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General observations

The Swedish Accident Investigation Authority (Statens haverikomomsgsi

SHK) is a state authority with the task of investigating accidents and incidents
with the aim of mproving safety. SHK accident investigations are intended to
clarify, as far as possible, the sequence of events and their causes, as well as
damages andther consequences. The results of an investigation shall provide
the basis for decisions aiming at preventing a similar event from occurring in
the future, or limiting the effects of such an event. The investigation shall also
provide a basis for assessnt of the performance of rescuewsees and, when
appropriate, for improvements to these rescue services.

SHK accident investigations thus aim at answering three quesidreat: ha-
pened? Why did it happen? How can a similar event be avoided in theXutur

SHK does not have any supervisory role and its investigations do not deal with
issues of guilt, blame or liability for damages. Therefore, accidents aind inc
dents are neither investigated nor described in the report from any such pe
spective. These isea are, whenppropriate, dealt with by judicial authorities

or e.g. by insurance companies.

The task of SHK also does not include investigating how persons affected by
an accident or incident have been cared for by hospital services, onceran eme
gency opeation has been concluded. Measures in support of such individuals
by the social services, foxample in the form of post crisis management, also
are not the subject of the investigation.

Investigations of aviation incidents are governed mainly by RegualdEU)

No 996/2010 on the investigation and prevention of accidents and incidents in
civil aviation and by the Accident Investigation Act (1990:712). The invastig
tion is carried out in@ordance with Annex 13 of the Chicago Convention

The investigatin

SHK was informed ori0 May 2016that an accideninvolving a hot air bk
loon with the registration SZOU had occurredt Nynas FalletOrebro @un-
ty, on the same daat 21:08 hrs.

The accidenbhas been investigated by SHK representetfts/Helene Arango
Magnuwsson ChairpersonMr Ola Olsson Investigator in Charge, Mr Sakari
Havbrandt, Opetions Investigatorand, until 23 September 2016, Mr Jens
Hjortensjq Investigator Behaoural Science.

The investigation team of SHKas beerassisted byir Stefan Hanssoasan
expertin hot air balloon operations

Mr Marcus Cookfrom the Air Accidents Investigation Branch (AAIB) has
participatedin the investigation by representing ttype certificate holdeof
thehot airballoon and the burner

The investigation was followed biMr Magnus Axelssonof the Swedish
Transport Agacy.
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The investigation was followed by Ms Raluktaria Negoescu of the Eurep
an Aviation Safety Agency (EASA).

The following organisations have been notfi@he European Aviation Safety
Agency (EASA), the European Commission, the United Kingdom Airi-Acc
dents Investigation Branch (AAIB) and the Swedish Transport Agency.

Investigationmaterial
Interviews have been conducted wiitle pilot and the two passesrgand with
several witnesses on the ground.

A meeting with the interested parties was heldldrNovember 2016At the

meeting SHK presented the facts discovered during the investigation, available
at the time.
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Aircraft:
Registration, type

Model
Class, Airworthiness

Serial number
Holder
Time ofoccurrence

Place

Type of flight

Weather

Persons on board:
Crew members
Passengers
Injuries to persons
Damage to aircraft
Other damage
Pilot:
Age, licence
Total flying hours
Flying hours previous 90 days

SEZOU, Lindstrand A Type Hot Air
Balloons

LBL-120A

Normal, Certificate of Airworthiness ani
valid Airworthiness Review Certificate
(ARC)*

1423

Ballongflyg i Vast AB

10 May 2016at21:08in daylighthrs.
Note: all times are given in Swedishyda
light saving time (UTE+ 2 hrs)

Nynas FalletKumla, OrebroCounty,
(position 5910N 015°1%, 45 metres
above mean sea level)

Commercial air transport withot air
balloon

According to SMHI's analysis:

Wind: West 5 knots, at around 21108
rapid change to northortheast 120
knots, gusty winds.

Visibility: M ore than 10 km.

Cloud: None below 5 000 feet.
Temp: +2024°C, behind the cold front
approximately +1%C.

Dewpoint: +1°Cbehind the cold front
approximately +8C.

QNH? 1015hP4 rising.

3

1

2

Serious

Substantiallldamaged

Damage to a power line

3lyears, FB
389hours, of whict84 hours on type
2 hours, both on type

Number of landings previous 90 2

days

1 ARCT Airworthiness Review Certificate.
2UTC1 Coordinated Universal Time.

3 QNH1 Indicates barometric pressure adjusted to mean sea level.

4 EB - Balloon Pilot License.

7(3))



WA B ﬂ Statens haverikommission
Swedish Accident Investigation Authority RL 2017:06¢

SUMMARY

The intention of the flight was a hot air balloon flight experience with tves pa
sengers The weather forecasts showed that the wind strength would increase
during the evening because a sharp cold front was moving souttSoesser

landP during the aftrnoon and evening.

The hot air balloon lifted off just after eight o'clock in the evening in faarour

ble weather conditions. The flight time was calculated to ree lwour. After
about 40 minutedlight, a significantweather change in the form of fog was
observed. The pilot decided to imniaily abort the flight and commence des
cent. Before the landing could be commenced, the wind changed direction and
strength, which made a landing at the first designated site impossible, upon
which the pilot selectedr@ew landing site.

The first touchdown was very hard. Both the rate of descent and the speed were
high. All those on board lost their balance and fell over. In connection with
this, the pilot happened to inadvertently put the burners on full power. This
contributed to the balloon climbing to an altitude of-5D metres. Shortly
thereafter, the pilot succeeded in shutting down the burners.

A second hardouchdown was made after abouDQ0 metres. The balloon

basket was then pulled along the ground and atatimes in the air a little
abovethegroundf he system for a rapid defl ati or
not activated in connection with this touchdown.

About 400 metres after the second touchdown, the pilot fell out of the balloon
basket.The baloon then climbed with only the two passengers on board. The
passengers, however, operated the top vent so that the balloon again descended
towards the ground. They subsequently decided to leave the balloom-In co
junction with this, the first passengezcame caught for a short while between

the basket and the ground. The second passenger's foot became tangled in an
operating line. Held fast by the line, the passenger was dragged behintt the ba
loon for several hundred metres before the balloon driftecaipmwer line and
stopped.

The pilot and one of the passengers were seriously injured, while the ather pa
senger eceived minor injuries.

In |'ight of the weather information tha
margin appears too small betweée time of planned completion of the flight

and the time at which there was reason to assume that the weather could dete

riorate drastically. Howeer, there are no rules regarding time margins between

planned flight and forecasd significant aviationweat e r . I n SHKO6s vie
introduction of such rules could reduce the risk of accidents of this type.

When the hard landing occurred, the pilot was not wearing the safety harness
that was in the basket. However, there are no explicit rules regardingnilie co
tions in which the pilot is to put on the safety harngional rules will soon

® Region located in south central Sweden
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be replaced by commonuEbpean rules. According to the proposals for new
rules, theactualtype of balloon will no longer be subject to any safegrness
requirements. A the event shows that there is a risk that the pilot will fall out
of the basket even ithe actualtype of balloon, SHKbelievesthat EASA
should consider introducing safetyarnessrequirements for all types of ba
loons in commerciair transporeindto clarify when it will be used

RL 2017:06e

The accident was caused by the following factors:

1 The flight was planned with a too small, albeit permitted, time margin
to forecastd significant weather conditions thatould impair a safe
flight.

1 A high speed and ratd descent during the landirgaused the toilne
downs to be very hardn addition, after a harground contagtthe pilot
fell out of the basket and thereby lost the ability to control the balloon.

1 The system for aapid deflatoro f t he bal laonotacive hot ai r w
ted in canection with thesecond touchdown

Safety recommendations

The Swedish Civil Aviation Autmerityds reg
mercial air transpomvith manned hot air balloon are currently applicable. New

regulations for bidoon flight, which will replace the national ruleare being

drafted at EASA and are planned to be introduced in 2018. With reference to

this, SHK does not deem it appropriate to recommend amendments ta-the cu

rent regulations but instead chooses to ditsgecommendations to EASA.

EASA is recommended to:

1 Consider introducing time margins between planned landing time and
significant weather conditionéRL 201706 R1)

1 Consider introducingequirements for safetyarnessor other restraint
systems for la types ofballoons in commercigbassenger operations
and clarifying the conditionsn which the systemis to be used.
(RL 201706 R2)

9(31)
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1. FACTUAL INFORMATION
1.1 History of the flight

1.1.1 Circumstances

The intention of the flight waa hotair balloon flight exprience with
two passengers.

The preparations for the flight included load and navigation aalcul
tions, collection of weather information and a review for the passe
gers on safety during flight in a hot air balloon.

Weather information was obtaitheduring the afternoon until 130
hrs by means of the Swedish Bal
service, SMHI®&s overview chaad t
the weather applications yr.no and WeatherPro. Weather information
was thereafterobtained by meanof yr.no and WeatherPro until just
before the flight.

The weather forecasts showed that the wind would increase during the
evening because of a cold front. The pilot intended to make a final a
sessment of the weather and the conditions for the flighiedift-off

site.

During the afternoon, the pilot and one of the passengers had a text
message dialogue regarding the possibility of performing the flight.
This dialogue indicates that the flight was a surprise for the otlser pa
senger and that it was detble to perform the flight on this day since
other proposed times were not suitable for various reasons. &he di
logue further shows that the pilot was well aware of the forecast cold
front and expressed this to be a factor that might make the flight i
possible. It also indicates that the pilot received a positive response
from one of the passengers when he declared that he was willing to
make an attempt to perform the flight.

After having been at two potential hdfff sites, Pilangen Model A
craft Fieldsouthwest of Orebro was chosen.

In addition to the pilot, ground crew from the company participated in
support cars. The wind was probed using small pilot balloons in order
to determine the wind at different heights. With the prevailing wind
conditions light winds from the west, a flight route was planned south
of Lake Hjalmaren towards Stora Mellésa southeast of Orebro. The
pilot assessed the conditions for flight tofagourable and lifted off

at 2007 hrs. The flight time was calculated to be onerhou

6 SWCT Significant Weather Chart.

10(31)
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Figure 1. Theactualhot air balloon Photo: Marcus Ewertsson.

1.1.2 Sequence of events

The flight was initially performed under favourable conditions &t alt

tudes letween 2000 and 300 feet. At these altitudes, the wind speed

and thus the b 0 o n 6 swass2p28 kndh. The passengers showed

gr eat i nterest in the balloonbds operat
things, the function of the top vent.

After about 40 minutesé6é flight, t hose ¢
beginning to come in on the north side atkke Hjalmaren and that
waves were beginning to form on the lake.

11(31)
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Due tothe observed weather changes, the pilot decided to imraediat
ly abort the flight and commenced a descent frof9@ feet. When

the balloon was approaching ground level and was at @ndaltof

300 feet, the fog had come close. The pilot selected a suitable landing
site, but before the landing could be commenced, the wind changed
direction and strength, which made a landing at the selectedrsite i
possible. The pilot then selected a nemding site south of Lake
Vastra Kvismaren.

The pilot instructed the passengers regarding an appropriate position
and placing in the basket before landing. In the final stage ofpthe a
proach and at a height of 300 feet, thddmwad unexpectedly climbed

to 600 feet. The pilot counteracted this by opening the top vent, upon
which the balloon began to descend again. According to the pilot, the
equipment on his computer displayed a ground speed of 45 km/h
(24 knots).

The touchdown was very hard and cameatetplace at armbark-
ment70 metres before the designated field. Both the rate of descent
and the speed were high. All those on board lost their balance and fell
over. In connection with this, the pilot, who had his hand on the ha
dles for the burners, ppened to inadvéently put the burners on full
power. This contributed to the balloon climbing to a height 6630
metres. The pilot, who was shaken and had also lost his glasses at
touchdown, had difficulties seeing and orienting himself. Shortly
theredter, the pilot nevertheless succeeded in shutting down time bur
ers.

In order to prevent a new hard touchdown, the pilot reactivated the
burners, but the second touchdown was also hard (see Figure 2). The
balloon was thenraggedby the wind at high speatlong the ground

with short airborne intervals. About 400 metres after the second
touchdown, the pilot fell out of the baon basket in conjunction with

a hard ground contact.

The balloon then climbed to a height of-19 metres with only the

two passengrs on board. Since, during the flight, the passengers had
learned that the redndwhite operating line controls the top vent, one

of them pulled on the line so that the balloon descended towards the
ground.

The passengers then decided to leave the dralb@msket, which was

still beingdraggedby the wind at high speed. The first passenger b
came caught for a short time between the basket and the ground.
When the second passenger was leaving the basket, his foot became
entangled in an operating line. Hé&s$t by the line, the passenger was
dragged behind the balloon at high speed, at times in the air and at
times on the ground, for several hundred metres before the balloon
drifted into a power line and stopped (d&gure 3).

12(31)
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At the power line was an eacgator on which the passenger succeeded
in securing the line. He then received help from an onrushing person
to come loose from the line.

Figure 2. Ground tracks from the second touchdown.

Figure 3. The moment when the balloon envelope hit the plavee Photo: Emil Axelsson.

13(31)
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1.2 Injuries to persons
Crew Passenget  Total on Others
members board

Fatal - - 0 -
Serious 1 1 2 -
Minor - 1 1 -
None - - 0 -
Total 1 2 3 -

1.3 Damage to aircraft
Substantially damaged

1.4 Other damage

1.4.1 Environmental impact
Minor damage to crops and vegetation.

1.4.2 Other damage

The accident caudedamage to a 10 kV power line that resulted in a
power outagehat lasted for two hours until 2% hrs. In addition to
this, there was damaage to several fems.

15 Personnel information

1.5.1 Pilotin command

The pilot in commanavas 31 years old and had a valimhlloon pilot
licensewith flight operational and medical eligibility.

Flying hours

Latest 24 hours 7 days 90 days Total
All types 1 1 2 389
Actual type 1 1 2 84

Number of landings actual type previous 90 da&ys:
Type rating concluded o283 October 2012.
Latest PC conducted o®5 January 2016nthe type

1.5.2 The pilot's duty schedule
The flight was the pilot's first and only fligbt the day.

1.5.3 Other personnel affected

Three persons participated in the flight assignment as ground crew in
two sipport cars.

" PC- Proficiency Check.

14(31)
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Aircraft information

Hot air balloon

TC-holder Cameron Balloons Ltd

Model Lindstrand LBL-120A

Serial number 1423

Year d manufacture 2012

Gross mass, kg Max authorised take off mas2200, actua
710

Centre of gravity Not applicable

Total flying time, hours 153
Flying time since latesht
spection, hours 30

Type of fuel uplifted before Propane
the occurrence

Burner
TC-holder Cameron Balloons Ltd
Burnertype LBL Jetstream Il

Number of burner units 2

Total operating time, hours 153
Operating time since latest
inspection, hours 30

Deferred remarks None

The aircraft had a Cernifate of Airworthiness and a valid ARC.

The top vent

On the top of the balloon envelope there is an opening with a vent
allowing for a controlled releasaf hot air. The vent is operated with a
red-andwhite line. The vent is used during flight to releasé air and
thereby reduce the balloonés | ift,
landing. The balloon had an extra system that allfmwvs rapid and

complete deflation of the balloon upon landing. This system s co

trolled by a red line. The system cha reset with the redndwhite

line.

The ball oonbés operation

A hot air balloon is controllable vertically in that the pilot can activate
the buners and heat the balloon, which increases lift so that the
balloon climbs. Opening the top vent releasesamtupon which the
balloon is cooled and descends. The pilot cannot directly operate the
balloon in the haeontal plane since the balloon moves with the wind
in the air mass it is in. Heever, the pilot can to some extent indirectly

15(31)
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steer the balloon h@montally by choosing altitudes with a different
wind direction.

1.7 Meteorological information

1.7.1 Meteorological conditions

A sharp cold frontwith risk of local thunderstorms south of the front,
was maing south over Svealarairing the afternoon and evening

1.7.2 Meteorological forecasts

SMHI issues overview charts (SWCipr significant weathercond-
tions in Sweden and neighbouring countries, valid for a fixed time.
Significant weather is according to the Chicago Conventionex 3
defined as weather conditionencompassing for instandéunde-
storms and turbulence. Such weathsy be considerednsuitable
conditionsfor hot air balloons

The SWC issued on 10 May at 15:45 hrs that was valid f@020xs
showed a sharp cold front that was moving south (seed=@ur

8 SWCT Significant Weather Chart.
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SWC sec.ruaso valid time 18 UTC 10.05.2016
Issued by SMHI at 1345 UTC @ FMI 7 SMHI
The front gives rain, icing N .
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f:igure ;1.Printoutiof the SWC.- SO“l-.lvrCEZ SMHIhe aé'aof the flighi is rh'érked with an orér{ge
ellipse south of the cold front.

An amended SWC issued at @0:hrs and valid for the same time
showed a trough line just north of the area of thedaot with severe
turbulence at low altitude (see Figure B)trough ora troughline is

an elongated area with lower air pressure, characterizetuloyle-
clouds. Atrough linecan move at speeds of twenty to sixty knots and
lead to sudden and surprisimgeather conditions, such as frornsu
shine to rain showers and powerfglistywindsin a very short time.
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SWC skcrraso AMD valid time 18 UTC 10.05.2016
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FigureAS. Igﬁntout of the SWC. ééurce: SMHI.

SMHI also issues aerodrome forecasts (T4B) the weather at about
thirty aerodromes in Sweden. @laerodrome forecast for Orebhor-
port issued on 10 May at 3@ hrs stated that the wind from DD hrs
would be sothwesterly 10 knots. Between 09: hrs and 2D0 hrs,
the wind would then be mihwesterly 7 knots. Between 22:00 hrs and
2400 hrs, the wd would be northeasterly 10 knots with gusts up to
20 knots.

A later updatecerodrome forecast issued at3®hrs stated that the
wind would become northeasterly 10 knots with gusts up to 20 knots
already from 2100 hrs.

The wind forecast for (@broon yr.no, available at 180 hrs, was as
follows (the forecast is for a ifdinute average wind at a height of 10
metres):

S TAF i Terminal Aerodraone Forecast.
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At 20:00 hrs wind northwest 5 m/s (10 knots)
At 21:00 hrs wind northwest 4 m/s (8 knots)
At 22:00 hrs wind northeast 9 m/s (18 knots)

Updated wind forecasin yr.no available at around 08: hrs:

At 20:00 hrs wind northwest 4 m/s (8 knots)
At 21:00 hrs wind northwest 3 m/s (6 knots)
At 22:00 hrs wind northeast 7 m/s (14 knots)

According to Yr, wind gusts are not presented on thesiteln Sve-
den. Furthermore, a forecast can in reality be updated later than the
time that is stated.

The wind forecast for Orebro Airport according to information avail

ble via the Swedish Balloon Federation
the applcation WeatherPro, issued at D®: hrs, was as follows (the

wind is ground wind):

At 20:00 hrs wind west 6.3 knots, gusts 14.9 knots
At 21:00 hrs wind northwest 7.8 knots, gusts 16 knots

The wind forecast for Orebro Airport according to information avail
bleviat he Swedi sh Ball oon Federationds mem
the applcation WeatherPro, issued at Q@:hrs:

At 20:00 hrs wind west 5.7 knots, gusts 14.5 knots
At 21:00 hrs wind northwest 7.5 knots, gusts 16.1 knots
At 22:00 hrs wind northeast 9.6 knotsisgs 18.8 knots

1.7.3 Meteorological conditions at the time of the accident
According to SMHI's analysis:

Wind: West 5 knots, at around:BD hrs rajd change to north
northeasfl5-20 knots, gusty winds.

Visibility: M ore than 10 km.

Cloud: None below B00 feet.

Temp: +2024°C, behind the cold front approximately 5
Dewpoint: +2C, behind the cold front approximately %5
QNH: 1015 hPa, rising.

Measurements at Orebro Airport show that the wind turned Iyuick

from west to northeast at 21 hrs(see Figure), at the same time as
the wind speed increased to-26 knots in the gust{see Figure )/
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Figure 6. Wind direction on runways 01 and 19 at Orebrpakt. The time is given in UTC.
Thefigure clearly stows how quickly the wind changedirection at tle time ofthe accident
Source: Orebro Airport.
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Figure 7. Wind speed on runways 01 and 19 at Orebro Airport. The time is given inTWEC.
figure shows how quickly the wind increased in strength at the time of the ac&aente:
Orebro Airport.

Wind gradient

The wind's friction against the surface of the groenthils thatthe
wind speeds lower closesto the ground, buincreaseswith height.
This effect (the wind gradient) varies with the wind strength and acts
from the surface of the ground and to an altitude of a few hundred
metres. The wind gradient means thatair flowis formedover the
balloon envelopeDue to the curved shape of thevelope an area of

low pressuréas createdbver the top of the balloon envelope. Thas r
sults in thecreation of an additional aerodynamic lift that contributes
to the balloon climbing.
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Figure 8. Sketch showing the principle of the wind gradient's effect on a balloon before and
after landing.

Aids to navigation

On board the balloon was a laptop compdiéernavigation with m-
stalled safware of the brand Windmaster.

Communications

The pilot had radio contact witlhe air traffic control at Orebro Ai
port.

In addition to the usual communication regarding clearances, etc. the
pilot requested informationbaut the wind and asked to be called if
the wind increased markedht 21.09 hrs, air traffic control called

the pilot without receiving any respongdénen had the accident event
already started.

Aerodrome information
Not applicable.

Flight recorders

The balloon was equipped withavigationequipmentcapable of e-
cordingparameters from a laptop computer with GPS to a server. The
equipment fell out of the balloon in conjunction with the first touc
down. SHK has reviewed the navigation information. Theoballn 6 s
route is shown in Figure 9.
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" '\.“Qoogle Earth
Figure 9. The balloonds route is shown by
age: Google Earth. Map data: © Lantméateriet Ref no R613092.

1.12  Accident site and aircraft wreckage

1.12.1 Accident site

The fird touchdown was made in the southern part of the Vastra
Kvismaren nature reserve. The balloon then continued in a sotthwes
erly direction. A second ouchdown was made after about

1 000 metres. The balloon was then dragged along the ground or
through the aifor a further 1000 metres. It finally stopped at a power
line near a residential building (see Figure 10). The area at the acc
dent site mainly consisted of open fields and pastures.

Figure 10. Marked route from first touchdown until final positioragMmage: Google Earth.
Map data: © Lantmateriet Ref no R61743002.
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