom left: Purser’s
body. Bottom right: First Officer’s body. (Source: NFI). Scale is in millimetres.

Further forensic examinations were conducted on a number of these fragments. The
selection was based on size, shape, mass and ferrous properties. In total 72 fragments
were selected for further examination. Fifteen of these 72 fragments were found in the
remains of the three crew members, one was found in the body of a passenger. The
remaining 56 foreign fragments were recovered from the wreckage.

2.16.2 Examination of the selected fragments

The origin and the elemental composition of the selected fragments, together with
21 reference fragments (e.g. aeroplane metal structure, cockpit glass) were examined by
the NFI using a scanning electron microscope and energy dispersive X-ray analysis (EDX)
system. Further examinations were conducted on cross-sections of the fragments by
using a Focused lon Beam (FIB).

The elemental composition of these fragments was determined qualitatively and it was
found that 43 of the 72 examined fragments consisted of unalloyed steel. The fragment
obtained from the passenger was found to be non-metallic (coal-slag) and the others
were made of stainless steel.

On 20 of the selected fragments of unalloyed steel, aluminium and/or glasslike deposits
were present. On 14 of these fragments, the glass deposit consisted of sodium,
aluminium, silicon, oxygen, and zirconium.
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Cross-sections were made using the FIB technique on fragments recovered from the
remains of the crew members, that had a glass and/or aluminium deposit. Scanning
electron microscope examinations of the cross-sections created showed that both the
aluminium and glass deposits were present in the form of thin layers of re-solidified
material. These layers have a thickness ranging from tenths micrometres to tens of
micrometres (Figure 38). On a small number of fragments thin layers containing traces of
copper and plastic were found.

Figure 38: Example of SEM examination on a cross-section made using FIB. Note: 1) Layer of platina deposited

by NFI, 2) layer of re-solidified molten cockpit glass, 3) unalloyed steel. (Source NFI)

The elemental composition of the aluminium traces found were consistent with the
elemental composition of the aluminium obtained from the aeroplane as reference
material. The investigation did not analyse each trace of aluminium to identify which
aluminium alloys were present.

The glass deposits present on the surface of the 14 fragments had an elemental
composition of sodium, aluminium, silicon, oxygen and zirconium. This composition
corresponds to that of cockpit window glass from a reference piece held by the NFI and
with the cockpit glass obtained from the wreckage. The other pieces of glass that were
secured from the wreckage contained no zirconium. It is noted that common types of
glass, such as window glass, car windscreen glass and glass on mobile telephones do not
contain zirconium.

The examination further showed that several fragments recovered from the crew
members (Figure 39) were heavily deformed on one side of the fragment and that the
opposite side was only slightly deformed. The deposits that were detected were mainly
found on the heavily deformed side of the fragments in a re-solidified state.
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Figure 39: Micro CT-images of the fragments (shown at the right side of Figure 37, left from the First Officer’s
and right from the Captain’s body) show the deformation of the fragments. (Source: NFI)

The investigation concluded that these fragments impacted the aeroplane at a very high
velocity, thereby deforming the object at the side of the impact. The consequential
frictional heat melted the aeroplanes materials (glass, aluminium etc.) and a thin layer of
solidified aeroplane material was deposited to the heavily deformed side of the object.
Although the velocity of the object was reduced due to the impact with the aeroplane,
the object continued its path and then impacted the crew member where it was found.
These fragments were as such assessed to be high-energy objects.

The chemical composition of 20 selected fragments which had either a very distinctive
shape (including the two bow-tie shaped pre-formed fragments) or a layer of deposits or
both was determined. This was determined by means of laser-ablation inductively
coupled plasma mass spectrometry.

A comparison between the fragments and their composition was made using a statistical
analysis method called Principal Component Analysis. The analysis showed that the
20 selected fragments from the wreckage and the remains can be divided in two
distinctive groups. Within such a group, no statistical difference could be determined
between the fragments, indicating that the fragments originated from the same source.
In other words, the fragments within a group were made from the same unalloyed steel
base material (i.e. the same plate). One of the analysed fragments could not be linked to
a distinctive group.

The result of the Principal Component Analysis was that from the 20 selected fragments,
19 fragments were assessed to be high-energy objects; 8 originated from the flight crew
and 11 from the wreckage. A summary of the results is given in Table 11 and Table 12.
One fragment not linked to either of the two distinctive groups above was concluded to
be a high-energy object as well. This conclusion was drawn primarily on the basis of the
fragment'’s shape (a deformed cubic form) and the presence of a similar glass deposit on
the fragment.
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The examinations showed that one further fragment, not included in the Table 11, that Foreword
was obtained from a passenger was found to be coal slag.

Number | Location Shape and dimensions Mass Group (see below)
I Summary
(millimetres) (grams)
1 Document binder - - 2
2 Document binder - - 2 1 X
Introduction
3 Cockpit Irregular, - 49 1
. Part A:
4 Cockpit Irregular, - 1.3 1 2 Factual
information
5 Cockpit Irregular, - 2.5 1
6 Cockpit Irregular, - 1.1 2 Part A:
3 Analysis
7 Wreckage Irregular, - 3.2 2
8 Wreckage Irregular, - 27 1 Part B:
Introduction to
9 Wreckage Irregular, - 0.8 1 Part B
10 Cockpit Bow-tie, 14 x 14 x 4.5 6.1 1
Part B:
11 Cockpit Irregular, - 2.7 1 4 Decision making
12 Human remains Irregular, - 3.5 1
. Part B:
13 Human remains Irregular, - 0.1 1 5 The situation
14 Human remains Irregular, - 0.1 1
15 Human remains Cubic, 6 x 6 x5 1.3 Other Part B:
6 Flight MH17
16 Human remains Irregular, - 1.5 1
17 Human remains Irregular, - 2.2 1 Part B:
7 Flying over
18 Human remains Irregular, - 16 2 Ukraine
19 Human remains Cubic, 12x 12 x 1 1.2 2 Part B:
8 The state of
20 Human remains Bow-tie, 12 x 12 x5 5.7 1 departure
Table 11: Overview of the 20 selected fragments.
Part B:
9 Assessing the
The elemental composition of the two groups in the column of Table 11 is shown in —

Table 12.
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£
£ & 2
£ 3 e 5 &
T £ S 2 7
© o > o
5 = 5 2 £
p O s = P
X X X 3 3
1 0.0021 | 0.060 0.4619 | 0.0083  0.063 0.141 0.0058  0.0014
2 0.0010  0.134 0.4170  0.0133  0.119 0.241 0.0072  0.0021

Table 12: Composition in (percentage) of elements found in steel of the two groups of fragments examined.

2.16.3 Explosive residue and paint analysis

In addition to the examination described above, as part of the criminal investigation,
126 swab samples were taken on various locations of the wreckage of the aeroplane and
one of the missile parts in paragraph 2.12.2.8 and analysed by the NFI for the presence
of explosive residues.

Approximately 30 of the 126 swab samples showed traces of mainly two different
explosives; the nitroamine RDX and trinitrotoluene (TNT). A few of the 30 samples
showed traces of PETN. On the tested missile part traces of RDX was found. On the
missile part TNT or PETN could not be identified.

The investigation into the origin of the explosive residues was made more complicated
as the objects from which the swab samples were taken had been exposed to the
elements for a long period of time. The possibility of contamination during transport and
by the fact that the wreckage lay in an area of armed conflict is a concern for the explosive
residue analysis.

One of the fragments that was recovered from the wreckage of the aeroplane, was found

in the left wing tip and a second one was found lodged in the left cockpit window frame.
Figure 40 shows images of both of these fragments.
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Metal fragment recovered from inside the left wing Location of the fragment inside the left wing tip,
tip. (Source: Dutch Safety Board/Dutch National seen from below. (Source: Dutch Safety Board)
Police)

Metal fragment recovered from the left cockpit Location of the fragment in the left cockpit
window frame. (Source: Dutch Safety Board/ window frame. (Source: Dutch Safety Board)
Dutch National Police)

Figure 40: Two of the metal fragments recovered from the aeroplane wreckage.

A number of paint samples taken from these metal fragments recovered from the
aeroplane and missile parts recovered at the wreckage area (see Figure 36 and Figure 40
and in paragraph 2.12.2.8) were compared.

The colour and build-up of the paint layers was visually examined and the chemical
composition of the paints were analysed using Fourier-transform infra-red spectrometry.

The missile parts found at the wreckage area and the fragments recovered from the
wreckage were painted with the same number of paint layers and had the same colour.
Furthermore, the chemical composition (as analysed using Fourier-transform infrared
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spectroscopy) of each paint layer was identical for the samples analysed. It was concluded PO
that the paint samples taken from missile parts could not be distinguished from those
found on foreign objects extracted from the aeroplane.

Summary

The results of these analyses were provided to the Dutch Safety Board by the public
prosecutor.

1
Introduction

Summary of forensic investigation

Part A:
2 Factual

*  Over 500 fragments were recovered from the wreckage of the aeroplane, the information

remains of the crew members and passengers. Many of the objects were
identified as personal belongings, aeroplane parts or objects that originated
from the ground after impact. In addition, many of the objects were metal
fragments that were suspected to be high-energy objects, or parts of them.
From the second group of objects, 72 fragments that were similar in size, mass

Part A:
3 Analysis

and shape were further investigated. IntroP:JZt?;n to
* 43 of the 72 fragments were found to be made of unalloyed steel and four of Part B
these fragments, although heavily deformed and damaged, had distinctive
shapes; cubic and in the form of a bow-tie. Part B:
* On 20 of 43 fragments made of unalloyed steel, a thin layer of re-solidified 4 Decision making

aluminium and glass was detected. These fragments were found both in the
remains of crew members and in the cockpit area of the wreckage. No unalloyed e

o q t B:
steel fragments were found in the remains of the passengers. LA
* The elemental composition of the re-solidified glass was compared with the cockpit
glass and was found to match. Likewise, the elemental composition of the aluminium

deposits matched the composition of the aluminium used in the aeroplane. Part B:
. . . 6 Flight MH17

* Deformation and abrasion of the fragments was caused by the impact of the

fragments with the aeroplane at very high velocity. The consequential frictional

heat resulted in the formation of a thin layer of re-solidified aeroplane material on Part B:
. . 7 Flying over
the fragment. These fragments were as such assessed to be high-energy objects. Ukraine
* Some of the recovered aeroplane wreckage parts and one of the missile parts
recovered showed traces of explosive residues. Part B:
* Paint samples taken from missile parts found in the wreckage area match those 8 The state of

. . departure
found on foreign objects extracted from the aeroplane. P

Part B:
9 Assessing the
risks

217 Organisational and management information
10

Factual information and the analysis related to the decision-making processes around Getneliaians

the flight routes are contained in Part B of this report entitled 'Flying over conflict zones'.

"
The following subjects relevant to this crash were investigated: Recommendations

* The decision-making with regard to flight routes by Malaysia Airlines, with particular “

emphasis on the route across Ukraine; Abbreviations and
Definitions
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* The management of airspace in Ukraine, with particular emphasis on the restrictions
of airspace promulgated by the Ukrainian authorities.

218 Additional information

This paragraph contains a number of relevant subjects that have not been addressed
elsewhere in Section 2. These relate to:

* the pressure cabin and the cabin emergency oxygen system;

* background information on possible external sources of damage to the wreckage
parts;

* the safety actions taken following the crash.

2.18.1 Pressure cabin

Crashes in the past have shown that an in-flight break-up can occur following the sudden
failure of a pressurised cabin. Therefore, information relating to the functioning of the
pressure cabin were reviewed. Malaysia Airlines provided a list of mandatory occurrence
reports for the aeroplane that was involved in the crash, reflecting the period between
delivery in 1997 and November 2013, none of which related to the functioning of the
pressure cabin.

Maintenance information from Malaysia Airlines for the period between November 2013
and 17 July 2014 did not reveal any tail strike occurrences or damage to the rear bulkhead.

A review of the entries in the aeroplane technical log (ATL) in the period from November
2013 to July 2014 showed write-ups of buzzing or whistling noises emanating from the
seal of two cockpit windows and one cabin door. Repairs to the seals had been made
and annotated in the log.

Technical information provided by Malaysian Airlines indicated that repairs to the
fuselage skin in Section 46 had been carried out in 2012 and 2013 due to corrosion. The
repaired fuselage skin panel was recovered with all of the repair still in place.

A Service Bulletin had been issued by Boeing (reference number 777-53A0068) to
address the risk of a fuselage skin rupture in the SATCOM antennae area which could
result in a depressurisation of the cabin. The Service Bulletin was made mandatory by
the Federal Aviation Administration who issued Airworthiness Directive 2014-05-03. The
Service Bulletin was not applicable to the aeroplane that crashed. This issue is explained
in more detail in paragraph 3.2.2.

2.18.2 Emergency oxygen system description

Emergency oxygen for the flight crew is stored in oxygen bottles installed below the
cockpit. Oxygen is supplied as soon as the flight crew don their masks, irrespective of
the cabin pressure. Entries in the ATL made by ground engineers from Malaysia Airlines
showed that the oxygen bottles had been replenished on a regular basis in accordance
with standard maintenance practices.
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The Boeing 777 is equipped with a cabin emergency oxygen system consisting of
chemical oxygen generators with masks that are stored above the seats. Each passenger
seat, cabin attendant seat, toilet and crew rest berth have masks, including additional
masks for infants travelling in the lap of an adult passenger.

The emergency oxygen masks can be deployed manually by pushing the "‘PASS OXYGEN’
switch in the cockpit on the pilot's overhead panel. The masks will be deployed
automatically, when the cabin pressure altitude exceeds 13,500 feet. In the event of a
sudden loss of pressurisation, e.g. a depressurisation, the masks will deploy according to
the aeroplane manufacturer, with a time delay of a few seconds. Sometimes masks
deploy unintentionally, when the passenger service unit (PSU) is exposed to a heavy
shock or distortion of its container; for instance after a hard landing.

When the emergency oxygen masks are deployed, either manually or automatically,
internal software logic to the Electrical Load Management System will result in an activation
signal to open the passenger service units above each block of seats. The system logic has
an in-built delay for the activation signal. The signal activates the solenoid switch of the
passenger service units. The activated solenoid switch withdraws a latch pin in the door
panel of the passenger service unit, allowing it to open, followed by the masks falling out.

The chemical oxygen generators are fired by a downward force being applied to the
mask. The application of this force results in the attached lanyard pulling out the firing
pin, which in turn allows the mixing of chemicals in the generator. This mixing of chemicals
starts a chemical reaction that provides a high concentration of oxygen starting to flow
to the mask via a hose for about 10 to 20 minutes.

The aeroplane manufacturer stated that the Electric Load Management System non-
volatile memory does not record a signal as to whether or not the Electrical Load
Management System has activated the emergency passenger oxygen system, so as to
deploy the masks. The Flight Data Recorder does not record information regarding the
activation of the emergency oxygen system. However, in the event of activation this will
generate a Master Caution warning. The Master Caution warning and the cabin pressure
altitude are both recorded. The recorded cabin pressure altitude during cruise flight up
to the moment that the Flight Data Recorder stopped recording was 4,800 feet and there
were no warnings recorded.

According to the aeroplane manufacturer, the operator can choose whether or not to
store the signal that activates the emergency oxygen system on the Quick Access
Recorder (QAR), if installed. The aeroplane did have a QAR installed which was not
recovered from the wreckage site. Malaysia Airlines provided QAR data from earlier
flights to show that the failure of the pressurisation of the cabin pressure system and
cabin pressure altitude warning were recorded, but not the actual activation of the
emergency oxygen system.

During the investigation about fifty chemical oxygen generators were recovered from
the wreckage sites. With the exception of one, none of the chemical oxygen generators
had its firing pin in place and all displayed a black coloured stripe; an indication that the
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generators had been fired. An example of one of the chemical oxygen generators found
and a part of its passenger service unit is shown in Figure 41.

Figure 41: Chemical oxygen generators and part of the passenger service unit. (Source: Dutch Safety Board)

Some chemical oxygen generators were attached to their passenger service unit; others
were found separated. All of the chemical oxygen generators were damaged and most
of them were heavily distorted. About a dozen of the plastic PSU containers, or a part of
them, which normally contain the emergency oxygen masks, were found. The containers
are relatively rigid, but may nevertheless be deformed. The containers were heavily
damaged, incomplete or cracked. All the latches, which cover the masks and keep them
stored in the container, were missing. All of the solenoid switches were found in the
‘unlatched’ position. A few switches were damaged and could not be reset in the ‘latched’
position. For most of the chemical oxygen generators recovered, the masks and oxygen
supply tubes were missing.

The chemical oxygen generator which had a firing pin installed originated from a crew
rest area, which has a different stowage construction to the ones in the passenger service
units. The stripe on this chemical oxygen generator was orange/red, indicating that the
generator had not been fired. The latch was found separated from the plastic box and
the corresponding frame of the latch box was cracked. The solenoid switch was found in
the unlatched position and its lever was heavily distorted and could not be reset to the
‘latched’ condition. The two emergency oxygen masks and the oxygen supply tubes in
this unit were found intact.
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Figure 42: Emergency oxygen mask found on passenger. (Source: Dutch Safety Board) Part B:
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During the victim identification process in the Netherlands, one passenger was found
with an emergency oxygen mask, see Figure 42. The strap was around the passenger’s
neck and the mask was around the throat. No information was available about how this 5 Thza:;cx?;tion
passenger was found at the wreckage site. The NFI examined the mask for biological
traces and performed DNA tests. No DNA profiles could be obtained from the five
samples taken. Therefore, DNA analysis was not possible. The lack of DNA material can Part B:

. . . . . 6 Flight MH17
be explained by the mask having been left outside for a long time at high temperatures.

There were no useable fingerprints found on the mask. The high temperatures may have - FIPi"t B:
. . . . Ing over
caused the quality of fingerprints on the mask to deteriorate. Uyk,;gne
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Summary of emergency oxygen system

* The emergency oxygen masks can be deployed manually at any time by the
flight crew. During flight, the masks are deployed automatically, without an input
from the flight crew, when the cabin pressure altitude exceeds 13,500 feet.

* The flow of oxygen through the mask starts when the firing pin is removed by the
application of a downward force on the lanyard attached to the firing pin and the
oxygen mask hose.

* About fifty fired chemical oxygen generators were recovered. One, unfired,
chemical oxygen generator was found in a crew rest area.

* A cabin pressure altitude of 4,800 feet was recorded on the Flight Data Recorder
during cruise flight up to the moment that the Flight Data Recorder stopped
recording.

* There was no data recorded regarding the activation of the emergency oxygen
system on the Flight Data Recorder. The Quick Access Recorder, a potential
source of data, was not recovered.

* One passenger was found with an oxygen mask. DNA analysis was not possible.

2.18.3 External sources of damage

In Section 3.5 a number of scenarios are analysed that relate to the possible source or
sources of the objects that perforated the aeroplane. These include meteor and space
debris. A number of military systems as possible sources of damage were also considered.
These are, for better readability, described in Section 3.6 of this report. This paragraph
provides factual background information on meteor strikes and the re-entry of space debiris.

2.18.3.1 Meteor

The investigation considered the possibility of a meteor as being the cause of the crash
and sought information from the Royal Dutch Society for Weather and Astronomy
(Koninklijke Nederlandse Vereniging voor Weer- en Sterrenkunde). The passage of a
meteor through the upper atmosphere (from 110 down to 15 km above the earth’s
surface) is associated with distinct, measurable sound waves as it decelerates to speed
below that of the speed of sound. These sound waves, at a frequency outside the range
of the human ear, are known as ‘ultranoise’.

The Royal Dutch Society for Weather and Astronomy confirmed that no such sound
waves were recorded in Ukraine at the time of the crash. In background information, the
Royal Dutch Society for Weather and Astronomy noted that meteors fall for the last
10-15 km in an almost vertical path, meaning that any such impact would be directly from
above, perpendicular to an assumed flat ground surface.

The chance of a meteor striking an aeroplane was calculated as being one event in 59,000
to 77,000 years. This value was obtained from the University of Pittsburgh’s Department of
Geology and Planetary Science and was originally part of the NTSB's investigation into the
1996 accident to TWA flight 800 (see NTSB Report AAR-00/03, dated 23 August 2000).
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2.18.3.2 Space debris

The Aerospace Corporation, a research and development centre based in the United
States of America that works with space programmes, maintains a register of the re-entry
of space debris. This register stated that no space debris re-entered the earth's
atmosphere in the period 10 to 19 July 2014.

Summary of meteor and space debris information

* The chance of a meteor striking an aeroplane was calculated as being one event
in 59,000 to 77,000 years.

* No ‘ultranoise’ was recorded in Ukraine at the time of the crash.

* No re-entering space debris was known that could have hit the aeroplane.

2.18.4 Safety actions taken

Following the crash, at 15.00 (17.00 CET) on 17 July 2014 the UkKSATSE issued NOTAM
A1507/14. This NOTAM added another restricted area above the existing area,
commencing at FL320 to an unlimited altitude.

At 23.00 on 17 July 2014 (01.00 CET, 18 July), UKSATSE issued NOTAM A1517/14, which
increased the size of the restricted area and imposed a limitation from the surface to an
unlimited altitude. This NOTAM became effective at 00.05 (02.05 CET) on the morning of
18 July. Table 13 summarises these NOTAMs. These two NOTAMs, issued by UkSATSE
and covering an area of the eastern part of Ukraine, closed the airspace.

1507/14 FL320 17 July, 15.00
1517/14 SFC UNL 18 July, 00.05

Table 13: Ukrainian NOTAMSs post-crash.

219 Useful or effective investigation techniques

ICAO Annex 13 reserves a paragraph for providing information on useful or effective
investigation techniques that may be of use in future air accident investigations.

2.19.1 Wreckage registration and tagging

During the on-site recovery missions in Ukraine, wreckage parts were tagged, photographed
and registered. During the transportation to the Netherlands, this process was checked at
the different locations where parts were transferred to other means of transportation.

Upon arrival at Gilze-Rijen Air Force Base the wreckage was visually inspected, pieces of
wreckage were given a tag with an identification number and were then photographed
in front of a green screen. A database was created containing the following details for
each tagged piece of wreckage:

A |
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* the identification of the part found;

* its location in the aeroplane;

e the location where it was found in Ukraine;
* all the images made of that part or piece.

The Dutch Safety Board collected and maintained an archive of photos and videos of the
wreckage and the wreckage sites that were taken from 17 July 2014 onwards by
investigators, media and police. The photographic and film material was used in the
database for wreckage registration. The information was valuable in noting whether
wreckage had remained undisturbed at the crash site or had been moved or taken away.
This information also assisted in the planning of the wreckage recovery missions.

2.19.2 Wreckage identification

The location of parts of the aeroplane was based on the appearance of the part, any
special features noted, station and stringer numbers on the parts. The fracture pattern of
the fuselage skin and its frame was drawn on a two-dimensional grid of stations and
stringer numbers. From these drawings it was possible to see whether parts were
adjacent or whether parts were missing.

The images of the parts were placed on a two-dimensional grid of station and stringer
numbers to make a digital two-dimensional reconstruction of the aeroplane. The photos
were also used to mark the mode of deformation of each fracture surface. For the
fractures analysed, the direction of the fracture and the direction of the principal stress
were determined when possible. The nature of a fracture was determined based on the
features of static overloading, fatigue and corrosion. For static overloading, the major
deformations or fractures observed were linked to the type of overloading, i.e. pure
tensile, tensile-shear, tensile-bending or tear. Together with the examination of the
fractures, deformation of all parts was studied, both the in and out of plane deformations.
These deformations aided in interpreting the major load components leading to each
fracture.

The major fractures were determined from the two-dimensional drawings and photo
reconstruction. The location on the ground where these parts were found was also
indicated on the digital two-dimensional photo reconstruction. Finally, all information
was combined to gain an insight of the break-up.

2.19.3 Wreckage reconstruction

The reconstruction of the aeroplane’s fuselage and parts of the cockpit assisted the
investigation and allowed the Dutch Safety Board to demonstrate the results of the
investigation. The reconstruction was intended to demonstrate the answers to the
following questions:
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*  From which position relative to the aeroplane did the high-energy objects come?

*  What were the effects of the impact of the high-energy objects on the aeroplane
structure?

* How did the aeroplane break up?

The physical evidence of the recovered wreckage and other investigation activities were
sufficient for the Dutch Safety Board to complete the investigation. The reconstruction was
of significant value to the investigation as it allowed the investigators to better visualise the
recovered wreckage and the damage when comparing the analyses performed with the
parts of the wreckage. The assembly of the wreckage into a three-dimensional recon-
struction provides the relatives of the passengers and crew, the stakeholders and the
public with compelling physical evidence of some of the main conclusions drawn in the
investigation.

2.19.4 High-energy object analysis

Four studies regarding the source of the high-energy objects and the damage they
caused were produced by specialist external laboratories as part of the investigation.
The Dutch Safety Board requested specialist assistance from the Dutch National
Aerospace Laboratory (NLR) and the Netherlands Organisation for Applied Scientific
Research (TNO).

The NLR work was performed by the Defence Systems Department. This department
provides operational, technical and scientific support to the Dutch Ministry of Defence in
general, and the Royal Netherlands Air Force in particular. The main research subject is
airborne self-protection, which requires an extensive knowledge of the performance of
surface-to-air and air-to-air weapon systems. For this purpose the department has several
tools at its disposal. One of these is the Weapon Engagement Simulation Tool (WEST),
an in-house developed software tool to simulate the flyout and performance of threat
systems. The work was performed using pieces of wreckage at the Gilze-Rijen Air Force
Base, photographs and three-dimensional laser scans of some of the parts of the
aeroplane. The NLR report is contained in Appendix X.

TNO used a computer-based ballistic simulation to reconstruct the damage from an
assumed warhead when striking the aeroplane. This TNO report is contained in Appendix Y.

TNO performed a blast damage simulation using a computer model of the warhead. A
Computational Fluid Dynamics simulation was performed to provide a high fidelity,
quantitative, description of the blast loading that would be caused by the detonation of
the warhead identified by NLR and TNO taken into account the evidence found. This
TNO report is contained in Appendix Z.

The details of how the software models for each company performs its calculations are
proprietary information to those companies and have, as such, not further been

described.
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3.2.2 Airworthiness

3.2.2.1 General

In order to establish the airworthiness of the aeroplane prior to the flight on 17 July 2014,
the investigation reviewed the way that Malaysia Airlines planned, performed and
documented the maintenance of the aeroplane. For example, Malaysia Airlines’ documented
system for the evaluation, deferral and later rectification of technical defects of the
aeroplane was examined. In addition, a list containing occurrence reports for the subject
aeroplane from the aeroplane’s delivery in 1997 to November 2013 was reviewed. The
background to the material in this paragraph is contained in Appendix J. Two specific
matters were analysed with regard to the crash. These relate to the aeroplane’s pressure
cabin and to the engines.

3.2.2.2 Pressure cabin

None of the mandatory occurrence reports for the aeroplane involved in the crash sent
to the Department of Civil Aviation Malaysia between aeroplane’s delivery in 1997 and
November 2013 were related to the functioning of the pressure cabin.

Aeroplane technical log entries revealed that since the heavy maintenance check in
November 2013 cabin doors and a cockpit window produced buzzing or hissing sounds.
These type of complaints, which occasionally occur with jet aeroplanes, were caused by
leaking seals and were repaired. As such, these sounds may bring some discomfort for
passengers and crew, but would not cause a depressurisation. According to the aeroplane
technical log, no such complaints were present on leaving Amsterdam for the return
flight to Kuala Lumpur.

The Flight Data Recorder indicated that until the end of recording the cabin pressure
altitude was constant at 4,800 feet and correct for the cruise level at that time and no
warnings were recorded. Analysis of the passenger oxygen system is contained in
Section 3.12.

The aeroplane’s rear pressure bulkhead and adjacent parts of the fuselage were not
found at the beginning of the debris pattern (sites 1, 2 and 3) but in site 4 (see paragraph
2.12.2.4). This indicated that the failure of the rear pressure bulkhead was of a secondary,
rather than a primary failure. The fractures were predominately consistent with tensile
overstress indicating an instant overload resulting in a failure of the rear bulkhead
structure rather than, for example, a failure due to a faulty repair, fatigue or corrosion
(see paragraph 3.11.5 for more information on the rear pressure bulkhead).

Maintenance information and occurrence data from Malaysia Airlines was reviewed back
to the aeroplane’s delivery in 1997. This data did not reveal any tail strike occurrences or
damage to the bulkhead. In addition, the physical evidence derived from the investigation
in the Netherlands allows the Dutch Safety Board to conclude that the rear pressure
bulkhead was not damaged prior to the flight on 17 July 2014.

In paragraph 2.18.1, the contents of Boeing Service Bulletin 777-53A0068 and
Airworthiness Directive 2014-05-03 were described. These documents addressed the
risk of a fuselage skin rupture due to corrosion under those SATCOM antennae installed
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on top of the fuselage. This could result in depressurisation. The upper fuselage skin
area mentioned in the Service Bulletin was not recovered. However, Boeing and Malaysia
Airlines documentation revealed that the SATCOM antennae on the aeroplane that
crashed were installed above the rear passenger doors. This is a different location than
the 777 aeroplanes addressed in the Boeing Service Bulletin. Therefore, neither Boeing
Service Bulletin 777-53A0068 nor Airworthiness Directive 2014-05-03 were applicable to
the aeroplane that crashed.

According to Malaysia Airlines documents, a part of the fuselage at section 46 had been
repaired. This part of the fuselage was recovered and examined. The repair to the
fuselage skin was still in place and intact.

The aeroplane’s structural integrity is further analysed in paragraphs 3.11.2 to 3.11.5.

3.2.2.3 Engines

Information regarding engine maintenance carried out for the past three years by the
operator was received. It was not possible to determine whether complaints - if any - were
relevant to the investigation. However, aeroplane technical log entries since the last
major maintenance check in November 2013 did not show significant engine anomalies.
On 17 July 2014, the aeroplane technical log contained no complaints about the engines.
In addition, none of the occurrence reports referred to in paragraph 3.2.2.1 were related
to the functioning of the engines.

The minor damage to the acoustic liners in the engine that was noted in the technical log
from time to time was considered to be consistent with normal wear and tear of the
engine. Such damage did not pose any hazard to the engines.

An analysis of Rolls-Royce’s Engine Health Monitoring data (see Appendix J) concluded
that no engine operating parameter limits were exceeded during the period between 4
and 17 July 2014. It can be concluded for both engines that there is no evidence of either
engine having encountered a failure or having shown unusual engine behaviour prior to
the departure from Schiphol on 17 July.

Findings

The Dutch Safety Board found no evidence to suggest that the aeroplane was not in
an airworthy condition on departure from Amsterdam Airport Schiphol. There were
no known technical malfunctions that could affect the safety of the flight.

3.3 The flight before the in-flight break-up

3.3.1 Pre-flight planning

Flight Data Recorder data from this flight and several previous flights, were reviewed in
order to determine the operator’s fuel calculation policy. The data indicated that the
flights landed with final reserve fuel (30 minutes flight time), diversion fuel and 20 minutes
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contingency fuel. This represented a fuel value of between about 8,000 kg and 10,000 kg.
For flight MH17 the planned fuel remaining was 8,800 kg.

Based on Section 2.6, the aeroplane’s mass and balance were within the required
manufacturer’s limits. There were no dangerous goods loaded as cargo.

An air traffic control flight plan was filed and the flight crew was provided with an
operational flight plan, NOTAMs, loading and weather information.

There were no technical defects noted on the aeroplane technical log that would have
affected the safety of the flight.

Based on paragraph 2.9.3, the planning of the flight route through Ukraine included the
flight across the Dnipropetrovsk Flight Information Region at FL330 - FL350. For this part
of the route there were no restrictions for these altitudes.

Findings

* The pre-flight planning was conducted according to the applicable procedures.
* The mass and balance of the aeroplane were within authorised limits.
* There were no airspace restrictions affecting the planned route.

3.3.2 Flight execution

3.3.2.1  Vertical profile

As stated in Section 2.1 of this report, the airline’s operational flight plan called for a
climb from FL330 to FL350 at a point 74 NM before PEKIT, whilst the air traffic control
flight plan called for the climb to be made at PEKIT. This apparent discrepancy is the
result of the fact that the air traffic control flight plan is prepared earlier than the
operational flight plan and that the latter document takes account of a more recent
forecast for wind speed and direction. The operational flight plan is therefore more
accurate than the air traffic control flight plan as it contains recent weather information.

However, 6 NM before PEKIT, the captain decided to deviate from the planned vertical
profile by not climbing to FL350 as requested by the air traffic controller but maintained
FL330. It is not known why the flight crew did not accept this request as the flight crew
did not provide the air traffic controller with an explanation. The air traffic controller did
not request an explanation either.

The Dutch Safety Board tried to find an explanation for this operational decision by
discussing the operator's procedures with Malaysia Airlines. Malaysia Airlines showed
that, as per the Boeing performance handbook, the optimal altitude to use for the
prevailing conditions was 33,800 feet at the time of the air traffic controller’s request and
for the following 8 to 10 minutes. The optimal altitude in this case is related to fuel
efficiency. As FL340 is a non-standard level for an eastbound flight (see paragraph 2.9.3),
the flight crew, in the opinion of Malaysia Airlines would have preferred to remain at
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FL330. According to information provided by Malaysia Airlines, and included in the
operational flight plan, the weather forecast showed that the likelihood of turbulence was
less at FL330 than at FL350. Whilst neither factor can be confirmed as reflecting the flight
crew's decision process, the Dutch Safety Board is of the opinion that the decision not to
climb from FL330 to FL350 was a normal operational decision made by the flight crew as
the result of normal operational considerations.

Finding

The flight crew’s decision not to accept the air traffic controllers request to climb
from FL330 to FL350 was determined to be a normal operational consideration.

3.3.2.2 Horizontal profile

A comparison of the fuel consumption was made based on the last position report sent
by Aircraft Communications Addressing and Reporting System (ACARS) and the
operational flight plan. According to the operational flight plan, the aeroplane should
have passed air navigation waypoint PEKIT after 2 hours and 26 minutes flight time with
72,300 kg of fuel remaining. A position report transmitted by ACARS for a point 20 NM
past PEKIT showed that the aeroplane had flown 2 hours and 25 minutes and had
73,000 kg of fuel on board. 20 NM equates to about 2 or 3 minutes of flight and 40 kg of
fuel. The differences between the planned and the actual fuel consumption was
considered negligible. It was concluded that the flight proceeded as planned up to the
moment that the flight crew made a request to divert slightly to the north.

According to Section 2.7, the weather forecast for flight MH17 was similar to the actual
weather on 17 July 2014, as determined by aftercast. The weather was composed of
thunderstorms moving north from the Black Sea. Cloud cover varied between partial and
overcast over the eastern part of Ukraine. The weather was consistent with thunderstorms
that a flight crew would reasonably be expected to circumnavigate.

According to the information in paragraph 2.9.6, shortly after 13.00 (15.00 CET), the flight
crew requested a slight deviation around bad weather and received permission from
Dnipro Radar to deviate from the planned flight route. The aeroplane turned left to the
north-east. When approximately 6.5 NM north of the centreline of the airway L980 and
abeam air navigation waypoint TAGAN, the flight continued parallel to the L980 airway in
order to avoid the bad weather. In view of the forecast and actual weather, the flight
crew’s request and flight execution to deviate slightly to the north of the planned track to
avoid bad weather were considered consistent with normal operations. The higher and
more energetic clouds were south of the route, moving north-east. After circumnavigating
the bad weather, the flight turned slightly back to the right to approach the original route.
At 13.19:56 (15.19:56 CET) the flight crew acknowledged to Dnipro Radar the clearance to
proceed direct to waypoint RND.

At 13.20:00 (15.20:00 CET) Dnipro Radar advised flight MH17 to expect a further
clearance to proceed direct to TIKNA after RND. The information was not read back or
acknowledged by the flight crew. At this point in time, the aeroplane was within 5 NM of
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the centreline of airway L980 and proceeding on a direct track to waypoint RND. The fact
that the flight crew requested a deviation of 20 NM but only flew approximately 6.5 NM
north, was consistent with normal operational practice of minimising any additional
distance flown.

The actions of the air traffic controllers are consistent with normal operations. The
communication between the flight crew and the air traffic controllers by both parties
appeared normal and was considered consistent with normal operations.

Findings

With the exception of a deviation requested by the flight crew to avoid bad weather,
the aeroplane followed the planned route, airway L980 across Ukraine. The maximum
deviation from the airway’s centreline was approximately 6.5 NM. This is considered
normal.

3.3.2.3 Flight data

The Flight Data Recorder records approximately 1,300 parameters; for an effective
investigation a shortlist of parameters considered to be useful for the investigation was
created in order to gain an insight into the possible cause or causes of the crash. Relevant
details of the last three minutes of flight recorded on the Flight Data Recorder are
published in Appendix H.

The investigation included a verification that the aeroplane’s warning systems had
functioned correctly and these signals were present on the Flight Data Recorder
recording. For example, the Flight Data Recorder contained a recording of the activation
of the aeroplane’s master warning; a warning that should, and was, generated when the
autopilot was disconnected at a point on an earlier flight.

No aeroplane system warnings or cautions for flight MH17 were recorded on the Flight
Data Recorder. All engine parameters were normal for cruise flight until the recorders
ended at 13.20:03 (15.20:03 CET).

Flight Data Recorder engine parameters were continuously sampled during the flight.
According to the data on the Flight Data Recorder, both engines were running at cruise
power during the flight across Ukraine. All indications regarding the operation of the
engines were normal and no abnormalities were shown. All of the engine indications
were as they would be expected to be during cruise flight. No abnormal vibrations were
recorded. There were no warnings recorded. Appendix H contains an overview of the
engine data recorded on the Flight Data Recorder.

109 of 279

Contents

Foreword

Summary

1
Introduction

Part A:
2 Factual
information

Part A:
3 Analysis

Part B:
Introduction to
Part B

Part B:
4 Decision making

Part B:
5 The situation

Part B:
6 Flight MH17

Part B:
7 Flying over
Ukraine

Part B:
8 The state of
departure

Part B:
9 Assessing the
risks

10
Conclusions

11
Recommendations

12
Abbreviations and
Definitions

13

List of appendices



Findings

e The Flight Data Recorder contained data for flight MH17. No warnings were
detected for either aeroplane systems or for the engines in the analysis of the
Flight Data Recorder data for the flight on 17 July 2014.

* According to the data, up to 13.20:03 (15.20:03 CET), flight operations were
normal.

3.3.2.4  Flight crew

Analysis of the Flight Data Recorder and the Cockpit Voice Recorder did not reveal any
indications in the flight crew’s performance that suggested diminished capabilities or
incorrect actions.

Based on the results of the toxicological examination conducted, any contribution of
ethanol (alcohol), drugs, medicines and/or pesticides to the behaviour and/or the flying
skills of the First Officer cannot be concluded and his death cannot be explained on the

basis of the results from the toxicological examination.

It was concluded that the flight crew handled the aeroplane appropriately.

Findings
* The flight crew handled the aeroplane appropriately.

* There is no evidence that the crew handled the aeroplane inappropriately or the
First Officer’s flying skills were affected by alcohol, drugs or medicine.

3.4 The moment of the in-flight break-up

This Section is intended to establish and verify the moment at which the in-flight break-up
occurred.

3.41 Aeroplane data recorders

According to the information in Section 2.11, the following Flight Data Recorder
parameters as recorded at 13.20:03 (15.20:03 CET) were as shown in the box below:
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Aeroplane position

Latitude 48.12715 N
Longitude 38.52630538 E
Altitude™ 32,998 feet
Indicated airspeed 293 knots
Magnetic heading 115 degrees
Drift angle -4 degrees
Wind direction 219 degrees
Wind speed 36 knots
Static air temperature -44 °C

Total air temperature -12/-13 °C

Small variations in the data are possible due to differences in resolution from the various
data sources.

The latitude and longitude data is shown above in the format that it was recorded in. This
position is converted to read 48° 07' 37.74'N 038° 31" 34.698'E.

A detailed analysis of the Cockpit Voice Recorder, covering the last 20 milliseconds of
the recording at 13.20:03 (15.20:03 CET) as described in paragraph 2.11.2, was performed.
The analysis showed that two peaks of sound were identified in this timeframe. Using
specialised audio recording analysis software, a graphical representation of the sound
over time, its waveform, could be established. The waveform analysis assisted in
determining the signal’s characteristics, for example, duration and energy.

The first sound peak had a duration of 2.1 milliseconds and the signal was recorded on
the cockpit area microphone channel only. Because no other Cockpit Voice Recorder
channels recorded the first sound peak, the direction of this signal could not be
established. Wave spectrum analysis suggested that the sound peak was representative
for an ‘electrical spike’ as it showed the form of an electro-magnetic pulse that could
have been caused by static discharge or similar.

Signal triangulation was used to determine the origin of the second sound peak recorded
on the Cockpit Voice Recorder. The poor sound quality on the cockpit area microphone
channel noted during the investigation was most likely due to the missing microphone
cap from the cockpit area microphone. The fact that the microphone cap was missing
was noted on the aeroplane’s deferred defects list.

18  Altimeter set to the standard pressure of 1013.25 hPa.
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The time difference between the first and the second sound peak was determined to be
2.3 milliseconds. The second peak had a duration of 2.3 milliseconds and was recorded
by all four channels. However, the recordings of the second peak were not simultaneous
on all channels; some of the recordings had a different timestamp. The wave spectrum is
representative for a sound wave. The time difference between the channels showed that
the sound was recorded by the cockpit area microphone (CAM) and pilot 1 (P1)
microphones first, followed by the pilot 2 (P2) microphone and, lastly, the observer (OBS)
microphone. This difference in time showed that the sound wave originated outside the
aeroplane starting from a position above the left hand side of the cockpit, propagating
from front to aft (see Figure 43). It is concluded that the event was highly energetic in
nature based on the short time duration of the event.

Peak 2

Cockpit, from above Cockpit, Cross-section (looking back)

Not to scale

Figure 43: Second sound peak - graphic representation. (Source: Dutch Safety Board)

The fact that the microphone cap of the cockpit area microphone was missing did not
influence the calculation. However, during the investigation, the Dutch Safety Board
noted that the sound peaks were of such short time duration that any minor differences
in recording will cause the signal triangulation to be erroneous. For example, signal
latency (refers to a short period of delay between when an audio signal enters and when
it emerges from a system) can be influenced by the Cockpit Voice Recorder microphone
wiring. When one microphone wire is ‘longer’ compared to others this may affect the
time for the signal to reach the Cockpit Voice Recorder. Nonetheless, the signal
triangulation is consistent with the impact damage on the left side of the cockpit.
Therefore it is likely that the origin of the sound peak recorded on the Cockpit Voice
Recorder is a high frequency sound wave from outside the cockpit.

The Flight Data Recorder data as described in paragraph 2.11.3 and Appendix H was
examined to try and identify any acceleration or deceleration associated with the sound
wave that had been recorded on the Cockpit Voice Recorder. The following three axes of
acceleration with their sampling rate were recorded on the Flight Data Recorder:

* longitudinal acceleration: 4 times a second (4 Hz),
e vertical acceleration: 8 times a second (8 Hz);
e |ateral acceleration: 4 times a second (4 Hz).
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The acceleration data on these three axes was examined and all three axes showed
stable data up to the recording’s end at 13.20:03 (15.20:03 CET).

Findings

* The Cockpit Voice Recorder audio ended abruptly. The short noise peak recorded
in the last 20 milliseconds of the recording was a highly energetic sound wave.
Signal triangulation showed that the noise originated from outside the aeroplane,
starting from a position above the left hand side of the cockpit, propagating from
front to aft.

* The sound wave detected in the last 20 milliseconds of the Cockpit Voice
Recorder recording could not be observed in the form of acceleration data on
the Flight Data Recorder.

3.4.2 Surveillance radar data

The radar data that was received from Ukraine from UkSATSE showing flight MH17, is
described in paragraph 2.9.5.2. From the Ukrainian raw radar data it was established that
the last secondary surveillance radar return was at 13.20:03 (15.20:03 CET) with the
aeroplane flying straight and level at FL330. The video radar replay did not show any
radar targets in the vicinity of flight MH17 at that time other than the three commercial
aeroplanes mentioned in paragraph 2.9.5.2

The surveillance radar data showing flight MH17, that was received from the Russian
Federation were from GKOVD, is also described in paragraph 2.9.5.2. Flight MH17’s
target was detected by primary surveillance and secondary surveillance radar. A second
primary target was generated close to the target labelled MH17 on two occasions. No
other data was received. Due to the absence of raw data, it was not possible to verify the
video radar replay. The video of the radar screen did not show any failures, emergency
codes or other alerts of flight MH17.

The Ukrainian radar data, comprising of both raw and processed data as described in
paragraph 2.9.5.1 was analysed separately. The last radar data recorded by UkSATSE
showing no abnormalities with the target or symbol for flight MH17, was at 13.20:00
(15.20:00 CET). Time 13.20:03 (15.20:03 CET) coincided with two data points in the raw
data from secondary radar information provided by UKSATSE. The last position message
from the aeroplane’s Automatic Dependent Surveillance - Broadcast data and the last
secondary radar target identification message both have a time stamp of 13.20:03 (15.20:03
CET). The processed data showed that no secondary surveillance data was displayed from
13.20:18 (15.20:18 CET) and that the coasting mode was activated at 13.20:36 (15.20:36
CET). Due to processing delays, it is not expected that the radar display will coincide with
the actual time of the last secondary surveillance data transmission; this may occur later.

The target data for flight MH17 was lost on the GKOVD radar screen at 13.20:58
(15.20:58 CET). At that moment the secondary radar label changed to ‘xxxx’. The
22 seconds between the label changes and the change to coasting mode on the UKSATSE
radar can be explained by the different software settings in the two radar systems.
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On the GKOVD video (see Appendix ), a second radar target, close to the MH17 labelled
target, was visible for 21 seconds between 13.20:47 - 13.21:08 and for 40 seconds
between 13.21:18 - 13.25:57 (15.20:47 - 15.21:08 and 15.21:18 - 15.25:57 CET). The second
target was considered to be aeroplane debris falling down and having sufficient reflection
to be detected as a primary target. This is consistent with the wind direction and final
position of the wreckage.

From the information provided by UkSATSE and GKOVD, there were no radar targets
other than the three commercial aeroplanes identified in paragraph 2.9.5.2, either
commercial or military, displayed on the air traffic control screens within a range of 30 to
60 km to the south of flight MH17 and more than 90 km to the north and east and about
200 km to the west. There are no other unidentified primary or secondary targets visible
within 30 km of flight MH17 in these data.

There are a number of factors that affect the ability of a civil primary radar system to
detect and display a small, fast-moving missile on a radar screen. The two most significant
are detection sensitivity and system filtering. Detection sensitivity refers to the power of
the radar system dictates how small an object can be detected and at what range it can
be detected. System filtering is intended to remove phenomena from a radar screen that
are detected but are not required to be displayed, e.g. rain. The high speed of the missile
may result in the radar system filtering the detected signal out of the images displayed
on the screen as it would, correctly, not appear to be the signal of an aeroplane.

It is concluded that it is very unlikely that the air traffic control primary radar systems in
the area could detect and display the missile on the air traffic controller’s screen.

Findings

* The raw UKSATSE surveillance radar data and the GKOVD radar screen video
replay showed that flight MH17 was on a straight and level flight at FL330 until
13.20:03 (15.20:03 CET).

* Coasting tracks were observed on both sets of radar data. Coasting tracks were
shown on the GKOVD radar screen video replay of primary and secondary radar
from 13.20:03 (15.20:03 CET) and onward.

* The GKOVD radar screen video replay from 13.20:47 - 13.21:08 and 13.21:18 -
13.25:57 (15.20:47 - 15.21:08 and 15.21:18 - 15.25:57 CET) showed targets which
are considered to be aeroplane debris falling down.

* The radar information provided showed that the only aircraft in the direct vicinity
of flight MH17 were three commercial aeroplanes. There was no evidence of
other traffic in the vicinity of flight MH17.

3.4.3 Determining the events around 13.20 (15.20 CET)
This paragraph examines other, verifiable, recorded data so as to analyse the hypothesis
that electrical power was lost at the moment that the recorders stopped recording.
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In Section 2.11 it was established that the Cockpit Voice Recorder and Flight Data
Recorder both stopped recording at 13.20:03 (15.20:03 CET). In paragraphs 2.9.5.2 and
3.4.2, it was shown that the transmission of radar surveillance data from flight MH17
ended at 13.20:03 (15.20:03 CET).

Following a final SATCOM transmission at 13.08:51 (15.08:51 CET), the ground system'’s
inactivity timer ran out approximately 15 minutes later, as it is programmed to do. An
attempt by the SATCOM system at 13.21:26 (15.21:26 CET) to establish connection with
the aeroplane from the ground was not successful.

A signal from the fixed Emergency Locator Transmitter was first received at 13.20:35
(15.20:35 CET) by Geostationary satellites of the emergency COSPAS-SARSAT network.
According to the ELT’s specifications (see paragraph 2.11.5), an automatic, acceleration
or deceleration triggered, activation of the fixed Emergency Locator Transmitter has a 30
seconds delay. A manual activation, by a guarded switch located in the overhead panel
in the cockpit, of the fixed ELT has a delay of 50 seconds whereafter the ELT is activated
and detectable by Geostationary satellites. A second delay for both a manual or
automatic activation of approximately 1 or 2 seconds is expected due to signal latency
while going through the emergency satellite network.

Five ground stations received an Emergency Locator Transmitter signal which had been
relayed by two satellites between 13.20:35 and 13.20:36 (15.20:35 and 15.20:36 CET).
Considering the time of the receipt of the signal and the 50 second time delay on manual
activation, it was concluded that manual activation would have had to have occurred
around 13.19:45 (15.19:45 CET). This would have been recorded on the Flight Data
Recorder and, in all probability, on the Cockpit Voice Recorder. As this is not the case,
manual activation of the ELT is discounted.

The receipt of the signal, considering an automatic activation of the fixed ELT, with a time
delay of 30 seconds plus 1 or 2 seconds, would suggest an activation time between
about 13.20:05 - 13.20:06 (15.20:05 - 15.20:06 CET). The automatic activation was caused
by the Emergency Locator Transmitter’s G-switch detecting a longitudinal deceleration
of between at least 2.0 g and 2.6 g. This is consistent with the aeroplane breaking up
after the recorders stopped at 13.20:03 (15.20:03 CET).

A second ELT, a portable Emergency Locator Transmitter, was onboard that can only be
activated manually. No signal from the portable ELT was detected by the COSPAS-
SARSAT emergency network.

The loss of the two recorders and the radar data at 13.20:03 (15.20:03 CET) indicated
that the electrical power was lost at this moment. The automatic activation of the fixed
ELT between 13.20:05 - 13.20:06 (15.20:05 - 15.20:06 CET), caused by a deceleration,
supported this. Finally, no other recorded data (e.g. SATCOM transmissions) contradicted
the hypothesis.

All times mentioned (in UTC only) that support this conclusion are set out in chronological

order in Figure 44.
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Figure 44: Diagram showing a number of key moments in the recorded data. (Source: Dutch Safety Board)

Part B:
6 Flight MH17
Findings
Part B:
7 Flyi
* The Cockpit Voice Recorder and Flight Data Recorder stopped recording at Uyﬁrngnzver
13.20:03 (15.20:03 CET) due to electrical power interruption.
* The fixed Emergency Locator Transmitter was automatically activated by a Part B:
longitudinal deceleration of between at least 2.0 g and 2.6 g. Its signal was first 8 The state of

departure

detected between 13.20:35 and 13.20:36 (15.20:35 - 15.20:36 CET). System logic
means that the ELT was activated between about 13.20:05 and 13.20:06 Pt B
(15.20:05 - 15.20:06 CET). 9 Assessing the

risks

10
3.5 Possible sources of damage Conclusions

In paragraphs 3.4.1 and 3.4.3 it was shown that shortly before the Cockpit Voice Recorder -

stopped recording at 13.20:03 (15.20:03 CET), a high-frequency sound wave was Recommendations
detected, originating outside the aeroplane from a position above the left hand side of
the cockpit propagating from front to aft. Shortly after the Cockpit Voice Recorder and

12
Flight Data Recorder stopped recording the Ukrainian and Russian Federation radar data, Abbreviations and
SATCOM data and ELT activation data all show that the aeroplane suffered structural Definitions
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failure and lost electrical power, experienced a deceleration (described in paragraph PO
3.4.3), and started to break up. The complete in-flight break-up sequence is analysed in
Section 3.10.

Summary

In this section the possible scenarios that could have led to the in-flight break-up of the
aeroplane’s structure are described and analysed. Some of the scenarios were related to
internal aspects such as airworthiness, whilst others were related to external sources. 1

Those scenarios that were found not to be able to cause the damage noted (see Section Introduction
2.12) were, following analysis, excluded.

Part A:
2 Factual

3.5.1 Lightning strike, meteor and space debris re-entry information

Although there were thunderstorms in the area at the time of crash (see Section 2.7),
there was no evidence in the wreckage recovered or on the recorded data that a lightning
strike occurred that could have caused or exacerbated the high-energy object damage.

Part A:
3 Analysis

Based on the evidence provided by the Royal Netherlands Association for Meteorology

and Astronomy regarding the lack of ‘ultranoise’ in Ukraine on the date of the crash as |ntr°P;JZt?;n -
described in paragraph 2.18.3.1, and the damage patterns on the aeroplane, it was Part B
concluded that a meteor strike did not occur.

Part B:
In addition, the possibility that space debris caused the crash was considered (see 4 Decision making

paragraph 2.18.3.2). The Aerospace Corporation database for 2014 showed no debris

re-entering the atmosphere between 10 and 19 July 2014. o h
art B:

5 The situation

Finding
Part B:

. . . . . 6 Flight MH17
The in-flight break-up was not caused by an external event such as a lightning strike, 9

the impact of a meteor or the re-entry of space debris.

Part B:
7 Flying over
Ukraine

3.5.2 Possible internal causes
The sound wave lasting 2.3 milliseconds that was recorded in the last 20 milliseconds on Part B:
the Cockpit Voice Recorder did not contain the same signature wave form as either an 8 Zhe state of
internal explosion (bomb or fuel tank) or structural failure and explosive decompression. sparture
Examples include the accident to flight PA103 at Lockerbie (Scotland) in 1988 and flight

TWA 800 off Long Island (United States of America) in 1996. In these two cases, the 9ASSPZ£L§;, the
sound signature was about 200 milliseconds long with the internal explosion building risks
very quickly to high value with a very short wavelength. The sound wave then dissipated

over time. In the case of structural failure and explosive decompression, the time is 10
similar but the peak noise was lower and the rate of dissipation was slower. Coaelicion:

11
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Findings

The form of the 2.3 millisecond sound wave did not match the signature waveforms
associated with structural failure and explosive decompression in a number of
previous aeroplane accidents.

Fuel tank explosion
A fuel tank explosion was not able to produce the sort of high-energy object perforation
from outside the fuselage.

Had a fuel explosion taken place, evidence of ruptured fuel tanks, with deformation of
the tanks pushing from the inside outwards should be found. The fuel tanks were not
recovered as they were destroyed in the fire at wreckage site number 6. However, the
fact that a large fire took hold on the ground is an indication that the fuel tanks were
reasonably intact and had a large quantity of fuel to feed the fire that took hold.

Finding

The in-flight break-up was not caused by a fuel tank explosion.

Uncontained engine failure

Another source of damage to the aeroplane was considered; an uncontained engine
failure. In such an event, high-speed rotating parts of the engine are freed from within
the engine intake ring. Such parts have sufficient energy to penetrate the fuselage. In
this case, the shape of the perforation holes did not resemble the shape that would be
caused by engine parts. In addition, an uncontained engine failure would not damage
the cockpit. The fuselage damage would be restricted to areas adjacent to the engine.

The analysis of the Flight Data Recorder data found neither evidence of a condition that
could lead to an uncontained failure or any other malfunction to the engines up to
13.20:03 (15.20:03 CET). On the basis of the above, an uncontained engine failure was
excluded as a possible cause of the damage to the aeroplane.

Finding

The in-flight break-up was not caused by an uncontained engine failure.

Detonation of an explosive device in the cabin/baggage hold

Whilst the break-up sequence of the fuselage described in Section 3.11 of this report had
some similarities with the failure and break-up sequences noted in accidents such as
those at Lockerbie in 1988, this crash differed with the Lockerbie accident and other
similar accidents in that the perforation was from the outside. An explosive device inside
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the pressure hull of the aeroplane would not be able to produce the damage patterns
found in the wreckage; therefore an explosive device detonating inside the aeroplane
was excluded as a possible cause of the crash.

Finding

The in-flight break-up was not caused by the detonation of an explosive device
inside the aeroplane.

Fire due to dangerous goods or other baggage

With the exception of a single Lithium-ion battery, the review of the cargo manifest
described in paragraph 2.6.2 showed no evidence that any materials were being carried
that could have started a fire. There was no fire warning recorded on the Flight Data
Recorder and the crew made no mention of any such event, as recorded on the Cockpit
Voice Recorder.

As with the other scenarios, a fire inside the aeroplane would not be able to produce the
damage patterns found on the wreckage. Therefore, an on-board fire was excluded as a
possible cause of the crash.

Findings

* There was no cargo classified as dangerous goods on board the aeroplane, nor
was any evidence found of a fire caused by dangerous goods inside the
aeroplane.

* The in-flight break-up was not caused by an on-board fire.

3.5.3 Damage from external causes

As none of the potential causes of damage analysed were able to produce the damage
observed to the aeroplane and, in particular, the cockpit area, external causes were
further analysed.

In Section 2.12, hundreds of holes and ricochet marks that were observed on the forward
fuselage and in the cockpit are described. The interior of the cockpit, including the left
hand sides of the cockpit seats, showed evidence of large scale disintegration, extensive
crushing and had dozens of perforation holes. Section 2.12 also described the holes and
ricochet marks found on the left engine intake ring and the left wing tip.

The damage to the forward fuselage was concentrated in a band around the left hand
side of the fuselage starting adjacent to the cockpit windows 2 and 3. The concentration
is reduced rearwards of this area and ends ahead of the left hand forward passenger
door, door 1L. Some witness marks are also noted on the top of the cockpit just above
the windows.
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The pattern of damage observed in the forward fuselage and cockpit area of the
aeroplane was consistent with the damage that would be expected from a large number
of high-energy objects that perforated the aeroplane from outside. The impact damage,
described in paragraph 2.12.2, was caused by foreign objects. The examinations of these
objects (see Section 2.16) classified these objects as high-energy objects that originated
from outside the aeroplane.

The damage observed showed evidence of both piercing and plugging perforation
damage with entry damage bending plate material inwards. The non-penetrating
damage as well as the ricochet damage clearly originated from outside the aeroplane.
On a number of places on the structure, where multiple layers of plate material are
riveted together, some high-energy objects impacted the structure at a shallow angle,
perforated the first outer plate but ricocheted back off the second plate, and exited
through the outer plate.

The main location of the damage of high-energy objects was on the left hand and upper
side of the cockpit. The right hand side of the cockpit showed no high-energy object
damage. As is shown in Figure 45 the two cockpit windows on the right hand side and
the surrounding structure were unaffected by high-energy object impact.

Figure 45: Right hand side of cockpit. (Source: Dutch Safety Board)

There was a relatively clear boundary between parts of the wreckage that were affected
by the high-energy object impacts and parts that were unaffected. On the front side of
the cockpit, the boundary was the forward corner of the left hand front window. The
most forward impact damage occurred just above and aft of this corner. On the top and
right hand side of the cockpit the damage boundary was indicated by the ricochet
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impacts on the cockpit roof as indicated in Figure 46. To the right of this area no impact PO
damage was present. On the left hand side, the rear impact damage boundary was found
in front of the left hand forward passenger door.

Summary

1
Introduction

Part A:
2 Factual
information

Part A:
3 Analysis

Part B:
Introduction to
Part B

Part B:
4 Decision making

Part B:
5 The situation

Part B:
6 Flight MH17

Figure 46: Right hand side cockpit roof, looking front to back. (Source: Dutch Safety Board)

Part B:
The total number of hits (over 350), of all types of impact damage, on the available ‘ Fﬁyﬁfﬁnfe"
wreckage of the cockpit suggests that the total number of hits of high-energy objects
was well over 800. The highest density of hits on the left hand side of the cockpit was Part B:
calculated to be over 250 hits per square metre. The highest density of hits was on the 8 The state of

. departure
left front windows. P

Figure 47 shows the high-energy object damage observed on a number of parts of 9As::;:i,?é the
wreckage. In addition, such damage was also noted in a panel of the cockpit roof. The risks
high-energy object damage was primarily limited to the left hand side of the cockpit and

a small part of the fuselage immediately aft of that. At the rearward edge of the panel, 10
positioned on the left hand side of the aeroplane between approximately STA220 and et

STA410 close to the forward passenger door and on panels further away from the cockpit,
no high-energy object damage was noted. The cockpit panel at STA132.5 appeared to -
be the leading edge of the high-energy object damage. Recommendations
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Figure 47: Part of the left hand cockpit window frame with enlarged detail. The perforation damage had a

regular pattern of larger and smaller holes. (Source: Dutch Safety Board) Part B
art B:
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The skin plates were further damaged by pitting, which may have been caused by the
impact of many small hot particles such as high explosive residue and molten metal. The

pitting damage occurred locally; adjacent panels did not show any pitting damage. 10
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Figure 48: Cockpit bulkhead at junction with radome. (Source: Dutch Safety Board)

There was no perforation damage found in the cockpit bulkhead (Figure 48) that can be
identified, with any certainty, as being from the perforation of high-energy objects. The
perforation in the bulkhead was the result of other parts of the cockpit’s structure having
pushed through the plating.

For the non-perforating ricochet and grazing hits, the angle relative to the structure was
measured to give a direction in the flat plane of the structure plate. This was done for the
cockpit roof (see Figure 49), the lower left hand cockpit side and aft of the cockpit windows.

Figure 49: Grazing on cockpit roof. (Source: NLR)
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The orientation of the ricochet and grazing marks on the cockpit roof are not parallel but
they appear to converge towards a point left of the cockpit. Other ricochet and grazing
marks were noted on the left wing tip.

To determine the trajectory of the high-energy objects, the direction of the impact
damage was analysed on several parts of the cockpit area. Using fibreglass rods and
three-dimensional scans of the structure the direction of high-energy objects penetrating
multiple layers of material was determined. A network of lines of string passed through
straight lines of damage was set up. This is known as ‘stringing’ and is used to analyse the
general direction of impact damage as shown in Figure 50. The results show trajectories
of perforating damage converging to a general area to the left of, and above, the cockpit.

/
A
e

Figure 50: Impression of stringing of the cockpit. (Source: Dutch Safety Board)

Using the shape and orientation of the witness marks, including the perforation holes in
the engine intake ring and left wing tip, a trajectory direction was derived. There, most of
the individual perforation holes were significantly larger than those found in the wreckage
of the cockpit.

It should be noted that although the ‘stringing’ is brought to a single point in Figure 50,
it is not suggested that the point of detonation was actually a small single point. The
lines are brought together to illustrate the divergent nature of the spray pattern of the
high-energy objects. Stringing is only used to generate an indication of the detonation’s
position and is not intended to identify a specific point in space.

In addition to the damage caused by the perforation or ricocheting of high-energy
objects, evidence was found for the effects of detonation blast. For example, the cockpit
floor plate to the left of the left hand seat showed blast deposits, direct pressure damage,
extensive fragmentation damage and extensive fragment holing.
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Another example of blast damage was found in a panel on the right hand side of the
fuselage between STA250 and STA330 (see Figure 51); the fuselage skin was pushed-in
in the areas relative to the fuselage’s structural support elements (i.e. the stringers and
frame). These structural support elements showed no deformation. The sort of damage Summary
noted is typical of a phenomenon known as ‘dishing’. Dishing is a type of damage

associated with the effects of blast.
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Figure 51: Blast damage on the forward right hand side of the fuselage. The panel was also damaged by the
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Findings

* The damage observed on the forward fuselage and cockpit area of the aeroplane
indicated that there were multiple impacts from over 800 high-energy objects
from outside the aeroplane.

* The back-traced trajectories of perforating damage converged to a general area
to the left of, and above, the cockpit.

* The wreckage of the aeroplane contained over 350 hits from high-energy objects
that struck the outside of the aeroplane. These witness marks were concentrated
in a band around the left hand side of the fuselage starting adjacent to the cockpit
windows 2 and 3. The concentration reduced rearwards of this area and it ended
ahead of the front left passenger door, door 1L. The highest density was
approximately 250 witness marks per square metre.

* Evidence of blast damage was found around the cockpit in the form of pitting
and soot. Some forward fuselage panels showed deformation as a result of the
blast.

3.6 Weapon systems

In the paragraphs above, a number of external sources of damage were analysed and
excluded. Because of the nature of the damage, weapon systems that potentially could
have caused damage to the aeroplane were analysed. The damage produced by each
weapon system was then compared to the damage found on the aeroplane and to the
injuries sustained by the aeroplane’s occupants. The weapon systems considered were:

* air-to-air gun/cannon;
* air-to-air missile;
e surface-to-air missile.

Although many sorts of weapons exist, the investigation focused on those weapons that
were considered potentially relevant and are common in the region.

3.6.1 Air-to-air gun/cannon

The number of bullets (typically either armour-piercing or high-explosive) that would
have impacted the aeroplane in the case of air-to-air gunfire under the prevailing
conditions (i.e. a left frontal hemisphere attack at about 30,000 feet and at the cruise
speed of flight MH17) is expected not to exceed several dozen at best. This is a much
lower number than the 350 high-energy object hits that were found on the wreckage of
the cockpit.

Air-to-air gun/cannon fire does not produce fragments in the shape of cubes or bow-ties
as were found in the wreckage and in the bodies of three of the crew members.

In addition, for an air-to-air gun/cannon to have caused the damage found, another
aircraft would have to have been recorded by, at least primary radar data. The analysis in
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paragraph 3.4.2 of this report shows that no (military) aeroplanes were within at least 30
km of flight MH17 at the time of the crash. Primary radar data was available for an area
between about 30 to 60 km to the south of the aeroplane’s final position and about 90
km to the north and east and about 200 km to the west.

Findings

The high-energy object damage was not caused by an air-to-air gun or cannon
because:

* the number of the perforations was not consistent with gunfire, and
* air-to-air gun/cannon fire does not produce fragments with the distinctive forms
that were found in the wreckage and in the bodies of three of the crew members.

3.6.2 Air-to-air missile
Two types of air-to-air missile were considered in the investigation; those with a warhead
filled with rods and those with a fragmentation warhead.

Air-to-air missiles with a warhead filled with rods eject a ring of metal rods after the
warhead'’s explosive charge detonates near its target. The rods then cut into the target.
Figure 52 shows an example of the typical damage pattern; where the rods separated
into individual high-energy objects.

TN v A

Figure 52: Example of damage caused by metal rod warheads. (Source: PPRuNe, via NLR)

Other air-to-air missiles have fragmentation warheads; warheads that are designed to
fragment into small, high-energy objects on detonation.
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Contents

Table 14 provides an overview of typical air-to-air missiles in use in the region. The table Foceie
is simplified and excludes variants and derivative versions of the weapons.

Air-to-air Warhead type Warhead contains bow-tie Warhead mass (kg) Summary
missile type shaped fragments
Rod No 39

R-27
1
R-33 Fragmentation No 47 Introduction
R-37 Fragmentation No 60
Part A:
R-40 Fragmentation No 38 _ 2 Factual
information
R-60 Rod No 3-35
Part A:
R-7 R N
’ od ° 8 3 Analysis
R-77 Rod No 22.5

Part B:
Introduction to
Part B

Table 14: Typical air-to-air missiles present in the region.

No evidence of the characteristic damage produced by a rod warhead was identified
and no rods were found within the wreckage. Of the three missiles listed in Table 14 with Part B:
fragmentation warheads, none contain the bow-tie shaped fragments described in 4 Decision making
Section 2.16. As none of those air-to-air missiles in use in the region having fragmentation
warheads that include bow-tie shaped fragments, these missiles cannot have caused the

damage to flight MH17. 5 Thza:;ct?;tion

In addition, for an air-to-air missile to have caused the damage found, another aircraft

would have to have been recorded by, at least primary radar data. Part B:
6 Flight MH17

Findings Part B:
7 Flying over
Ukraine

* The damage pattern found in the aeroplane’s wreckage does not match the

damage expected from any of the air-to-air missiles in use in the region. Part B:
* None of the air-to-air missiles in use in the region have the distinctly formed szhe St:te of
eparture

bow-tie shaped fragments in their warhead.

Part B:
9 Assessing the
3.6.3 Surface-to-air missile —
In the previous paragraphs, possible scenarios from both internal and external sources
have been excluded on the basis that these sources do not match the damage described 10
in Section 2.12 and the high-energy objects that were found in the bodies of the crew Conclusions

members in the cockpit and in the wreckage as described in Section 2.13. A final source

is considered in this paragraph; the surface-to-air missile. v

Recommendations

In the investigation, two types of surface-to-air missile were considered. Portable,
shoulder-launched missiles known as man-portable air-defence system (MANPADS) and -

larger systems which may be mobile or fixed installations. The basic difference in the Abbreviations and
systems is in size and range. Pl
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MANPADS could not have caused damage to the aeroplane, because the altitude of
flight MH17 (33,000 feet) cannot be reached by MANPADS.

Considering larger systems, these are usually radar guided weapons with guidance being
provided by a combination of ground control and autonomous ‘seeker’ control. All warheads
detonate on impact with a target but some also detonate at close proximity on passing the
target. A proximity fuse uses a beam of radar or laser energy in a cone with a forward angle
with respect to the missile axis to sense the presence of a target. When a part of the target
passes through the beam, the target is detected and shortly thereafter the fuse will detonate
the missile’s warhead. The warhead is typically a fragmentation device. Fragmentation
warheads are composed of between hundreds and several thousand pre-formed fragments,
possibly of different shapes, in layer or layers around an explosive core. On detonation, the
warhead showers the target with these small metal fragments; objects that are designed to
penetrate the target aircraft structure and weaken it so that it is severely damaged or
destroyed. Although designed to destroy high-flying military aeroplanes, some of these
systems have the capability, in terms of both range and speed, to engage an aeroplane
such as a Boeing 777 operating at the altitude and speed of flight MH17.

The generic form of a surface-to-air missile is shown in Figure 53.

v
1 -

I I
Antenna Autopilot/ T
Control Unit Body/Outer skin

Figure 53: Generic form of a surface-to-air missile. (Source: Dutch Safety Board)

Warhead Engine/Propulsion Unit

Radome/ Wings Fins/Control Surfaces
Nose section Seeker/ >
Guidar:ce unit m

Engine
Nozzle

There are three different types of fragmentation warhead; pre-formed, smooth and
grooved or scored case. In a pre-formed fragmentation warhead, the case surrounding
the explosive material is composed of one or more layers of pre-formed, separate,
fragments closely packed together. This is different to the natural fragmentation of a
smooth case and the controlled fragmentation of a grooved or scored case where the
fragments are formed by the explosive force at the moment of detonation. The fragments
of a pre-formed fragmentation warhead are arranged regularly around the circumference
of the warhead. The fragmentation pattern created after the warhead’s detonation is a
bounded fragment spray zone primarily consisting of pre-formed fragments. The damage
caused by pre-formed fragmentation is different from that of natural and controlled
fragmentation and is very distinct in that the pre-formed fragments give a regular pattern
of fragment impacts within a bounded area on the structure of the target.

In a warhead using pre-formed fragments, the separate fragments propagate from the
detonation point in an expanding, divergent, ring-like pattern (see Figure 54).
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Figure 54: Fragmentation pattern of a stationary, horizontal high-explosive fragmentation warhead detonation.
(Source: The Fundamentals of Aircraft Combat Survivability Analysis and Design'?, Robert E. Ball,

reprinted by permission of the American Institute of Aeronautics and Astronautics, Inc.)

The fragmentation pattern consists of several sections. In simple terms, two patterns can
be considered; the primary and the secondary pattern. After warhead detonation, the
pre-formed fragments form the primary fragmentation pattern. The warhead is not
located at the very front of the missile as it is behind the guidance, electronics, proximity
fuse and seeker sections. Upon detonation of the warhead, these parts will disintegrate
and create a secondary fragmentation pattern moving forward in a cone as shown in
Figure 55.

Radome/ Fins/Control Surfaces
Nose section Seeker/
Gwdance unit
Warhead Engine/Propulsion Unit * l
|
Antenna Autop|l

Control Body/ Outer skin

Engine
Nozzle

Figure 55: Primary (red) and secondary (yellow) fragmentation pattern. (Source: Dutch Safety Board)

Findings

*  MANPADS could not have caused damage to the aeroplane, because the altitude
of flight MH17 (33,000 feet) cannot be reached by MANPADS.

e Other, larger, types of surface-to-air missiles with fragmentation warheads are
able to engage aeroplanes of the size and speed of a Boeing 777 at its cruising
altitude.

* Pre-formed fragmentation warheads contain fragments of different shapes.

19 From Second Edition 2003, Figure 3.23 and 3.24.
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3.6.4 Multiple weapon impacts

The investigation also examined the available data and wreckage to address the
hypothesis that the aeroplane was struck by more than one weapon. The damage to the
forward part of the aeroplane requires that at least one surface-to-air weapon is a part of
the scenario. Three scenarios are considered:

* Two surface-to-air weapons struck the aeroplane;
* A surface-to-air weapon and aerial cannon fire, struck the aeroplane;
* A surface-to-air weapon and an air-to-air missile struck the aeroplane.

The aeroplane’s wreckage showed that all of the high-energy objects that perforated the
aeroplane originated from a single volume in space. No other witness marks were found.
The hypothesis that a second surface-to-air weapon detonated near to a part of the
aeroplane that was not recovered, i.e. wings or centre section, was discounted as the
wreckage distribution described in paragraph 2.12.2 would be different as the break-up
of a wing would affect the path that the damaged aeroplane followed.

Finding

Considering the wreckage distribution, the damage patterns and the fact that only
once source of damage was found, the aeroplane was not struck by more than one
weapon.

3.6.5 Surface-to-air weapon systems common in the region

In the previous paragraphs, air-to-air weapons and all surface-to-air weapons not having
a pre-formed fragmentation warhead were excluded on the basis of the damage pattern
found, the injuries sustained by three crew members in the cockpit, the fragments found
and the wreckage distribution. This paragraph continues the analysis further by reviewing
surface-to-air weapons with pre-formed fragmentation warheads that were, potentially,
in use in the region.

There are around twenty types of surface-to-air missiles common in the region that are
capable of engaging a target at an altitude of 33,000 feet. All of these types use radar
guidance and are equipped with a fragmentation warhead. Three systems, potentially
relevant to the investigation, are noted in Table 15.

Missile (typical) SV55 5v28 9M38/9M38M1

Warhead mass (kg) 130 220 70
Fragment shape and Cubic (5 x5x5) Mix of round balls (9 and | Mix of cubic (8 x8 x5
size (mm) 12) and 6 x 6 x 8.2) and

bow-ties (13 x 13 x 8)

Table 15: Typical surface-to-air weapon systems in the region.
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It is noted that the shapes of the pre-formed fragments found in the wreckage and the
bodies of crew members in the cockpit; bow-tie and cubes, are only found in the 9N314M
warhead (see Figure 56). The 9N314M warhead can be fitted to the 9M38M1 missile.
These missiles are launched from a Buk surface-to-air missile system (see Figure 57).

HHSi4M

12- 52-34
Ti-24
L7 99-80)

Figure 56: Left: Sample 9N314M warhead. (Source: JSC Concern Almaz-Antey). Centre: from top to bottom,
square, bow-tie and filler fragments. (Source: JSC Concern Almaz-Antey). Right: 3D print of the
pre-formed fragment arrangement. (Source: AAIB). Note: the model name for the 9N314M
warhead is shown on the left hand image in Cyrillic text, ‘9H314M".

The Buk surface-to-air missile system is present in this region and is the only weapon
system whose missiles have warheads containing, among other fragments, pre-formed
fragments in the shape of a bow-tie in its warhead.

The Buk is a medium range, mobile weapon system equipped with semi-active radar
guided missiles. Its generic designation in the Russian Federation is 9K37 and its NATO
designation is SA-11. The Buk became operational in 1979 and has since then gone
through several upgrades. The system was designed in the former Soviet Union as a
further development of its predecessor, the 2K12 Kub missile system (NATO designation,
SA-6).

According to the manufacturer of the Buk surface-to-air missile system, JSC Concern
Almaz-Antey, the oldest version of the missile system (Kub) and the latest version (Buk-M2
series) could not have been used because they are not equipped with a IN314M warhead.
According to the Kyiv Research Institute for Forensic Expertise of the Ministry of Justice,
both the 9M38 and IM38M1 missiles can carry the 9N314M warhead (see Table 16).
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Figure 57: A typical Buk surface-to-air missile system. (Source: Dutch Safety Board) Part B:

4 Decision making
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L Part B:
* one Target Acquisition Radar; 5 The situation
e one Command Post;
* several Transporter Erector/Launcher and Radar vehicles;
* several Transporter/Erector/Launcher and Loader vehicles; Part B:
. . . 6 Flight MH17
* technical, maintenance and other support vehicles.

The Target Acquisition Radar will search for and detect targets. Once a target has been Part B:
L . . 7 Flying over

detected by the Target Acquisition Radar, the fire control radar in the Transporter/ Ukraine

Erector/Launcher and Radar vehicle can acquire and track the target. Once in range, a

missile from the Transporter/Erector/Launcher and Radar vehicles can be launched to Part B:

engage the target. However, each Buk Transporter/Erector/Launcher and Radar vehicle is 8 The state of
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2 Factual

Table 16: Relevant combinations of missile and warhead on the Buk surface-to-air missile system. . .
information

Part A:

Buk operating characteristics 3 Analysis

* The missiles used by the Buk, the 9M38 and YM38M1 missiles, are all about 5.55 m

long, weigh about 700 kg and use semi-active radar homing with proportional- IntroP;L:Zt?;n ‘o
navigation guidance. In semi-active radar homing systems the active tracking radar Part B

on the ground illuminates the target with a beam of radar energy. The passive

radar seeker in the nose of the missile tracks the radar energy reflected off the Part B:
target. Proportional-navigation guidance systems use the target tracking 4 Decision making

information obtained from the seeker, to steer the missile directly towards the
collision point with the target. If the target does not change its direction or velocity,
the missile will follow a more or less straight path towards this collision point. 5 Thza:;cf;tion
* The Buk surface-to-air missile system is able to engage targets at altitudes up to
70,000 or 80,000 feet.
* The Buk system’s missiles (the 9M38 and 9IM38M1 missiles) are equipped with Part B:
. . . 6 Flight MH17
both an impact and a proximity fuse. The impact fuse detonates the warhead
when the missile directly hits the target. However, in most cases the missile will

not directly hit the target but pass closely by the target. Part B:
7 Flying over

Ukraine

The Buk system’s missiles (the 9M38 and 9M38M1 missiles) carry a 70 kg high-explosive Part B:
fragmentation warhead, composed of a high-explosive detonator surrounded by layers 8;"9 state of
of pre-formed fragments. The IN314 and 9N314M warheads are composed of two layers sparture
of pre-formed fragments. The inner layer of pre-formed fragments in the 9N314M

warhead is composed of bow-tie shaped fragments together with square shaped ‘filler’ 9 As::;:ifé the
fragments. The outer layer consists of larger square shaped fragments (see Figure 56). risks

On detonation, the warhead’s casing will shatter into irregularly shaped pieces.

Information, provided by JSC Concern Almaz-Antey, regarding the pre-formed fragments 10

used in the Buk surface-to-air weapon system is shown in Table 17. Coaelicion:
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Term 9N314M

In this report, based on information of JSC Concern Almaz-Antey, the term 9N314M
is used to describe a 70 kg high-explosive fragmentation warhead with preformed
bowtie and square shaped fragments.

Dimensions (mm) 8x8x5 13x13x8 6x6x8.2

Mass (grams) 2.35 8.10 2.10

Proportion in warhead* | ca. half ca. quarter ca. quarter

Composition unalloyed steel unalloyed steel unalloyed steel
e B S

Dimensions (mm) 8x8x5 13x13x8

Mass (grams) 2.35 10.50

Proportion in warhead* | ca. three-quarters ca. quarter

Composition unalloyed steel unalloyed steel

* Approximation made by the Dutch Safety Board.

Table 17: Pre-formed fragments in warheads used in Buk surface-to-air missile systems. (Source: JSC Concern

Almaz-Antey)

The total number of pre-formed objects in a 9N314M warhead is, according to the
Russian Federation defence group, JSC Concern Almaz-Antey, between 7,000 and 8,000.

Findings

*  The 9N314M warhead carried on the 9M38-series of missiles as installed on the
Buk surface-to-air missile system contains bow-tie, filler and square pre-formed
fragments.

* The missiles launched by the Buk surface-to-air missile system can reach targets
up to an altitude of 80,000 feet.
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3.7 Source of the damage

This Section brings the various parts of the analysis and the underlying factual information
together to identify and confirm the origin of the fragments that struck the aeroplane at
13.20:03 (15.20:03 CET).

The sound peaks recorded on the Cockpit Voice Recorder gave a clear indication that at
13.20:03 (15.20:03 CET) a high-frequency sound originated at a point above and to the
left of the cockpit. The fact that the different Cockpit Voice Recorder microphones each
recorded the sound wave at a slightly different moment provided confirmation that the
sound wave moved from left to right. Paragraph 3.4.1 showed that the sound wave was
recorded on the left hand microphone before it was recorded on the one furthest to the
right.

The high-frequency sound recorded on the Cockpit Voice Recorder is the sound of a
pressure wave associated with an explosion.

The damage observed on the forward fuselage and cockpit area of the aeroplane
indicated that there were multiple impacts from a large number of fragments from
outside the aeroplane. The maximum density was over 250 witness marks per square
metre. A small amount of damage was also observed to the left engine intake ring and
the left wing tip (see Section 2.12).

There was also evidence of pitting and burning (soot deposits) near to the outside of the
left cockpit windows. These parts of the wreckage showed traces of explosive residues.
Two windows panels that were recovered showed signs of having been exposed to heat.
In addition to the evidence of pitting and burning near to the outside of the left cockpit
windows, some fuselage panels on the right hand side of the fuselage showed signs of
having been deformed by the effects of a high pressure wave (blast). See paragraph 3.5.3.

Many small fragments were found in the bodies of three crew members that, at the time
of the crash, were in the cockpit. Fragments were also found in the wreckage of the
aeroplane. Three fragments, made of unalloyed steel, had a distinct bow-tie or cubic
shape. Such fragments were not found in the bodies of any other victims. Also, one
fragment extracted from the cockpit wreckage had this distinctive bow-tie shape (see
Sections 2.13 and 2.16). Bow-tie shaped fragments are found in the 9N314M warhead.

The in-flight break-up sequence of the aeroplane’s structure indicated that the cockpit
separated immediately following the detonation of a warhead.

Using the shape and orientation of the witness marks, including the perforation holes in
the left engine intake ring and left wing tip, a trajectory direction was derived. The results
show trajectories of perforation damage converging to a single source to the left of, and
above, the cockpit.

Foreign objects were recovered from the cockpit and the left wing tip. These objects
were examined. As part of the criminal investigation, paint samples taken from missile
parts found in the wreckage area match those found on these foreign objects.
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Notwithstanding the possibility of sample degredation and contamination, some of the
wreckage parts and the missile part recovered showed traces of explosive residues (e.g.
RDX). The results were provided to the Dutch Safety Board (see Sections 2.12 and 2.16).

Findings

The combination of the recorded pressure wave, the damage pattern found on the
wreckage caused by blast and the impact of fragments, the bow-tie shaped
fragments found in the cockpit and in the body of one of the crew members in the
cockpit, the injuries sustained by three crew members in the cockpit, the analysis of
the in-flight break-up, the analysis of the explosive residues and paint found, and the
size and distinct, bow-tie, shape of some the fragments, led the Dutch Safety Board
to conclude that the aeroplane was struck by a 9N314M warhead as carried on a
9M38-series missile and launched by a Buk surface-to-air missile system.

3.8 Simulations to assess the origin of the damage

3.8.1 Introduction

Using the results in Section 3.7 that the aeroplane was struck by a warhead, a number of
simulations were run. These were intended to corroborate the findings and to calculate
the volume of space of the warhead'’s detonation location and the missile’s possible flight
path from the ground to detonation. Simulations performed by three parties delivered
results that were consistent with the damage observed on the aeroplane’s wreckage. A
study provided by the Russian Federation had results that were not consistent with the
damage. More information on this matter is contained in Appendix V to this report and
in the report ‘"MH17-About the investigation”.

NLR performed two studies to verify that the damage observed on the wreckage could
originate from a 9N314M warhead. The studies were a fragmentation visualisation model
and a missile flyout simulation. TNO used, independently, its terminal ballistics simulation
to verify that the damage observed on the wreckage could originate from a 9N314M
warhead. As part of this work, alternative warhead loads and detonation positions were
simulated. In addition to the above work, TNO simulated the blast loading that the
detonation of the warhead exerted on the aeroplane. To this end, a computational fluid
dynamics simulation of the detonation was performed by TNO. More informative about
these simulations can be found in Appendices X, Y and Z.

On behalf of Ukraine, the Kyiv Research Institute for Forensic Expertise of the Ministry of
Justice and military experts of the Ukrainian Defense Ministry provided the results of
their simulations performed regarding the origin of the damage.

3.8.2 Fragmentation visualisation model

A simulation model of the location and the boundaries of the damage on the fuselage of
the Boeing 777 was constructed by NLR, using the primary fragmentation pattern of the
9N314M warhead, the known speed of the aeroplane and a three dimensional model of
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a Boeing 777. Light was used to visualise the area of the fuselage exposed to the primary
fragments of the warhead (see Figure 58). This fragmentation visualisation model was
used to compare the actual high-energy object damage on the cockpit with the
calculated fragment spray of the warhead from the point of view of detonation location,
boundary and impact angle. The full report is published in the on-line appendices on the
Dutch Safety Board’s website (Appendix X).

The simulation model resulted in a detonation location of the warhead that was to the
left of and above the cockpit, whereby the missile was travelling at a speed of
approximately 700 metres per second (approximately 1,360 knots or 2,520 kilometres
per hour) in the opposite direction to the direction of flight of the aeroplane, coming
slightly from below and from the right with respect to the aeroplane’s longitudinal axis,
seen from the cockpit.

Figure 58: Expected damage pattern caused by a N314M-model warhead. Lit areas show where damage was
expected. (Source: NLR)

Using the modelled warhead'’s detonation point with the aeroplane’s last known location,
speed and attitude (see paragraph 3.4.1), the fragmentation visualisation model matched
the damage observed on the wreckage of the aeroplane. The estimated position of the
detonation was 0.25 metres ahead of the aeroplane’s nose, 3 metres to the left of, and
3.7 metres above the tip of the nose.

The end speed of the missile at the moment of the warhead’s detonation was about
700 metres per second. This indicates that the point of detonation was well below the
missile’s ceiling.

Findings

Simulation showed that the observed damage and the modelled fragment pattern

resulted in an estimated detonation location of the warhead to the left and above
of the cockpit.
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3.8.3 Warhead simulation

Using the presence of a pre-formed fragmentation 9N314M warhead, TNO worked to
analyse the possible trajectories of the high-energy objects that would emanate from the
warhead. A summary of that work is discussed in this paragraph. The full report is
published in the on-line appendices on the Dutch Safety Board's website (Appendix Y).

Several runs of the simulation were performed using three different warheads varying in

size, shape and explosive force. Table 18 shows the three warhead models used in the
simulation.

Number of pre-formed fragments Unknown 1,825 bow-tie 1,870 bow-tie
1,825 filler 1,870 filler
4,093 square 4,100 square

Minimum ejection angle (degrees) 72 76 68

Maximum ejection angle (degrees) 109 112 126

Lowest fragment speed (m/s) circa 1,700 circa 1,300 circa 1,110

Highest fragment speed (m/s) circa 2,300 circa 2,520 circa 2,460

Table 18: Warhead models used by TNO in the warhead simulation tool.

The following consideration was included in the simulation; fragmentation damage is
dependent on the distance of an aircraft from the warhead, the orientation of the aircraft
relative to the cloud of fragments and their impact velocity. The impact velocity is
determined by the vector sum of the warhead's speed, the ejection velocity of the
fragments and the speed of the aircraft. Fragments encounter deceleration through the
atmosphere and perforating the aircraft structure, losing kinetic energy with each
subsequent perforation of material.

This warhead simulation was intended to compare the outcome with the actual damage
observed. Multiple runs of the simulation were performed using different warhead
characteristics (e.g. mass and number of pre-formed fragments), weapon approach
speed and angles. The warhead'’s determined position at detonation took into account
the time between detonation of the warhead and the impact of the fragments. The
results of the simulation are shown in Table 19.
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Contents

Foreword
Simulation Weapon X-axis Y-axis Z-axis Azimuth (°) Elevation
case end speed (metres) (metres) (metres) (°)
(m/s)
Model la circa 600 -0.4 3.7 =7 7 ATIER)
Model Ib circa 600 -0.7 -2.0 3.5 -35 10
. 1
Model lla circa 600 0.0 -2.0 3.7 -30 15 Introduction
Part A:
Model Iila circa 600 05 2.3 3.4 27 10 e
information
Model Illb 730 0.5 -2.3 3.5 -24 7
Model lllc 730 1.4 -0.8 3.0 72 22 Part A:

3 Analysis
Table 19: TNO Simulation results. Note: The simulation of warhead model lllc was performed using data

provided to TNO by JSC Concern Almaz-Antey.

IntroP:L::t?c;n to
The best-match (green band in Table 19) between the simulation and the damage Part B
observed on the aeroplane was obtained with a 70 kg warhead flying at 730 metres per
second and passing left of the aeroplane with an angle of 27 degrees to the aeroplane’s Part B:
x-axis and with a nose up attitude of 10 degrees (model Ilb). 4 Decision making

A visualisation of the results of model Ilb, the model that provided the best match with
the damage described in paragraphs 2.12.2.3 and 2.12.2.7, is shown in Figure 59.
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12
Figure 59: Image of the damage pattern produced by the model Ilb in the warhead simulation model. (Source: Abbreviations and
TNO) Definitions

% - 140 of 279 13
ﬁ E . ‘ List of appendices




Based on its calculations, TNO concluded that a 70 kg warhead detonated 0.0 metres
ahead and 2.0 metres to the left of, and 3.7 metres above the aeroplane’s nose.

TNO's simulation also showed that there is no match obtained between the observed
damage on the aeroplane and the simulated damage patterns when a smaller and lighter,
40 kg, warhead was applied. Figure 60 shows the simulated damage patterns for the set
of simulations with a 40 kg warhead which were closest to the actual observed damage.
This pattern gave a poorer match than was obtained with a heavier warhead (Model lIb).

Figure 60: Image of the damage pattern produced by the model of a 40 kg warhead in the warhead simulation
model. (Source: TNO)

Finding

Simulation demonstrated that a 70 kg warhead best matched the damage observed
on the wreckage of the aeroplane.

3.8.4 Ukrainian study

Based on the Ukrainian simulations, performed by the Kyiv Research Institute for Forensic
Expertise of the Ukrainian Ministry of Justice and the military experts of the Ukrainian
Defense Ministry, it was concluded that a 9N314M warhead detonated at approximately
4 metres to the left of and above the tip of the aeroplane’s nose.
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3.8.5 Volume of space containing the detonation positions Foreword

The results of the simulations performed by NLR, TNO and the Kyiv Research Institute for

Forensic Expertise described in the paragraphs above were consistent with each other.

The distance from the tip of the aeroplane’s nose to the point where, according to these Summary
simulations, the detonation took place is shown in Table 20.

X-axis Y-axis 1
(- = ahead of nose) (- = left side) Introduction
TNO 0.0 3.7

-2.0

Part A:
NLR -0.25 -3.0 3.7 2 Factual
information
Kyiv Research Institute for Forensic Expertise 0.0 -4.0 4.0
JSC Concern Almaz-Antey (see note) -0.40 -3.5 3.7 Part A:

3 Analysis
Table 20: Summary of detonation positions (distance in metres). Note: The data provided by JSC Concern

Almaz-Antey used information that TNO had initially calculated and was included in the draft Final

Lo . Part B:
Report sent to the Annex 13 partners for consultation in June 2015. As part of that consultation, Introda:ction to
TNO updated its calculated position to the one shown in the table. The Russian Federation provided Part B

this data to the Dutch Safety Board without confirming that a 9N314M warhead, carried by a 9M38-
series missile and launched from a Buk surface-to-air missile system, had caused the crash. Part B:
4 Decision making

The Dutch Safety Board took account of uncertainties in the models by defining a volume
of space that enclosed the results of the different simulations instead of a finite point in
space. The volume of space of the warhead’s detonation locations shown in Figure 61 is 5 Thza:;cf;tion
less than one cubic metre and is located at approximately 4 metres above the tip of the
aeroplane’s nose on the left side of the cockpit.
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Not to scale

Figure 61: Simplified representation of the volume of space of the warhead detonation location according to

three independent simulations. (Source: Dutch Safety Board)

Finding

The simulations performed indicated that the location of the explosion of a 9N314M
warhead was in a volume of space that is less than one cubic metre and about four
metres above the tip of the aeroplane’s nose on the left side of the cockpit.

3.8.6 Simulations of the missile’s flight path
The investigation into the detonation of the warhead included fly out simulations which
also comprised the weapon’s possible flight paths. NLR, Ukraine, and JSC Concern
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Almaz-Antey performed simulations to calculate the missile’s flight path based on the
detonation positions calculated in the simulations as described in paragraph 3.8.5. These
simulations are described below, commencing with the work performed by NLR.

Using a data set that simulated the characteristics of both the Boeing 777 and a 9M38-
series missile armed with a 9N314M warhead, fly out simulations were conducted to
assess the possible flight paths back from the volume of space of detonation locations to
the ground. Numerous missile launches were simulated over a grid on the ground,
independently of the launching platform. At each location, missile launch angles in the
horizontal and vertical plane were varied. In these simulations, a number of uncertainties
were accounted for. These included uncertainties in weapon performance and guidance,
orientation angles and airspeeds. This allowed the possible flight paths to be calculated
that matched the end conditions associated with the detonation location in the volume
of space.

All of the possible points from where these flight paths could have commenced are
visualised in Figure 62. Outside the calculated area of about 320 square kilometres, a
9N314M warhead carried on a 9M38-series missile as installed on the Buk surface-to-air
missile system cannot create the damage pattern observed on the aeroplane.
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Figure 62: Visualisation of NLR fly out simulation results. (Source: NLR)
In a simulation performed by the Kyiv Research Institute for Forensic Expertise, an area

of 4 square kilometres was calculated using the 9IM38M1 missile and 9N314M warhead.
This is shown in Figure 63.
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Google

Figure 63: Visualisation of Kyiv Research Institute for Forensic Expertise fly out simulation results. (Source: Kyiv

Research Institute for Forensic Expertise)

JSC Concern Almaz-Antey performed a simulation of the effects that would be expected
from this weapon using detonation data that TNO had calculated and was included in
the draft version of this report. This was done without confirming that a 9N314M warhead,
carried by a 9M38-series missile and launched from a Buk surface-to-air missile system
had caused the crash. The material provided by JSC Concern Almaz-Antey was used by
the investigation as a validation of the models used by NLR and Kyiv Research Institute
for Forensic Expertise.

Results for sets of similar calculations were supplied; one for a warhead launched by a
9M38 missile and one for the same warhead launched by a 9M38M1 missile. These
calculations produced two areas, respectively, approximately 20 and 63 square
kilometres. The areas calculated by JSC Concern Almaz-Antey (see Figure 64) are
consistent with the results of the NLR and Kyiv Research Institute for Forensic Expertise
calculations.
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Figure 64: Visualisation of JSC Concern Almaz-Antey fly out simulation results. Note: The red line, numbered 1
to 4, marks the initial area identified by the NLR fly out simulation; an area since updated. (Source:
JSC Concern Almaz-Antey)

The results of the three sets of simulations are shown in a combination sketch (see Figure
65) of the calculated areas from which a 9N314M warhead carried on a 9M38-series
missile as installed on the Buk surface-to-air missile system could have reached the
warhead'’s detonation location in the volume of space near to flight MH17 and could have
created the damage observed.
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Figure 65: Combination sketch of the calculated areas. (Source: Dutch Safety Board)
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Whilst the results of the three studies all point to a similar geographic area, further
forensic research is required. Such work falls outside the mandate of the Dutch Safety
Board, both in terms of Annex 13 and the Kingdom Act ‘Dutch Safety Board'.

Findings

* The area from which the possible flight paths of a 9N314M warhead carried on a
9M38-series missile as installed on the Buk surface-to-air missile system could
have commenced is about 320 square kilometres in the east of Ukraine.

* Further forensic research is required to determine the launch location. Such work
falls outside the mandate of the Dutch Safety Board, both in terms of Annex 13
and the Kingdom Act ‘Dutch Safety Board'.

3.9 Blast damage

By reviewing the observed damage on recovered parts of the aeroplane and by
investigation of the blast pressure evolution for a number of discrete points on the
aeroplane’s contour, the effects of the blast of the warhead was analysed. This was
achieved by means of a so-called computational fluid dynamics simulation performed to
provide a high-fidelity quantitative description of the blast loading. The computational
fluid dynamic simulation takes into account the altitude, properties of the 9N314M
warhead, velocity of the aeroplane, velocity of the warhead, and shape of the aeroplane.
The position and orientation of the detonating warhead relative to the aeroplane was
taken from paragraph 3.8.3, model llb.

Blast damage is highly dependent on the distance from the warhead, the orientation of
the aircraft part (so that it receives an incident or reflected blast) and the speed of the
aircraft. Blast has the following effect on aircraft structures, in increasing intensity:

e Compression of skin panels between frames and stiffeners where the skin does not
tear, and frames and stiffeners do not distort. This is known as dishing;

* Deformation of frames and stiffeners and detachment of skin panels, and

* Tears of skin panels and stiffeners.

Blast damage can be masked by perforation damage, damage caused by the break-up
of the aircraft and its impact with the ground. Of all the typical blast damage forms,
dishing is, in this situation, the most easily visually detected. Depression of skin panels
can also be caused by bending of aircraft parts during the break-up and impact with the
ground. Several depressions were found on the wreckage that could not be linked, with
sufficient certainty, to dishing.

The cockpit area had a considerable number of witness marks that provide an indication
of blast damage. The panel below the left hand cockpit windows is damaged by pitting
and showed traces of soot (see paragraph 2.12.2.7). The pitting damage is local and is
considered to be the result of hot fragments of a warhead detonating close by; evidence
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of blast. Another piece of evidence for the presence of blast was found in the
discolouration of the two left cockpit window parts that were recovered. Their exposure
to air and heat, changed the plastic from clear to opaque.

Blast extends initially spherically after the detonation of a warhead. However, blast can
flow around obstacles and also cause damage behind an obstacle. This makes it possible
for blast damage on the right hand side of the aeroplane to occur after detonation on
the left hand side. As shown in Figure 51, blast damage was observed forward of STA230
on the right hand fuselage skin. The fuselage skin at STA230 marked the limit of the blast
damage area. The lower part of this part of the fuselage was highly distorted, probably
by the break-up of the aeroplane and impact with the ground.

The floor part to the left of and below the captain’s seat was recovered with part of the
flight control mechanism on that side. It is holed extensively, and also shows clear
evidence of the effects of an explosion, indicating that this area was close to the
detonation point.

Once the pressure hull of the aeroplane was compromised by the impact and perforation
of the high-energy objects, the cabin depressurised due to the large number of holes in
the aeroplane.

7.2 ms after detonation \ : ” r&gegg ]}EE:

Figure 66: Sample image of blast simulation showing blast wave around fuselage, 7.2 milliseconds after
detonation. (Source: TNO)

Calculations show how peak pressure decreases with increasing distance. The blast
following the detonation of the warhead created an area of very high pressure near the
cockpit with a maximum value of about 5,000 kilopascals. 75 kilopascals was taken to be
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the threshold for the mildest form of blast damage on the aeroplane structure. At a
distance from the aeroplane’s nose of 12.5 metres the pressure drops below 75 kilopascals.
Pressure kept decreasing until the effect of the blast became negligible at approximately
35 metres from the aeroplane’s nose.

The damage to the wreckage recovered was consistent with the predictions made by the
blast simulation.

Findings

e The simulation of the blast following the detonation of the 9N314M warhead
created an area of very high pressure near the cockpit with a maximum value of
about 5,000 kilopascals.

* Damage to the aeroplane’s structure as the result of pressure is caused with
values in excess of 75 kilopascals. Such damage could only be caused along the
fuselage for 12.5 metres from the detonation point.

* The damage to the wreckage recovered was consistent with the predictions
made by the simulation of the blast caused by the detonation of a warhead.

3.10 Summary of the results of the simulations into the causes of the
crash

In Section 3.7 the Dutch Safety Board concluded that, on the basis of the combination of
findings of the recorded sound, the damage pattern found on the wreckage caused by
blast and the impact of fragments, the bow-tie shaped fragments found in the cockpit
and in the body of one of the crew members in the cockpit, the injuries sustained by
three crew members in the cockpit, the analysis of the in-flight break-up, the analysis of
the explosive residues and paint and the size and distinct, bow-tie, shape of some of the
fragments, the aeroplane was struck by a 9N314M warhead as carried on a 9M38-series
missile and launched by a Buk surface-to-air missile system.

A number of simulations were run to corroborate these findings. In these simulations the

specifications mentioned in Section 3.6 were used. These simulations led to the following
findings:
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Findings

* Simulations showed that the observed damage and the modelled fragment
pattern resulted in an estimated detonation location of the warhead to the left
and above of the cockpit.

e Simulations demonstrated that the detonation of a 70 kg warhead best matched
the damage observed on the wreckage of the aeroplane.

* The simulations performed indicated that the detonation location of a 9N314M
warhead was in a volume of space that is less than one cubic metre and about
four metres above the tip of the aeroplane’s nose on the left side of the cockpit.

* The damage to the wreckage recovered was consistent with the predictions
made by the simulation of the blast caused by the detonation of a 70 kg warhead.

The above mentioned findings are consistent with the conclusion of the Dutch Safety
Board that flight MH17 was struck by a 9N314M warhead as carried on a 9M38 series
missile and launched by a Buk surface-to-air missile system.

3.11 The in-flight break-up and its aftermath

3.11.1 Introduction

As part of the failure analysis, the structural fractures of the wreckage pieces were
examined. The purpose of this analysis was to determine whether there was pre-existing
damage that had initiated or contributed to the in-flight break-up. For that purpose
possible fatigue, mechanical damage, corrosion or repairs were looked after. A second
objective was to determine where on the aeroplane the failure had initiated. Descriptions
of types of failure found on the wreckage parts have been included in Appendix L.

Structural fractures at specific locations were examined, namely the boundaries between
the four main parts of the aeroplane’s structure that have been recovered:

* cockpit and front fuselage;
* centre fuselage;

* rear fuselage;

° tail.

The failure analysis was limited to the wreckage parts that had been recovered.

3.11.2 The separation of the cockpit and front fuselage from the centre fuselage
The cockpit and the front fuselage separated at approximately STA888 from the centre
fuselage. Fractures in the cockpit and the forward fuselage were examined because
these fractures indicate the start of the break-up.

Multiple perforations were present in the cockpit region (i.e. forward of STA236.5). The
left hand side of the cockpit was fractured into small pieces. Therefore, the perforations
had probably acted as crack initiation sites. Due to the presence of these perforations,
the fractures in the cockpit region could not be analysed.
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The other main fractures in the front fuselage are shown in Figure 67. These fractures are
numbered (1 up to and including 20).
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Figure 67: Front fuselage left hand side (bottom) and right hand side (top) view with main fracture lines and
fracture growth directions. The arrows represent the growth direction. The lack of an arrow besides
(part of) a fracture indicates that the growth direction could not established. Frame locations are
indicated by STA numbers. (Source: Dutch Safety Board)

The most probable in-flight break-up sequence of the cockpit and front fuselage is
assumed as follows:

Fractures 11 and 12 along STA236.5 can be associated with the initial direct blast wave
due to their proximity to the cockpit and initial blast location. The horizontal fractures at
the level of the passenger floor running aft (fractures 1, 2 and 13), caused a separation of
the top part from the lower part of the front fuselage with the cockpit. The circumferential
fractures at STA655 (fractures 7, 16 and 18) indicate a complete separation of the fuselage
part in front of it.

The fractures in the upper part at STA655 (fractures 7 and 16) propagating upward
indicate an upward bending moment acting on upper front parts and a separation of
upper parts in upward direction. The fractures in the lower part at STA655 (fracture 18)
and on the left hand side between STA529 and STA613 (fractures 5 and 6), propagating
down indicate a downward bending moment acting on the part below the passenger
floor plus cockpit and a separation of these parts in downward direction.
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Following this separation, several longitudinal fractures developed in the fuselage part
from STA655 until STA888/909, (fractures 8, 9, 17, 19 and 24) propagating to the rear,
caused radial opening of it and locally peeling of the skin from stringers and frames. The
other fractures between STA655 and STA888/STA909 were consistent with the radial
opening of the fuselage due to aerodynamic loads. Finally this fuselage part separated
from the centre fuselage behind it between STA888 and STA%30, see Figure 68.

Skin peeled off Untknown

Skin peeled off

STA909

between

STA804
and

STA825

at or aft
of STA888

at or aft
of STA888

Skin peeled off i Gl

of STA888

Location
unknown

Skin peeled off

STA888

STA909

Tension
STA09

Tension
and
bending

Tension

Looking forward

Figure 68: Observed position of fracture at STA 888/909 and type of loading of the fracture at STA888/909.
Only between stringers 45R and 39R parts from the front and the centre fuselage fitted together. In
the figure the thick line indicates this location. (Source: Dutch Safety Board)

3.11.3 Separation of the rear fuselage from the centre fuselage

The rear fuselage separated from the centre fuselage at approximately STA1546. This
location coincides with the aft door frame of passenger doors 3L and 3R. The radial
fractures between the centre part and the rear part of the fuselage were consistent with
tensile and bending loading. A large skin panel on the left upper side of the fuselage,
extending from half way the main landing gear wheel bay in front of doors 3L and 3R to
about 1.5 meters aft of doors 3L and 3R, was found at the same location as the parts of
the rear fuselage (in wreckage site number 4). This part probably separated just before
the fuselage rear part broke away. As this part separated, the section at the doors was
weakened.
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Figure 69: Examples of tensile overstress fracture at passenger doors 3L and 3R. (Source: Dutch Safety Board) et B
art B:

5 The situation
The weakened fuselage section then broke and the rear part separated.

3.11.4 Separation of the tail from the rear part of the fuselage . FIPahrtt I?II:H17
The tail separated from the rear part of the fuselage at approximately STA2174. All 9
fractures investigated here showed signs of out-of-plane bending, mostly combined with

tensile loadings. Part B:
7 Flying over
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Figure 70: Left hand side separation fracture between rear fuselage and the tail. Separation is at the irregular

fracture indicated by the black line. The vertical cut through the left letter M was made for 12

transportation purposes. (Source: Dutch Safety Board) Abbreviations and
Definitions
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3.11.5 Fractures in specific parts
Also, fractures in a number of specific parts were examined.

Rear pressure bulkhead

The curved rear pressure bulk head was fractioned and severely deformed. Figure 71
shows the fractures in the dome and the parts that were recovered, namely major
sections with clear intersection with the dome centre part (parts numbered 1, 2, 6 and 8)
and four smaller pieces intersecting with the fuselage structure (parts numbered 3, 4, 5
and 7).

The fractures in circumferential direction followed the intersection with either the
fuselage, or with the tear straps. These fractures are predominantly consistent with a
tensile overstress fracture in the net section. In addition, circumferential fractures were
observed at the connection to the centre part of the dome. Also these fractures surfaces
were consistent with overstress fractures as result of combinations of tension and out of
plane bending. Fractures in a radial direction were observed also consistent with tensile
overstress fractures. These fractures follow the fastener row underneath the radial
stiffeners.

Looking aft

Figure 71: Fractures in rear pressure bulkhead. Looking aft. The parts that were available for investigation are
numbered 1 to 8. (Source: Dutch Safety Board)
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The fractures observed in the bulkhead were consistent with tensile overstress, caused Foreword
either by a pressure difference or a disintegrating fuselage structure, where a relatively
flexible, thin walled dome is pulled apart by the surrounding fuselage structure.

Summary

There are no indications of a sudden failure by overpressure of the rear pressure bulk
head.

1
The observed fracture pattern indicated that most probably the pressure bulkhead was Introduction
torn apart by the fuselage breaking up.

Part A:
2 Factual

Cargo doors information

The front cargo door was recovered at wreckage site 3 in closed position. The rear cargo
door had separated from the aeroplane. It was recovered at wreckage site 4. This
indicates it separated relative late in the sequence (of events) with the other parts of the
rear fuselage. It can be ruled out that the opening of the cargo doors contributed to the
crash.

Part A:
3 Analysis

Part B:
Introduction to
Wing tips Part B
Both wing tips separated from the remaining wing structure. Both ailerons were not
recovered. Fracture patterns led to both a downward acting bending moment and the Part B:
likelihood of a relative high torsion moment at the separation area. 4 Decision making

Vertical stabilizer
The vertical stabilizer separated from the rear fuselage. Parts of the main frame were 5ThzasrittuB;tion
found connected to it. The fractures are consistent with lateral loads acting on the fin
oriented to the aeroplane right hand side, causing a bending moment and a torsion

moment at the connection to the fuselage, resulting in separation of the fin. Part B:
6 Flight MH17
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Figure 72: Overload failure of the vertical stabilizer. (Source: Dutch Safety Board)
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Figure 73: Fracture separating the vertical stabilizer from the fuselage. Attached skin and broken vertical Part B:
stabilizer-to-fuselage frames bended out of their plane and fractured. (Source: Dutch Safety Board) 4 Decision making

Horizontal stabilizers e
. . . . t B:
The horizontal stabilizers had separated from the centre part just outside the fuselage. L
Only the centre horizontal stabilizer part and the left hand horizontal stabilizer were
available for investigation. The fractures in the left horizontal stabilizer were consistent
with a downward bending moment acting in the separation plane. This moment was Part B:
. . . .. . 6 Flight MH17
caused by a downward acting loading on the horizontal stabilizer. Failure of the elevator
attachment brackets and power control units were consistent with high aerodynamic

loads acting on the elevator. Part B:
7 Flying over

Ukraine

Main landing gear

The Flight Data Recorder data indicated that the main landing gear was in the retracted Part B:
position at the last recorded position of the aeroplane. Pictures taken on the crash site a 8 Zhe St:te of
eparture

few days after the crash indicate that the right hand retract actuator of the main landing
gear was close to its retracted (gear-up) length. Therefore it can be concluded that the Pt B

landing gear was in the retracted position when the event occurred. 9 Assessing the
risks

Finding 10
Conclusions
None of the investigated wreckage parts showed indications of the presence of pre-

existing damage, such as fatigue, corrosion or inadequately performed repairs. v

Recommendations

3.11.6 External damage exacerbated by airworthiness aspects “
In paragraph 3.2.2, a number of airworthiness aspects were analysed and excluded as Abbreviations and
being the cause of the crash. For completeness, a final hypothesis was also considered; Definitions
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that the aeroplane was not sufficiently damaged by surface-to-air missile to cause it to
crash, but that the crash was the result of a combination of the pre-formed fragment
damage and one or more pre-existing technical failures or deficiencies.

The comprehensive structural analysis of the failure modes of the fuselage described in
paragraphs 3.11.2 to 3.11.5 showed no evidence of fatigue, pre-existing damage or repairs
that could have played a contributing factor to the crash. None of the systems, as recorded
by the Flight Data Recorder, showed a defect that could have exacerbated the effects of
the damage caused by the high-energy objects. The maintenance records for the aeroplane
following its last major overhaul, in November 2013, did not reveal any defect that had not
been rectified adequately. None of the deferred defects at the time of the crash could
have exacerbated the effects of the damage caused by the pre-formed fragments.

Finding

The effects of the damage caused by the pre-formed fragments were not
exacerbated by any technical issue.

3.11.7 Ballistic trajectory analysis

3.11.7.1 Introduction
This Section describes the in-flight break-up of the aeroplane, its sequence and the
trajectory after impact.

The distribution of wreckage parts over the crash area given in Section 2.12 shows there
are six wreckage sites numbered 1 through 6. The figures in Section 2.12 show that the
debris field can be divided roughly in two areas: one (sites 1, 2 and 3) relatively close to
the last recorded FDR position, and one (sites 4, 5 and 6) relatively close together and
further from that position and more or less in the direction of flight.

As the wreckage sites 1, 2 and 3 are much closer than the sites 4, 5 and 6 to the last FDR
position, it may be concluded that the wreckage parts which landed there separated
much earlier from the aeroplane than those in sites 4, 5 and 6. The sites 4, 5 and 6 being
relatively close together suggests that the time intervals between the separation of these
parts from the aeroplane must have been relatively short and that the altitudes of
separation were relatively low.

The previous sections give the results of the investigation into the main fractures in the
structure and the separations of different aeroplane parts.

Figure 67 shows left and right side views of the front fuselage with the main fractures in
the aeroplane structure.

157 of 279

Contents

Foreword

Summary

1
Introduction

Part A:
2 Factual
information

Part A:
3 Analysis

Part B:
Introduction to
Part B

Part B:
4 Decision making

Part B:
5 The situation

Part B:
6 Flight MH17

Part B:
7 Flying over
Ukraine

Part B:
8 The state of
departure

Part B:
9 Assessing the
risks

10
Conclusions

11
Recommendations

12
Abbreviations and
Definitions

13

List of appendices



Contents

As mentioned elsewhere in this report, no radar fixes or eye-witness statements on the Foreword
moment of the in-flight break-up were available. As a result, the information available to
make a reliable reconstruction of the flight path and the break-up sequence is limited.
Only information from distribution of debris over the six wreckage sites is available. Summary

To obtain information about the moment of separation of some wreckage parts at a

certain moment, a ballistic trajectory analysis was carried out. 1
Introduction

A ballistic trajectory analysis can be used to determine the trajectory through the air of an

object that has no aerodynamic lift. Its trajectory is determined by its ballistic coefficient Part A:

(BC), which is the weight of an object divided by the product of its drag coefficient with its . ZfFaCt”f"'l
information

cross-sectional area. Thus a feather (which has a very low ballistic coefficient) would fall

slowly when released from an initial point in space, moving almost exclusively with the

wind to the ground. In contrast, a bowling ball (which has a high ballistic coefficient) would

fall rapidly, with very little displacement resulting from the wind.

Part A:
3 Analysis

A ballistic trajectory analysis was performed for selected wreckage parts recovered on IntroP;L:Zt?;n ‘o
the ground, with known starting conditions; the last recorded FDR position and time, Part B
flight altitude and airspeed. Using the known wind speed and directions from the ground
until the cruise altitude, it was possible to determine the trajectories and thus the landing Part B:
locations. More information about the method of ballistic trajectory analysis is found in 4 Decision making
Appendix K.

_ . . Part B:
3.11.7.2 Results of the ballistic trajectory analysis 5 The situation

A ballistic trajectory analysis was performed for parts, with the following starting
conditions: last known FDR position, time of last FDR recording, speed and altitude,

taking into account the reported wind from cruise level to the earth. Part B:
6 Flight MH17

By running the ballistic trajectory analysis for multiple ballistic coefficients, a so-called

locus line was obtained. The locus line represents the possible ground positions of 7F|P?ft B:
wreckage parts after break-up, assuming that they all separated at the same initial Uyﬂ:‘gn?er
position, altitude and speed and assuming a ballistic trajectory taking into account the
wind, see Figure 74. Part B:
8 The state of
departure
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Sites 1, 2 and 3

Legend

— Road

[ Residential area
--- Railway

[ Wreckage location
@ | ocus line

[ Textile roll location

Site 1

1. Upper left hand cockpit fuselage*

2. Upper part fuselage above business
class (forward)*

3. Upper part fuselage above business
class (aft)*

4. Right hand fuselage with partial text
“Malaysia”

5. Left hand fuselage with positive
pressure relief valves*

Site 2

6. Left hand fuselage with door frame of
door 1L*

7. Right hand fuselage with door frame of
door 1R*

8. Left hand fuselage with door frame of
door 2L

9. Lower fuselage with forward cargo floor

10. Right hand fuselage with door 2R

11. Left engine intake ring

12. Left hand fuselage with impact damage

13. Forward section passenger floor,
business class

Last FDR point

Site 3

14. Cockpit, including forward bulkhead,
forward cargo hold, nose gear wheel
bay, avionics

*  Parts not retrieved by the Dutch Safety
Board

600 m A

—_— N

Figure 74: Calculated locus line (black) from ballistic trajectory analysis with identified wreckage and cargo

parts in sites 1, 2 and 3. (Source: Dutch Safety Board)

From the cargo manifest it was established that ten textile rolls were transported on a
pallet with position 21P (approximately STA700 - STA800); see Section 2.12. These textile
rolls, once separated from its pallet, would have had a very low ballistic coefficient. From
satellite imagery seven textile rolls, each containing 100 metres of textile, were identified
in site 1 approximately 5 to 5.7 kilometres from site 3 (cockpit). It is of note that the
textile rolls were identified on a satellite image dated 21 July 2014. Satellite imagery after
this date did not show the textile rolls, but showed clear markings of agricultural work.

In Appendix K, the Ballistic Coefficients of the textile rolls were calculated and they were
as expected very low. This would mean that they would likely be found near the top end
of the locus line if they separated from the aircraft at the point of initial break-up. As site
1 is at the top end of the locus line where low Ballistic Coefficient pieces would be
expected, this verifies the ballistic locus line calculation.
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The combination of the cockpit with the lower fuselage part has a very high ballistic
coefficient. This means it would likely be found near the lower end of the locus line if it
separated from the aircraft at the point of initial break-up, and that is where it was found
(site 3).

All parts from the fuselage part in front of STA888/909 that were recovered, were found
in the sites 1, 2 and 3, at or very close to the locus line.

Thus, it can be concluded that all the pieces of wreckage from the fuselage part in front
of STA888/909, recovered from the sites 1, 2 and 3, separated from the aeroplane in the
first few seconds after the impact of the high-energy objects.

All aeroplane parts of the fuselage aft of STA888/909, wings and empennage were found
in sites 4, 5 and 6. These sites are located relatively far beyond the locus line. From this it
can be concluded that these parts separated from the aeroplane much later than those
of the forward fuselage.

3.11.8 Break-up of the aeroplane

After the impact of the high-energy objects the aeroplane broke up in the air: There are
two distinct phases in relation to the in flight break-up; the break-up of the front fuselage
and the centre/rear fuselage. These are described in the paragraphs below.

3.11.8.1 Break-up of the front fuselage
The front fuselage broke into the following three main components:

* the damaged cockpit with a large part of the lower fuselage with the passenger floor
in front of STA655;

* large parts of the fuselage above the passenger floor, in front of STA655;

* the cylindrical fuselage part between STA655 and STA888/909.

Within approximately one second the fuselage top parts in front of STA655, above the
passenger floor, were bent upward, while the fuselage lower part in front of STA655, was
bent downward. This was followed immediately by the fuselage part behind it, bending
radially outward and separating behind the doors 2L and 2R at (STA 888/909).

All recovered parts from the fuselage in front of STA888/909, were found on or very
close to the locus line. This indicates that the break-up sequence of the forward part of
the aeroplane took place immediately after the last FDR recording, and lasted in the
order of seconds.

3.11.8.2 Break-up of the centre and rear fuselage

The separation of the forward fuselage resulted in significant changes to the mass and
balance and aerodynamic characteristics or the aeroplane, substantially modifying its
flight characteristics.

The centre of gravity moved aft, probably behind its rear certified limit, probably causing
longitudinal instability of the aeroplane. Further, the aerodynamic loads that would
normally result from the air impacting and flowing over the smooth forward fuselage

% E; ‘ ‘ 160 of 279

Contents

Foreword

Summary

1
Introduction

Part A:
2 Factual
information

Part A:
3 Analysis

Part B:
Introduction to
Part B

Part B:
4 Decision making

Part B:
5 The situation

Part B:
6 Flight MH17

Part B:
7 Flying over
Ukraine

Part B:
8 The state of
departure

Part B:
9 Assessing the
risks

10
Conclusions

11
Recommendations

12
Abbreviations and
Definitions

13

List of appendices



were replaced by the loads created by air impacting and flowing over the blunt open,
damaged fuselage, which resulted in increased drag and altered airflow over the inboard
sections of the wings.

Despite having no radar data available for trajectory analysis, a general sequential outline
of the break-up sequence can be established using wreckage location information in
combination with the analysis of fractures between the structural parts. As mentioned
before, as no post-crash radar fixes or eye-witness declarations were available, it is not
possible to make an accurate reconstruction of the break-up sequence.

The fact that no wreckage pieces from behind STA909 were found in site 1 through 3
suggests that after the front part of the aeroplane broke up and separated, the remainder
of the aeroplane continued flight for some time along an undetermined path.

In a relative short time interval, the two wing tips, the stabilizers, the fuselage behind
STA 1546.5, inclusive of most parts of the rear pressure bulkhead, separated from the
centre fuselage and hit the ground in site 4. The centre fuselage section with the
remainder of the wings and engines continued their flight for some time as they were
located in site 6. Later in time, the fuselage part aft of STA 1546.5 broke near the rear
pressure bulkhead. The main parts behind it, the vertical fin, the centre stabilizer torsion
box and the damaged tail cone landed very close together at site 5.

In site 4 several textile rolls were identified on satellite imagery and were, later on,
recovered from the site. From the cargo manifest it was established that 10 textile rolls
were transported in a container in the aft cargo compartment located at position 33L.
The textile rolls were found in close proximity of (500 metres) or on top of other wreckage
pieces. The textile rolls possessed a very low ballistic coefficient.

The parts found in sites 4 had big differences in Ballistic Coefficients and they were found
in close proximity. This suggests the break-up in this site was at a much lower altitude
and thus later in the break-up sequence than the first break-up.

This is furthermore substantiated by the wreckage area footprint and spread of the
wreckage pieces in sites 4 through 6. For sites 4 through 6 the maximum range the
wreckage pieces are spread is approximately 1.5 kilometres from the main impact point
in site 6; this is substantially less than the wreckage spread of 7 kilometres for sites 1
through 3. In site 4 the left and right wing tip were located but the remainder of the left
and right wings were found in site 6.

Also the left and right horizontal stabilizers were found in site 4. The left stabilizer was
found on the right hand side of the expected flight track, the right stabilizer on its left
side. This suggests that at this point the aeroplane may have been inverted. The stabilizer
centre torsion box was found in site 5. This suggests that the stabilizers separated at the
same moment as other parts found in site 4, while the aft tail section continued its flight
for a short time.
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In site 5 the vertical fin was located and in close proximity parts of the tail section. The
crew bunk container, located in the aeroplane aft cargo compartment (hold 31 and 32),
was located in site 5.

Other cargo items from load positions 41 to 44 (See Appendix E) were found spread over
sites 4 and 5. These items were found in reverse, meaning that the items that originate
from the left hand side of the aeroplane were found predominantly on the right hand
side of the expected flight track and vice versa. This combined with other wreckage
pieces suggest that at this point the aeroplane may have been inverted.

In site 6 a fuselage part just in front of passenger door 3R was found under the aeroplane
keel beam structure together with a part of the lower fuselage, normally located just in
front of the centre wing. This suggests that the centre fuselage with the remainder of the
wings and engines was in an upside down position by a rotation around the lateral axis,
and thus moving in a rearward direction, during impact with the ground. Both wings
were found separated from the mid centre section, up-side down in site 6. The engines
did not separate in the air as both engines were found in site 6 in close proximity of their
respective wing positions. However, the left engine intake ring was found in site 2. This
indicates an earlier separation in time of that part.

With the available information the conclusion can be drawn that after separation of the
front fuselage, the centre and aft fuselage sections with the complete wings continued
flying, and then after a short time interval the wing tips broke off and the aft fuselage
section and tail separated. Thereafter the aft fuselage section may have rolled inverted
when the stabilizers separated, and later the damaged tail section, with the vertical fin
and the stabilizer centre torsion box, separated near STA2150. These parts landed closely
together. From the wreckage pattern it can be seen that this would have been at a low
altitude. The centre fuselage finally landed in an inverted position after a rotation around
its lateral axis.

The time interval between the separation of the front fuselage and the moment that the
remainder of the aeroplane impacted the ground is estimated to have been 1-1.5 minutes.
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Findings

* From the ballistic trajectory analysis it can be concluded that all the pieces of
wreckage from the fuselage parts in front of STA888/909 departed the aeroplane
immediately after the last Flight Data Recorder recording.

e |t also indicated that all debris recovered from the other three sites (4, 5 and 6),
departed the aeroplane later, as their location in the debris field was relatively far
beyond the locus line.

* After separation of the front fuselage, the remainder of the fuselage with the
complete wings continued its flight.

* After a short time interval the wing tips broke off and the aft fuselage section
with the tail separated.

* Thereafter the aft fuselage section may have rolled inverted when the horizontal
stabilizers separated, and later the damaged tail section, with the vertical
stabilizer and the stabilizer centre torsion box, separated near STA 2150.

* The centre fuselage finally landed in an inverted position after a rotation around
its lateral axis.

* The time interval between the separation of the front fuselage and the moment
that the remainder of the aeroplane impacted the ground is estimated to have
been 1-1.5 minutes.

3.12 Passenger oxygen system

The cabin pressure altitude recorded on the Flight Data Recorder, described in Paragraph
2.18.2, was 4,800 feet during cruise up to the moment that the recording stopped at
13.20:03 (15.20:03 CET). The recording stopped due to electrical power interruption as
analysed in Paragraph 3.4.3. Therefore, the passenger oxygen system was probably not
activated prior to this moment.

The perforation of the aeroplane’s structure caused the cabin of the aeroplane to
depressurise and a cabin altitude of 13,500 feet was exceeded. Had electrical power
been available, the passenger oxygen masks would have been automatically deployed.
According to the aeroplane manufacturer, when depressurisation occurs the deployment
of the masks may take a few seconds, in part as the electrical signal is delayed to avoid
false deployment. Therefore, the loss of electrical power prevented the system-activated
deployment of the passenger emergency oxygen masks.

On the oxygen generators recovered from sites 4 and 5, some solenoid switches were
deformed and the latches had separated from all of the recovered containers. It is
therefore considered likely that oxygen masks dropped out of the passenger service unit
containers due to torsion or other forces upon these containers. This would then result in
the unlocking or separation of the latches. This could have been the result of either the
blast of the warhead explosion, the effects of the in-flight break-up or the impact with
the ground.
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It requires a force of only a few Newton? to remove the firing pin from the oxygen
generator. Therefore, it is conceivable that the oxygen generators were fired as a result
of the blast, the dynamic forces during the in-flight break-up or the impact with the
ground. The oxygen generator which had not been fired, originated from the crew rest
area. It is considered possible that the rest area, a closed container, may have been
better protected against the dynamic forces during the in-flight break-up or from the
impact with the ground.

Black coloured stripe when
fired; yellow when not fired.

Figure 75: One of the recovered passenger oxygen generators. (Source: Dutch Safety Board)

The flight crew’s emergency oxygen supply is a different system to that in the cabin.
Information on the flight crew system could not contribute to the analysis of the cabin
pressure or cabin oxygen supply system.

Findings

* Itis considered unlikely that the passenger oxygen masks were deployed before
the electrical power supply was interrupted. It is unlikely that the passenger
oxygen system was activated in the normal way.

* It is likely that passenger oxygen masks dropped down because the passenger
service unit container latches opened or separated. This occurred as a result of
the forces exerted upon these latches due to blast, the dynamic forces during
the in-flight break-up or the impact with the ground.

3.13 Recovery and identification of victims flight MH17

Given the circumstances, the recovery and transporting of the human remains were
carried out with the greatest possible care. The recovery method adopted during the
first few days after the crash allowed a substantial number of the victims to be identified
reasonably quickly. At the time of the report’s production, two of the 298 occupants had
not been identified.

20  For reference see Federal Aviation Administration specification TSO-C64.
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Finding

296 of the 298 occupants of flight MH17 were identified at the time of the publication
of the Final Report.

3.14 Survival aspects

The investigation revealed that the occupants were confronted with the effects of the
missile’s impact in different ways. The effects were partly determined by the location in the
aeroplane where they found themselves when the warhead detonated. The impact of
missile fragments and the subsequent pressure wave caused the aircraft to break up. This
impact was only instantly fatal to the occupants of the cockpit. The other occupants were
almost immediately exposed to factors that had an extreme impact on the body and which
were not the same for everyone. There was the deafening noise of the impact, abrupt
deceleration and acceleration, decompression and the corresponding mist formation,
reduced oxygen level, extreme cold, powerful airflow, the aeroplane’s rapid descent and
objects flying around.?’ As a result, some occupants suffered serious injuries that probably
caused their death. In others, the exposure led to reduced awareness or unconsciousness
in a very short space of time. It was not possible to ascertain the time at which the
occupants died; it was established that the impact on the ground was non-survivable.

It cannot be ruled out that some occupants remained conscious for some time during the
one to one and a half minutes for which the crash lasted. The Dutch Safety Board deems
it likely that the occupants were barely able to comprehend the situation in which they
found themselves.??2%:242526.27 The Dutch Safety Board does not deem it likely that the
occupants performed conscious actions after the impact.??” No indications were found
that point to any conscious actions. No photographs or (text) messages from occupants
were found on personal data carriers such as mobile phones that were taken after the
impact. Such messages and photographs were found after several other aircraft crashes.
There may have been reflexive actions such as clutching the armrests of the seat. See
Appendix N for more information.

21 See Appendix N: Background to Passengers Exposure.

22 Guyton, A.C., J.E. Hall, Textbook of Medical Physiology, Chapter 60. The Autonomic Nervous System and the
Adrenal Medulla, 2006.

23 Baddeley, A. D., G. Hitch, "Working memory’, in G.H. Bower (Ed.), The Psychology of Learning and Motivation:
Advances in Research and Theory, Vol. 8, 1974, 47-89.

24 Ehlers, A., D.M.Clark, ‘A Cognitive Model of Post-traumatic Stress Disorder,’ Behaviour Research and Therapy,
38(4), 2000, 319-345.

25 Roediger, H. L., ‘Implicit memory: Retention without Remembering’, American Psychologist, 45, 1990, 1043-1056.

26 Dalgleish, T., ‘Cognitive Approaches to Post-traumatic Stress Disorder: The Evolution of Multirepresentational
Theorizing,' Psychological Bulletin, 130(2), 2004, 228-60.

27 Qin, S., E.I, Hermans, H.I.F Van Marle, |. Luo, G. Fernandez, ‘Acute Psychological Stress Reduces Working Memory-
related Activity in the Dorsolateral Prefrontal Cortex’, Biological Psychiatry, July 1;66(1), 2009, 25-32.

28 A retrospective study by Leach (2004), based on official research reports and written testimonies from various
maritime and aviation disasters, reveals that freezing is a common response among people in serious emergency
situations.

29  Leach, J., "Why People ‘Freeze’ in an Emergency: Temporal and Cognitive Constraints on Survival Responses’,
Aviation, Space, and Environmental Medicine, 2004. 539-542.
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During the process to identify the victims, one passenger was found with an oxygen
mask around the neck. It is unclear how the mask got there. The traces the NFI found
during the forensic examination were not suitable for constructing a DNA profile, thus it
remains unclear whether the person concerned put on the mask in a reflex or that it was
done by someone on the ground after the passenger’s death.

Findings

* The numerous injuries resulting from perforation of the pre-formed fragments
after detonation of the warhead immediately killed the three crew members in
the cockpit.

* There were no pre-formed fragments found in the bodies of the other occupants.
As a result of the impact, they were exposed to extreme and many different,
interacting factors: abrupt deceleration and acceleration, decompression and
associated mist formation, decrease in oxygen level, extreme cold, strong airflow,
the aeroplane’s very rapid descent and objects flying around.

* As a result, some occupants suffered serious injuries that were probably fatal. In
others, the exposure led to reduced awareness or unconsiousness within a very
short time. It was not possible to ascertain at which moment the occupants died.
The impact on the ground was not survivable.

* The Dutch Safety Board did not find any indications of conscious actions
performed by the occupants after the missile’s detonation. It is likely that the
occupants were barely able to comprehend the situation in which they found
themselves.

3.15 Recording of radar data

During the investigation, the Russian Federation declared that the requ<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>