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Sammanfattning

WSP har av Vaxjo kommun fatt i uppdrag att uppratta en riskbedémning i samband med ny detaljplan
for verksamhetsomréde inom fastigheten Ojaby 1:17 m.fl. i Vaxjé kommun.

Syftet med riskbedémningen &r att uppfylla Plan- och bygglagens (2010:900) krav pa lamplig
markanvandning med hansyn till risk. Malet med riskbeddmningen ar att belysa risker forknippade med
transporter av farligt gods pa narliggande riksvag 25 och riksvag 30 samt risker med hantering av
brandfarliga vatskor och gaser vid tva planerade drivmedelsstationer inom planomradet. Dartill belyses
risker forknippade med flygtrafiken vid Vaxjo Smaland Airport. De risker som har beaktats ar plotsligt
intraffade skadehandelser (olyckor) med livshotande konsekvenser for tredje man, d.v.s. risker som
paverkar personers liv och halsa.

Risknivéerna alstrade av transporter av farligt gods pa riksvag 25 och riksvag 30 ar acceptabla vid
lagen for planerad etablering inom planomradet. Individrisken &r att betrakta som lag och acceptabel
bortom 25 meter fran vagkant.

Skyddsavstand mellan riksvag 25 och planerad bebyggelse uppgar till minst 50 meter.
Skyddsavstand mellan riksvéag 30 och planerad bebyggelse uppgar till minst 30 meter.
Verksamhet som innefattar hotell (O pé plankartan) placeras minst 150 meter fran respektive
transportled for farligt gods.

Vad géller hanteringen av brandfarliga vatskor samt fordonsgas vid planerade drivmedelsstationer
tillampas skyddsavstand till angransande verksamheter i detaljplanen i enlighet med Lansstyrelsen i
Stockholms lans riktlinjer Riskh@nsyn vid ny bebyggelse intill vagar och jarnvégar med transport av
farligt gods samt bensinstationer, MSB:s handbok Hantering av brandfarliga gaser och vatskor vid
bensinstationer samt Energigas Sveriges Anvisningar - Tankstationer for metangasdrivna fordon.

Skyddsavstand kring drivmedelsstation for bensin, diesel och etanol uppgar till minst 27 meter.
Skyddsavstand kring tankstation for fordonsgas (med antaget gaslager med volym
Overstigande 4000 liter) uppgar till minst 25 meter fér generell bebyggelse, 50 meter till
verksamhet med stor brandbelastning och 100 meter till svarutrymda byggnader.

Det bor noteras att riskbedomningen for drivmedelsstationerna utforts évergripande och utifran ett
detaljplaneperspektiv. Den erséatter inte de riskbedémningar som ska upprattas i samband med
projektering av anlaggningarna eller av verksamhetsutdvare i samband med tillstandsansokan for
verksamhet. Skyddsavstanden ska beaktas och tillampas i samband med bygglovsansokan.

For flygrelaterade risker har den nederlandska konsultfirman NLR utfért berakningar avseende
individrisker kring Vaxjo Smaland Airport. | dessa berakningar har konservativa antaganden gjorts
gallande flygplatsens eventuella framtida expansion och trafikokning. De individrisknivder som
beraknats kring flygplatsen vid detta scenario har, utifran riskvarderingskriterier enligt Skéne lans
Riktlinjer for riskhansyn i samhéllsplaneringen (RIKTSAM), utgjort grund for placering av
verksamhetstyper och aktuella anvandningsgranser inom detaljplaneomradet.

Industri (J) och drivmedelsforsalining (G) medges dar individrisk understiger 10 per ar. Inom
in- och utflygningszonen medges dock ej:

o Drivmedelsforsaljning (G).

o Industri (J1) som omfattar tillstdndspliktig hantering av brandfarlig vara enligt lagen

(2010:1011) om brandfarliga och explosiva varor (LBE).

Kontor i ett plan (K), centrum (C) etc. medges dar individrisk understiger 106 per ar.
Samtliga verksamheter medges dér individrisk understiger 107 per &r och om samtidigt
samhallsrisken understiger 105 per &r dar N=1 och 107 per &r dar N=100.
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1 INLEDNING

WSP har av Vaxjo kommun fatt i uppdrag att uppratta en riskbedémning i samband med ny detaljplan
for verksamhetsomrade inom fastigheten Ojaby 1:17 m.fl. i Vaxjé kommun.

Enligt Lansstyrelserna i Skane, Stockholms och Vastra Gotalands lan ska riskhanteringsprocessen
beaktas i framtagandet av detaljplaner inom 150 meter fran farligt gods-led [1]. Motsvarande riktlinjer
saknas i Kronobergs lan, men i aktuellt fall hanvisas till Skane lans Riktlinjer for riskhansyn i
samhallsplaneringen (RIKTSAM) [2]. Planomradet angransar i soder till riksvag 25 och i 6ster till
riksvag 30, vilka bada ar priméara transportleder for farligt gods.

Inom planomradet planeras vidare for tva drivmedelsstationer. RIKTSAM anger inga specifika
skyddsavstand etc. gallande denna typ av verksamhet. Lansstyrelsen i Stockholms lan anger i
dokumentet Riskhénsyn vid ny bebyggelse intill vagar och jarnvagar med transporter av farligt gods
samt bensinstationer [3] att riskanalys ska utgora underlag vid planering inom 100 meter frén en
drivmedelsstation.

| samradsyttranden gallande planforslaget har Lansstyrelsen [4] och Trafikverket [5] dartill framstallt
krav pa riskanalys gallande flygrelaterade risker med anledning av narheten till Vaxjo Smaland Airport.

Med anledning av Lansstyrelsens och Trafikverkets krav upprattas denna riskbedémning som ett
underlag for fattande av beslut om lampligheten med planerad markanvandning, med avseende pa
narhet till farligt gods-leder och flygplats samt hantering av brandfarlig vara inom de planerade
drivmedelsstationerna.

1.1 SYFTE OCH MAL

Syftet med denna riskbedémning &r att uppfylla Plan- och bygglagens (2010:900) krav pa lamplig
markanvandning med hansyn till risk.

Malet med riskbedémningen ar att utreda lampligheten med planerad markanvandning utifran
riskpaverkan. | ovanstaende ingér att efter behov ge forslag pa atgarder.

1.2 OMFATTNING

Riskbeddmningen avser beskriva riskbilden med syfte att méjliggéra en bedémning av detaljplanens
lamplighet med avseende pa liv och hélsa i enlighet med krav fér markanvandning i Plan- och
bygglagen, samt att vid behov foresla riskreducerande atgarder. Bedémningen tar huvudsakligt
avstamp i nedanstaende fragestaliningar:

e Vad kan intraffa? (riskidentifiering)

e Hur ofta kan det intréffa? (frekvensberdkningar)

e Vad ar konsekvensen av det intraffade? (konsekvensberékningar)
e Hur stor &r risken? (riskuppskattning)

e Arrisken acceptabel? (riskvardering)

e Rekommenderas atgarder? (riskreduktion)

1.3 AVGRANSNINGAR

I riskbedomningen belyses risker forknippade med transport av farligt gods péa riksvag 25 och riksvag
30, hantering av brandfarlig vara vid de planerade drivmedelsstationerna inom planomradet samt
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flygtrafik vid Vaxjo Smaland Airport. De risker som har beaktats ar plotsligt intraffade skadehandelser
(olyckor) med livshotande konsekvenser for tredje man, d.v.s. risker som paverkar personers liv och
halsa. Bedomningen beaktar inte paverkan pa egendom, miljé eller arbetsmiljo, personskador som foljd
av elsakerhet, pakorning eller kollision samt langvarig exponering av buller och luftféroreningar.

Flygrelaterade risker avser riskpaverkan péa tredje man vid in- och utflygning och omfattar inte
hinderfrihet, detaljplanens eventuella inverkan pa 6kad fagelférekomst, turbulens, buller etc.

Resultatet av riskbedémningen galler under angivna férutsattningar. Vid férandring av forutsattningarna
behodver riskbeddmningen uppdateras.

Det bor noteras att riskbedomningen for drivmedelsstationerna utférs évergripande och utifrén ett
detaljplaneperspektiv. Den ersétter inte de riskbeddmningar som ska uppréttas i samband med
projektering av anlaggningar eller av verksamhetsutovare i samband med tillstandsansokan for
verksamhet. Bedomningen utgar fran uppférandet av nytt verksamhetsomrade, vilket inkluderar tva
drivmedelsstationer och innefattar darmed i huvudsak en bedémning av avstadnd och lokala
forhallanden. Ingen bedémning av huruvida drivmedelsstationerna i sig uppfyller relevanta krav ar
mojlig i detta skede.

1.4 STYRANDE DOKUMENT

| detta avsnitt redogdrs fér de dokument som huvudsakligen varit styrande i framtagandet och
utformningen av riskbedémningen.

1.4.1 Plan- och bygglagen

Plan- och bygglagen (2010:900) staller krav pa att bebyggelse lokaliseras till for andamalet lamplig
plats med syfte att sékerstélla en god miljé for brukare och omgivning.

Vid planlaggning och i arenden om bygglov eller férhandsbesked enligt denna lag ska
bebyggelse och byggnadsverk lokaliseras till mark som ar lampad fér &ndamalet med
hénsyn till [...] mdnniskors hélsa och sékerhet, ... (PBL 2010:900. 2 kap. 5§)

Vid planlaggning och i arenden om bygglov enligt denna lag ska bebyggelse och
byggnadsverk utformas och placeras pa den avsedda marken pa ett satt som ar
ldmpligt med hénsyn till [...] skydd mot uppkomst och spridning av brand och mot
trafikolyckor och andra olyckshéndelser, ... (PBL 2010:900. 2 kap. 6§)

1.4.2 Riktlinjer farligt gods-leder

Lansstyrelsernas i Skanes, Stockholms samt Vastra Goétalands 1an gemensamma dokument
Riskhantering i detaljplaneprocessen [1] anger att riskhanteringsprocessen ska beaktas vid
markanvandning inom 150 meter fran en transportled for farligt gods. Motsvarande riktlinjer saknas i
Kronobergs lan, men i aktuellt fall hanvisas till riktlinjer for Skane lan. | Figur 1 illustreras lamplig
markanvandning i anslutning till transportleder for farligt gods. Zonerna har inga fasta granser, utan
riskbilden for det aktuella planomradet ar avgérande fér markanvandningens placering. En och samma
markanvandning kan darmed tillhéra olika zoner.
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Idrotts: och sportanldggningar {arena eller motsvarande)
(utan betydande dskddarplatser)

Figur 1. Zonindelning for riskhanteringsavstand. Zonerna representerar lamplig markanvandning i forhallande till
transportled for farligt gods [1].

Lansstyrelsen i Skane lan har dartill tagit fram Riktlinjer for riskhansyn i samhallsplaneringen -
Bebyggelseplanering intill vag och jarnvdg med transport av farligt gods (RIKTSAM) [2]. | RIKTSAM
foreslas tre vagledningsnivaer for att sékerstalla att tillfredsstéllande och jamforbar sékerhet astadkoms
i samhallsplaneringen. Vagledning 1 baseras enbart pa skyddsavstand, och uttrycks som
minimiavstand for god planering mellan transportleder och markanvandning, se Figur 2. Vagledning 2
baseras pa deterministiska kriterier (hansyn till konsekvenser som tankbara scenarier medfor).
Véagledning 3 baseras pa probabilistiska kriterier (hansyn till sdval sannolikhet som konsekvens av
tédnkbara scenarier) avseende individ- och samhallsrisk. Vagledningarna ska tillampas for bebyggelse
som planeras inom vagledningsomradet 200 meter fran transportleder for farligt gods.

| aktuellt fall nyttjas vagledning 3 som underlag for riskbedémning.

E P..:"?amarhg H - handel E ggﬁger : B - Bostader

T~ Trafik 7 J- Industri SO fahdet : K - Kontor

[+ L~ Odiing” L - Lager WNOOC Caivriint . D-Vard

"N Fnluft P- Pgrkeri_ng N a -iKulm'i q N\ Y - Idrottsanlaggning

: T Teknik G - Bilservice N0 jarottsantaggring . S - Skola
f } ) t >
0 30 70 150

Figur 2. Foreslagna skyddsavstand i Vagledning 1 [2].

Industri (verksamhet J) och bilservice (G) skall normalt placeras pé ett avstand om minst 30 meter fran
riskkélla, enligt Figur 2 ovan [2]. For exemplen kontor (K) och centrumverksamhet (C) géller 70 meter.
For anvandning K som dven innefattar hotell galler 150 meter. | aktuellt fall planeras avstand till
etableringen uppga till som narmst ca 50 meter fran riksvag 25 respektive 30 meter fran riksvag 30,
varvid angreppsséttet probabilistisk analys tillampas i enlighet med Vagledning 3 beskriven ovan.
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1.4.3 Riktlinjer fran Lansstyrelsen, MSB och Energigas Sverige

Lansstyrelsen i Skane Lans riktlinjer RIKTSAM saknar avstandsangivelser gallande skyddsavstand
kring drivmedelsstationer. Lansstyrelsen i Stockholms l&an anger i dokumentet Riskhansyn vid ny
bebyggelse intill vagar och jarnvagar med transporter av farligt gods samt bensinstationer [3] att
riskanalys ska utg6ra underlag vid planering inom 100 meter fran en drivmedelsstation.

I MSB:s handbok Hantering av brandfarliga gaser och vatskor pa drivmedelsstationer [6] redovisas
rekommenderade avstand till drivmedelsstationer beroende av bebyggelsetyp och hanterade amnen.
Nedanstaende riktvarden for avstand utgar fran cistern under jord med brandfarlig vatska klass 1.
Tabellen visar vilka avstand (meter) som bor sakerstéllas (for projektering av respektive
drivmedelsstation skall handboken studeras i detalj).

Tabell 1. Avstandskrav i meter inom och runt om drivmedelsanlaggning for véatskeformiga drivmedel.

Objekt Pafyllningsanslutning Matarskdp  Pejlforskruvning  Cisternavluftningens
till cistern mynning

Plats dar ménniskor vanligen 25 18 6 12
vistas!
Stor brandbelastning, 25 18 6 12
gnistbildande verksamhet,
Oppen eld
Stationsbyggnad 12 6 3 6
Utrymningsvag fran 18 9 6 12
stationsbyggnad?
Byggnad déar manniskor 9 3 3 3

vanligen inte vistas® eller
byggnad med lag
brandbelastning

Forrad med I6sa behallare 12 3 3 6
med brandfarlig vara

Cistern ovan mark for 3 3 - -
brandfarlig vatska

Starkt trafikerad vag eller gata 3 3 3 3
Parkeringsplatser 6 3 3 6

1. Bostad, kontor, gatukok, butik, servering, busshallplats
2. Galler for minst en utrymningsvag. Nodutgang bor inte mynna mot pumpomradet.
3. Fristaende garage, forrad etc.

For tankstationer for fordonsgas galler Energigas Sveriges anvisningar TSA 2015 "Anvisningar —
tankstationer for metagasdrivna fordon”. [7]

TSA 2015 &r en anvisning framtagen av fordonsgasbranschen som avser visa ett sakert satt att bygga
tankstationer for metangasdrivna fordon som uppfyller lagstiftningens krav. Utgangspunkten &r att det
mesta som galler avstand kan tolkas in i de avstandstabeller som finns i anvisningen. Dessa avstand
ar baserade pa berakningar om émsesidig brandpaverkan som finns i foreskrifterna om brandfarlig gas
i l16s behallare (SAIFS 1998:7). [8]

10262038 « RB DP Ojaby 1:17 m.fl.
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Tabell 2 redovisar minsta avstand mellan gaslager och byggnader/verksamheter utanfor
stationsomradet. Om avstanden gar in pa annans fastighet bor servitut 6vervagas. Volymen avser
gaslagrens geometriska volym ("vattenvolym”). [7]

Tabell 2. Avstandskrav i meter mellan tankstation for fordonsgas och verksamhet utanfor stationsomradet [7].

Gaslager [liter] / Objekt Byggnad, Stor Utgéang fran
antandbart brandbelastning® svarutrymda
material, lokaler*
brandfarlig
verksamhet
V > 4000 251 501 100
1000 <V <4000 6! 251 100
60 <V <1000 3? 252 100
Dispenser 6! 25! 100

1. Med avskiljning i lagst brandteknisk klass El 60 far avstandet minskas till halften

2. Med avskiljning i lagst brandteknisk klass EI 60 behdvs inget minsta avstand

3. Exempelvis bradgard, dackupplag, cistern for brandfarlig vatska eller gas ovan mark
4. Exempelvis skola eller lokal avsedd att inrymma en publik

1.5 UNDERLAGSMATERIAL

Arbetet baseras pa bland annat foljande underlag:
- Detaljplan Ojaby 1:17 m.fl., Plankarta — samradshandlig, utkast, Vaxjo kommun [9]
- Detaljplan Ojaby 1:17 m.fl., Planbeskrivning — samrad, utkast, V&xjo kommun [10]

- An analysis of third party risk around Vaxjo Smaland Airport, NLR — Netherland Aerospace
Centre, se Bilaga D.

1.6 INTERNKONTROLL

Rapporten ar upprattad av Fredrik Larsson (Brandingenjor/Civilingenjor Riskhantering). | enlighet med
WSP:s miljo- och kvalitetsledningssystem, certifierat enligt ISO 9001 och ISO 14001, omfattas denna
handling av krav pa internkontroll. Detta innebar bland annat att en fran projektet fristiende person
granskar forutsattningar och resultat i rapporten. Ansvarig for denna granskning ar Gustav Nilsson
(Brandingenjor/Civilingenjor Riskhantering).
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2 OMRADESBESKRIVNING

| detta kapitel ges en 6versiktlig beskrivning av planomradet med omgivning med syfte att beskriva de
forutséattningar och konfliktpunkter som utgér grund for bedémningen.

2.1 PLANOMRADET OCH DESS OMGIVNING

Planomradet &r belaget vaster om Ojaby och norrut langsmed riksvag 30. | séder angransar det till
riksvag 25. Det ligger vidare i nara anslutning till Vaxjo Smaland Airport (Vaxjo flygplats), se Figur 3
nedan. Planomradet &r idag i stort sett obebyggt.

Figur 3. Planomradets ungefarliga utbredning markerat med vit punktstreckad linje. [10]

Planens syfte ar bland annat att skapa ett verksamhetsomrade med en bred variation av verksamheter
som har god tillganglighet och flexibla tomter fér framtiden. | detta innefattas industri (J),
drivmedelsforséljning (G), verksamheter (Z), centrumverksamhet (C), kontor (K) och tillfallig vistelse i
form av konferens/hotell (O). Den norra delen av detaljplaneomradet innefattar framst industri och den
s6dra delen 6vriga verksamheter, se vidare Figur 4 och Figur 5.
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Figur 4. Planerad disponering av den norra delen av planomradet. [9]
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Figur 5. Planerad disponering av den stdra delen av planomrédet. [9]
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2.2 FARLIGT GODS-LEDER

Planomradet angransar till riksvag 25 i soder och riksvag 30 i Oster. Badda dessa vagar utgor primara
transportleder for farligt gods, se Figur 6. Detta innebér att vdgarna rekommenderas for transporter
med farligt gods och att genomfartstrafik férekommer. Det finns ingen heltdckande statistik eller
prognoser éver hur stora mangder farligt gods som transporteras pa svenska vagar. Det finns inga
restriktioner for olika farligt gods-klasser pa aktuella vagar och teoretiskt sett kan darfor transporter av
samtliga klasser av farligt gods férekomma pa vagarna.

Figur 6. Primara transportleder for farligt gods i planomradets narhet. [11]

2.21 Riksvéag 25

Riksvag 25 ingar i det nationella stamvagnatet som riksdagen faststallt. Vagarna i det nationella
stamvagnatet &r av sarskild nationell betydelse. Riksvag 25 &r en viktig tvarforbindelse mellan vagarna
E6, E4 och E22 i s6dra Sverige samt forbinder Halmstad med Vaxjo och Kalmar.

Véagen forutsatts forbli oférandrad i samband med exploateringen inom planomradet. Aktuellt
vagavsnitt utgors av motesfri vag med tva filer i vardera riktningen. Invid Ojabymotet finns dessutom
pa- och avkorningsfiler. Mellan korriktningarna finns dike och dubbla avakningsracken.
Hastighetsbegransningen for vagavsnittet &r 100 km/h.

Trafikprognoser for &r 2030 anger att ADT kommer uppga till ca 14 800 fordon per dygn, givet en
utbyggnad enligt planforslaget. Tung trafik utgér 14 % enligt prognosen [12]. For aktuell riskbedémning
gors konservativt en schablonmaéssig arlig uppréakning om ytterligare 2 % av ADT till horisontar 2040.

Lansstyrelsens beslut om utdkat byggnadsfritt avstdnd enligt Vaglagen 847 utgor ocksa ett underlag for
planlaggning. Enligt detta beslut géller for riksvag 25 ett avstand pa 50 meter fran vagomradet. Detta
avstand har legat till grund foér utformning av plankartan enligt Figur 5.

2.2.2 Riksvag 30

Riksvag 30 utgor forbindelse mellan regionala centra, vilket innebar att vagen ar av sarskild regional
betydelse. Vagen binder samman Vaxjoé och Jonképing, och har i férsta hand stor betydelse for
naringslivets transportbehov.
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Véagen forutsatts utgora motesfri vag (2+1-vag med vajerracke som atskiljer korriktningarna) aven efter
exploatering enligt planforslaget. Tva nya cirkulationsplatser planeras for anslutningar till planomradets
stdra del respektive mot flygplatsen. Hastighetsbegransningen for vagavsnittet férvantas maximalt bl
100 km/h med sankningar vid cirkulationsplatserna

Trafikprognoser fér &r 2030 anger att ADT kommer uppga till ca 12 470 fordon per dygn, givet en
utbyggnad enligt planforslaget. Tung trafik utgér 1 6% enligt prognosen [12]. For aktuell riskbeddémning
gors konservativt en schablonmassig arlig upprakning om ytterligare 2 % av ADT till horisontér 2040.

Lansstyrelsens beslut om utdkat byggnadsfritt avstand enligt Vaglagen 847 utgor ocksa ett underlag for
planlaggning. Enligt detta beslut galler for riksvag 30 ett avstand pa 30 meter fran vagomradet. Detta
avstand har legat till grund for utformning av plankartan enligt Figur 4 och Figur 5.

2.3 DRIVMEDELSSTATIONER

Drivmedelsforsaljning (G) planeras upplatas inom tre av planomradets fastigheter, se Figur 7. Saval
ordinéra bensinstationer for vatskeformiga drivmedel (bensin, diesel och E85) som drivmedelsstationer
for fordonsgas kan komma att bli aktuellt. Stationsutformning, forsaljningsvolymer etc. finns ej att tillga i
detta skede.

B O Stadsbyggnadskontored [
© Lantmateriet Dre M200S4530 |

Figur 7. Fastigheter som planeras upplatas for drivmedelsforséljning (G) gulmarkerade.
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2.4  VAXJO SMALAND AIRPORT

Planomradet ligger delvis inom riksintresset for flygplatsen. For att sakerstélla flygplatsens funktion
maste markanvandning som inte ar luftfartsanknuten provas fran fall till fall innan den accepteras inom
riksintresseomradet. Omradet stracker sig 1500 meter norrut frdn landningsbanans norra spets
respektive 2000 meter soderut frdn landningsbanans sddra spets. Sdderut har hojd tagits for en
eventuell utékning av landningsbanan med 500 meter. Figur 8 redovisar omradet for riksintresset. [10]

antmatenel Dt MS200

Figur 8. Riksintresseomradet kring flygplatsen markerat med lila linje. [10]

I en flygbullerutredning [12] for Vaxjo Smaland Airport redovisas flygtrafiken till och fran Vaxjo flygplats
frén oktober ar 2010 till september ar 2011, som ca 7500 rérelser/ar. | utredningen har antalet
flygrorelser for prognosar 2030 beraknats till ca 13 000 rérelser/ar. Under ar 2018 uppgick antalet
flygrérelser vid Vaxjo flygplats till ca 6400.

| flygplatsens milj6tillstdnd medges maximalt 24 500 flygrorelser per ar. [13]
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3 RISKIDENTIFIERING

| detta kapitel redovisas riskidentifieringen.

3.1 IDENTIFIERING OCH BESKRIVNING AV RISKKALLOR

Identifieringen av potentiella riskkallor grundar sig i litteratur- och kartstudier samt kontakter med Vaxj6
kommun. De riskkallor som bedoms paverka risksituationen i planomradet &r transporter av farligt gods
pa riksvag 25 och riksvag 30, hanteringen av brandfarliga varor vid de tva planerade
drivmedelsstationerna inom planomradet samt flygtrafiken vid Véaxjéo Smaland Airport.

Vaxjo Smaland Airport utgor sa kallad farlig verksamhet enligt Lag (2003:778) om skydd mot olyckor,
bland annat med anledning av hantering av brandfarliga véatskor i form av flygbransle. Avstand mellan
flygplatsens hantering av brandfarliga vatskor och aktuellt detaljplaneomrade verstiger 800 meter
varvid denna riskkélla (hantering av brandfarlig vatska) inte utreds vidare inom ramen for denna
riskbedémning.

| 6vrigt har inga farliga verksamheter, Sevesoanlaggningar etc. identifierats i planomradets omgivning.

3.2 TRANSPORT AV FARLIGT GODS PA RIKSVAG 25 OCH 30

Utifrdn bedomning av vilka konsekvenser som kan uppsta vid olycka med farligt gods bedoms féljande
farligt gods-kategorier vara relevanta for den fortsatta riskbeddémningen; klass 1, 2, 3 och 5. Se aven
bilaga A.2.

Ovriga klasser transporteras i begransad mangd, eller bedéms inte ge signifikanta konsekvenser
férutom i olycksfordonets omedelbara narhet.

Baserat pa de farligt gods-klasser som utreds vidare, har ett antal dimensionerande olycksscenarier
med potentiellt dodlig konsekvens sammanstallts i Tabell 3.

Tabell 3. Overgripande sammanstalining 6ver dimensionerande olycksscenarier, férknippade med transporter av
farligt gods, baserat pa rddande forutsattningar.

Explosiva Brandfarlig Giftig gas Brandfarlig Oxiderande
amnen gas vatska amnen
Klass 1 Klass 2.1 Klass 2.3 Klass 3 Klass 5.1
Liten explosion BLEVE Litet lackage Liten pélbrand Explosion
Medelstor Gasmolns- Medelstort Medelstor
- - - ) Brand

explosion explosion lackage pélbrand
Stor explosion Liten jetflamma  Stort lackage Stor poélbrand

Mellan

jetflamma

Stor jetflamma

3.3 RISKER VID DRIVMEDELSSTATIONER

Det &r inte fastlagt vilken typ av drivmedelsstationer som avses etableras inom detaljplaneomradet.
Darfor redogors i foljande avsnitt for saval ordindra bensinstationer (bensin, diesel och etanol) som
tankstationer for fordonsgas.
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3.3.1 Risker med brandfarlig vatska
Tva olika typer av lackage bedoms vara aktuella vid drivmedelsstationerna: olycka vid tankning och
olycka vid pafylinad av cistern for brandfarlig vatska.

De utslapp som kan antas intraffa i samband med tankning ar exempelvis da nagon glémmer att hanga
tillbaka pistolhandtaget pa matarskapet efter avslutad tankning, laser pistolhandtaget men inte ansluter
handtaget till bilens drivmedelstank etc. Dagens matarskap ar i regel utrustade med flddesbegransare
som stryper pumpen efter 100 liter. Med ett poldjup pa ca 1 cm skulle den resulterande pélen bli ca 10
m?2,

Storre olyckor vid drivmedelsstationer sker generellt i samband med lossning av drivmedel fran
tankfordon till cistern. Olyckor kan uppkomma exempelvis om slangen mellan bilen och cisternen
brister eller lossnar, handhavandefel av operatér, pakorning under lossning, felfungerande
pump/nodstopp etc. Vid ett lackage kan det uppkomma en branslepdl som i sin tur kan antandas och
darmed hota saval byggnader som tankbilen och omgivningen. Dagens tankbilar gor det dock majligt
for chaufféren att snabbt kunna stoppa lossningen. Det dimensionerande skadefallet for lackage pa
drivmedelsstation anges till en branslepdl pa 300 m2[3]. En branslepdl pa 300 m2 motsvarar ett
lackage pa cirka 10 m3. Detta varde bedoms vara négot hogt eftersom tankbilar idag ar sektionerade.
Ett mer troligt fall ar istallet att ett helt fack i tankbilen rinner ut, viket motsvarar cirka 5 m?3 bransle.

Vid antandning av namnda branslepoélar bildas sa kallade pélbrander med varierande storlek baserat
pa polens diameter.

Vid trafikolyckor som involverar tankfordon/drivmedelsleveranser till drivmedelsstationen kan ocksa
lackage och pélbrander uppstd med motsvarande storlekar som namnts ovan.

Baserat pa ovanstaende scenariobeskrivningar, har ett antal dimensionerande olycksscenarier med
potentiellt dodlig konsekvens sammanstéllts i Tabell 4.

Tabell 4. Overgripande sammanstalining éver dimensionerande olycksscenarier, kopplade till hantering av
brandfarlig vatska, baserat pa radande forutsattningar.

Brandfarlig vatska Typ av handelse Utlackt volym
Liten polbrand Olycka vid tankning 100 liter

Medelstor pélbrand Olycka vid lossning 5m?3
Stor poélbrand Stor olycka vid lossning 10 m3

3.3.2 Risker med brandfarlig gas

Metangas ar lattare an luft, vilket innebar att den stiger om den lacker ut. Brannbarhetsomradet for
metangas ar ca 5-15 %. Gasen forvaras under hogt tryck i gaslager bestdende av flera
cylinderformade tryckkarl. Metan som fordonsbransle kan kallas for fordonsgas, biogas, naturgas eller
CNG. En tankstation fér metangas bestar i huvudsak av en leveranspunkt, en kompressorbyggnad och
en eller flera dispensers. Leverans av metangas till aktuell anl&dggning sker via markledning.
Kompressorbyggnaden &r i sin tur vanligtvis uppdelad i flera brandtekniskt avskilda rum. Ett for ett
stationart gaslager, ett fér kompressorer, samt ett med Ovrig utrustning (t.ex. el- och styrutrustning).
[14]

Det vanligaste tillbudet pa tankstationer ar nar nagon aker fran tankstallet med slangen kopplad till
bilen. Tankningsslangen ar férsedd med en dragbrottsventil som stanger flodet fran dispensern. Den
mangd metangas som kommer ut ar darfor mycket begransad. Allvarligare olyckor har dock intraffat p&
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grund av felhantering fr&n konsumenter som har forsokt tanka bilar avsedda foér andra typer av
branslen med hjalp av adapter. [14]

Vid all hantering av gas kan olika typer av lackage ske, exempelvis pa grund av den manskliga faktorn
(felhantering) eller pa& grund av felande material. Olyckor med lackage av brandfarlig gas bedoms
generellt kunna leda till tre olika scenarier:

e Utslappet antéands direkt och bildar en jetflamma.

e Gasen antands inte direkt utan ett brannbart gasmoln sprids med hjalp av vinden och kan
antéandas senare vid kontakt med en téandkalla.

e BLEVE (Boiling Liquid Expanding Vapor Explosion) dar behallare varms upp av extern laga till
den ramnar av 6vertryck.

Tabell 5. Overgripande sammanstalining 6ver dimensionerande olycksscenarier, kopplade till hantering av
brandfarlig gas, baserat pa rddande forutsattningar.

Brandfarlig gas

Gasmolnsexplosion
Liten jetflamma
Mellan jetflamma
Stor jetflamma
BLEVE

3.4 RISKER MED FLYGTRAFIK VID VAXJO SMALAND AIRPORT

Den nederlandska konsultfirman NLR har som underlag for detaljplanen tagit fram en separat
riskanalys gallande flygrelaterade risker, se Bilaga D. | NLR:s riskanalys studeras individrisknivaer
kring flygplatsen for tre olika scenarier gallande flygplatsens férekommande trafik och lage fér
landningsbanan:

e Risknivaer med 6400 flygrorelser per ar (motsvarande trafik ar 2018)

e Risknivaer med 24 500 flygrorelser per ar (motsvarande fullt utnyttjat miljétillstand)

e Risknivaer med 24 500 flygrorelser per ar (motsvarande fullt utnyttjat miljétillstand) och
forlangd landningsbana 500 meter i riktning séderut (enligt riksintressepreciseringen for
flygplatsen)

De riskscenarier som studeras i NLR:s riskanalys beskrivs utforligt i Bilaga D (Bilaga D, avsnitt 4).
Riskberakningarna utfors med en berakningsmodell som ar framtagen i samarbete med, och férankrad
hos, nederlandska myndigheter.
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4  RISKUPPSKATTNING OCH RISKVARDERING

| detta kapitel redovisas individrisknivan och samhallsrisknivan for omradet med avseende pa
identifierade riskscenarier forknippade med farligt gods-transporter pa riksvag 25 och 30 samt
hantering av brandfarliga vatskor och fordonsgas pa de planerade drivmedelsstationerna. Dartill
redovisas individrisknivaer alstrade av flygtrafiken vid Vaxjé Smaland Airport. Resonemang ges kring
samlad riskniva och riskvardering genomfors.

4.1 KRITERIER FOR RISKVARDERING

| Sverige finns inget nationellt beslut om vilket tillvagagangssatt eller vilka kriterier som ska tillampas
vid riskvardering inom planprocessen. Praxis vid riskvarderingen ar att anvanda Det Norske Veritas
forslag pa kriterier for individ- och samhallsrisk [15].

Individrisk — Sannolikheten att en individ som kontinuerligt vistas i en specifik punkt omkommer.
Individrisken &r platsspecifik och oberoende av hur manga personer som vistas inom det givna
omradet. Syftet med riskmattet ar att kvantifiera risken pa individniva for att sakerstalla att enskilda
individer inte utsatts for oacceptabel risk.

Individrisk redovisas ofta med en individriskprofil (t.v. i Figur 9) som beskriver frekvensen att omkomma
som en funktion av avstandet till en riskkalla. Kan dven redovisas som konturer pa karta.

Samhallsrisk — Beaktar hur stor konsekvensen kan bli med avseende péa antalet personer som
paverkas vid olika scenarier dar hansyn tas till befolkningstatheten inom det aktuella omradet. Hansyn
tas aven till eventuella tidsvariationer, som t.ex. att persontatheten i omradet kan vara hog under en
begransad tid p& dygnet eller aret och lag under andra tider.

Risker kan kategoriskt delas upp i oacceptabla, acceptabla med restriktioner och acceptabla risker.

Risker som klassificeras som oacceptabla varderas som oacceptabelt hdga och tolereras ej. Dessa
risker kan vara majliga att reducera genom att atgarder vidtas.

De risker som bedéms vara acceptabla med restriktioner behandlas enligt ALARP-principen (As Low
As Reasonably Practicable). Risker som ligger i den dvre delen, ndra gransen for oacceptabla risker,
accepteras endast om nyttan med verksamheten anses mycket stor, och det &r praktiskt omajligt att
vidta riskreducerande atgarder. | den nedre delen av omradet bor inte lika harda krav stéllas pa
riskreduktion, men mojliga atgarder till riskreduktion ska beaktas. Ett kvantitativt matt pa vad som &r
rimliga atgarder kan erhallas genom kostnads-nyttoanalys.

De risker som kategoriseras som laga kan varderas som acceptabla. Dock ska mojligheter for
ytterligare riskreduktion undersdkas dar atgarder, som med hansyn till kostnad kan anses rimliga att
genomfdra, ska genomforas.

| Tabell 6 redogors for DNV:s uppstéllda kriterier for vardering av individ- och samhéllsrisk enligt ovan
namnd kategorisering. Kriterier aterfinns i riskvarderingen for bedomning av huruvida risknivan ar
acceptabel eller ej. Granserna markeras med streckade linjer enligt Figur 9.

Tabell 6. Forslag till kriterier for vardering av individ och samhallsrisk enligt DNV [15].

Riskmatt Acceptabel risk ALARP Oacceptabel risk
Individrisk <107 107 till 105 >10°
Samhéllsrisk* <106 106 till 104 > 104

* For N=1 med lutning p& F/N-kurva: -1
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Figur 9. Foreslagna kriterier pa individrisk samt samhallsrisk enligt DNV [15].

Samhallsrisken redovisas ofta med en F/N-kurva (t.h. i Figur 9) som visar den ackumulerade
frekvensen for N eller fler omkomna till f6ljd av de antagna olycksscenarierna.

I RIKTSAM [2] anges ytterligare kriterier for riskvardering vad géller risker forknippade med transporter
av farligt gods. | vagledning 3 anges att risksituationen bor kunna bedémas tolerabel vid planering av
bland annat industri (J), bilservice (G) etc. vid ett kortare skyddsavstand &an 30 meter fran
transportleden om foljande kombinationer av kriterier uppfylls:

Den probabilistiska riskanalysen kan pavisa att individrisken understiger 105 per ar.
Den deterministiska analysen kan pavisa att riskerna med harda konstruktioner eller
motsvarande, som kan orsaka skada péa eventuellt avakande fordon, kan undvikas.

Vid planering av bland annat kontor i ett plan, dock ej hotell (K), centrum (C) etc. vid ett kortare
skyddsavstand an 70 meter fran transportleden galler féljande kombinationer av kriterier:

Den probabilistiska riskanalysen kan pavisa att individrisken understiger 10 per ar.
Den deterministiska analysen kan pavisa att det "nettotillskott” av oénskade handelser
reduceras eller elimineras av forhallandena pa platsen eller efter atgarder.

Vid planering av bland annat kontor innefattande anvandning hotell (K), vilket betraktas som kansligare
verksambhet, vid ett kortare skyddsavstand an 150 meter fran transportleden, bor risksituationen kunna
beddémas tolerabel om féljande kombinationer av kriterier uppfylls:

Den probabilistiska riskanalysen kan pavisa att individrisken understiger 107 per ar.

Den probabilistiska riskanalysen kan pavisa att samhallsrisken understiger 10 per ar dar N=1
och 107 per ar dar N=100.

Den deterministiska analysen kan pavisa att det "nettotillskott” av oénskade handelser
reduceras eller elimineras av forhallandena pa platsen eller efter atgarder.

Notera att samtliga ovan namnda kriterier for vardering av risk galler risker forknippade med farligt
gods-transporter pa vag och jarnvag. For flygrelaterade risker saknas motsvarande kriterier.

| aktuell riskbeddémning gors riskvardering avseende risker forknippade med farligt gods-transporter
primart utifrdn RIKTSAM:s varderingskriterier eftersom Lansstyrelsen i Kronobergs lan hanvisat till
dessa riktlinjer.
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Vad galler riskberakningarna som utfors for de flygrelaterade riskerna utfors riskvardering ocksa enligt
RIKTSAM:s varderingskriterier. Angreppssattet bedéms vara rimligt da t.ex. den beraknade
individrisken &r platsspecifik och i princip inte beror av riskkallans art.

Ovanstaende tolkning och tillampning av RIKTSAM:s varderingskriterier gors i avsaknad av vedertagna
kriterier for vardering av flygrelaterade risker saval internationellt som nationellt. Som jamforelse kan
namnas de nederlandska och brittiska kriterier som tillampas i motsvarande sammanhang, se vidare
Bilaga D, avsnitt 5:

e Inom zon med individrisk som Gverstiger 105 per ar medges inga nya byggnader enligt de
nederlandska kriterierna. For befintliga byggnader erbjuds inlésen och rivning pa frivillig basis.
Motsvarande grans i Storbritannien ar 10-4.

e Inom zon med individrisk som Overstiger 10 per &r medges inga nya byggnader om inte
undantag kan beviljas enligt de nederlandska kriterierna. Undantag kan beviljas for t.ex.
byggnader med lag personintensitet. Motsvarande grans i Storbritannien ar 10°5.

e Inom zon med individrisk som understiger 106 per ar medges nya byggnader. Motsvarande
grans i Storbritannien ar 10-°,

Jamforelsevis ar RIKTSAM:s och de nederlandska kriterierna likartade for zoner med individrisknivaer
Overstigande 105 och 10 per ar. BAde RIKTSAM:s och de nederlandska kriterierna ar mer
konservativa an de brittiska. RIKTSAM:s kriterier &r mer konservativa an de nederlandska vad galler
kanslig bebyggelse.

4.2 RISKNIVA AVSEENDE FARLIGT GODS-TRANSPORTER PA VAG

Det ar nodvandigt att anvanda sig av bade individrisk och samhallsrisk vid uppskattning av risknivan i
ett omrade sa att risknivan for den enskilde individen tas i beaktande samtidigt som hansyn tas till hur
stora konsekvenserna kan bli med avseende pa antalet personer som samtidigt paverkas.

4.2.1 Individriskniva orsakad av farligt gods-transporter
1EQ)
1.E04 4
e ONV: Ovre kntena
1.EQ8
" 3—\_‘_ s DNV Unidite kriterie
. 1506 4
: Vag 25
1.EQT ¢ e \/ 80 30

=

1.EQS + + + - . -
0 20 40 &0 L 100 120 140

Avstand fran vagkant [m]

Figur 10. Individrisknivd med avseende pa farligt gods-transporter pa riksvag 25 och riksvag 30.
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Individrisknivan ar hogre an 107 inom 25 meter fran vagkant gallande bade riksvag 25 och riksvag 30.
Riskprofilerna for de bada vagarna ar i stort sett identiska, varvid skillnaden i Figur 10 knappt kan
urskiljas. Bortom 25 meter fran respektive vag ar individrisknivan mindre &n 1077.

Avstandet mellan riksvag 25 och planerad etablering inom detaljplaneomrédet uppgar till ca 50 meter
(baserat pa& Lansstyrelsens beslut om utokat byggnadsfritt avstand enligt Vaglagen 847). For riksvag
30 galler ca 30 meter. P& dessa avstand ar individrisknivan, orsakad av farligt gods-transporter pa vag,
acceptabel enligt s&val DNV:s som RIKTSAM:s kriterier.

Utifran RIKTSAM:s kriterier skall dartill en deterministisk riskanalys pavisa att "nettotillskottet” av
obnskade handelser, som avstegen fran skyddsavstanden innebar, elimineras. Med nettotillskott avses
den andel av individrisken som tillkommer genom att skyddsavstanden inte kan tillampas.

| Figur 11 redovisas berékningar av respektive scenariotyps bidrag till individrisken pa olika avstand
matt fran riskkallan for riksvag 25. Resultatet fran berakningar for riksvag 30 ar i stort sett identiskt och
redovisas darmed inte. | Figur 11 framgar att den dominerande scenariotypen ar explosioner
(harrérande fran ADR-S-klass 5) pa avstand mellan ca 30-120 meter matt fran riskkallan. P& avstand
mellan ca 120-160 meter ar det BLEVE:s (ADR-S-klass 2.1) som ar dominerande.

Det avsteg i skyddsavstand som planforslaget innebar, relativt riktlinjerna i RIKTSAM, galler
anvandning som avser kontor (K) i ett plan, dock ej hotell, centrum (C) etc. Dessa verksamheter
planeras som narmst cirka 50 meter fran riksvag 25 respektive 30 meter fran riksvag 30, istallet for
riktvardet 70 meter enligt RIKTSAM. Nettotillskottet av scenariotyper ar marginell mellan 70, 50 och 30
meter enligt Figur 11 varvid planerad markanvandning som innebéar kontor (K) i ett plan, dock ej hotell,
centrum (C) etc. kan medges enligt RIKTSAM:s varderingskriterier.

Scenariotypens IR-bidrag pa olika avstind fran vig

Andel av IR [%)]

10 20 th] 40 50 Hi0 ) &) w 100 110 w0 13K 14 1% 140 1 180 1'%

Avstand fran vig [m]

Explosior Bisthamma B Gomolnsexplovar SELEVE P Hbean B Gty gasmoln

Figur 11. Respektive scenariotyps bidrag till individrisken vid olika avstand fran riksvag 25.
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4.2.2 Samhallsriskniva orsakad av farligt gods-transporter
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Figur 12. Samhallsrisk for den sddra delen av planomradet.

Samhallsrisk, orsakad av farligt gods-transporter, har beréknats for planomradets sodra del.
Anledningen &r att denna del angransar till sdval riksvag 25 som riksvéag 30 och att persontatheten
antas bli hogst har baserat pa vilka verksamheter som planeras. Fér den norra delen antas
samhallsrisken bli lagre an fér den sédra.

Den beréknade samhaéllsrisken, orsakad av transporter av farligt gods, for den sédra delen av
planomradet askadliggors i Figur 12, dels som riskbidrag fran respektive vag, samt dels som total
sammanvagd samhallsrisk. Samhallsrisknivan orsakad av farligt gods-transporter tangerar och
Overskrider endast delvis det nedre av DNV:s kriterier. | forhallande till RIKTSAM:s kriterier &r risknivan
att betrakta som acceptabel. Givet mycket konservativa antaganden (framst berakningsmassigt
antagande om relativt hbga schablonmassiga persontatheter samt att samtliga personer i omradet
antas vistas oskyddade utomhus) gérs bedémningen att samhallrisken orsakad av farligt gods-
transporter sammantaget ar att betrakta som lag och acceptabel.

4.3 RISKNIVA VID DRIVMEDELSSTATIONER

4.3.1 Riskniva avseende hantering av brandfarlig vatska

For brandfarliga vatskor galler att skadliga konsekvenser for omgivningen kan uppkomma om véatskan
lacker ut och antands. Det avstand, inom vilket personer forvantas omkomma direkt alternativt till foljd
av brandspridning till byggnader, antas vara dar varmestralningsnivan éverstiger 15 kwW/mz2. Det &ar en
stralningsniva som orsakar outhardlig smarta efter kort exponering (cirka 2-3 sekunder) samt den
stralningsnivd som bor understigas i minst 30 minuter utan att sarskilda atgarder vidtas i form av
brandklassad fasad [16] [17].

De pdlstorlekar som antas kunna bildas vid lackage av brandfarlig vatska redovisas i avsnitt 3.3.
Normalt kommer ett utsldpp att begransas av spillzonerna. Méjlighet finns dock att méangden utspilld
brandfarlig véatska ar stérre &n vad spillzonen &r designad for och att pdlstorleken darmed blir mer
omfattande an spillzonsytan. Detta galler framst for det medelstora och stora utslappet. For att inte
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underskatta risken med de stérre utslappen har storlekarna for vatskepélarna antagits kunna bli stérre
an vanligt férekommande spillzoner inom dylika anlaggningar. Antagandet bedéms vara konservativt.
Vidare antas all brandfarlig vatska (bensin, diesel och E85) utgoras av bensin, vilket ocksd bedéms
vara konservativt.

Stralningsberakningar for pélbrander har genomforts med hjalp av handberakningar [16]. | Tabell 7
redovisas konsekvensomraden inom vilka personer kan antas omkomma vid olika pdlstorlekar.
Berakningsbilagor kan erhéllas p& begaran.

Tabell 7. Avstand till kritisk stralningsniva (15 kW/m?) pa halva flammans hojd for olika polstorlekar.

Scenario Pélbrand av Infallande stralning
varierande storlek > 15 kW/m? frén pélkant
Litet utslapp 50 m? 12 m
Mellanstort utslapp 200 m? 22,5m
Stort utslapp 300 m? 27 m

Resultatet av strélningsberakningarna visar att inga ddodliga stralningsnivaer uppkommer bortom 27
meter fran polkant. Pélbegransande atgarder sdsom spillplattor och dagvattenbrunnar anslutna till
oljeavskiljare inom stationsomradet forutsatts tillampas sa att polutbredning ej kan ske utanfor
fastighetsgrans/anvandningsgrans. Riskpaverkan fran drivmedelsstation avsedd for forsaljning av
brandfarlig vatska (bensin, diesel och etanol), oavsett sannolikhet for eventuell polbrand, bedoms
saledes vara acceptabel bortom 27 meter fran fastighetsgrans.

Stationsomradenas lagen inom utpekade fastigheter, utformning, placering av cisternpafylining,
avluftningsror, matarskap, spillplattor etc. &r ej preciserat i detta skede.

4.3.2 Riskniva avseende hantering av brandfarlig gas

For metangas beddoms konsekvenserna for manniskor bli patagliga forst sedan ett eventuellt utslapp
antants. Nar ett lackage av brandfarlig gas har skett finns det en risk att gasen antands. Antdndningen
kan intraffa direkt eller vara fordréjd. En direkt antandning antas leda till att en jetflamma uppstar,
medan en fordréjd antédndning kan innebara att en gasmolnsexplosion intréffar. En BLEVE (Boiling
Liquid Expanding Vapor Explosion) kan intraffa om en tank med tryckkondenserad gas varms upp sa
snabbt att tryckdkningen leder till att tanken ramnar. Detta resulterar i att den kokande véatskan
(tryckkondenserad gas) momentant slapps ut och antéands.

Samtliga risker, och sakerhetssystem, for den har typen av anlaggningar har beaktats under
framtagandet av TSA 2015 [7], varvid tillampning av skyddsavstand enligt Tabell 2, bedéms ge
acceptabel riskniva for omgivningen.

4.4 RISKNIVA AVSEENDE NARHET TILL VAXJO SMALAND AIRPORT

Den nederlandska konsultfirman NLR har anlitats for att utfora individriskberékningar for de
flygrelaterade riskerna kring Vaxjo Smaland Airport, se separat utredning i Bilaga DError! Reference
source not found.. Resultaten av berakningarna askadliggors i Figur 13, Figur 14 och Figur 15.
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Figur 13. Individriskkonturer orsakade av dagens flygtrafik (6400 rérelser/ar, 2018).
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Figur 14. Individriskkonturer orsakade av flygtrafik vid fullt utnyttjat miljétillstand (24 500 rorelser/ar).
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Figur 15. Individriskkonturer orsakade av flygtrafik vid fullt utnyttjat miljétillstand (24 500 rorelser/ar) och forlangd
landningsbana 500 meter i riktning sdderut.
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Vad géller riskvardering for de flygrelaterade riskerna utférs denna enligt RIKTSAM:s
varderingskriterier ursprungligen avsedd for vardering av farligt gods-relaterade risker. Angreppssattet
bedoms vara rimligt da t.ex. den berdknade individrisken ar platsspecifik och i princip inte beror av
riskkallans art. Féljande risknivaer bedoms rimliga att betrakta som acceptabla for de olika planerade
verksamheterna inom detaljplaneomradet, i enlighet med RIKTSAM:

¢ Inom zon med individrisk som Overstiger 10-° accepteras inga verksamheter.
e Industri (J) och drivmedelsforsaljning (G) medges dar individrisk understiger 105 per ar. Inom
in- och utflygningszonen medges dock ej:
o Drivmedelsforséljning (G), i enlighet med samradsyttrande fran Trafikverket [5].
o Industri (J1) som omfattar tillstAndspliktig hantering av brandfarlig vara enligt lagen
(2010:1011) om brandfarliga och explosiva varor (LBE). Denna bedémning baseras pa
en sammanvagning av de nederlandska kriterierna, utférligt presenterade i Bilaga D,
avsnitt 5, och RIKTSAM:s kriterier.
e Kontor i ett plan, dock ej hotell (K), centrum (C) etc. medges dar individrisk understiger 10-¢ per
ar.
e Samtliga verksamheter medges dar individrisk understiger 107 per ar och om samtidigt
samhallsrisken understiger 10 per ar dar N=1 och 107 per &r dar N=100.

Eftersom osékerheterna &r stora géllande flygplatsens framtida flygtrafik och eventuella férlangning av
landningsbanan beddms konservativt scenariot med fullt utnyttjat miljétillstdnd och 500 meter forlangd
landningsbana, enligt Figur 15, vara dimensionerande vid utformning av detaljplaneomradet.

45 KOMMENTARER KRING SAMMANLAGD RISKNIVA

Baserat pa resultaten av de separata riskberakningar som utforts for de olika riskkallorna ar det inga
platser inom detaljplaneomradet som bedéms f& en éverlagrad individrisk (risker fran flera riskkallor
som adderas till varandra i samma punkt) som Gverstiger oacceptabla nivaer utanfor redan angivna
zoner med férhdjd individrisk (>107).

Kring vagarna ar riskbidraget fran farligt gods-transporter avgérande. Riskavstand alstrade av farligt
gods-transporter far dar stallas i relation till aktuella ansatta skyddsavstand enligt planforslaget. For
drivmedelsstationerna ar det pd motsvarande satt hantering av brandfarliga vatskor och fordonsgas
som avgor behovet av skyddsavstand. For flygrelaterade risker ar dessa dominerande inom in- och
utflygningszonen och darmed dverordnade dvriga riskslag.

Frekvensen for olyckor med dédlig utgdng i omraden som planeras upplatas for personintensiv
verksamhet ar generellt mycket liten och darmed anses inget behov foreligga avseende uppskattningar
av overlagrad samhallsrisk. Individriskmattet bedéms i dessa fall vara utslagsgivande. Detta galler
saval planomradets norra del med Iag personintensitet som planomradets sédra del med nagot hogre
personintensitet. Personintensiva verksamheter placeras i ytor med lag individrisk (<10°7).
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5 RISKREDUCERANDE ATGARDER

Detaljplanen har i en iterativ process utformats mot bakgrund av resultaten i denna riskbedémning.
Angreppssattet har varit att forlagga de olika planerade verksamheterna med tillréackliga skyddsavstand
till de identifierade riskkallorna. De skyddsavstand som tillampats redovisas i féljande avsnitt med
motiveringar. Med aktuella skyddsavstand bedoms acceptabel riskniva erhallas for planerad etablering.

Skyddsavstand innebar att skyddsvart objekt inte far placeras inom ett visst avstand fran en riskkalla.
Inom ett skyddsavstand kan mindre stérningskansliga verksamheter finnas, t.ex. lokalgata, ytparkering,
naturmark etc. Skyddsavstand som riskreducerande atgard har hog tillforlitlighet och fungerar
oberoende av andra atgarder. Atgarden &r mest effektiv p& korta avstand, och effektiviteten avtar med
avstandet.

5.1 SKYDDSAVSTAND TILL FARLIGT GODS-LEDER

Avstanden mellan transportleder for farligt gods och planerade etableringar inom planomradet ar
generellt tillrackligt givet tillampande av Lansstyrelsens beslut om utékat byggnadsfritt avstand enligt
Véaglagen 847 (50 meter till riksvéag 25 och 30 meter till riksvag 30).

| enlighet med riskvéarderingskriterier angivna i RIKTSAM ska dock markanvandning K med innebérd
kontor i flera plan samt hotell (bendmns anvandning O, Tillfallig vistelse/hotell i planférslaget) inte
forlaggas inom 150 meter frdn nagon av farligt gods-lederna. Ovriga planerade verksamheter sdsom K
(kontor i ett plan), Z (verksamheter) och C (centrum) medges dock péa aktuella avstand.

5.2 SKYDDSAVSTAND TILL DRIVMEDELSSTATIONER

For drivmedelsstationer avsedd for brandfarliga vatskor (bensin, diesel och etanol) galler att ett
generellt skyddsavstand om 27 meter ska uppratthallas till byggnad eller annan plats fér mer an tillfallig
vistelse. For vissa byggnader och verksamheter inom drivmedelsstationens fastighet medges kortare
avstand enligt MSB:s handbok — Hantering av brandfarliga vatskor och gaser pa bensinstationer [6].
Handbokens avstand ska féljas till fullo vid projektering av anlaggningen.

For drivmedelsstationer avsedd for fordonsgas, med antaget gaslager stérre an 4000 liter, géller att ett
generellt skyddsavstand om 25 meter ska uppratthallas till byggnad, antandbart material och
brandfarlig verksamhet. Till verksamheter som innebér stor brandbelastning (t.ex. bradgéard och
dackupplag) galler 50 meter. Till utgangar fran svarutrymda lokaler (t.ex. lokal avsedd att inrymma en
publik) galler 100 meter. For mindre gaslager an 4000 liter medges i viss man kortare skyddsavstand i
enlighet med Energigas Sveriges anvisningar — Tankstationer fér metangasdrivna fordon [7].
Anvisningens avstand ska foljas till fullo vid projektering av anlaggningen.

Ovanstaende generella skyddsavstand har anvants vid placering och utformning av fastigheterna for
de planerade drivmedelsstationerna och deras omgivningar sa att en acceptabel risknivd bedéms
kunna uppnas i detta avseende. Skyddsavstanden enligt ovan ska beaktas och tillampas i samband
med bygglovsansokan.

Det bor noteras att riskbedomningen for drivmedelsstationerna utforts dvergripande och utifran ett
detaljplaneperspektiv. Den erséatter inte de riskbedémningar som ska upprattas i samband med
projektering av anlaggningarna eller av verksamhetsutovare i samband med tillstandsansokan for
verksamhet.
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5.3 SKYDDSAVSTAND GALLANDE FLYGRELATERADE RISKER

Vad géller skyddsavstand avseende de flygrelaterade riskerna har utgdngspunkt tagits i RIKTSAM:s
varderingskriterier, ursprungligen avsedda for vardering av farligt gods-relaterade risker.

Angreppssattet bedoms vara rimligt da t.ex. den beraknade individrisken &r platsspecifik och i princip
inte beror av riskkéllans art.

Detaljplaneomradets gestaltning, anvandningsomraden och anvandningsgranser har konservativt
anpassats efter de beraknade risknivaerna for scenariot med fullt utnyttjat miljotillstdnd och 500 meter
forlangd landningsbana, for att ej underskatta eventuell utdkning av flygplatsen och flygtrafiken.

Tillampning av de flygrelaterade individriskkonturerna och tolkning av RIKTSAM:s kriterier illustreras i
Figur 16.

Forslag till tolkning av riskvarderingskriterier i RIKTSAM

51E05 Inom rod zon medges ingen bebyggelse.

Inom bla zon medges bl.a. industri (J) och
drivmedelsférséljning (G).

>1E08
>1E07  Inom gul zon medges bl.a. kontor i ett plan (K),
verksamheter (Z) och centrum (C).

<1607 Utanfoér gul zon medges alla typer av verksamheter
inklusive hotell och konferens (O).

Gallande in- och utflygningszonen medges inte foljande
verksamheter:

Drivmedelsférséljning (G).

Industri (J1) som omfattar tillstandspliktig hantering av

brandfarlig vara enligt lagen (2010:1011) om brandfarliga
---= och explosiva varor (LBE).

Figur 16. Forslag till tolkning av riskvérderingskriterier i RIKTSAM.

10262038 + RB DP Ojaby 1:17 m.fl. | 30



UPPDRAGSNUMMER DATUM
10262038 2019-11-27

UPPDRAGSNAMN FORFATTARE
RB DP Ojaby 1:17 m.fl. Fredrik Larsson

6 DISKUSSION

Riskbeddmningar av detta slag ar alltid férknippade med osakerheter, om an i olika stor utstrackning.
Osékerheter som paverkar resultatet kan vara forknippade med bl.a. det underlagsmaterial och de
berakningsmodeller som analysens resultat ar baserat pa. De berakningar, antaganden och
forutsattningar som bedéms vara belagda med storst osékerheter ar:

- Personantal inom omradet,

- utformning och disposition av etableringar,

- farligt gods-transporter forbi och inom planomradet,

- schablonmodeller som har anvéants vid sannolikhetsberékningar och

- antal personer som forvantas omkomma vid respektive skadescenario.

Berakningarna har utforts med en rad mycket konservativa antaganden da brist pa relevant information
saknats. Detta bor innebara resultat pa den sakra sidan och att risknivaerna inte underskattats. Detta
forhaliningssatt innebar vidare att behov av kanslighetsanalyser inte bedoms foreligga.

Vid analyser av detta slag rader ibland brist pa relevanta data, behov av att géra antaganden och
forenklingar och svarigheter att fa fram tillforlitiga uppgifter som dessutom &ar mer eller mindre oséakra.
Dessa svarigheter innebar att olika riskanalyser/riskanalytiker ibland kan komma fram till motstridiga
resultat pa grund av skillnader i antaganden, metoder och/eller ingadngsdata. [18]

Det finns flera skal till varfor systematiska riskanalyser ar att foredra framfor andra mer informella eller
intuitiva satt att hantera den stora, men langt ifran fullstandiga, kunskapsmassa som finns betraffande
riskerna med farligt gods. Anvandning av riskanalysmetoder av den typ som presenteras i VTI Rapport
389:1 och som anvants i detta projekt innebar att befintlig kunskap insamlas, struktureras och
sammanstalls pa ett systematiskt satt sa att kunskapsluckor kan identifieras. Detta medfor att
analysens forutsattningar kan provas, ifragasattas och korrigeras av oberoende. Metoden innebéar
ocksa att de antaganden och varderingar som ligger till grund for olika skattningar tydliggors for att
undvika missfoérstand vid information, diskussion och forhandling mellan beslutsfattare, transportorer
och allmanhet. Riskanalyser utgor darigenom ett viktigt led i den demokratiska process som omger
transporter av farligt gods i samhallet. [18]
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7 SLUTSATSER

Risknivéerna alstrade av transporter av farligt gods pa riksvag 25 och riksvag 30 ar acceptabla vid
lagen for planerad etablering inom planomradet. Individrisken ar att betrakta som Iag och acceptabel
bortom 25 meter fran vagkant.

e Skyddsavstand mellan riksvag 25 och planerad bebyggelse uppgar till minst 50 meter.

e Skyddsavstand mellan riksvag 30 och planerad bebyggelse uppgar till minst 30 meter.

e Verksamhet som innefattar hotell (O pa plankartan) placeras minst 150 meter fran respektive
transportled for farligt gods.

Vad géller hanteringen av brandfarliga vatskor samt fordonsgas vid planerade drivmedelsstationer
tillampas skyddsavstand till angransande verksamheter i detaljplanen i enlighet med Lansstyrelsen i
Stockholms lans riktlinjer Riskhansyn vid ny bebyggelse intill vagar och jarnvagar med transport av
farligt gods samt bensinstationer, MSB:s handbok Hantering av brandfarliga gaser och vétskor vid
bensinstationer samt Energigas Sveriges Anvisningar - Tankstationer for metangasdrivna fordon.

e Skyddsavstand kring drivmedelsstation fér bensin, diesel och etanol uppgar till minst 27 meter.

e Skyddsavstand kring tankstation fér fordonsgas (med antaget gaslager med volym
Overstigande 4000 liter) uppgar till minst 25 meter for generell bebyggelse, 50 meter till
verksamhet med stor brandbelastning och 100 meter till svarutrymda byggnader.

Det bor noteras att riskbedomningen for drivmedelsstationerna utforts évergripande och utifran ett
detaljplaneperspektiv. Den erséatter inte de riskbedémningar som ska upprattas i samband med
projektering av anlaggningarna eller av verksamhetsutovare i samband med tillstandsansokan for
verksamhet. Skyddsavstanden ska beaktas och tillampas i samband med bygglovsansdékan.

For flygrelaterade risker har den nederlandska konsultfirman NLR utfort berédkningar avseende
individrisker kring Vaxjo Smaland Airport. | dessa berakningar har konservativa antaganden gjorts
gallande flygplatsens eventuella framtida expansion och trafikokning. De individrisknivder som
beraknats kring flygplatsen vid detta scenario har, utifran riskvarderingskriterier enligt Skane lans
Riktlinjer for riskhansyn i samhallsplaneringen (RIKTSAM), utgjort grund for placering av
verksamhetstyper och aktuella anvandningsgranser inom detaljplaneomradet.

e Industri (J) och drivmedelsforsaljning (G) medges dar individrisk understiger 10 per ar. Inom
in- och utflygningszonen medges dock ej:
o Drivmedelsforsaljning (G).
o Industri (J1) som omfattar tillstAndspliktig hantering av brandfarlig vara enligt lagen
(2010:1011) om brandfarliga och explosiva varor (LBE).
e Kontor i ett plan (K), centrum (C) etc. medges dar individrisk understiger 106 per ar.
e Samtliga verksamheter medges dar individrisk understiger 107 per ar och om samtidigt
samhallsrisken understiger 105 per ar dar N=1 och 1077 per ar dar N=100.
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Bilaga A. Frekvensberakningar — vagnat

| frekvensberakningarna berdknas en grundfrekvens for olyckor med transporter av farligt gods pa en 1
km lang véagstracka enligt VTI-modellen. Med handelsetradsmetodik beraknas sedan frekvenser for
respektive olycksscenario for de olika klasserna. Handelsetraden utvecklas i kommande avsnitt for
varje ADR-S klass. Vid behov anpassas frekvenser till analysens geografiska avgransningar.

A.1l. Berakning av olycksfrekvens

| Raddningsverkets (nuv. MSB) rapport Farligt gods — riskbeddmning vid transport [19] presenteras
metoder for berakning av frekvens for trafikolycka samt trafikolycka med farligt gods-transport pa vag.
Rapporten ar en sammanfattning av Vag och- transportforskningsinstitutets rapport [20] och den
beskrivna metoden benamns VTI-modellen. VTI-modellen analyserar och kvantifierar sannolikheter for
olycksscenarier med transport av farligt gods mot bakgrund av svenska forhallanden. Vid uppskattning
av frekvensen for farligt gods-olycka pa en specifik vagstracka kan tva olika metoder anvandas.
Antingen kan en olyckskvot uppskattas utifran specifik olycksstatistik for strackan, eller utifran nationell
statistik 6ver liknande vagstrackor. | denna riskanalys anvands det andra av dessa alternativ.
Olyckskvotens storlek beror pa ett antal faktorer sdsom vagtyp, hastighetsgrans, siktforhallanden samt
vagens utformning och strackning.

Generellt géller att vagtyper som tillater hogre hastighet ar utformade pa ett satt vilket medfor en lagre
olyckskvot an dar lagre hastighetsbegransning rader. Korsningar, cirkulationsplatser och dylika
utformningar ger hdgst olyckskvot. Antalet singelolyckor och sannolikheten att en olycka leder till en
konsekvens med farligt gods (index) 6kar med hastigheten.

Antalet trafikolyckor med transport av farligt gods som leder till konsekvens mot omgivningen beréknas
enligt nedanstaende metodik med indata enligt Tabell 8. Som underlag fér berdkningarna av den
forvantade frekvensen for trafikolycka respektive farligt gods-olycka anvands prognos for trafikflodet ar
2030).

Olyckoryprq1(0) = ATDrora * 365 - Stracka(km) - OK

9 o o 2
ADT, 2-ADT, ApT,
(SiO : i) +(1-5i0)|= 7 )| Index
Total ADTTotal ADTTotal

Olyckorp; =0 -

Tabell 8. Indata till frekvensberakning for farligt gods-olycka enligt Farligt gods — riskbedémning vid transport.

Indataparameter Riksvag 25 Riksvag 30
ADTota (&r 2040) 18 000 15 200
Andel tung trafik 14% 16%
Andel farligt gods av tung trafik 2,5% 2,5%
ADTec 63 61
Hastighetsgréns 100 100
Olyckskvot (OK) 0,4 0,4
Andel Singelolyckor (SiO) 0,34 0,34
Index 0,22 0,22
Frekvens FG-olycka 1,25E-02 1,20E-02
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Fordelning mellan de olika ADR-S klasserna

Farligt gods ar ett samlingsbegrepp for farliga amnen och produkter som har sddana egenskaper att de
kan skada méanniskor, miljé och egendom om det inte hanteras ratt under transport. Transport av farligt
gods omfattas av regelsamlingar [21] som tagits fram i internationell samverkan. Farligt gods pa vag
delas in i nio olika klasser enligt ADR-S-systemet dar kategorisering baseras p& den dominerande
risken som finns med att transportera ett visst &mne eller produkt. | Tabell 9 nedan redovisas
klassindelningen av farligt gods och en beskrivning av vilka konsekvenser som kan uppsta vid olycka.

Tabell 9. Kortfattad beskrivning av respektive farligt gods-klass samt konsekvensbeskrivning.

ADR-S  Kategori Beskrivning Konsekvenser

Klass 1 Explosiva Sprangdmnen, Orsakar tryckpaverkan, brannskador och splitter. Stor mangd
amnen och tandmedel, ammunition, massexplosiva &mnen ger skadeomrade med 200 m radie (orsakat
foremal etc. Maximal tillaten av tryckvag). Personer kan omkomma bade inomhus och utomhus.

mangd explosiva amnen Ovriga explosiva &mnen och mindre méngder massexplosiva &mnen
pa V&g ar 16 ton [21]. ger enbart lokala konsekvensomraden. Splitter och annat kan vid
stora explosioner orsaka skador pa uppemot 700 m [22].

Klass 2 Gaser Inerta gaser (kvave, Forgiftning, brannskador och i vissa fall tryckpaverkan till foljd av
argon etc.) oxiderande giftigt gasmoln, jetflamma, gasmolnsexplosion eller BLEVE.
gaser (syre, ozon, etc.), Konsekvensomraden 6ver 100-tals m. Omkomna bé&de inomhus och
brandfarliga gaser utomhus.
(acetylen, gasol etc.) och
giftiga gaser (klor,
svaveldioxid etc.).

Klass 3 Brandfarliga  Bensin och diesel Brannskador och rokskador till féljd av polbrand, varmestralning eller

vatskor (majoriteten av klass 3) giftig rok. Konsekvensomraden for brannskador utbreder sig
transporteras i tankar vanligtvis inte mer an omkring 30 m fran en pél. Rk kan spridas
som rymmer maximalt 50 éver betydligt storre omrade. Bildandet av vatskepol beror p&
ton. vagutformning, underlagsmaterial och diken etc.

Klass 4 Brandfarliga  Kiseljarn (metallpulver), Brand, stralning och giftig rok. Konsekvenserna vanligtvis
fasta &mnen  karbid och vit fosfor. begransade till naromradet kring olyckan.

Klass 5 Oxiderande Natriumklorat, Tryckpaverkan och brannskador. Sjalvantandning, explosionsartat
amnen, véateperoxider och brandférlopp om vateperoxidlésningar med koncentrationer > 60 %
organiska kaliumklorat. eller organiska peroxider som kommer i kontakt med brannbart
peroxider organiskt material. Konsekvensomraden for tryckvagor uppemot 120

m.

Klass 6 Giftiga Arsenik-, bly- och Giftigt utslapp. Konsekvenserna vanligtvis begransade till kontakt
amnen, kvicksilversalter, med sjalva olycksfordonet eller dess omedelbara narhet.
smittforande  bekampningsmedel, etc.
amnen

Klass 7 Radioaktiva  Medicinska preparat. Utslapp radioaktivt &mne, kroniska effekter, mm. Konsekvenserna
amnen Vanligtvis sma mangder. begransas till ndromrédet.

Klass 8 Fratande Saltsyra, svavelsyra, Utslapp av fratande &mne. Dddliga konsekvenser begransade till
amnen salpetersyra, natrium- naromradet [20]. Personskador kan uppkomma pa langre avstand.

och kaliumhydroxid (lut).
Transporteras vanligtvis
som bulkvara.

Klass 9 Ovriga Godningsdmnen, asbest,  Utslapp. Konsekvenserna vanligtvis begransade till kontakt med
farliga magnetiska material etc. sjalva olycksfordonet eller dess omedelbara nérhet.
amnen och
foremal

Ar 2015 genomférdes omkring 540 000 inrikes transporter med farligt gods med svenska lastbilar och
den totala méangden farligt gods var drygt 16 miljoner ton, fordelat pa en total stracka av cirka 55
miljoner kilometer. Av samtlig tung trafik star farligt gods-transporter fér omkring 2,5 % av den totalt
tillryggalagda strackan baserat pa ett genomsnitt frAn 2009-2015. | Tabell 10 redovisas inbérdes
fordelning i korda kilometer for de olika klasserna baserat pa uppgifter fran TRAFA mellan aren 2013-
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2017 for hela landet [23]. Siffrorna anses representativa for utredda strackor vid horisontaret, da det ror
sig om primara transportleder dar samtliga transportslag foérvantas kunna férekomma.

Tabell 10. Antalet farligt gods-transporter framréknat enligt berakningsmodellen samt férdelning mellan ADR-S
klasser baserat pa korda kilometer for respektive alternativ.

Riksvag 25 Riksvag 30

ADTrc 52 50

ADR-S klass 1 0,32% 0,32%
ADR-S klass 2.1 6,73% 6,73%
ADR-S klass 2.3 0,04% 0,04%
ADR-S klass 3 47,32% 47,32%
ADR-S klass 5 2,62% 2,62%
ADR-S 6vriga 42,96% 42,96%

A.3. ADR-S Klass 1 — Explosiva amnen och foremal

ADR-S klass 1 omfattar explosiva &mnen, pyrotekniska satser och explosiva foremal [21]. Dessa
inkluderar exempelvis sprangadmnen, tandmedel, ammunition, krut och fyrverkerier. Samtliga dessa
varor kan genom kemisk reaktion alstra sddan temperatur och sadant tryck att de kan skada eller
paverka omgivningen genom varme, ljus, ljud, gas, dimma eller rok. For att en sadan reaktion ska
initieras kravs att tillracklig enerqi tillférs amnet. Vid ett olyckstillfalle kan en kraftig stot eller en brand
tillféra sadan energi till explosivamnet att det detonerar.

A.3.1 Transporterad méngd

Beroende pa explosivamnenas kemiska och fysikaliska egenskaper ar de indelade i riskgrupper (1.1-
1.6). Enligt Raddningsverket (nuvarande MSB) [24] utgdrs 80-90 % av de transporter som sker med
explosiva amnen av riskgrupp 1.1 (dmnen och féremal med risk for massexplosion). Vid berakningar
anvands riskgrupp 1.1 som representant for vidare utredning av amnen i ADR-S klass 1. Detta bedéms
vara ett konservativt antagande. Transporterad mangd ar avgérande for explosionsverkan. Maximal
mangd massexplosiva varor som far transporteras pa vag ar 16 ton, men de flesta transporter
innefattar endast sméa nettomangder av massexplosiva varor.

A.3.2 Handelsetrad med sannolikheter

Figur 17 redovisar sannolikheterna givet att en olycka skett involverande ett fordon lastat med
explosiva @mnen. Dessa sannolikheter ligger till grund for frekvensberéakningar och motiveras i texten.
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Figur 17. Handelsetrad med sannolikheter fér ADR-S klass 1.

A.3.2.1. Antandning av fordon

De brandscenarier som kan leda till paverkan pa lasten beddoms i huvudsak kunna uppkomma om
transporten ar involverad i en olycka som foéranleder brand eller till f6ljd av fordonsfel som leder till
brand, till exempel 6verhettade bromsar eller elektriska fel.

Tillganglig statistik Gver omfattningen av brander inom transportsektorn &ar begransad. Utifran tillganglig
statistik fran olika lander (bland annat Japan och Tyskland) anges en olyckskvot pa cirka 1
fordonsbrand per 10 miljoner fordonskilometer [25]. Enligt svensk statistik &r sannolikheten for att ett
fordon inblandat i trafikolycka ska bérja brinna cirka 0,4 % [26] [27].

A.3.2.2. Brandspridning till lasten

Sannolikheten for spridning till last och detonation beror pa vilken typ av ADR-S klass som involveras,
vilket &mne, brandens storlek, mangden transporterat amne med mera.

En fransk studie av fordonsbrander i tunnlar visar att 4 av 10 brander slacks av personer pa plats [28],
med hjélp av enklare slackutrustning. Sadan slackutrustning finns dock sallan tillganglig pa ytvagnaten,
men regelverken for transporter av farligt gods staller krav pa transportoren att ha handbrandslackare,
och andelen slackta brander i ADR-S klassade transporter bedoms vara ndgot hogre an vid andra
olyckor. Resterande brander antas bli slackta av raddningstjansten, men da osakerheter rader om
insatstiden kan det inte forutsattas att raddningstjansten alltid férhindrar att branden sprider sig till den
explosiva lasten. Utifran detta resonemang gors samma bedémning som i Géteborgs fordjupade
oversiktsplan [29], att sannolikheten for att en brand sprider sig och leder till en explosion &ar 50 %.

A.3.2.3. Stot

Med stot avses sddan med intensitet och hastighet att den kan initiera en detonation. Det kravs
kollisionshastigheter som uppgar till flera hundra m/s [30]. Det saknas dock kunskap om hur stort
krockvald som behovs for att initiera detonation i det fraktade godset. HMSO [31] anger att
sannolikheten for en stétinitierad detonation vid en kollision &r mindre an 0,2 %. Med hansyn till den
utveckling som skett inom fordonsutformning och trafiksidkerhet de senaste 20 aren antas
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sannolikheten for en stétinitierad detonation vara lagre an de 0,2 % som HMSO anger. Utifran
ovanstaende beddms sannolikheten for att en stot initierar en detonation vara 0,1 %.

A.3.2.4. Fordelning mellan lastméangder

Genomfartstrafik respektive transporter till centrallager bedéms vanligen utgéras av maximalt lastade
fordon, vilket motsvarar en last pa 16 ton med fordon av EX/llI-klass. Detta har framkommit i intervjuer
med tillverkare och transportérer av explosiva @mnen [32] [33].

Statistik frAn Raddningsverket (nuvarande MSB) [34] anger att genomfartstrafik utgér omkring 0,5 % av
alla transporter med farligt gods. Transporter med 16 ton antas darmed utgdra mindre &n 0,5 % av
samtliga transporter i klass 1. Detta 6verensstammer med uppgifter fran tre stora transportorer, som
anger att andelen transporter med sa stora lastmangder utgér mindre &n 1 % av det totala antalet
transporter med explosiva varor [35]. Ovriga transporter utgodrs av mindre mangder. Fordelningen
mellan viktklasserna uppgar enligt Polisens [36] tillstAndsavdelning till 0,50; 0,35; 0,10 respektive 0,05.
Utifran dessa uppgifter antas fordelningen enligt Tabell 11, fér lastmangder av explosiva amnen.

Tabell 11. Foérdelning mellan lastméngder vid vagtransport av ADR-S klass 1.

Lastmangd Inkluderat viktintervall Andel Representativ lastmangd for
konsekvensberakningar

Mycket stor (16 000 kg) 0,5% 16 000 kg

Mellanstor (500-5000 kg) 14,5 % 1500 kg

Liten (<500 kg) 85 %. 150 kg

A.4. ADR-S Klass 2 — Gaser

ADR-S klass 2 omfattar rena gaser, gasblandningar och blandningar av en eller flera gaser med ett
eller flera andra amnen samt foremal innehallande sddana amnen.

Gaser tillhorande ADR-S klass 2 ar indelade i olika riskgrupper beroende pa dess farliga egenskaper;
brandfarliga gaser (riskgrupp 2.1.), icke brandfarliga, icke giftiga gaser (riskgrupp 2.2) samt giftiga
gaser (riskgrupp 2.3) [21]. Volymen per transport kan, beroende péa fordon och dmne, uppga till cirka
30 ton. Storst skadeverkan vid vadautslapp orsakar kondenserade gaser (i flytande form vid forhojt
tryck), brandfarliga gaser eller giftiga gaser. Nedan beskrivs riskgrupp 2.1 och riskgrupp 2.3 narmre.

A4l ADR-S Riskgrupp 2.1 — Brandfarliga gaser

ADR-S riskgrupp 2.1 omfattas av brandfarliga gaser, exempelvis vate, propan, butan och acetylen. Har
utgor brand den huvudsakliga faran, och gaserna ar vanligtvis inte giftiga®. Brandfarliga gaser ar ofta
luktfria [37]. Gasol ansatts som dimensionerande dmne att basera berékningarna pa, eftersom gasol
pa grund av dess laga brannbarhetsgrans samt att den transporteras tryckkondenserad och i stor
utstrackning gor amnet till ett konservativt val [29].

For brandfarliga gaser bedoms konsekvenserna for manniskor bli patagliga forst sedan utslappet
antants. Nedanstaende avsnitt beskriver hur en olycka med gods i klass 2.1 kan ta uttryck, samt vilka
dimensionerande scenarier och tédnkbara skadehandelser som kan upptrada.

1 Vissa giftiga gaser, som exempelvis ammoniak, ar vid hdga koncentrationer &ven brandfarliga. De
beaktas i huvudsak med avseende pa de giftiga egenskaperna, vilka ger upphov till langre
konsekvensavstand an de brandfarliga egenskaperna.
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A.4.2 Handelsetrad med sannolikheter

Figur 18 redovisar sannolikheterna i handelsetradet som anvands for en olycka som involverar ett
fordon med brandfarlig gas. Dessa sannolikheter motiveras i efterféljande text.
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Figur 18. Handelsetrad med sannolikheter for ADR-S klass 2.1.

A.4.2.1. Gaslackage

Gaser transporteras i regel under tryck i tankar med storre tjocklek och darmed storre talighet [38].
Erfarenheter fran utlandska studier visar att sannolikheten for lackage av det transporterade godset da
sanks till 1/30 av vardet for lackage i tankbil med ADR-S klass 3 [19].

A.4.2.2. Lackagestorlek

Ett lackage till foljd av en olycka med en transport av brandfarlig gas antas kunna bli litet, medelstort
eller stort, dar utslappsstorlekarna ar definierade i [19] utifrdn massflode: 0,09 kg/s (litet), 0,9 kg/s
(medelstort) respektive 17,9 kg/s (stort). Med gasol som gas har arean pa lackaget beraknats till 0,1;
0,8 respektive 16,4 cm2. Vid lackage fran tjockvaggiga tankbilar bedoms sannolikheten for respektive
storlek vara 62,5 %, 20,8 % och 16,7 % [19].
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A.4.2.3. Antandning

Nar ett lackage av brandfarlig gas, klass 2.1, har skett finns det en risk att gasen antands.
Antandningen kan intréffa direkt eller vara fordréjd. En direkt antdndning antas leda till att en jetflamma
uppstar, medan en fordréjd antandning kan innebdara att en gasmolnsexplosion intraffar. For ett utslapp
som ar mindre &n 1500 kg anges sannolikheterna for direkt antdndning, fordréjd antandning och ingen
antandning vara 10 %, 50 % respektive 40 % [39], varfor dessa varden kan antas galla fér litet lackage.
For ett utslapp som ar stérre dn 1500 kg anges motsvarande siffror vara 20 %, 80 % och 0 %. Dessa
varden anvéands for stort lackage. For medelstort lackage antas ett medeltal av ovanstaende
sannolikheter rimligt att anvéanda, det vill sdga 15 %, 65 % och 20 %.

A.4.2.4. BLEVE

En BLEVE (Boiling Liquid Expanding Vapor Explosion) kan intraffa om en tank med tryckkondenserad
gas varms upp sa snabbt att tryckokningen leder till att tanken ramnar. Detta resulterar i att den
kokande vatskan (tryckkondenserad gas) momentant slapps ut och antéands. Detta resulterar i ett
mycket stort eldklot. En BLEVE antas kunna uppsta i en oskadad tank, utan fungerande
sakerhetsventil eller dar sakerhetsventilen inte snabbt nog hinner avlasta tycket. Det kravs da att en
direkt antandning har skett vid en intilliggande tank och orsakat jetflamma som ar riktad direkt mot den
oskadade tanken. Sannolikheten for att ovan givna forutsattningar ska infalla samtidigt och leda till en
BLEVE beddms vara liten, uppskattningsvis 1 %.

A.4.3 ADR-S riskgrupp 2.3 — Giftiga gaser

ADR-S riskgrupp 2.3 omfattar giftiga gaser, exempelvis ammoniak, fluorvate, kolmonoxid, klor,
klorvate, svaveldioxid, svavelvate, cyanvate och kvavedioxid. Vissa giftiga gaser ar ocksa brandfarliga,
som exempelvis ammoniak.

A.4.3.1. Representativt amne

Svaveldioxid ar den mest toxiska gas som transporteras pa vag, varfor ett konservativt antagande i att
detta denna utgér dimensionerande amne ansatts genomgéaende.

A.4.3.2. Toxikologiska gransvarden

For att kvantifiera skadeutfallet vid exponering av ett giftigt amne finns en rad olika gransvarden. Da
riskbedémningen baseras pa frekvensen for dodsfall gérs ansatts LCso som dimensionerande
gransvarde. LCso &r den koncentration dar mortaliteten i en normalférdelad population &r 50 % for en
given exponeringstid. | berdkningarna ansatts konservativt att skadeutfallet inom beraknat
konsekvensomrade ar 100 %.

A.4.4 Handelsetrad med sannolikheter

Figur 19 redovisar sannolikheterna i handelsetradet som anvéands for en olycka som involverar ett
fordon med giftig gas. Dessa sannolikheter motiveras i efterféljande text.
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Figur 19. Handelsetrdd med sannolikheter for ADR-S klass 2.3.

A.4.4.1. Gaslackage

Sannolikheten att en olycka med farligt gods leder till lackage varierar beroende pa bebyggelse,
hastighetsgrans och vagtyp [19]. Gaser transporteras i regel under tryck i tankar med storre tjocklek
och darmed talighet [38]. Erfarenheter fran utlandska studier visar p& att sannolikheten for utslapp av
det transporterade godset darfor sanks till 1/30 [19].

A.4.4.2. Lackagestorlek

Ett lackage till foljd av en olycka med en transport av giftig gas antas kunna bli litet, medelstort eller
stort, dar storlekarna ar definierade utifran utslappets kallstyrka. Storleken pa lackaget ar samma som
for ADR-S klass 2.1 det vill sdga 0,1; 0,8 respektive 16,4 cm2. Vid lackage fran tjockvaggiga tankbilar
beddms sannolikheten for respektive storlek vara 62,5 %; 20,8 % och 16,7 % [19].

A.4.4.3. Vaderlek

Gasspridning utomhus beror i stort av rddande vaderlek dar stabilitetsklass och vindhastighet har stor
inverkan pa resultatet. For att differentiera hur paverkan varierar med dessa parametrar varieras
gasspridning i sex scenarier med olika forutsattningar, dar ovan namnda kallstyrkor simuleras vid tva
typer av vaderlek — Neutral atmosfarisk skiktning D med en vindhastighet p& 5 m/s samt med en
Extremt stabil skiktning F med en vindhastighet p& 1,5 m/s. Den férstnamnda representerar
genomsnittligt vader, vilket férekommer omkring 85 % av tiden, och den sistndmnda representerar
ogynnsamt vader vilket ansatts rdda under resterande 15 %.
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A.5. ADR-S Klass 3 — Brandfarliga vatskor

ADR-S klass 3 omfattar brandfarliga vatskor, exempelvis bensin, E85, diesel- och eldningsoljor,
I6sningsmedel etc. De flesta transporter av farligt gods utgors av brandfarliga vétskor.

A5.1 Handelsetrad med sannolikheter

Figur 20 redovisar sannolikheterna givet att en olycka skett med ett fordon lastat med brandfarlig
vatska. Dessa sannolikheter motiveras i texten.

3.3% Liten poélbrand

0,
Litet 25.0% Anténdning
96.7%
0,
11.0% Lackagestorlek
. 3.3% Mellanstor pdlbrand
Ja
25.0% R
Antandning
96.7%
3.3% Stor pdlbrand
50.0% R
Antand
Trafikolycka med ntandning
ADR-S klass 3 96.7%
Lackage
50.0% Stor polbrand
0,
0.4% Spridning till last
50.0%
0,
89.0% Fordonsbrand
99.6%
Nej ‘
Figur 20. Handelsetrad med sannolikheter fér ADR-S klass 3. Sannolikhet for lackage regleras av index, se Tabell

8.

A.5.1.1. Lackage

Sannolikheten for att en trafikolycka med en farligt gods-transport inblandad leder till I1ackage definieras
av strackans farligt gods-index, se Tabell 8.

A.5.1.2. Lackagestorlek

Storleken pa lackaget varierar beroende pa tankbilens storlek och typ. Enligt uppgifter fran
transportbolagen, nar det galler klass 3-produkter, ar det vanligast att tankbilar med slap transporterar
godset [40] [41]. Vid lackage fran tankbil med slap faststélls sannolikheten for ett litet, mellanstort och
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stort lackage vara 25 %, 25 % respektive 50 % [19]. De olika lackagen definieras utifran vilken
polstorlek som de ger upphov till: 50 m? (litet), 200 m? (mellanstort) samt 400 m? (stort).

A.5.1.3. Antandning

Bensin och diesel utgdr tillsammans majoriteten av produkterna i ADR-S klass 3 [42]. Sannolikheten
for antandning av lackage med diesel pa vag ar mycket lag pa grund av dess hoga flampunkt, medan
sannolikheten fér antandning av ett bensinlackage ar stérre. Férenklat (och konservativt) antas
samtliga transporter av brandfarlig vatska vara bensin. Sannolikheten att antdndning sker givet lackage
av bensin, oberoende av om det ar litet, mellanstort eller stort, ar 3,3 % [31].

A.5.1.4. Fordonsbrand

I enlighet med tidigare antagande avseende sannolikheten for att en trafikolycka leder till brand i fordon
(se avsnitt A.3.2) ar denna cirka 0,4 %. Fordonsbranden kan sprida sig till lasten, och denna
sannolikhet uppskattas till 50 %.

A.6. ADR-S Klass 5 — Oxiderande &mnen och organiska peroxider

ADR-S klass 5 ar indelad i tva riskgrupper; oxiderande amnen (riskgrupp 5.1) och organiska peroxider
(riskgrupp 5.2).

A.6.1 Allmé&nt om ADR-S riskgrupp 5.1

Oxiderande d&mnen &r brandbeframjande &mnen som vid avgivande av syre (oxidation) kan initiera
eller understédja brand i andra &mnen, samt i vissa fall detonera [21].

Ett vanligt forekommande amne &r ammoniumnitrat (AN) som ingar i manga godningsmedel och tillhor
riskgrupp 5.1. Ammoniumnitrat kan i samband med vissa omstandigheter sonderfalla explosivt genom
detonation. Detta kan ske genom ett brandférlopp dar @mnet ar inneslutet och varms upp under
tryckuppbyggnad, eller om det blandas med organiskt material [43]. Baserat pa uppgifter fran Yara i
Ko6ping [44] och FOI [45] kan en detonation uppstd om ammoniumnitrat blandas med ett flytande
organiskt material sdsom diesel, bensin, vegetabiliska oljor, eller om ett annat explosivamne detonerar
i eller i kontakt med ammoniumnitratmassan. For att en blandning mellan ammoniumnitrat och
organiskt material ska detonera kravs en homogen blandning samt tillférsel av tillrackligt stor energi.
Natriumklorat &r ett annat &mne som ingar i ADR-S riskgrupp 5.1 och har liknande egenskaper [46].

A.6.2 Allmé&nt om ADR-S riskgrupp 5.2

Organiska peroxider (ADR-S riskgrupp 5.2) karakteriseras av féreningar med instabila
peroxidbindningar. Till féljd av den kemiska strukturen ar organiska peroxider mycket reaktiva, och
dess termiska instabilitet kan medfdra att amnet sonderfaller, i vissa fall explosionsartat. Sonderfallet
kan initieras av sa val varme och friktion som kontakt med frammande amne [37]. | de fall peroxiden ar
innesluten i behallare kan explosion med tryckvag och splitter uppstd, men detta galler endast for en av
de sex typer av amnen som finns i riskgruppen. De 6vriga fem typerna av @mnen beddéms inte kunna
leda till ett explosionsartat forlopp.
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A.6.3 Transporterade mangder och representativt amne

Enligt rekommendationer fran hollandska myndigheter [47], bedoms ammoniumnitrat vara ett
representativt amne for hela ADR-S klass 5. Det ar ett av de oxiderande &mnen som har storst
oxiderande effekt och som transporteras mest frekvent och i stérst méangd.

A.6.4 Handelsetrad med sannolikheter

Figur 21 redovisar ett handelsetrad som utvecklar forloppet efter att ett fordon lastat med
ammoniumnitrat varit inblandat i en trafikolycka. De sannolikheter som anges i figuren motiveras i
efterféljande textavsnitt.

Ia 1.0% < Explosion
0,
50.0% Antandning
Nej 99.0% <

m 10.0% Blandning med flytande
organiskt material
0.5% Explosion

0,
50.0% Kritisk paverkan pa last

m 99.5% Brand

0,
m 0.4% Spridning till last

Nej 50.0% <
0,
Trafikolycka med o Antandning
ADR-S klass 5 Nej 99.6% <
Lackage
1a—0.5% 4 Explosion
m 50.0% Kritisk paverkan pa last
Nej 99.5% 4 Brand
0-4% @) Spridning till last
Nej 50.0% <
Nej 90.0% Fordon antander
Nej 99.6% ;‘

Figur 21. Handelsetrad med sannolikheter fér ADR-S klass 5.

A.6.4.1. Lackage

Sveriges enda producent av ammoniumnitrat utgors i dagslaget av Yara AB i Kbping. Ammoniumnitrat
transporteras som prillade produkter (fasta korn), paketerade i séckar om 1000 kg. Transporterade
mangder med bil omfattar ca 36 ton [48]. Sackarna utgors av tva lager, en tjock innersack av plast
samt en yttre av vav, vilka &r sammansvetsade upp till. Da ett utslapp endast bedoms kunna ske om
sécken paverkas av ett vasst foremal eller av en stor tryckpékanning antas sannolikheten for utslapp
uppga till 10 %. Detta bedéms som en konservativt vald siffra, och styrks av att utslapp av
ammoniumnitrat i samband med transportolycka inte forekommit pa Yara under de 12 &r som
verksamheten har bedrivits.
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A.6.4.2. Blandning med flytande organiskt material

Antandning och sénderfall genom deflagration eller detonation kan ske i samband med en olycka som
involverar ammoniumnitrat om det férst blandas med ett organiskt flytande amne sdsom bensin. Idealt
for att ett explosivt férlopp ska intréffa ar att ammoniumnitratet blandas med bréanslet homogent eller att
de blandas under langre tid sa att branslet kan absorberas av ammoniumnitraten. Till foljd av
begransat statistiskt underlag ansatts kontaminering av utslappt ammoniumnitrat ske i 50 % av de fall
olycka leder till utsléapp.

A.6.4.3. Anténdning av blandning

For att blandningen av ammoniumnitrat och brénsle ska explodera krévs att energi tillfors. | denna
beddmning har explosion till féljd av olyckan antagits ske med en sannolikhet av 1 %. Antagandet
baseras pa statistik avseende antandning av ett utslapp med brandfarlig vatska och bedéms vara en
konservativ uppskattning da brandfarlig vatska antas vara mer lattantandlig.

A.6.4.4. Antandning av oblandat gods

Sannolikheten for en antdndning efter ett utslapp av lasten, men utan att den blandats med organiskt
material, bedéms utifrdn amnets egenskaper vara lika stor som sannolikheten att fordonet i sig fattar
eld vid olyckan, det vill saga 0,4 %.

I enlighet med tidigare antagande avseende sannolikheten for att en trafikolycka leder till brand i fordon
(se avsnitt A.3.2) ar denna cirka 0,4 %.

A.6.4.5. Brandspridning till lasten

For att ett explosivt forlopp ska ske i detta fall kravs tillférsel av energi i form av antingen en brand eller
detonation i eller i kontakt med ammoniumnitratmassan. Sannolikheten for att fordonsbranden ska
sprida sig till lastutrymmet beror bland mycket annat p& fordonets utformning och hur lasten forvaras.
Enligt tidigare resonemang antas sannolikheten for brandspridning till lasten vara 50 %.

A.6.4.6. Kritisk paverkan pa last

For att brand ska initiera ett explosivt forlopp kravs att temperaturen dverstiger 190°C [44]. Antandning
av ammoniumnitrat/bransleblandning kan 6verga till ett sjalvunderhallande sonderfall (som behandlats
ovan) medan ren ammoniumnitrat ar s& stabil att ett eventuellt sonderfall upphor da varmekallan
avlagsnas [43]. Baserat pa detta bedoms explosiva forlopp initierade av brand vara relativt lAngsamma
forlopp. Detta ar nagot som aven erhallen olycksstatistik kan styrka da det vid en majoritet av olyckorna
anges brinntider pa cirka 1-16 timmar innan detonation. Sannolikheten for att en brand som spridit sig
till lasten paverkar denna sa allvarligt att det leder till en explosion innan samtliga personer i
omgivningen hunnit utrymma omradet bedéms vara lagre an vid antandning av blandning och ansatts
till 0,5 %.

A.7. Ackumulerad olyckspaverkan

Grundfrekvensen for olyckorna galler for 1 km vagstracka, vilket far till foljd att frekvensen maste
justeras med hansyn till hur stort konsekvensavstand som varje olycksscenario ger upphov till
(konsekvensavstand redovisas i Bilaga B).
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Bilaga B. Konsekvensberédkningar — vagnat

| detta avsnitt beskrivs hur konsekvensomradet och det férvantade skadeutfallet for olika klasser
kvantifierats. Berékningarna redogors separat for respektive ADR-S klass.

B.1. Persontathet

| samhéllsriskberakningar tas hansyn till hur manga personer som kan antas uppehalla sig i omradet
kring véagen, vilket gjorts genom att ansétta en persontathet per kvadratkilometer enligt Figur 22.
Antagandet om persontéthet grundar sig i anvisningar i RIKTSAM [2] gallande fér Malmo stad, vilket
beddms konservativt i detta sammanhang géllande Vaxjé, som generellt har en lagre persontéthet.

| berékningarna ansétts en persontéathet om 4100 personer/km? dagtid i enlighet med RIKTSAM.
Eftersom planerad markanvandning inte innebar bostader kommer persontatheten nattetid vara
mindre. Hotell kan dock komma att forekomma, varvid persontatheten 410 personer/km? ansatts galla
nattetid. Som jamforelse kan namnas att de mest tatbefolkade delarna av Malmd har en persontathet
om mellan 6000 och 10 000 personer/km? [2].

Befolkningsfritt
avstand fran

vagkant

)

0
o
3

Figur 22. Principskiss for hur persontéatheten har uppskattats. Personerna inom hela omradet antas befinna sig
jAmt utspridda 6ver ytan.

Grundantagandet ar att personer uppehaller sig jamnt utspridda 6ver hela ytan, aven narmast vagkant.
Detta antagande ar grovt varfor en befolkningsfri yta baserad pa avstandet till vag ansatts i
berakningarna. For aktuellt planomrade uppgar befolkningsfritt omrade till 50 meter utmed riksvag 25
och 30 meter utmed riksvag 30. Detta innebar att personantalet inom detta omrade subtraheras fran
resultatet for varje olycksscenario i samhallsriskberdkningarna.

| enlighet med RIKTSAM gors berakningarna for en hel kvadratkilometer med det aktuella planomradet
belaget i centrum.
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B.2. Antagande om olyckans placering

Konsekvenser som uppstar vid olycksscenerierna antas utga fran vagkant narmast omradet.

B.3. ADR-S klass 1 — Explosiva amnen

Den paverkan som kan uppkomma pa manniskor till fljd av tryckvagor kan delas in i direkta och
indirekta skador. Vanliga direkta skador ar sprackt trumhinna eller lungskador. De indirekta skadorna
kan uppsta antingen da manniskor kastas ivag av explosionen (tertiara), eller da foremal (splitter)
kastas mot ménniskor (sekundéara) [49].

Sannolikheten for en individ att traffas av splitter ar l1ag, och antalet omkomna till foljd av splitterverkan
beddms darfor bli litet. Sammantaget bedoms riskbidraget fran splitterverkan vara férsumbart. Vad
galler trycknivaer, och de direkta skador som de ger upphov till, gar gransen for lungskador vid omkring
70 kPa och direkt dodliga skador kan uppkomma vid 180 kPa [50]. Dessa varden avser dock direkt
tryckpaverkan, mot vilken den méanskliga kroppen ar relativt talig. Tertiara skador (d& manniskor kastas
ivag av explosionen) bedéms leda till dédsfall vid betydligt lagre tryck an 180 kPa. Byggnader har
normalt en relativt 1ag trycktalighet, och skadas svart eller rasar vid tryck pa 15-40 kPa. 20 kPa bedéms
vara ett representativt medelvéarde for nar byggnader skadas.

Sammantaget bedoms det lampligt att dela upp konsekvensberakningarna i tva zoner, med hansyn till
de stora skillnaderna i trycknivaer som kan leda till dodlig paverkan, beroende pa vilken effekt som
studeras. Féljande antaganden har gjorts vad géller konsekvenserna:

e Inom det omrade dar trycket 6verstiger 180 kPa antas 100 % av personerna omkomma.
e Inom det omrade dar trycket hamnar i intervallet 20-180 kPa antas 20 % av personerna
omkomma.

Skadeverkan vid varje explosionsscenario har darfor delats upp i tva delkonsekvenser, a och b,
beroende pa avstand till trycknivaerna 180 respektive 20 kPa enligt Figur 23.
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Figur 23. Skadeverkan fran en explosion har delats upp i tva zoner, i vilka sannolikheten att omkomma ar olika.

Utifran berakningsgang i Konsekvensanalys explosioner [51] har avstand, dit tryckvagen 6verstiger 180
respektive 20 kPa, tagits fram for de olika representativa dynamiska lastmangderna, vilka redovisas i
Tabell 12. Denna analys beaktar inte egendomsskador, vilka kan uppsta pa annu langre avstand.
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Tabell 12. Avstand inom vilket personer antas omkomma for olika laddningsvikt av ADR-S klass 1 gods.
Explosionen antas vid vagtransport vara sa nara marken att man far full markreflexion, dvs halvsfarisk utbredning
av luftstotvagen.

Konsekvens Representativ Avstand Avstand
mangd gods P =180 kPa P 2 20 kPa
Liten explosion 150 kg 13 meter 41 meter
Mellanstor explosion 1500 kg 28 meter 88 meter
Stor explosion 16 000 kg 62 meter 193 meter

B.4. ADR-S klass 2 — Gaser

En viktig faktor for spridningen av en gas vid ett lackage ar paverkan av vinden, bade for scenarier
med brandfarliga och giftiga gaser. De huvudsakliga konsekvenserna uppkommer i vindriktningen fran
utslappet. Eftersom konsekvenserna drabbar ett mindre omrade reduceras frekvensen for respektive
scenario med hansyn till vilken ungefarlig spridningsvinkel som konsekvensomradet far.

Samtliga vindriktningar antas ha samma sannolikhet, vilket innebar att konsekvensomradets
utbredning har samma sannolikhet i alla riktningar fran lackaget.

B.4.1 ADR-S riskgrupp 2.1 — Brandfarliga gaser

Vid berakning av konsekvenserna av en farligt gods-olycka med utslapp av brandfarlig gas (gasol)
uppskattas det grovt att samtliga transporter utgdrs av tankbilar, och att mangden gas i en tankbil &r 25
ton.

Programvaran Spridning Luft [52] anvéands for spridningsberakningarna. Lackagestorleken har réknats
fram utifran det massflode av gasol som anges i [19] for respektive storlek. For varje halstorlek finns en
ansatt sannolikhet.

Tabell 13. Framréknad lackagestorlek for gasol.

Lackagestorlek Massflode, Q Lackagestorlek, & Lackagestorlek, A
Litet 0,09 kg/s 0,32 cm 0,08 cm?
Mellanstort 0,9 kg/s 1,03 cm 0,83 cm?
Stort 17,9 kgls 4,56 cm 16,4 cm?

Vid berakningarna har féljande antaganden gjorts:

e Gasen antas vara propan (gasol).
e Halet antas vara intryckt utifran.
e En jetflamma antas vara horisontell.

B.4.1.1. BLEVE

Konsekvenserna av en BLEVE beraknas enligt exempel 11.3.2 i Vadautslapp av brandfarliga och
giftiga gaser och vatskor [50]. Antagen mangd gasol &r satt till 25 ton i en lastbil. Avstandet inom vilket
man antas omkomma &r beréknat till 170 m.

B.4.1.2. Jetflamma

En jetflamma kan uppst& om ett utslapp av en brannbar gas antands och férbranns direkt i anslutning
till sjalva lackaget. En mycket kraftig stdende flamma uppstar da nar gasen trycks ut fran karlet.
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Konsekvenserna av en jetflamma har berdknats utifrin exempel 11.3.3 i Vadautslapp av brandfarliga
och giftiga gaser och vatskor [50], dar flammans langd och bredd berédknas. Berakningsgang i
Guidelines for Chemical Process Quantitative Risk Analysis [53] anvands sedan for att berdkna ett
riskavstand dit 50 % antas fa dodliga skador av stralningen inom tiden t = 10 s. For frekvensreducering
med hansyn till att en jetflammas konsekvensomrade inte ar cirkulart anvands en metod med en
representativ del av en cirkel, enligt Figur 24.

Representatly del av cirke

Figur 24. Forhallandet mellan konsekvensomrade och en representativ del av en cirkel for frekvensreducering i
samband med jetflamma.

B.4.1.3. Gasmolnsexplosion

En gasmolnsexplosion kan uppsta vid en fordréjd antandning av en utslappt gasmassa som hunnit
sprida sig och inte langre befinner sig under tryck. Konsekvensomradet beror pa hur gasen sprids i
omgivningen, vilket i sin tur beror pd en mangd faktorer som vind, stabilitetsforhallanden, hinder,
utstrommande fléde och densitet, med mera.

Vid en antandning forbranns hela den gasvolym som befinner sig inom brannbarhetsomradet. | det
fysiska omrade dar detta sker blir konsekvenserna mycket allvarliga med dédliga férhallanden. Utanfor
detta omrade forvantas dock konsekvenserna bli lindriga, men stralningspaverkan kan uppkomma.

Programvaran Spridning Luft [52] anvands for spridningsberakningarna dar avstandet till halva den
undre brannbarhetsgransen beraknas. Detta avstand beraknas &r for att pa ett konservativt satt ta
hansyn till stralningspaverkan, som kan ske aven utanfor den gasvolym som forbranns.
Gasmolnsexplosionen beraknas utifran ett stort lackage. Beraknat konsekvensomrade approximeras
med en cirkelsektor enligt Figur 24.

B.4.1.4. Konsekvensavstand ADR-S riskgrupp 2.1
Nedan sammanstélls de framréknade konsekvensavstanden fér ADR-S klass 2.1.

BLEVE 170 meter
Liten jetflamma 5 meter
Medelstor jetflamma 17 meter
Stor jetflamma 73 meter
Gasmolnsexplosion 42 meter
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B.4.2 ADR-S riskgrupp 2.3

Spridningsberakningar har gjorts i programmen Spridning Luft och med ALOHA for totalt 6
scenarierenligt Tabell 14. Redovisat konsekvensavstand for respektive scenario utgérs genomgaende
av det hogre vardet fran simulering med de bada programmen. Indata till berdkningarna utgors av
underlag enligt Bilaga A och med en ytrahet pa 0,5 m.

Tabell 14. Konsekvens avstand for plym med giftig gas.

Utslapp Vaderlek Avstand till Spridningsvinkel
L Cso@30 min

Litet Stabilitetsklass D, 5 m/s 10 meter 45°
Stabilitetsklass F, 1,5 m/s 30 meter 30°

Mellanstort Stabilitetsklass D, 5 m/s 30 meter 45°
Stabilitetsklass F, 1,5 m/s 150 meter 30°

Stort Stabilitetsklass D, 5 m/s 135 meter 45°
Stabilitetsklass F, 1,5 m/s 690 meter 30°

B.5. ADR-S klass 3

For brandfarliga vatskor galler att skadliga konsekvenser fér omgivningen kan uppkomma nér vatskan
lacker ut och antands. Det avstand, inom vilket personer forvantas omkomma direkt alternativt till foljd
av brandspridning till byggnader, antas vara dar varmestralningsnivan éverstiger 15 kw/m2. Det ar en
stralningsniva som orsakar outhardlig smarta efter kort exponering (cirka 2-3 sekunder) samt den
stralningsniva som bor understigas i minst 30 minuter utan att sarskilda atgérder vidtas i form av
brandklassad fasad [29] [17].

De polstorlekar som antas kunna bildas vid lackage av brandfarlig vatska har for olycka pa vag antagits
till 50 m2 (litet), 200 m?2 (mellanstort) respektive 300 m2 (stort). All brandfarlig vatska (bensin, diesel och
E85) antas i berdakningarna utgodras av bensin, vilket beddms vara konservativt.

Stralningsberakningar har genomforts med hjélp av handberakningar [29]. | Tabell 15 redovisas
konsekvensomraden inom vilka personer kan antas omkomma vid olika polstorlekar.

Tabell 15. Avstand till kritisk stralningsniva pa halva flammans hgjd (15 kW/m?) for olika polstorlekar.

Scenario Pélbrand av Avstand till
varierande storlek 15 kW/m?2 fran polkant

Litet utslapp 50 m? 12 meter

Mellanstort utslapp 200 m? 23 meter

Stort utslapp 300 m2 27 meter

B.6. ADR-S klass 5

Tva typer av olycksscenarier med paverkan pd omgivningen har identifierats i samband med olyckor
med oxiderande d&mnen och organiska peroxider: Explosion och brand.

B.6.1 Explosion

Konsekvenserna av en explosion i en last med ammoniumnitrat beror till stor del paA mangden som
deltar i explosionen. | de flesta fall kan man anta att det ar tillgdngen pa organiskt material (exempelvis
fordonsbransle) som &r den begransande faktorn. En normal lastbil antas medféra 400 liter diesel i

10262038 + RB DP Ojaby 1:17 m.fl.

| 49



UPPDRAGSNUMMER DATUM
10262038 2019-11-27

UPPDRAGSNAMN FORFATTARE
RB DP Ojaby 1:17 m.fl. Fredrik Larsson

tanken, vilket leder till att en ammoniumnitrat/dieselblandning kan bildas, som motsvarar upp till 4,1 ton
trotyl [46]. Utifran detta anvands sedan 4,1 ton trotyl som dimensionerande explosion for dessa
scenarier, med samma berakningsmetod som anvands for explosioner i klass 1.

Resultaten visar att personer i omgivningen omkommer inom drygt 30 meter, medan byggnader
skadas inom drygt 120 meter.

B.6.2 Brand

En brand som inkluderar @mnen i ADR-S klass 5 &r mycket intensiv, eftersom dessa amnen ar
brandundersttdjande. Grovt antas en sadan brand motsvara en stor pélbrand sa som den beaktas
inom ADR-S klass 3 ovan. Konsekvensavstandet blir darmed 30 meter.

B.7. BedOmning av antal omkomna i respektive scenario

For att uppskatta antalet omkomna i respektive olycksscenario multipliceras aktuellt
konsekvensomrade med den persontathet som antagits i omradet. Vid berdkningarna har antagits att
samtliga personer inom omrédet vistas oskyddade utomhus. Detta antagande ar medvetet mycket
konservativt och ger resultat pa den sakra sidan. For flertalet av de identifierade olycksscenarierna har
byggnaders omslutande effekt en stor skyddsgrad for personer som vistas inomhus.
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Summary

WSP Sverige AB supports Vaxjé Municipality in establishing a development plan nearby Vaxjé Smaland Airport in
South Sweden. Since the development lies close to the airport the planned buildings could be affected by third party
risk as a consequence of the air traffic. So there is a need to evaluate what people located s in the development area

could be exposed to.

For this reason, the authority of the municipality thus requests an analysis of third party risk as a consequence of the
air traffic of Vaxjo Smaland Airport. For the analysis of third party risk around Vaxjé Smaland Airport, in particular the
risk posed to the development area near Ojaby, WSP Sverige AB has subcontracted Royal Netherlands Aerospace
Centre NLR to carry out a study.

In the study, the third party risk around Vaxjé Smaland Airport is assessed as part of the development plan nearby the
airport. In the assessment individual risk calculations are carried out for three airport scenarios. The first scenario
considers the actual traffic in the year 2018. The second and third scenarios regard a licensed situation in the future in
which the airport is allowed to handle up to 24,500 movements per year. In the third scenario it is foreseen that the
airport will have the runway extended to 2,600 metres for which operation with larger aircraft types is possible. The
impacts of these three scenarios on the development area are visualised by means of individual risk contours.
Presented are the levels 10°, 10° and 10" per year.

The policy of third party risk around an airport as applied in the Netherlands is also shown. It could provide the
authority in Sweden some insight on how the third party risk due to air traffic can be regulated by means of
restrictions in land use. The application examples show that third party risk around an airport could have a value in
the policy-making regarding protection of third party and occupant of aircraft, and in decision-making for spatial
planning and development near an airport.
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Abbreviations and definitions

ACRONYM DESCRIPTION

AIP Aeronautical Information Publication

CAA Civil Aviation Authority

ECAC European Civil Aviation Conference

GA General Aviation

IATA International Air Transport Association

ILS Instrument Landing System

kg Kilogramme(s)

lat-lon Latitude and longitude

MTOW Maximum Take Off Weight

t (Metric) Tonne(s)

TORA Take Off Run Available

VFR Visual Flight Rules
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DEFINITION AND CONCEPT DESCRIPTION

Aircraft accident (third party) Any unintended contact with the ground outside the runway. This includes all
types of occurrences including for instance fatal accidents, non-fatal accidents,
major losses and hull losses.

Aircraft movement or Air traffic A take-off or a landing (equivalent: a departure or an arrival).

movement

Calculation grid A small square area for which risk value is calculated.

Heavy aircraft Fixed wing aircraft with an MTOW of 5,700 kg or more.

ICAO code (aircraft) ICAO Aircraft Type Designator (Doc 8643). Aircraft type is (mostly) denoted by a
combination of four letters and numbers.

L1500 Aircraft type with MTOW up to 1500 kg. A category in the NLR third party risk
model for regional airports.

L5700 Aircraft type with MTOW between 1500 kg and 5700 kg. A category in the NLR
third party risk model for regional airports.

Light aircraft Fixed wing aircraft with an MTOW less than 5,700 kg.

Overrun An accident in which the aircraft runs off the end of the runway during either
take-off or landing.

Overshoot An accident in which the aircraft contacts the ground beyond the end of the
runway.

Straight-in A straight landing flight route or approach path to the runway.

Third party Inhabitant around an airport.

Undershoot An accident in which the aircraft contacts the ground before the runway while
on (final) approach.

Veer-off An accident in which the aircraft runs off either side of a runway during either

take-off or landing.
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1 Introduction

WSP Sverige AB supports Vaxjé Municipality in establishing a spatial development plan nearby Vaxjo Smaland Airport
in South Sweden. The development area is located west of Ojaby and stretches northwards along national highway 30
towards Tunatorp. The area comprises approximately 210 acres of land (Ref. [1]). Considered in the development plan
(Figure 1-1) are among others small industries, offices and hotels which will be realised west and south of the airport.

Helgasjon

Figure 1-1: (Left) Véxjé Smdland Airport and the area for development plan (shown in dash-dot line).
(Right) The development plan near Gjaby with a layout of roads and areas for various purposes

One of the WSP supporting services is to analyse the risks due to the transportation of dangerous goods on national
highways 25 and 30, which bound the development plan on the south and the east, respectively. However, since the
development lies close to the airport, the planned buildings could also be affected by third party risk as a consequence
of the air traffic.

For the above-mentioned reason, the authority of the municipality requests an analysis of third party risk as a
consequence of the air traffic of Vaxjo Smaland Airport. WSP Sverige AB has subcontracted Royal Netherlands

Aerospace Centre NLR to carry out this analysis, with focus on the risk posed to the development area near Ojaby.



NLR-CR-2019-445 | November 2019

The primary objective of the NLR study is to calculate the third party risk in terms of Individual Risk (IR) for three
airport scenarios:
e The first airport scenario is the “existing situation”. The current airport operation and traffic movements are
considered.
e The second scenario is the “licensed situation”, in which the airport is allowed to handle up to 24,500
movements per year. This scenario is related to a potential development and operation situation.
e The third scenario is again the “licensed situation” with a maximum of 24,500 movements per year in the
future and the runway extended to 2600 metres. But, it is assumed that due to the longer runway length the

airport will accommodate larger aircraft types for passenger transport.

The secondary objective of the NLR study is to address the practices of third party risk around airports in the
Netherlands. The purpose of this information is to provide the authority (Vaxjé Municipality) some insight on how the
third party risk information is applied in decision-making and policy.

Report structure

This report is organised as follows. After this introduction, chapter 2 gives a description of the airport and its
operational aspects. Chapter 3 presents concisely the third party risk method applied, traffic scenarios and a
description of inputs used in risk analysis. Chapter 4 covers the analysis of third party risk around Vaxjé Smaland
Airport for three operational scenarios. Chapter 5 addresses the policy and practices of third party risk for airports in

the Netherlands. Conclusions are drawn in Chapter 6, the final chapter of this report.

For the interested readers, various appendices of this report give additional details. These cover the third party risk
metrics in general (Appendix A), the NLR third party risk methodology (Appendix B), the detailed calculation input
data applied in the risk analysis (Appendix C) and the identification of risk calculations (Appendix D).



NLR-CR-2019-445 | November 2019

2 Vaxjo Smaland Airport

Vaxjo Smaland Airport (ICAO code: ESMX; IATA code: VXO) is located in the south of Sweden and lies about 5 km
northwest of the municipality Vaxjo. The city Ojaby lies adjacent to the airport. Figure 2-1 shows the airport and its
surroundings. The airport is designed and operated in accordance with an ICAO reference code 4E airport. The

aerodrome elevation is 610 ft (185.9 m).

Figure 2-1: Vixjé Smdland Airport and its runway (RWY) 01/19 (source: Google Earth)

Vaxj6 Smaland Airport operates with a single runway system: RWY 01 and RWY 19. Both runway directions are used
for take-offs and landings. The runway physical characteristics, according to the AIP Sweden, are given in Table 2-1
and Table 2-2.

Table 2-1: Physical characteristics of runway 01/19 (AIP Sweden, AD 2 ESMX 1-4, 25 May 2017)

Designations RWY True Bearing & Dimensions of RWY [m] THR coordinates THR elevation [ft]
Magnetic Bearing RWY coordinates

01 013.05° GEO 2106 x 45 56°55'11.72” N 610
008° MAG 014°43'26.69” E

19 193.06° GEO 2106 x 45 56°56'18.05” N 563.2
188° MAG 014°43’54.82" E

10



NLR-CR-2019-445 | November 2019

There are no stopways (SWY), but two clearways (CWY) are available. For RWY 01 the dimension of the CWY is 500 x
150 m, whilst the CWY for RWY 19 is only 300 x 150 m. Further, no displaced threshold (DTHR) is used for landing on
each runway.

Table 2-2: Declared distances of runway 01/19 (AIP Sweden, AD 2 ESMX 1-4, 25 May 2017)

gesignato ORA ODA ASDA DA
01 2106 2606 2106 2106
19 2106 2606 2106 2106

Based on the traffic data provided by Vaxjo Smaland Airport for calendar year 2018 (CY2018), the total number of air
traffic movements is 6475. The traffic is comprised of movements of fixed wing aircraft and helicopters. For the
analysis of third party risk the civil air traffic movements are categorised into three groups in general:

1. Heavy aircraft: these are the fixed wing aircraft with an Maximum Take Off Weight (MTOW) of 5,700 kg or
more. The aircraft types included are the jet aircraft (e.g. Boeing 737) or turboprops (e.g. ATR 72) for
passenger transport, and the business jet and corporate aircraft (Cessna Citation, Learjet and Beech King Air).

2. Light aircraft: these are fixed wing aircraft with an MTOW less than 5,700 kg. They are mostly used for
General Aviation, like recreational, training/ instructional, and personal flights. Typical light aircraft types are
Cessna 172 and Piper 28.

3. Helicopters: all rotary-wing aircraft with purposes like transport, personal flight, recreation and training.

The movements of the heavy aircraft represent about two-third of the total traffic. The movements of the light fixed
wing aircraft is responsible for less than 30% and helicopter traffic represents less than 7% of the total. More details
on the traffic data will be shown in Chapter 3 and in Appendix C.4.

There are no exact flight route instructions given in the AIP Sweden, AD 2 ESMX 1-6. But based on the communication
with Smaland Airport it is known that:

“There are restrictions due to other air traffic or noise abatement procedures are taken into account. When traffic is
free of obstacles/restrictions, it is then common in Sweden that ATC provides direct routing towards destination or at
least some RNAV point closer to the destination or border to other countries boundary entry or exit points for IFR
flights.”

In addition, the airport has provided several plots of radar tracks for NLR consideration in the construction of flight
routes which are required in the third party risk analysis. The plots of radar tracks belong to the aircraft types with the
(ICAO) Wake Turbulence Category (WTC) “Medium” and “Heavy” combined and those with the Wake Turbulence
Category “Light”. The tracks concerns the departures on RWY 19 and arrivals on RWY 01. Figure 2-2 depicts the plot of
radar tracks for aircraft types with WTC Medium & Heavy. The figure shows recognisable patterns of flight directions.

Remark: the Wake Turbulence Categories are not the same as the aircraft categories used by NLR in the analysis of
third party risk.
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Figure 2-2: Plots of radar tracks for Wake Turbulence Category “Medium” and “Heavy”. Left — the departures on RWY
19. Right — the arrivals on RWY 01. Both plots show recognisable patterns of the departure and arrival flights

The plots of radar tracks for WTC Light are not shown here because the flight paths do not help discerning distinct
flight directions.
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3 Assumptions for risk calculations

This chapter briefly addresses the principles and assumptions applied in the analysis of third party risk. These include
the selection of the model, a description of the traffic scenarios, and the input data derived for the Individual Risk

calculations.

3.1 Model selection

Two variants of the NLR risk model for civil airports have been developed, that reflect relevant differences in
operations, number of movements and infrastructure. The first one is the ‘Large Airport model’ (Ref. [3]) which is
meant for major airports with a large number of movements as an important criterion. Examples for large airports are
London Heathrow, Amsterdam Schiphol and Stockholm Arlanda. The second one is the ‘Regional Airport model’ (Ref.
[4]) that is set up for regional airports and small airfields that are mainly serving regional traffic and general aviation.

Regional airports in this regard are Rotterdam-The Hague, Maastricht-Aachen and Stockholm-Bromma.

Based on the fleet mix and the number of movements at Vaxjé Smaland Airport as shown in section 3.2, the risk
analysis is made with the Regional Airport model. Operation and level of safety at regional airports are considered
different from those at the major airports due to the varied traffic mix and operator types. In order to reflect the
differences in safety, the accident probabilities are differentiated for the types of operation: passenger traffic, cargo

traffic, business jet traffic and light-weight general aviation traffic.

Due to the presence of helicopter movements at the airport, NLR applies the heliport risk model (Ref. [5]) to analyse
that risk as well. In the risk model the helicopter traffic movements are differentiated by the engine types: Single

Engine Piston (training or non-training), Single Engine Turbine and Multi Engine Turbine.

Furthermore, in view of the location of the development area, part of the area could be affected by the veer-off risk
due to take-off and landing movements of fixed wing aircraft. For this reason, NLR applies a separate veer-off risk
method (Refs. [6] and [7]) to determine the magnitude of the risk.

It is noteworthy that the combination of Regional Airport model, heliport risk model and veer-off risk method has

been applied in the analysis of third party risk around Bromma Airport (Ref. [2]). In summary, the analysis method for
V&xjo Smaland airport is the same as the one previously applied to a risk study regarding Stockholm-Bromma Airport.

3.2 Traffic scenarios

The analysis of third party risk around V&xjé Smaland Airport is conducted for three traffic scenarios. In the analysis
calculations of Individual Risk are executed and the impact on the development area is visualised by means of

Individual Risk contours for the levels 10>, 10° and 107 per year.
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The three scenarios are considered in the present risk analysis are as follows.

Calendar Year 2018
The first scenario is the existing situation which is based on the 2018 air traffic movement data provided by the
airport. The runway is 2100 metres long. The traffic movements are discerned for different traffic segments. They are

shown in Table 3-1.

Table 3-1: Movements per category in year 2018

Heavy aircraft

65 %

4225
Light aircraft 1809 28 %
Helicopter 441 7%
Total 6475 100 %

The heavy aircraft traffic segment is comprised of movements with passenger transport jets, large turboprop aircraft
and business jets. Table 3-2 shows that the most used flight directions for heavy aircraft are RWY 01 for departures
and RWY 19 for arrivals. This means that the northern direction is the preferred operation direction for heavy aircraft:

take-off to the north from the airport and landing from the north towards the airport.

Based on the details included in the traffic data, the most-used jet aircraft and turboprop aircraft for passenger
transport are Boeing 737(-800/-700), Airbus A320, Embraer E170/175, ATR 72-600 and Fokker 50. Several distinct
flight destinations can be discerned. The most frequent flights are in the northern direction: to and from Bromma and
other cities in Sweden. To the southwest is Amsterdam, to the south are the Spanish destinations including the Canary

Islands, and to the southeast are the destinations including Poland, Turkey and Greece.

Table 3-2: Runway usage for heavy aircraft

RWY 01 12% 30 %
RYW 19 38% 20%

The light aircraft traffic segment includes the movements of General Aviation. The most frequent types are Cessna
172 Skyhawk, Piper PA28 and Diamond DA42. These aircraft types are typical for pilot training, recreational use,
personal flight, etc. Table 3-3 shows that RWY 19 is the preferred direction for both departure and arrival.

Table 3-3: Runway usage for light aircraft
g d d A d Depa e
RWY 01 22 % 22 %
RYW 19 28 % 28 %

Helicopter traffic forms only a small part of the air traffic. The most used types are Aerospatiale AS350 and Eurocopter
120. According to the traffic data provided, the helicopter departures and arrivals are mainly in unknown direction

“H”, from and to a helipad.

Future 24500 movements with 2100m-runway
The second scenario is the licensed situation in which the airport is allowed to handle a maximum of 24,500 aircraft

movements per year. Details for this scenario are not available. In consultation with the airport and WSP, NLR has
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derived a set of traffic movements which suits the best for use in the calculation of third party risk. For the traffic
movements, only the heavy traffic is adjusted and the remainder of the traffic, i.e. light aircraft and helicopter, is the
same as for Year 2018. To obtain the movements of heavy traffic a scale factor is first derived (see following box for
the derivation) and then the heavy traffic movements of CY2018 is multiplied with this factor. Table 3-4 presents the

number of movements per traffic segment used in the scenario.

T
Derivation of scale factor

In CY2018, there are 6475 movements — 4225 heavy aircraft movements, 1809 light aircraft movements and 441
helicopter movements.

For Future 24500-movements scenario, the number of heavy aircraft movements is 24500 — 1809 — 441 = 22250.
Scale factor = 22250 / 4225 = 5.2663

Table 3-4: Movements per traffic segment in Future 24500-movements scenario

Heavy aircraft 22250 91 %

Light aircraft 1809 7%
Helicopter 441 2%
Total 24500 100 %

Future 24500 movements with 2600m-runway
The third scenario considers the licensed situation in which the runway is extended to 2600 metres. The location of
runway threshold 01 will be moved 500 metres towards the south. The maximum number of aircraft movements

remains 24,500 per year.

Due to the extended runway it is assumed that the airport is able to handle larger aircraft types in this scenario. With
such runway length a medium-size wide-body aircraft like A330-200 is allowed to operate. The accommodation of
movements with larger aircraft types implies that some aircraft types used in scenario 1 and 2 have to be replaced.
For this scenario NLR derives on her own the composition of the traffic for this calculation using her experiences with
risk studies for other comparable airports in terms of size and operations. It must be noted that it is not necessary to
consider this scenario as “worst-case”, even though larger aircraft types are assumed in the traffic.

The replacement of aircraft types concerns the following. The heavy air traffic is assumed to comprise only the
passenger traffic using third-generation aircraft (which is safer than the first and second generation). This means that
the business jet aircraft are replaced entirely in favour of the passenger transport jet A330-200. Furthermore, the
relatively older or smaller turboprops in the heavy traffic are replaced by ATR 72-600 since this type is the most used
at Vaxjo Smaland Airport. Finally, some movements of miscellaneous jet aircraft which have been assumed as first-
generation aircraft in the previous two calculation scenarios are now assigned to third-generation Boeing 737-800

types.

1

Originally it was the intention to apply the growth figures of Eurocontrol (reference [10]) for a derivation of scale factor. However, it is found that even if the figures of
Eurocontrol for a very long period (up to 2040) are applied, the scaled-up number of movements is still not large enough in order to obtain the maximum 24,500
movements per year.
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3.3 Description of inputs

In order to calculate the risk around an airport, input data are needed. With the support of Vaxjo Smaland Airport, the
traffic data are made available to NLR for processing into calculation inputs. The risk calculation input data set is
comprised of the following:

e The traffic movements. The traffic data contain the number of movements (departures and arrivals) per
aircraft type, and the information of those aircraft types. The movement data also indicate which runway and
route for arrival and departure is used by the aircraft. Each aircraft or helicopter movement has to be
assigned to its accompanied category (see next point).

e  Weights and categories. For each aircraft or helicopter type, the Maximum Take-Off Weight (MTOW)
expressed in metric tonnes has to be known. In the risk model MTOW is a parameter to express the size of
the aircraft and thus the accident consequences. The aircraft MTOW is derived from the list of aircraft data
published by the Dutch government for use in the calculation of third party risk. Official sources like aircraft
manufacturers and Jane’s All the World’s Aircraft are consulted for newer aircraft types. Occasionally, other
internet sources like the German website Flugzeug.info and Wikipedia are consulted for checking on a few
general aviation aircraft types.

Based on the third party risk methodology applied, the traffic data for Vaxjo Smaland Airport are
differentiated into the following (operation) categories:

o Heavy aircraft types: Passenger and Cargo transport, with the first, second, or third generation of
aircraft types, and Business Jet. It is noteworthy that Cargo operation, however, is not used in the
risk calculations for Smaland Airport.

o Light aircraft types: L1500 (aircraft with MTOW up to 1500 kg) and L5700 (aircraft with MTOW
between 1500 and 5700 kg).

o Helicopter types: Single Engine Piston (training and non-training), Single Piston Turbine, and Multi
Engine Turbine.

e Airport runways. The airport runways in WGS84 latitude-longitude (lat-lon) coordinates are provided in the
AIP Sweden. The characteristics of the runways have already been discussed in Chapter 2. In consultation
with WSP and Vaxjo Municipality, the lat-lon coordinates are converted into SWEREF 99 15 00 coordinate
reference system using the online conversion tool” as instructed by the municipality.

e  Flight routes. Flight routes or nominal flight paths, together with the runway, are required in the calculations
as this information determines the risk distribution over the surrounding of the airport. The departure and
arrival routes for the risk calculation are derived and constructed by NLR mainly using the plots of radar
tracks provided by Vaxjo Smaland Airport, and based on experiences with studies with some comparable
airports. All flight routes are constructed for the SWEREF 99 15 00 coordinate reference system.

e Helicopter sectors. Helicopter traffic is assigned to helicopter departure and arrival sectors. The sectors are

assigned to the location of the runway endpoint for the sake of conservativeness of the risk calculations.
Details on the input data can be found in Appendix C.

2
https://www.lantmateriet.se/sv/Sjalvservice/koordinattransformation/
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4 Results of third party risk

This chapter presents the calculation results of the third party risk around Vaxjé Smaland Airport, in particular its
effects on the development area of Ojaby. The risk calculation results are visualised as Individual Risk (IR) contours, i.e.
lines with the iso-probability, for the risk levels 10, 10° and 107 (per year). The justification of the use of these risk

levels is given in reference [8].

For the sake of completeness, the risk contours determined with the standard risk model for the aircraft take-off and
landing overruns, take-off overshoots and landing undershoots are presented in combination with the risk contours
determined separately for the take-off and landing veer-offs. Figure 4-1 depicts an illustration of the different risk
types (third party) posed to the development area.

The risk contours are presented in Figure 4-2 through Figure 4-4.

Figure 4-1: (Left) The development area is exposed to different risk types from the air traffic operation in the southerly
direction. (Right) The development area is exposed to the different risk types from the air traffic operation in the
northerly direction
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Figure 4-2: Individual risk contours of 10” (red), 10° (blue) and 107 (green) for the Calendar Year 2018
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Figure 4-3: Individual risk contours of 107 (red), 10° (blue) and 107 (green) for the Future 24500-movements scenario
on the present 2100m runway
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Figure 4-4: Individual risk contours of 107 (red), 10° (blue) and 107 (green) for the Future 24500-movements scenario
on the extended 2600m runway and with larger aircraft types replacing part of the heavy aircraft traffic
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Discussion of veer-off risk

As mentioned earlier veer-off is an occurrence in which an aircraft runs off either side of a runway. The risk calculated
for a veer-off is in theory valid for all sorts of terrain next to runway: flat/slope, hard/soft ground, with or without
objects/obstacles (e.g. trees). Due to the fairly woody and slightly sloping terrain on the west side of the airport and
along the national highway 30 (Figure 4-5), the veer-off risk calculated for the different scenarios could be smaller in
practice. This is the consequence of some shielding effects of the trees and the terrain sloping upwards which could
help limit the distance travelled by the aircraft in the occurrence of a veer-off. However, an exact value for the
reduced veer-off risk affecting the development area cannot be provided. For conservative reason it is recommended

to apply the calculated risk values in the evaluation and discussion of the development plan.

Woody and sloping terrain with

Smaland Airport

National hig'-hway 30

(Worthbound) on the right

Figure 4-5: The airport surroundings viewed from national highway 30 northbound (source: Google Maps street view)
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5 Applications of third party risk around
airports and policy in the Netherlands

This chapter presents the applications of third party risk around airports and the policy established in the Netherlands.
Sections 5.1 and 5.2 address concisely the restrictions in accordance with third party risk for Amsterdam Schiphol

Airport and the regional airports respectively. Section 5.3 gives two application examples.

Third party risk around airports

Both UK and the Netherlands have an advanced and transparent policy for third party risk around airports. Their
methodologies in assessing the risk have been validated with experts; the risk calculation models are made public
and are established in the national regulations.

There is neither international agreement on how the third party risk around an airport (methodology) should be
determined, nor any internationally agreed norms, criteria or guidelines available which define acceptable levels of
third party risk or external safety around an airport.

For UK and the Netherlands, criteria only exist for certain Individual Risk levels. UK chooses 10“*and 10” (per year)
for their Public Safety Zones (PSZs) around an airport, whilst the Netherlands applies 10 and 10° levels for building
restrictions and spatial planning in the vicinity of an airport.

In the Netherlands, third party risk policy is established and risk assessment is required for different risk sources,
among others storage and transport of dangerous goods, and rail transport. For air transport, only airports are
considered as risk source since the airport is a location where aircraft departures and arrivals concentrate. Statistically
most aircraft accidents occurred during these phases of flight whilst these phases take only a fraction of flight time in

duration (Figure 5-1). Therefore an airport poses risk to the people in the surroundings.

PERCENTAGE OF FATAL ACCIDENTS BY PHASE OF FLIGHT
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Figure 5-1: Percentage of fatal accidents by phase of flight (figure adapted from Boeing’s Statistical Summary
of Commercial Jet Airplane Accidents - Worldwide Operations 1959-2008)
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Third party risk around an airport has different purposes:

1. Inthe Environmental Impact Assessment (EIA) study, third party risk together with airport noise, emission &
air quality are always the compulsory components and are considered as undesired environmental impacts
due to air traffic operations at an airport. Mostly required by Netherlands Commission for Environmental
Assessment that not only Individual Risk is to be investigated in the EIA study, but also a Societal Risk analysis
is requested.

2. For changes in the operational concept of the airport or in the master planning, an analysis of the risk to the
surrounding (third party) may be required as well. Changes in runway usage, flight routes, fleet mix and
number of air traffic movements could have impact on the surroundings of an airport in terms of safety risk.

3. For risk zoning and protection of third parties. For airports of importance like Amsterdam Schiphol Airport
and other larger regional airports, (local) government may define risk zones to limit the land use in the
vicinity of an airport in order to protect persons on the ground and or limit the societal risk due to air traffic.

4. For spatial planning policy and decision-making: an assessment of third party risk is necessary when
authorities from (local) government like municipalities and or developers require insight into to what extent
aviation could pose a risk to their development plans in the vicinity of an airport.

5.1 Amsterdam Schiphol airport

5.1.1 Zoning

The Schiphol Act i.e. Chapter 8.2 of the Netherlands Aviation Act [4], and the two Airport Decrees, “Airport Traffic
Decree” and “Airport Layout Decree”, came into effect on 20 February 2003. This also marked the commissioning of
the Schiphol’s new fifth runway 18R-36L. Regulations regarding limitations of noise pollution, third party risk and air
pollution (emissions) to the airport surroundings are established in the Schiphol Act and the Decrees.

In the Airport Layout Decree, the two zones defined for third party risk are Restricted Area 1 and 3. Restricted Area 1
is based on the 10 individual risk contour whereas Restricted Area 3 is based on the 107 individual risk contours.
These safety zones as shown in Figure 5-2 are specified to keep people on the ground at a safe distance from air traffic
risk and they are based on risk calculations of a number of scenarios in an Environmental Impact Assessment study.

The zones are all established in the Airport Layout Decree of Schiphol Airport.

The restrictions of Area 1
This area is also known as demolition zone. Outside this zone no individual risk above 107 (per year) is allowed. Within

this zone the following applies:

. No building of new houses;

. No building of new offices and industrial buildings/factories;

. Existing houses are purchased and demolished on a voluntary basis;
. No “sensitive” (hazardous) industrial buildings.

The restrictions of Area 3

The construction of new buildings in areas exposed to local risks between 10” and 10° (per year) is not permitted,
with the exception of buildings for small-scale business (including agricultural activities). An additional guideline is
provided to govern the societal risk, i.e. by limiting the number of persons per hectare present in the area.
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It is noteworthy that there are Areas 2 and 4 as well and these are based on the noise contours. The restrictions of
these areas are comparable to those based on third party risk.

Restricted Area 3 |

o S

Topografische Dienst, Emmen, 2000

Topografische ondérgrond (c)

4 : If / 2 i : it 1 1]
Figure 5-2: Amsterdam Schiphol Airport and Restricted Areas 1 and 3 as marked in Airport Layout Decree 2003.
Restricted Area 1 is given in red, while Restricted Area 3 is shown in blue. These areas are derived from calculations

and contours of individual risk. Note: the area between these areas is regulated by noise restrictions (Restricted Area 2)
and this is not shown here
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5.1.2 Safety enforcement

According to the enforcement policy for Schiphol airport only the third party risk metric devised by Ministry is applied:
Total Risk Weight. It is a number or risk index (total value) to indicate the third party risk of an airport by incorporating
three parameters in risk determination: accident probabilities (for take-off/landing and per accident type), number of
aircraft movements in a year, and the maximum take-off weight corresponding to the aircraft per movement. The
method of determination is established in the Environmental Information Regulation Schiphol airport (in Dutch:
Regeling Milieu-Informatie luchthaven Schiphol).

Total Risk Weight (TRW) is expressed in metric tonnes per year and a limit value is set for Schiphol airport. For
enforcement Schiphol airport is required to provide Inspectorate of Human Environment and Transport (ILT, which
includes the CAA the Netherlands) information about noise pollution at the enforcement points, the total noise

volume index, the total risk weight, and the amount of air pollutants emitted.

According to the most recent information the use of the total risk weight will soon be superseded by a complete
calculation of individual risk based on the current airport traffic operations. The new enforcement regime includes a

check on the number of dwellings (houses) within the risk contours of level 10°® per year.

5.2 Regional airports

Since the end of 2009 the Regulations on civil and military airports came into effect. With the introduction of these
regulations, the proper authorities are those directly involved, i.e. the regional government like province and
municipalities. Within this responsibility, requirements with respect to noise pollution and third party risk for regional
airports will be set in line with the policy for Schiphol airport.

For each regional airport, an airport decree must be made and determined by the end of 20143, In the airport decree,
the consequences for the environment will be shown for the future scenario of the airport. The intention is that after
a period of a few years the airport situation will be evaluated and compared with the scenario that was initially used
as baseline for the airport. This evaluation is to check whether or not the risk calculated with the current traffic
remains within the originally determined risk contours of 10° per year.

5.3 Two examples of applications of third party risk
analysis

The NLR third party risk models have been applied in context of third party risk discussions and in supporting decision-

making in the Netherlands. Two applications of third party risk analysis are presented here.

At the time of preparing this document there are still airports undergoing the process of Airport Decree.
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5.3.1 Airport zoning for protection of third party and occupants of aircraft
It is recalled that restricted areas around the runways of Schiphol airport have been effected since in the introduction

of both “Airport Layout Decree” and “Airport Traffic Decree” in 2003. These areas were established for limiting noise

pollution and third party risk.

In 2009 a Boeing 737 of Turkish Airlines crashed on an open farmland north of Amsterdam Schiphol airport. The
location of the crash lies within the Restricted Area 1 (Figure 5-3) as marked in the Airport Layout Decree. In Area 1
construction of new buildings is not allowed and the existing buildings should be removed on a voluntary base. Had
those restriction zones not been established, buildings might have been allowed. The accident could have ended
worse if constructions were located on the farmland. Then, the result of the crash could be aggravated for both the

persons on board and third parties.
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Figure 5-3: The crash site of Turkish Airlines aircraft on 25 February 2009 (red circle), Flight 1951, lied at the north of
runway 18R of Amsterdam Schiphol Airport. Depicted in the figure are the crash site (red dot) and the Restricted Area 1

(in grey shade) as established in the Airport Layout Decree of Schiphol Airport
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5.3.2 Evaluation of development plans

In supporting the regional spatial planning and area development around Eindhoven airport in the Netherlands, an
analysis is carried out to provide an insight into the societal risk as a consequence of various building plans. The results
of the risk analysis are discussed and used by the City-Region Eindhoven, other cities and municipalities around the

airport and the regional fire-fighting service.

The societal risk due to the air traffic has been analysed in detail. Besides the classic use of FN-curve for presenting the
societal risk, an alternative way of showing the risk for a certain group size in an area is also applied [18]. For this area-
specific presentation of societal risk, use of a risk reference is made. This reference is derived from the Orientation
Value for Establishments (OVE4) used in the Netherlands. As a guideline, the societal risk of a risk source must not
exceed this value. The OVE is described by the relation: 10‘3/N2, where N is the group size number. For a group of ten

persons (N=10), the value is 10°. Itis noteworthy that for air transport no such orientation value is available.

In the area-specific presentation, the societal risk is visualised on a topographic map. The societal risk determined for
each calculation grid cell (e.g. 1 hectare) and relates to the OVE for different group sizes of number of fatalities. For
each grid cell, colour presentation is applied to show if the probabilities for a group size are lower or higher than the
OVE. Figure 5-4 depicts the area-specific presentation of societal risk for Eindhoven airport. Through this way of
presenting the societal risk the City-region Eindhoven together with the municipalities in the airport surrounding can
easily obtain insight into the distribution of the risk over the area and the magnitude of risk for a particular group size.
The information also helps the regional fire-fighting service to define her contingency plan to cope with aircraft
accident.

4
Officially it is “Orientatiewaarde voor Inrichtingen” (OWI) in Dutch
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Figure 5-4: The area-specific presentation of societal risk for a group of 10 persons (or more). Presented is the north
region of the Eindhoven airport where a number of building projects is planned. Yellow squares show the area (per
hectare) in which the societal risk lies between 1% to 10% of Orientation Value for Establishments (OVE) used in the
Netherlands. Orange squares are meant for the range 10% to 100% OVE; and red squares are 100% or above OVE.
Note: the OVE for N=10 persons is determined by the relation 10°/N’ = 10°/10° = 10°
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6 Conclusions

In the study, the third party risk around Vaxjé Smaland Airport is assessed as part of the development plan of Ojaby
nearby the airport. In the assessment individual risk calculations are carried out for three airport scenarios. The first
scenario considers the actual traffic in the year 2018. The second and third scenario regard a licensed situation in the
future in which the airport is allowed to handle up to 24,500 movements per year. In the third scenario it is foreseen
that the airport will have the runway extended to 2,600 metres for which operation with larger aircraft types is
possible. The impacts of these three scenarios on the development area are visualised by means of individual risk
contours. Presented are the levels 10°, 10° and 10”7 per year.

Some conclusions regarding the risk analysis are drawn here:

e Due to the smaller number of traffic movements the risk contours of calendar year 2018 (first calculation
scenario) affect only a limited part of the development area on the south. The area is not exposed to veer-off

risk of level 107 or higher.

e The Future 24500-movements scenarios (the second and third scenarios) have a larger part of the heavy
aircraft traffic and total number of movements is larger than the actual traffic for year 2018. As a result, the

risk contours are larger and cover a substantial part of the development area south of the airport.

e Due to the runway of extension of 500 m to the south, in the third scenario the development area is exposed
to risk contours of level 10°. Also a much larger part of the development area is exposed to risk levels of 10°®

and 10" per year.

e The risk contours of the third calculation scenario in terms of dimension are not much larger than or deviate
from those of the second calculation scenario. Although larger aircraft types are assumed in the traffic, this
does not necessarily mean the resulting risk contours become much larger. Larger aircraft imply a larger
accident consequence area. However, those larger aircraft types assumed in the traffic are the third-
generation passenger transport aircraft which have smaller accident probabilities based on the applied third
party risk model. These aircraft replace the relatively more unsafe types like business jet aircraft and “older”

turboprops. In effect, a small increase in the individual risk contours is observed.

e  Veer-off risk is calculated for the three scenarios and visualised by means of individual risk contours for levels
10'5, 10®and 10”7 per year. Only the scenarios with 24500-movements have impact on the development area.
Part of the development area lying to the west of the airport is exposed to the risk level 107, but no higher
than 10° per year. Due to the fairly woody terrain on the west side of the airport and along the national
highway 30, the veer-off risk calculated could be in practice smaller. This is the consequence of some
shielding effect of the trees which could limit the distance travelled by the aircraft in the occurrence of a

veer-off. An exact value for the veer-off risk due to this shielding effect, however, cannot be provided.

e The policy of third party risk around an airport as applied in the Netherlands is shown. It could provide the
authority in Sweden some insight on how the third party risk due to air traffic can be regulated by means of
restrictions in land use. The application examples show that third party risk around an airport could have a
value in the policy-making regarding protection of third party and occupants of aircraft, and in decision-
making for spatial planning and development near an airport.
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Appendix A Third party risk metrics

Third party risk concerns those people that are at risk while they are not involved in the activity that induces this risk.
Typically, regarding aviation, the third party concerns people living and working on the ground. While not involved in
any aircraft flying overhead, they are certainly exposed to risk due to an aircraft crash. The fatality risk of people on
board the aircraft, crew and passengers, is not taken into account, because these people are involved in the risk
inducing activity and therefore they are not regarded as third party.

Air transport is considered a relatively safe mode of transportation. However airports generate a concentration of air
traffic over the area around the airport. Furthermore, historically aircraft accident data shows that the majority (about
70%) of the accidents occur during the initial and final phases of the flight (Figure A-1). As a result, the risk to people
nearby an airport will be significantly above average. Therefore, the third party risk analysis is concentrated on the
people living and working in the vicinity of the airport and on the risk caused by aircraft departing from or arriving at

the airport.
Percentage of fatal accidents and onboard fatalities
Taxi, load/ 14% 49%
unload, ——— N —
parked, Initial Climb Initial Final
tow Takeoff climb (flaps up) Cruise Descent | approach | approach | Landing
Fatal accidents 9% 7% 7% 5% 11% 4% 7% 27% 22%

Onboard fatalities 0% 7% 1% 4% /)*L 3% 18% 32% 12%
— —

8% 44%

(%posuie / Initial v Final
ofeflT;Tt?rgnee ] approach approaohv

i fix fix
estimated for a
1.5-hour flight)

1% 1% 14% 57% 1% 12% 3% 1%

Note: Percentages may not sum to 100% because of numerical rounding.

Figure A-1: Percentage of accidents in different phases of an aircraft flight cycle (source: Boeing 2018)

In an analysis of third party risk, two metrics, Individual Risk (IR) and Societal Risk (SR), are used. Both risk metrics
have their own characteristics in expressing risk. They are complementary to each other and are commonly used as

basic information for third party risk studies and risk communications.

Appendix A.1 Individual Risk

Individual Risk (IR) is defined as: “the local probability per year that a person, who is permanently residing at this
particular location, suffers fatal injury as a direct consequence of an aircraft accident on or near his position.”

Two important characteristics of the Individual Risk are:

e Individual Risk represents a point-location risk; it is calculated separately for every location around the airport
and differs from location to location.

e Individual Risk is independent of the actual population around the airport; it is calculated for a fictive person who

is presumed to stay permanently in one single location.
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In general, the Individual Risk decreases with increasing distance to the runway and flight routes. Individual Risk is
commonly visualized by iso-risk contours, plotted on a topographical map (Figure A-2). This way of presentation is
comparable to visualizing a mountainous landscape, where the altitude of the mountain represents the level of
Individual Risk (see Figure A-3). Customarily, the Individual Risk contours are plotted for the contour values 10°,10°

and 107 per year. Depending on study purpose, presentation of other contour values is possible.

Figure A-2: The individual risk values are presented as iso-probability contours. Depicted are the individual risk
contours of a scenario for Schiphol airport. Red indicates high risk value and green indicates low risk value
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Figure A-3: The three-dimensional presentation of Figure A-2. In this figure the Individual Risk is presented as a
mountainous landscape. The red and orange colour present the high risk values, whereas the green and blue colour
present the low risk values. Remark: Individual Risk values here are presented on a logarithmic-scale

Appendix A.2 Societal Risk

Societal Risk (SR) is defined as “the probability per year that a group larger than a given number of persons (third
parties) is killed due to a single aircraft accident”.

Societal Risk is presented as an FN-curve, where F (frequency)5 stands for the probability per year and N stands for
the group size. Due to the wide range of values of probability and group sizes, the FN-curve is practically plotted on a
double-logarithmic scale. In practice, only a selected number of group sizes is calculated, for example, Ne{1, 3, 5, 10,
20, 40, 100, 200, 400, 1000}; other selection of group sizes is possible. An example of FN-curve of Amsterdam Schiphol
Airport is given in Figure A-4.

Two important characteristics of the Societal Risk are:
e  Societal Risk represents the risk over the total study area around the airport.
e  Societal Risk depends on the actual population distribution around the airport; in a hypothetical situation where

no population is present anywhere around an airport, the Societal Risk for this airport would be null (zero).

5
In terms of statistics this quantity is a frequency that depends on the distribution of group sizes in the population sample.
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Figure A-4: Societal Risk result, FN-curve, for an example airport. The vertical axis is the frequency F of more than N
number of fatalities, while the horizontal axis expresses the group sizes N

The essential difference between Individual Risk and Societal Risk is shown in Figure A-5. Depicted in the figure are
two situations, A and B, with an identical risk source. Although both situations could have the same individual risk as a
consequence of the risk source, due to the different population distributions in the surrounding of the risk source,
situation B has larger societal risk than situation A. It may be clear that the use of both main risk metrics can be

important in expressing third party risk.

&8
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Figure A-5: Difference between Individual Risk (IR) and Societal Risk (SR). The Individual Risk levels are for situation A
and B the same. However, due to the different distribution of population, Societal Risk for situation B is higher than
that for A. Figure is adapted from reference Jonkman et al, reference [11]
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Appendix B NLR third party risk calculation model

To assess the third party risk, the NLR Third Party Risk calculation model is applied. The NLR model is developed for
the Dutch Ministry of Transport to analyse the third party risk around the airports in the Netherlands. The NLR model
has a legal status in the Dutch Aviation Law, and is the only legitimate instrument to calculate third party risk for the
airports including Amsterdam Schiphol Airport. The Dutch practice of Third Party Risk assessment and the NLR model
have also been referred in the ICAO Airport Planning Manual (Doc. 9184, Part 2).

Most accidents in air transport occur in the vicinity of airports during take-off, initial climb, final approach or landing.
The probability of an aircraft accident could be such that the risk to the population around the airport (third party risk)
might be of relevance for airport policy and land-use planning. The NLR third party risk model has been developed to

quantify this risk and to support the decision-making process.

Appendix B.1 Model set-up and components

The NLR third party risk analysis model comprises three components (sub-models): Accident Probability, Accident

Location and Accident Consequences. The three model components answer the following questions regarding the risk

for which an inhabitant living in the vicinity of an airport or a heliport is exposed to (thus, third party risk):

e  What is the chance that an aircraft accident occurs in the vicinity of an airport? (Accident probability)

e  What s the likelihood of an accident occurring at a given location around the airport, given that an aircraft
accident occurred in the airport surrounding? (Accident location probability)

e  What is the consequence of an aircraft accident, given that an aircraft accident occurred in the airport

surrounding? (Accident consequence)

The model parameters of these three components were derived from an extensive set of data concerning historical
aircraft accidents, operations and airports. These data are extracted from the NLR Air Safety Databases. Within the
framework of third party risk model, the three components are brought together by means of statistical and
mathematical formulations. A comprehensive description of the methodology adopted in the NLR third party risk

model is given in reference [3].

When the airport scenario input data, which comprise airport runways data, flight routes and traffic and fleet
composition data, are fed into the model, individual risk can be calculated. For a societal risk calculation, population
distribution data are also required. Figure B-1 gives a schematic depicting the relationship of different input data, risk
model components and calculation results.
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Figure B-1: A schematic representation of the third party risk model for calculation individual risk and societal risk.
Required input data are traffic movements and aircraft types, flight routes, aircraft weights, population density data.
The latter is meant for a calculation of societal risk

The model distinguishes six different accident types: landing undershoot, landing overrun, landing veer-off, take-off
overshoot, take-off overrun and take-off veer-off. These accident types are depicted in Figure B-2.

A “Landing Undershoot” is an event in which an aircraft during approach crashes before reaching the runway. An
“Overrun” is an event in which an aircraft rolls off the runway and comes to a stop beyond the runway. Overrun
accidents may occur during both take-off roll and landing roll. A “Take-off Overshoot” is an event in which an aircraft
crashes after being airborne during take-off and initial climb phase. A “veer-off” is an event in which an aircraft runs
off either side of a runway during take-off or landing.

OVERSHOOT

T

LANDING UNDERSHOOT VEER-OFF LANDING AND
: et TAKE-OFF OVERRUN

Figure B-2: The accident types on and around the airport: landing undershoot, take-off overshoot, landing overrun,
take-off overrun, landing veer-off and take-off veer-off
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The risk due to landing undershoot, take-off overshoot, landing overrun and take-off overrun are a part of the
standard calculation in the NLR third party risk model. The risk due to veer-offs is thus not standard included. Veer-off
risk can be determined using methodology which has been applied for several studies in the context of risk to

buildings adjacent to the runway.

Appendix B.1.1  Accident Probability Model (Accident Rates)

The accident probability (or accident rate) describes the probability of an aircraft accident during take-off and or
landing. Only accident probabilities during these flight phases are adopted in the NLR third party risk model. Safety
levels may differ considerably between airports and the risk analysis for a specific airport should require appropriate
accident rates for that airport. However, an accident rate based solely on the accidents that occurred at that specific
airport is likely to be statistically unreliable, because the number of data points (accidents) is probably too small to
achieve an acceptable estimate. In order to achieve a solid statistical estimate of the accident rate, accident data of a
selection of several airports must be used.

The accident probability model includes different accident rates for the above defined accident types: overruns,
overshoots and undershoots. These are based on historical accident data and have been related to the corresponding
number of movements. In the NLR accident model for large airports (e.g. Schiphol and Heathrow), three generations
of aircraft are distinguished in order to accommodate the improvement of aircraft safety over the years. The first-
generation aircraft are the oldest type of aircraft, an example is Boeing 707. And the third-generation aircraft are the
modern types such as Airbus 320 and Boeing 737-700. The applied definition of the aircraft generations can be found
in reference [3].

Appendix B.1.2  Accident Location Model

The accident location model gives the probability that a crashing airplane will hit a certain location. Given the
occurrence of an accident in the vicinity of an airport, the local probability of an accident to take place on that
particular location is not equal for all locations around the airport. That probability is larger in the proximity of the
runways than at larger distances from the runway. Also, that probability is larger in the proximity of arrival and
departure routes. This dependence is represented in the distribution functions that are used in the accident location
probability model. These functions distribute the accident probability over the area around the airport and are
defined relative to the runways and air traffic routes. Separate accident location probability distributions have been

derived for overruns, overshoots and undershoots.

As mentioned, the layout of traffic routes and runways may play an important role in the impact location of accidents
and hence must be taken into account while calculating risk for an airport. It is known from historical data however
that in some accidents aircraft impacted the ground while following a route to/from the airport, whereas in other
accidents no particular route was being followed due to the difficulties encountered by the accident flight. Therefore
the accident location model is split into a route dependent part and a runway dependent part. In addition, the
distribution function for each accident type is also constructed of two more separate distributions: the longitudinal
distribution calculates the risk as a function of the distance travelled along the route (or extended centreline) and the
lateral distribution calculates the risk as a function of the distance perpendicular to the route.
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Appendix B.1.3  Accident Consequence Model

The accident consequence model defines the direct consequences of an aircraft accident at a particular location in
terms of the consequence area size and lethality. The consequence area is the area around the crash impact location,
which is exposed to a lethal threat. Obviously, not only people on the impact location itself are at risk, but also the
people in the area around the impact may be killed. On the other hand, not everybody present in the consequence
area will be killed as a result of the accident. There remains a fair chance to survive. The lethality is the probability of
not surviving an aircraft crash, while present in the consequence area. Accident reports and supporting information
have been used to determine the size of a consequence area and the lethality of actual accidents that happened in the
past.

The consequence area has been estimated from the distribution of the larger pieces of the aircraft. If no additional
information was available, the size of the consequence area was calculated by multiplying the wingspan of the aircraft
with the reported skid distance. In the model the consequence area is modeled circular around the impact location,

with the surface area as a linear function of the aircraft weight.

Lethality is derived as the ratio of the number of third party fatalities and the total number of people present in the
consequence area. Although the sources are clear about the number of fatalities, they usually do not provide
information on the number of people that were present in the consequence area at the time of the crash. To estimate
the number of people present at a crash site, engineering judgements have been made based on information from the

accident report such as photos and drawings showing the density of houses and offices.

Appendix B.2 Veer-off risk and Mid Air Collision risk

Veer-off risk: Veer-off accident complies fully with the definition of a third party accident and poses risk to people
living in the direct surrounding of the airport. However, calculation of veer-off risk is not included in the standard risk
calculation model and is no compulsory part of a third party risk analysis in the Netherlands. Since the first model is
developed for Schiphol-like airports where considerable space on both runway sides is available, veer-off risks are

therefore assumed to be limited to the terrain within the airport boundary. As such, no third party risk is formed.

However, since the development area considered by Vaxjo municipality is comprised of a long streak of land which lies
on the west of airport and parallel to the runway, risk of an aircraft veer-off exists. For this reason, NLR applies a veer-
off risk calculation model which has been used in a few comparable studies before for assessing this risk to objects
(buildings) next to a runway.

Mid Air Collision Risk: Mid-air collision accident in the vicinity of an airport could also pose risk to people living in the
direct surrounding of the airport. However, the third party risk analysis model does not address the interaction
between two or more aircraft. The risk to third party as a consequence of mid-air collision accident is therefore not
considered in the model.
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Appendix B.3 Approval and acceptance of NLR
third party risk model

Since the beginning in the early 1990s, the model development and updates were ordered and funded by the
government of the Netherlands. Due to the rather sensitive nature of the third party risk issue, the NLR model and
methodology have received intensive scrutiny and peer-reviews from different external experts and interested
parties.

First of all, the development and update of the third party risk model was guided by a supervisory committee. The
committee was chaired by the Ministry of Transport with members representing governmental organisations, local
authorities, and research institutes in the Netherlands. Mentioned in this context are:

e The Netherlands Ministry of Infrastructure and Environment (formerly, the Ministry of Transport and the
Ministry of Housing, Spatial planning and Environment).

e Airport authority (Amsterdam Schiphol Airport).

e The Netherlands National Institute of Public Health and Environment, RIVM.

e Local government and municipal councils.

e The environmental movement and the general public.

In the development of the model, the applied data and the research method adopted were discussed with and
approved by the committee. This transparency in model development was intentionally chosen as part of the policy to
obtain a general acceptance of the NLR model as third party risk policy instrument in the Netherlands. The use of this

model in determining third party risk for airports in the Netherlands is established in the Dutch regulations.

In addition, the model was reviewed accurately in the past by a review committee appointed by the Ministry of
Transport (Ref. [12]), and a contra-expertise of the risk calculation results for Amsterdam Schiphol Airport was
conducted by the National Institute of Public Health and Environment (Ref. [13]).

Finally, the NLR model and third party risk methodology were also reviewed by different researchers independently,

for example in references [14] and [15]. In their investigations the capabilities and limitations of the NLR model and

third party risk methodology were fully discussed.
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Appendix C Input data

Appendix C.1 Study area, coordinate system and grid size

The third party risk calculations concerns the risk in the vicinity of Vaxjo Smaland airport. A square study area of 30 by
30 km is selected with the airport reference point (ARP) in the approximate centre. The ARP as given in AIP Sweden is
given in lat-lon coordinates in WGS84 system. For risk calculation purpose it is necessary to use a Cartesian
coordinates system. In consultation with WSP and Vaxjo Municipality, the Cartesian coordinate reference system
Sweref 99 15 00 is used. For the conversion from WGS 84 lat-lon coordinates in Sweref 99 15 00 system, NLR applies
the official online conversion tool as instructed by the Vaxjo Municipality. The Sweref 99 15 00 coordinates are

expressed in metres in X and Y directions.

The boundary of the study area is defined by the lower-left and upper-right corners of the square area. The
coordinates of the corners are given in Table C-1.

Table C-1: Coordinates of the lower-left and upper-right corners of the study area in Sweref 99 15 00 coordinate system

Lower-left 118500 6297500
Upper-right 148500 6327500

The study area is divided into a grid containing small calculation cells. The cell size used in the risk calculation is set to
25 metres by 25 metres. The risk value is calculated for the centre of each calculation cell.

Appendix C.2 Runway endpoints

The positions of the runway thresholds THR 01 and THR 19 for Vaxjo Smaland Airport are given in the AIP Sweden, AD
2 ESMX 1-4, 25 May 2017, Runway Physical Characteristics. The coordinates which are expressed in latitude and
longitude (lat-lon) in WGS84 system are converted accordingly into Sweref 99 15 00 coordinates (Table C-2).

Table C-2: Coordinates of the runway endpoints of Vidxjé6 Smaland Airport in Sweref 99 15 00 coordinate system

oora ale oora ate g
d g O g

01 133195.80 6311030.40

19 133679.73 6313080.28 2106 metres

For both take-off and landing the full runway length of 2106 metres is available. In the calculation of third party risk
due to fixed wing aircraft, the entire runway is used.

Helicopters can operate from both the helipad and the runway. For the risk analysis it is chosen to adopt a
conservative approach by setting the take-off and landing point at the runway thresholds (Table C-3).
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Table C-3: Coordinates of the helicopter take-off and landing points

Q

elicopter take-oi1T & 1anding po oordinate ooraindate
d g O g

South West direction (RWY 01) 133195.80 6311030.40

North East direction (RWY 19) 133679.73 6313080.28

For the calculation scenario with 2600m runway the location of RWY 01 is adjusted. Table C-4 and Table C-5 show

respectively the runway endpoints and the helicopter take-off and landing point.

Table C-4: Coordinates of the runway endpoints of for the 2600 m runway

oord alte oord ale d e :
d g O g
01X 133080.90 6310544.00
2606 metres
19X 133679.73 6313080.28

Table C-5: Coordinates of the helicopter take-off and landing points for the 2600m runway

De ptio oordinate oordinate
asting 0 g

South West direction (RWY 01X) 133080.90 6310544.00

North East direction (RWY 19) 133679.73 6313080.28

Appendix C.3 Departure and arrival routes

Flight routes are required in the risk calculations. In the AIP Sweden only limited information is available on how the
departures should be made. Upon the request of NLR Vaxjo Smaland Airport has provided several plots of radar tracks
for 01 arrivals and 19 departures by aircraft types with different Wake Turbulence Categories (WTC).

Further enquiries are made to the airport to provide flight instructions. However, due to the time planning the
information is not made available for NLR. In consultation with WSP, NLR derived and constructed the flight routes for
calculation purposes. The flight routes for heavy aircraft are mainly based on the visual inspection of the plots with
radar tracks and partly based on assumptions and previous experiences with flight route construction for use in third
party risk studies. The flight routes derived by NLR should be interpreted as the best estimate based on the

information available at the moment the analysis is conducted.

For heavy aircraft, straight in arrival routes on RWY 01 and 19 are used. This choice is justified because it is assumed
that the aircraft has to line up with the runway on ILS approach. The distance for lining up with the runway is based on

the distance between the runway end and the Final Approach Fix (FAF). This distance is roughly 8 to 10 nautical miles.

The departure routes vary and depend on the flight destinations. Since the focus of present analysis is the
development area which covers the west and south sides of the airport, the departure route to the north is assumed
to be a straight-out only. That means all departures of heavy aircraft on RWY 01 use this straight-out flight route to
the north.
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The departure routes to the south (RWY19) depend on the destinations. Based on the Call sign and Trace Code
(TrCode) information it is found that the airport has a number of distinct directions:

e North —to other cities in Sweden like Bromma

e  South West - to destinations like Amsterdam (the Netherlands), Spain and Canary Islands

e South and South East — to destinations in Poland, Greece and Turkey.
Further a straight-out departure route is constructed for the flights which do not have information about the
destinations. Figure C-1 depicts the departure flight routes on RWY 19 as used in the risk analysis. Note: the flight
route in the direction of South-South-West is not applied in the risk calculation.

Figure C-1: Departure routes on RWY 19 for heavy aircraft traffic

For light aircraft it is assumed that the movements go to or come from four exit/entry points. These exit/entry points
are KLINTA, GARDSBY, ALVESTA and VATTENTORN. The coordinates of these points are found in AIP Sweden AD 2
ESMX 6-1 Visual Approach Chart. The pattern of these flight routes is a basic VFR flying circuit. For departure, the
route has only the take-off and cross-wind leg parts. For arrival, the route has only the base leg and final approach (or
final leg) parts.
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Appendix C.4 Traffic and aircraft types

The risk analysis comprises calculations for three scenarios, they are:
1. Existing situation based on current traffic (Calendar Year 2018).
2. Licensed situation for 24500 movements a year (Future 24500-movements — 2100m runway) in which the
current runway is used.
3. Licensed situation for 24500 movements a year in which the runway is extended to 2600m and with a

replacement by large transport aircraft in the traffic (Future 24500-movements — 2600m runway).

An overview of the types of aircraft and number of movements per scenario is presented in this section.

Appendix C.4.1 Calendar Year 2018

For current situation, the traffic information of calendar year 2018 is used. Table C-6 presents the number of
movements per traffic segment. Table C-7 through Table C-9 present the categories and aircraft types for the heavy,
light and helicopter traffic segment, respectively.

Table C-6: Traffic segments and movements for CY2018

Heavy aircraft -- 4225

- Passenger with 1% gen a/c 56
- Passenger with 2" gen a/c 92
- Passenger with 3" gen a/c 3947
- Business Jet 130
Light aircraft -- 1809
- L1500 1323
- L5700 486
Helicopter -- 441
- Single Engine Piston (SEP) 15
- Single Engine Turbine (SET) 362
- Multi Engine Turbine (MET) 64
Total -- 6475

Table C-7: Heavy traffic segment and aircraft types for CY2018

A d pe OVE

Passenger with 1% gena/c C130/SB35/SB37 /SB39 56
Passenger with 2™ gena/c B350/ BE20/ BE30 92
Passenger with 3 gena/c ATR 72-600/-500 & ATR 42-300/-500 1919
B737-800/-700/-600/-500 837
Embraer E175 412
A320/A321/A319 382
F50 295
Miscellaneous 3" gen a/c 102
Business Jet Cessna 56X / C560 / C55B / C650 / C680 etc. 80
Miscellaneous business jets 50
Total 4225
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Table C-8: Light traffic segment and aircraft types for CY2018

A d pe OVE

L1500 C172 734
Miscellaneous L1500 589
L5700 DA42 356
Miscellaneous L5700 130
Total 1809

Table C-9: Helicopter traffic segment and helicopter types for CY2018

A d pe OVE

SEP R22 and GYRO 15
SET EC20 100
Miscellaneous SET 262
MET B429 / A139 etc. 64
Total 441

Appendix C.4.2  Future 24500-movements — 2100m runway

For this scenario only the movements of heavy aircraft traffic of scenario CY2018 are scaled up with a factor 5.2663.
The other traffic segments (light aircraft and helicopter) are assumed the same. Table C-10 presents the resulting

number of movements for the traffic segments.

Table C-10: Traffic segments and movements for Future 24500-movements on 2100 m runway

Heavy aircraft -- 22250

- Passenger with 1" gen a/c 295
- Passenger with 2" gen a/c 484
- Passenger with 3™ gen a/c 20786
- Business jet 685
Light aircraft -- 1809
- L1500 1323
- L5700 486
Helicopter -- 441
- SEP 15
- SET 362
- MET 64
Total -- 24500
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Appendix C.4.3  Future 24500-movements — 2600m runway

For this scenario the number of movements of heavy aircraft traffic is same as previous scenario but the fleet
composition is adjusted. The passenger transport with 1% and 2™ generation aircraft are replaced by new types
whereas the business jets are replaced by larger transport jet, i.e. the twin-aisle wide-body aircraft A330-200.
Table C-11 shows the aircraft types replaced.

Table C-11: Heavy traffic segment and aircraft types with replacement types for Future 24500-movements on 2600m
runway

Heavy Traffic Aircraft type Movements
Passenger with 1% gen a/c replaced by 3™ gena/c SB35/ SB37 / SB39 replaced by B738 284

C130 replaced by ATR 72-600 11
Passenger with 2™ gen a/c replaced by 3™ gena/c B350/ BE20 / BE30 replaced by ATR 72-600 484
Passenger with 3" gen a/c (-- no replacement in this segment--) 20786

ATR 72-600/-500 & ATR 42-300/-500
B737-800/-700/-600/-500
Embraer E175

A320/A321/A319

F50

Miscellaneous 3" gen a/c
Business Jet replaced by 3" gen a/c twin-aisle wide- All business jets replaced by A330-200 685
body

Total 22250
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Appendix D Identification of risk calculations

Each third party risk calculation is registered with a calculation number. The identification for the risk calculations

carried out for the three scenarios of Vaxjo Smaland Airport is shown in Table D-1.

Table D-1: Identification number for the risk calculations

NLR project number: 2499149

Calculation identification number Calculation description

2499149 19102310 Existing situation (CY2018) on the current 2100m-runway

2499149 19102410 Licensed situation (Future 24500 movements) on the current 2100m-runway; heavy
aircraft traffic is scaled from CY2018

2499149 19103010 Licensed situation (Future 24500 movements) on 2600m-runway and part of heavy

aircraft traffic replaced by larger transport aircraft types
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Summary

WSP Sverige AB supports Vaxjé Municipality in establishing a development plan nearby Vaxjé Smaland Airport in
South Sweden. Since the development lies close to the airport the planned buildings could be affected by third party
risk as a consequence of the air traffic. So there is a need to evaluate what people located s in the development area

could be exposed to.

For this reason, the authority of the municipality thus requests an analysis of third party risk as a consequence of the
air traffic of Vaxjo Smaland Airport. For the analysis of third party risk around Vaxjé Smaland Airport, in particular the
risk posed to the development area near Ojaby, WSP Sverige AB has subcontracted Royal Netherlands Aerospace
Centre NLR to carry out a study.

In the study, the third party risk around Vaxjé Smaland Airport is assessed as part of the development plan nearby the
airport. In the assessment individual risk calculations are carried out for three airport scenarios. The first scenario
considers the actual traffic in the year 2018. The second and third scenarios regard a licensed situation in the future in
which the airport is allowed to handle up to 24,500 movements per year. In the third scenario it is foreseen that the
airport will have the runway extended to 2,600 metres for which operation with larger aircraft types is possible. The
impacts of these three scenarios on the development area are visualised by means of individual risk contours.
Presented are the levels 10°, 10° and 10" per year.

The policy of third party risk around an airport as applied in the Netherlands is also shown. It could provide the
authority in Sweden some insight on how the third party risk due to air traffic can be regulated by means of
restrictions in land use. The application examples show that third party risk around an airport could have a value in
the policy-making regarding protection of third party and occupant of aircraft, and in decision-making for spatial
planning and development near an airport.
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Abbreviations and definitions

ACRONYM DESCRIPTION

AIP Aeronautical Information Publication

CAA Civil Aviation Authority

ECAC European Civil Aviation Conference

GA General Aviation

IATA International Air Transport Association

ILS Instrument Landing System

kg Kilogramme(s)

lat-lon Latitude and longitude

MTOW Maximum Take Off Weight

t (Metric) Tonne(s)

TORA Take Off Run Available

VFR Visual Flight Rules
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DEFINITION AND CONCEPT DESCRIPTION

Aircraft accident (third party) Any unintended contact with the ground outside the runway. This includes all
types of occurrences including for instance fatal accidents, non-fatal accidents,
major losses and hull losses.

Aircraft movement or Air traffic A take-off or a landing (equivalent: a departure or an arrival).

movement

Calculation grid A small square area for which risk value is calculated.

Heavy aircraft Fixed wing aircraft with an MTOW of 5,700 kg or more.

ICAO code (aircraft) ICAO Aircraft Type Designator (Doc 8643). Aircraft type is (mostly) denoted by a
combination of four letters and numbers.

L1500 Aircraft type with MTOW up to 1500 kg. A category in the NLR third party risk
model for regional airports.

L5700 Aircraft type with MTOW between 1500 kg and 5700 kg. A category in the NLR
third party risk model for regional airports.

Light aircraft Fixed wing aircraft with an MTOW less than 5,700 kg.

Overrun An accident in which the aircraft runs off the end of the runway during either
take-off or landing.

Overshoot An accident in which the aircraft contacts the ground beyond the end of the
runway.

Straight-in A straight landing flight route or approach path to the runway.

Third party Inhabitant around an airport.

Undershoot An accident in which the aircraft contacts the ground before the runway while
on (final) approach.

Veer-off An accident in which the aircraft runs off either side of a runway during either

take-off or landing.
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1 Introduction

WSP Sverige AB supports Vaxjé Municipality in establishing a spatial development plan nearby Vaxjo Smaland Airport
in South Sweden. The development area is located west of Ojaby and stretches northwards along national highway 30
towards Tunatorp. The area comprises approximately 210 acres of land (Ref. [1]). Considered in the development plan
(Figure 1-1) are among others small industries, offices and hotels which will be realised west and south of the airport.

Helgasjon

Figure 1-1: (Left) Véxjé Smdland Airport and the area for development plan (shown in dash-dot line).
(Right) The development plan near Gjaby with a layout of roads and areas for various purposes

One of the WSP supporting services is to analyse the risks due to the transportation of dangerous goods on national
highways 25 and 30, which bound the development plan on the south and the east, respectively. However, since the
development lies close to the airport, the planned buildings could also be affected by third party risk as a consequence
of the air traffic.

For the above-mentioned reason, the authority of the municipality requests an analysis of third party risk as a
consequence of the air traffic of Vaxjo Smaland Airport. WSP Sverige AB has subcontracted Royal Netherlands

Aerospace Centre NLR to carry out this analysis, with focus on the risk posed to the development area near Ojaby.
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The primary objective of the NLR study is to calculate the third party risk in terms of Individual Risk (IR) for three
airport scenarios:
e The first airport scenario is the “existing situation”. The current airport operation and traffic movements are
considered.
e The second scenario is the “licensed situation”, in which the airport is allowed to handle up to 24,500
movements per year. This scenario is related to a potential development and operation situation.
e The third scenario is again the “licensed situation” with a maximum of 24,500 movements per year in the
future and the runway extended to 2600 metres. But, it is assumed that due to the longer runway length the

airport will accommodate larger aircraft types for passenger transport.

The secondary objective of the NLR study is to address the practices of third party risk around airports in the
Netherlands. The purpose of this information is to provide the authority (Vaxjé Municipality) some insight on how the
third party risk information is applied in decision-making and policy.

Report structure

This report is organised as follows. After this introduction, chapter 2 gives a description of the airport and its
operational aspects. Chapter 3 presents concisely the third party risk method applied, traffic scenarios and a
description of inputs used in risk analysis. Chapter 4 covers the analysis of third party risk around Vaxjé Smaland
Airport for three operational scenarios. Chapter 5 addresses the policy and practices of third party risk for airports in

the Netherlands. Conclusions are drawn in Chapter 6, the final chapter of this report.

For the interested readers, various appendices of this report give additional details. These cover the third party risk
metrics in general (Appendix A), the NLR third party risk methodology (Appendix B), the detailed calculation input
data applied in the risk analysis (Appendix C) and the identification of risk calculations (Appendix D).
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2 Vaxjo Smaland Airport

Vaxjo Smaland Airport (ICAO code: ESMX; IATA code: VXO) is located in the south of Sweden and lies about 5 km
northwest of the municipality Vaxjo. The city Ojaby lies adjacent to the airport. Figure 2-1 shows the airport and its
surroundings. The airport is designed and operated in accordance with an ICAO reference code 4E airport. The

aerodrome elevation is 610 ft (185.9 m).

Figure 2-1: Vixjé Smdland Airport and its runway (RWY) 01/19 (source: Google Earth)

Vaxj6 Smaland Airport operates with a single runway system: RWY 01 and RWY 19. Both runway directions are used
for take-offs and landings. The runway physical characteristics, according to the AIP Sweden, are given in Table 2-1
and Table 2-2.

Table 2-1: Physical characteristics of runway 01/19 (AIP Sweden, AD 2 ESMX 1-4, 25 May 2017)

Designations RWY True Bearing & Dimensions of RWY [m] THR coordinates THR elevation [ft]
Magnetic Bearing RWY coordinates

01 013.05° GEO 2106 x 45 56°55'11.72” N 610
008° MAG 014°43'26.69” E

19 193.06° GEO 2106 x 45 56°56'18.05” N 563.2
188° MAG 014°43’54.82" E

10
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There are no stopways (SWY), but two clearways (CWY) are available. For RWY 01 the dimension of the CWY is 500 x
150 m, whilst the CWY for RWY 19 is only 300 x 150 m. Further, no displaced threshold (DTHR) is used for landing on
each runway.

Table 2-2: Declared distances of runway 01/19 (AIP Sweden, AD 2 ESMX 1-4, 25 May 2017)

gesignato ORA ODA ASDA DA
01 2106 2606 2106 2106
19 2106 2606 2106 2106

Based on the traffic data provided by Vaxjo Smaland Airport for calendar year 2018 (CY2018), the total number of air
traffic movements is 6475. The traffic is comprised of movements of fixed wing aircraft and helicopters. For the
analysis of third party risk the civil air traffic movements are categorised into three groups in general:

1. Heavy aircraft: these are the fixed wing aircraft with an Maximum Take Off Weight (MTOW) of 5,700 kg or
more. The aircraft types included are the jet aircraft (e.g. Boeing 737) or turboprops (e.g. ATR 72) for
passenger transport, and the business jet and corporate aircraft (Cessna Citation, Learjet and Beech King Air).

2. Light aircraft: these are fixed wing aircraft with an MTOW less than 5,700 kg. They are mostly used for
General Aviation, like recreational, training/ instructional, and personal flights. Typical light aircraft types are
Cessna 172 and Piper 28.

3. Helicopters: all rotary-wing aircraft with purposes like transport, personal flight, recreation and training.

The movements of the heavy aircraft represent about two-third of the total traffic. The movements of the light fixed
wing aircraft is responsible for less than 30% and helicopter traffic represents less than 7% of the total. More details
on the traffic data will be shown in Chapter 3 and in Appendix C.4.

There are no exact flight route instructions given in the AIP Sweden, AD 2 ESMX 1-6. But based on the communication
with Smaland Airport it is known that:

“There are restrictions due to other air traffic or noise abatement procedures are taken into account. When traffic is
free of obstacles/restrictions, it is then common in Sweden that ATC provides direct routing towards destination or at
least some RNAV point closer to the destination or border to other countries boundary entry or exit points for IFR
flights.”

In addition, the airport has provided several plots of radar tracks for NLR consideration in the construction of flight
routes which are required in the third party risk analysis. The plots of radar tracks belong to the aircraft types with the
(ICAO) Wake Turbulence Category (WTC) “Medium” and “Heavy” combined and those with the Wake Turbulence
Category “Light”. The tracks concerns the departures on RWY 19 and arrivals on RWY 01. Figure 2-2 depicts the plot of
radar tracks for aircraft types with WTC Medium & Heavy. The figure shows recognisable patterns of flight directions.

Remark: the Wake Turbulence Categories are not the same as the aircraft categories used by NLR in the analysis of
third party risk.

11
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Figure 2-2: Plots of radar tracks for Wake Turbulence Category “Medium” and “Heavy”. Left — the departures on RWY
19. Right — the arrivals on RWY 01. Both plots show recognisable patterns of the departure and arrival flights

The plots of radar tracks for WTC Light are not shown here because the flight paths do not help discerning distinct
flight directions.

12
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3 Assumptions for risk calculations

This chapter briefly addresses the principles and assumptions applied in the analysis of third party risk. These include
the selection of the model, a description of the traffic scenarios, and the input data derived for the Individual Risk

calculations.

3.1 Model selection

Two variants of the NLR risk model for civil airports have been developed, that reflect relevant differences in
operations, number of movements and infrastructure. The first one is the ‘Large Airport model’ (Ref. [3]) which is
meant for major airports with a large number of movements as an important criterion. Examples for large airports are
London Heathrow, Amsterdam Schiphol and Stockholm Arlanda. The second one is the ‘Regional Airport model’ (Ref.
[4]) that is set up for regional airports and small airfields that are mainly serving regional traffic and general aviation.

Regional airports in this regard are Rotterdam-The Hague, Maastricht-Aachen and Stockholm-Bromma.

Based on the fleet mix and the number of movements at Vaxjé Smaland Airport as shown in section 3.2, the risk
analysis is made with the Regional Airport model. Operation and level of safety at regional airports are considered
different from those at the major airports due to the varied traffic mix and operator types. In order to reflect the
differences in safety, the accident probabilities are differentiated for the types of operation: passenger traffic, cargo

traffic, business jet traffic and light-weight general aviation traffic.

Due to the presence of helicopter movements at the airport, NLR applies the heliport risk model (Ref. [5]) to analyse
that risk as well. In the risk model the helicopter traffic movements are differentiated by the engine types: Single

Engine Piston (training or non-training), Single Engine Turbine and Multi Engine Turbine.

Furthermore, in view of the location of the development area, part of the area could be affected by the veer-off risk
due to take-off and landing movements of fixed wing aircraft. For this reason, NLR applies a separate veer-off risk
method (Refs. [6] and [7]) to determine the magnitude of the risk.

It is noteworthy that the combination of Regional Airport model, heliport risk model and veer-off risk method has

been applied in the analysis of third party risk around Bromma Airport (Ref. [2]). In summary, the analysis method for
V&xjo Smaland airport is the same as the one previously applied to a risk study regarding Stockholm-Bromma Airport.

3.2 Traffic scenarios

The analysis of third party risk around V&xjé Smaland Airport is conducted for three traffic scenarios. In the analysis
calculations of Individual Risk are executed and the impact on the development area is visualised by means of

Individual Risk contours for the levels 10>, 10° and 107 per year.

13
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The three scenarios are considered in the present risk analysis are as follows.

Calendar Year 2018
The first scenario is the existing situation which is based on the 2018 air traffic movement data provided by the
airport. The runway is 2100 metres long. The traffic movements are discerned for different traffic segments. They are

shown in Table 3-1.

Table 3-1: Movements per category in year 2018

Heavy aircraft

65 %

4225
Light aircraft 1809 28 %
Helicopter 441 7%
Total 6475 100 %

The heavy aircraft traffic segment is comprised of movements with passenger transport jets, large turboprop aircraft
and business jets. Table 3-2 shows that the most used flight directions for heavy aircraft are RWY 01 for departures
and RWY 19 for arrivals. This means that the northern direction is the preferred operation direction for heavy aircraft:

take-off to the north from the airport and landing from the north towards the airport.

Based on the details included in the traffic data, the most-used jet aircraft and turboprop aircraft for passenger
transport are Boeing 737(-800/-700), Airbus A320, Embraer E170/175, ATR 72-600 and Fokker 50. Several distinct
flight destinations can be discerned. The most frequent flights are in the northern direction: to and from Bromma and
other cities in Sweden. To the southwest is Amsterdam, to the south are the Spanish destinations including the Canary

Islands, and to the southeast are the destinations including Poland, Turkey and Greece.

Table 3-2: Runway usage for heavy aircraft

RWY 01 12% 30 %
RYW 19 38% 20%

The light aircraft traffic segment includes the movements of General Aviation. The most frequent types are Cessna
172 Skyhawk, Piper PA28 and Diamond DA42. These aircraft types are typical for pilot training, recreational use,
personal flight, etc. Table 3-3 shows that RWY 19 is the preferred direction for both departure and arrival.

Table 3-3: Runway usage for light aircraft
g d d A d Depa e
RWY 01 22 % 22 %
RYW 19 28 % 28 %

Helicopter traffic forms only a small part of the air traffic. The most used types are Aerospatiale AS350 and Eurocopter
120. According to the traffic data provided, the helicopter departures and arrivals are mainly in unknown direction

“H”, from and to a helipad.

Future 24500 movements with 2100m-runway
The second scenario is the licensed situation in which the airport is allowed to handle a maximum of 24,500 aircraft

movements per year. Details for this scenario are not available. In consultation with the airport and WSP, NLR has

14
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derived a set of traffic movements which suits the best for use in the calculation of third party risk. For the traffic
movements, only the heavy traffic is adjusted and the remainder of the traffic, i.e. light aircraft and helicopter, is the
same as for Year 2018. To obtain the movements of heavy traffic a scale factor is first derived (see following box for
the derivation) and then the heavy traffic movements of CY2018 is multiplied with this factor. Table 3-4 presents the

number of movements per traffic segment used in the scenario.

T
Derivation of scale factor

In CY2018, there are 6475 movements — 4225 heavy aircraft movements, 1809 light aircraft movements and 441
helicopter movements.

For Future 24500-movements scenario, the number of heavy aircraft movements is 24500 — 1809 — 441 = 22250.
Scale factor = 22250 / 4225 = 5.2663

Table 3-4: Movements per traffic segment in Future 24500-movements scenario

Heavy aircraft 22250 91 %

Light aircraft 1809 7%
Helicopter 441 2%
Total 24500 100 %

Future 24500 movements with 2600m-runway
The third scenario considers the licensed situation in which the runway is extended to 2600 metres. The location of
runway threshold 01 will be moved 500 metres towards the south. The maximum number of aircraft movements

remains 24,500 per year.

Due to the extended runway it is assumed that the airport is able to handle larger aircraft types in this scenario. With
such runway length a medium-size wide-body aircraft like A330-200 is allowed to operate. The accommodation of
movements with larger aircraft types implies that some aircraft types used in scenario 1 and 2 have to be replaced.
For this scenario NLR derives on her own the composition of the traffic for this calculation using her experiences with
risk studies for other comparable airports in terms of size and operations. It must be noted that it is not necessary to
consider this scenario as “worst-case”, even though larger aircraft types are assumed in the traffic.

The replacement of aircraft types concerns the following. The heavy air traffic is assumed to comprise only the
passenger traffic using third-generation aircraft (which is safer than the first and second generation). This means that
the business jet aircraft are replaced entirely in favour of the passenger transport jet A330-200. Furthermore, the
relatively older or smaller turboprops in the heavy traffic are replaced by ATR 72-600 since this type is the most used
at Vaxjo Smaland Airport. Finally, some movements of miscellaneous jet aircraft which have been assumed as first-
generation aircraft in the previous two calculation scenarios are now assigned to third-generation Boeing 737-800

types.

1

Originally it was the intention to apply the growth figures of Eurocontrol (reference [10]) for a derivation of scale factor. However, it is found that even if the figures of
Eurocontrol for a very long period (up to 2040) are applied, the scaled-up number of movements is still not large enough in order to obtain the maximum 24,500
movements per year.

15
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3.3 Description of inputs

In order to calculate the risk around an airport, input data are needed. With the support of Vaxjo Smaland Airport, the
traffic data are made available to NLR for processing into calculation inputs. The risk calculation input data set is
comprised of the following:

e The traffic movements. The traffic data contain the number of movements (departures and arrivals) per
aircraft type, and the information of those aircraft types. The movement data also indicate which runway and
route for arrival and departure is used by the aircraft. Each aircraft or helicopter movement has to be
assigned to its accompanied category (see next point).

e  Weights and categories. For each aircraft or helicopter type, the Maximum Take-Off Weight (MTOW)
expressed in metric tonnes has to be known. In the risk model MTOW is a parameter to express the size of
the aircraft and thus the accident consequences. The aircraft MTOW is derived from the list of aircraft data
published by the Dutch government for use in the calculation of third party risk. Official sources like aircraft
manufacturers and Jane’s All the World’s Aircraft are consulted for newer aircraft types. Occasionally, other
internet sources like the German website Flugzeug.info and Wikipedia are consulted for checking on a few
general aviation aircraft types.

Based on the third party risk methodology applied, the traffic data for Vaxjo Smaland Airport are
differentiated into the following (operation) categories:

o Heavy aircraft types: Passenger and Cargo transport, with the first, second, or third generation of
aircraft types, and Business Jet. It is noteworthy that Cargo operation, however, is not used in the
risk calculations for Smaland Airport.

o Light aircraft types: L1500 (aircraft with MTOW up to 1500 kg) and L5700 (aircraft with MTOW
between 1500 and 5700 kg).

o Helicopter types: Single Engine Piston (training and non-training), Single Piston Turbine, and Multi
Engine Turbine.

e Airport runways. The airport runways in WGS84 latitude-longitude (lat-lon) coordinates are provided in the
AIP Sweden. The characteristics of the runways have already been discussed in Chapter 2. In consultation
with WSP and Vaxjo Municipality, the lat-lon coordinates are converted into SWEREF 99 15 00 coordinate
reference system using the online conversion tool” as instructed by the municipality.

e  Flight routes. Flight routes or nominal flight paths, together with the runway, are required in the calculations
as this information determines the risk distribution over the surrounding of the airport. The departure and
arrival routes for the risk calculation are derived and constructed by NLR mainly using the plots of radar
tracks provided by Vaxjo Smaland Airport, and based on experiences with studies with some comparable
airports. All flight routes are constructed for the SWEREF 99 15 00 coordinate reference system.

e Helicopter sectors. Helicopter traffic is assigned to helicopter departure and arrival sectors. The sectors are

assigned to the location of the runway endpoint for the sake of conservativeness of the risk calculations.
Details on the input data can be found in Appendix C.

2
https://www.lantmateriet.se/sv/Sjalvservice/koordinattransformation/
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4 Results of third party risk

This chapter presents the calculation results of the third party risk around Vaxjé Smaland Airport, in particular its
effects on the development area of Ojaby. The risk calculation results are visualised as Individual Risk (IR) contours, i.e.
lines with the iso-probability, for the risk levels 10, 10° and 107 (per year). The justification of the use of these risk

levels is given in reference [8].

For the sake of completeness, the risk contours determined with the standard risk model for the aircraft take-off and
landing overruns, take-off overshoots and landing undershoots are presented in combination with the risk contours
determined separately for the take-off and landing veer-offs. Figure 4-1 depicts an illustration of the different risk
types (third party) posed to the development area.

The risk contours are presented in Figure 4-2 through Figure 4-4.

Figure 4-1: (Left) The development area is exposed to different risk types from the air traffic operation in the southerly
direction. (Right) The development area is exposed to the different risk types from the air traffic operation in the
northerly direction
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Figure 4-2: Individual risk contours of 10” (red), 10° (blue) and 107 (green) for the Calendar Year 2018
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Figure 4-3: Individual risk contours of 107 (red), 10° (blue) and 107 (green) for the Future 24500-movements scenario
on the present 2100m runway
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Figure 4-4: Individual risk contours of 107 (red), 10° (blue) and 107 (green) for the Future 24500-movements scenario
on the extended 2600m runway and with larger aircraft types replacing part of the heavy aircraft traffic
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Discussion of veer-off risk

As mentioned earlier veer-off is an occurrence in which an aircraft runs off either side of a runway. The risk calculated
for a veer-off is in theory valid for all sorts of terrain next to runway: flat/slope, hard/soft ground, with or without
objects/obstacles (e.g. trees). Due to the fairly woody and slightly sloping terrain on the west side of the airport and
along the national highway 30 (Figure 4-5), the veer-off risk calculated for the different scenarios could be smaller in
practice. This is the consequence of some shielding effects of the trees and the terrain sloping upwards which could
help limit the distance travelled by the aircraft in the occurrence of a veer-off. However, an exact value for the
reduced veer-off risk affecting the development area cannot be provided. For conservative reason it is recommended

to apply the calculated risk values in the evaluation and discussion of the development plan.

Woody and sloping terrain with

Smaland Airport

National hig'-hway 30

(Worthbound) on the right

Figure 4-5: The airport surroundings viewed from national highway 30 northbound (source: Google Maps street view)
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5 Applications of third party risk around
airports and policy in the Netherlands

This chapter presents the applications of third party risk around airports and the policy established in the Netherlands.
Sections 5.1 and 5.2 address concisely the restrictions in accordance with third party risk for Amsterdam Schiphol

Airport and the regional airports respectively. Section 5.3 gives two application examples.

Third party risk around airports

Both UK and the Netherlands have an advanced and transparent policy for third party risk around airports. Their
methodologies in assessing the risk have been validated with experts; the risk calculation models are made public
and are established in the national regulations.

There is neither international agreement on how the third party risk around an airport (methodology) should be
determined, nor any internationally agreed norms, criteria or guidelines available which define acceptable levels of
third party risk or external safety around an airport.

For UK and the Netherlands, criteria only exist for certain Individual Risk levels. UK chooses 10“*and 10” (per year)
for their Public Safety Zones (PSZs) around an airport, whilst the Netherlands applies 10 and 10° levels for building
restrictions and spatial planning in the vicinity of an airport.

In the Netherlands, third party risk policy is established and risk assessment is required for different risk sources,
among others storage and transport of dangerous goods, and rail transport. For air transport, only airports are
considered as risk source since the airport is a location where aircraft departures and arrivals concentrate. Statistically
most aircraft accidents occurred during these phases of flight whilst these phases take only a fraction of flight time in

duration (Figure 5-1). Therefore an airport poses risk to the people in the surroundings.

PERCENTAGE OF FATAL ACCIDENTS BY PHASE OF FLIGHT

TAKE-OFF LANDING
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Figure 5-1: Percentage of fatal accidents by phase of flight (figure adapted from Boeing’s Statistical Summary
of Commercial Jet Airplane Accidents - Worldwide Operations 1959-2008)
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Third party risk around an airport has different purposes:

1. Inthe Environmental Impact Assessment (EIA) study, third party risk together with airport noise, emission &
air quality are always the compulsory components and are considered as undesired environmental impacts
due to air traffic operations at an airport. Mostly required by Netherlands Commission for Environmental
Assessment that not only Individual Risk is to be investigated in the EIA study, but also a Societal Risk analysis
is requested.

2. For changes in the operational concept of the airport or in the master planning, an analysis of the risk to the
surrounding (third party) may be required as well. Changes in runway usage, flight routes, fleet mix and
number of air traffic movements could have impact on the surroundings of an airport in terms of safety risk.

3. For risk zoning and protection of third parties. For airports of importance like Amsterdam Schiphol Airport
and other larger regional airports, (local) government may define risk zones to limit the land use in the
vicinity of an airport in order to protect persons on the ground and or limit the societal risk due to air traffic.

4. For spatial planning policy and decision-making: an assessment of third party risk is necessary when
authorities from (local) government like municipalities and or developers require insight into to what extent
aviation could pose a risk to their development plans in the vicinity of an airport.

5.1 Amsterdam Schiphol airport

5.1.1 Zoning

The Schiphol Act i.e. Chapter 8.2 of the Netherlands Aviation Act [4], and the two Airport Decrees, “Airport Traffic
Decree” and “Airport Layout Decree”, came into effect on 20 February 2003. This also marked the commissioning of
the Schiphol’s new fifth runway 18R-36L. Regulations regarding limitations of noise pollution, third party risk and air
pollution (emissions) to the airport surroundings are established in the Schiphol Act and the Decrees.

In the Airport Layout Decree, the two zones defined for third party risk are Restricted Area 1 and 3. Restricted Area 1
is based on the 10 individual risk contour whereas Restricted Area 3 is based on the 107 individual risk contours.
These safety zones as shown in Figure 5-2 are specified to keep people on the ground at a safe distance from air traffic
risk and they are based on risk calculations of a number of scenarios in an Environmental Impact Assessment study.

The zones are all established in the Airport Layout Decree of Schiphol Airport.

The restrictions of Area 1
This area is also known as demolition zone. Outside this zone no individual risk above 107 (per year) is allowed. Within

this zone the following applies:

. No building of new houses;

. No building of new offices and industrial buildings/factories;

. Existing houses are purchased and demolished on a voluntary basis;
. No “sensitive” (hazardous) industrial buildings.

The restrictions of Area 3

The construction of new buildings in areas exposed to local risks between 10” and 10° (per year) is not permitted,
with the exception of buildings for small-scale business (including agricultural activities). An additional guideline is
provided to govern the societal risk, i.e. by limiting the number of persons per hectare present in the area.
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It is noteworthy that there are Areas 2 and 4 as well and these are based on the noise contours. The restrictions of
these areas are comparable to those based on third party risk.

Restricted Area 3 |

o S

Topografische Dienst, Emmen, 2000

Topografische ondérgrond (c)

4 : If / 2 i : it 1 1]
Figure 5-2: Amsterdam Schiphol Airport and Restricted Areas 1 and 3 as marked in Airport Layout Decree 2003.
Restricted Area 1 is given in red, while Restricted Area 3 is shown in blue. These areas are derived from calculations

and contours of individual risk. Note: the area between these areas is regulated by noise restrictions (Restricted Area 2)
and this is not shown here
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5.1.2 Safety enforcement

According to the enforcement policy for Schiphol airport only the third party risk metric devised by Ministry is applied:
Total Risk Weight. It is a number or risk index (total value) to indicate the third party risk of an airport by incorporating
three parameters in risk determination: accident probabilities (for take-off/landing and per accident type), number of
aircraft movements in a year, and the maximum take-off weight corresponding to the aircraft per movement. The
method of determination is established in the Environmental Information Regulation Schiphol airport (in Dutch:
Regeling Milieu-Informatie luchthaven Schiphol).

Total Risk Weight (TRW) is expressed in metric tonnes per year and a limit value is set for Schiphol airport. For
enforcement Schiphol airport is required to provide Inspectorate of Human Environment and Transport (ILT, which
includes the CAA the Netherlands) information about noise pollution at the enforcement points, the total noise

volume index, the total risk weight, and the amount of air pollutants emitted.

According to the most recent information the use of the total risk weight will soon be superseded by a complete
calculation of individual risk based on the current airport traffic operations. The new enforcement regime includes a

check on the number of dwellings (houses) within the risk contours of level 10°® per year.

5.2 Regional airports

Since the end of 2009 the Regulations on civil and military airports came into effect. With the introduction of these
regulations, the proper authorities are those directly involved, i.e. the regional government like province and
municipalities. Within this responsibility, requirements with respect to noise pollution and third party risk for regional
airports will be set in line with the policy for Schiphol airport.

For each regional airport, an airport decree must be made and determined by the end of 20143, In the airport decree,
the consequences for the environment will be shown for the future scenario of the airport. The intention is that after
a period of a few years the airport situation will be evaluated and compared with the scenario that was initially used
as baseline for the airport. This evaluation is to check whether or not the risk calculated with the current traffic
remains within the originally determined risk contours of 10° per year.

5.3 Two examples of applications of third party risk
analysis

The NLR third party risk models have been applied in context of third party risk discussions and in supporting decision-

making in the Netherlands. Two applications of third party risk analysis are presented here.

At the time of preparing this document there are still airports undergoing the process of Airport Decree.
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5.3.1 Airport zoning for protection of third party and occupants of aircraft
It is recalled that restricted areas around the runways of Schiphol airport have been effected since in the introduction

of both “Airport Layout Decree” and “Airport Traffic Decree” in 2003. These areas were established for limiting noise

pollution and third party risk.

In 2009 a Boeing 737 of Turkish Airlines crashed on an open farmland north of Amsterdam Schiphol airport. The
location of the crash lies within the Restricted Area 1 (Figure 5-3) as marked in the Airport Layout Decree. In Area 1
construction of new buildings is not allowed and the existing buildings should be removed on a voluntary base. Had
those restriction zones not been established, buildings might have been allowed. The accident could have ended
worse if constructions were located on the farmland. Then, the result of the crash could be aggravated for both the

persons on board and third parties.
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Figure 5-3: The crash site of Turkish Airlines aircraft on 25 February 2009 (red circle), Flight 1951, lied at the north of
runway 18R of Amsterdam Schiphol Airport. Depicted in the figure are the crash site (red dot) and the Restricted Area 1

(in grey shade) as established in the Airport Layout Decree of Schiphol Airport
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5.3.2 Evaluation of development plans

In supporting the regional spatial planning and area development around Eindhoven airport in the Netherlands, an
analysis is carried out to provide an insight into the societal risk as a consequence of various building plans. The results
of the risk analysis are discussed and used by the City-Region Eindhoven, other cities and municipalities around the

airport and the regional fire-fighting service.

The societal risk due to the air traffic has been analysed in detail. Besides the classic use of FN-curve for presenting the
societal risk, an alternative way of showing the risk for a certain group size in an area is also applied [18]. For this area-
specific presentation of societal risk, use of a risk reference is made. This reference is derived from the Orientation
Value for Establishments (OVE4) used in the Netherlands. As a guideline, the societal risk of a risk source must not
exceed this value. The OVE is described by the relation: 10‘3/N2, where N is the group size number. For a group of ten

persons (N=10), the value is 10°. Itis noteworthy that for air transport no such orientation value is available.

In the area-specific presentation, the societal risk is visualised on a topographic map. The societal risk determined for
each calculation grid cell (e.g. 1 hectare) and relates to the OVE for different group sizes of number of fatalities. For
each grid cell, colour presentation is applied to show if the probabilities for a group size are lower or higher than the
OVE. Figure 5-4 depicts the area-specific presentation of societal risk for Eindhoven airport. Through this way of
presenting the societal risk the City-region Eindhoven together with the municipalities in the airport surrounding can
easily obtain insight into the distribution of the risk over the area and the magnitude of risk for a particular group size.
The information also helps the regional fire-fighting service to define her contingency plan to cope with aircraft
accident.

4
Officially it is “Orientatiewaarde voor Inrichtingen” (OWI) in Dutch
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Figure 5-4: The area-specific presentation of societal risk for a group of 10 persons (or more). Presented is the north
region of the Eindhoven airport where a number of building projects is planned. Yellow squares show the area (per
hectare) in which the societal risk lies between 1% to 10% of Orientation Value for Establishments (OVE) used in the
Netherlands. Orange squares are meant for the range 10% to 100% OVE; and red squares are 100% or above OVE.
Note: the OVE for N=10 persons is determined by the relation 10°/N’ = 10°/10° = 10°
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6 Conclusions

In the study, the third party risk around Vaxjé Smaland Airport is assessed as part of the development plan of Ojaby
nearby the airport. In the assessment individual risk calculations are carried out for three airport scenarios. The first
scenario considers the actual traffic in the year 2018. The second and third scenario regard a licensed situation in the
future in which the airport is allowed to handle up to 24,500 movements per year. In the third scenario it is foreseen
that the airport will have the runway extended to 2,600 metres for which operation with larger aircraft types is
possible. The impacts of these three scenarios on the development area are visualised by means of individual risk
contours. Presented are the levels 10°, 10° and 10”7 per year.

Some conclusions regarding the risk analysis are drawn here:

e Due to the smaller number of traffic movements the risk contours of calendar year 2018 (first calculation
scenario) affect only a limited part of the development area on the south. The area is not exposed to veer-off

risk of level 107 or higher.

e The Future 24500-movements scenarios (the second and third scenarios) have a larger part of the heavy
aircraft traffic and total number of movements is larger than the actual traffic for year 2018. As a result, the

risk contours are larger and cover a substantial part of the development area south of the airport.

e Due to the runway of extension of 500 m to the south, in the third scenario the development area is exposed
to risk contours of level 10°. Also a much larger part of the development area is exposed to risk levels of 10°®

and 10" per year.

e The risk contours of the third calculation scenario in terms of dimension are not much larger than or deviate
from those of the second calculation scenario. Although larger aircraft types are assumed in the traffic, this
does not necessarily mean the resulting risk contours become much larger. Larger aircraft imply a larger
accident consequence area. However, those larger aircraft types assumed in the traffic are the third-
generation passenger transport aircraft which have smaller accident probabilities based on the applied third
party risk model. These aircraft replace the relatively more unsafe types like business jet aircraft and “older”

turboprops. In effect, a small increase in the individual risk contours is observed.

e  Veer-off risk is calculated for the three scenarios and visualised by means of individual risk contours for levels
10'5, 10®and 10”7 per year. Only the scenarios with 24500-movements have impact on the development area.
Part of the development area lying to the west of the airport is exposed to the risk level 107, but no higher
than 10° per year. Due to the fairly woody terrain on the west side of the airport and along the national
highway 30, the veer-off risk calculated could be in practice smaller. This is the consequence of some
shielding effect of the trees which could limit the distance travelled by the aircraft in the occurrence of a

veer-off. An exact value for the veer-off risk due to this shielding effect, however, cannot be provided.

e The policy of third party risk around an airport as applied in the Netherlands is shown. It could provide the
authority in Sweden some insight on how the third party risk due to air traffic can be regulated by means of
restrictions in land use. The application examples show that third party risk around an airport could have a
value in the policy-making regarding protection of third party and occupants of aircraft, and in decision-
making for spatial planning and development near an airport.
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Appendix A Third party risk metrics

Third party risk concerns those people that are at risk while they are not involved in the activity that induces this risk.
Typically, regarding aviation, the third party concerns people living and working on the ground. While not involved in
any aircraft flying overhead, they are certainly exposed to risk due to an aircraft crash. The fatality risk of people on
board the aircraft, crew and passengers, is not taken into account, because these people are involved in the risk
inducing activity and therefore they are not regarded as third party.

Air transport is considered a relatively safe mode of transportation. However airports generate a concentration of air
traffic over the area around the airport. Furthermore, historically aircraft accident data shows that the majority (about
70%) of the accidents occur during the initial and final phases of the flight (Figure A-1). As a result, the risk to people
nearby an airport will be significantly above average. Therefore, the third party risk analysis is concentrated on the
people living and working in the vicinity of the airport and on the risk caused by aircraft departing from or arriving at

the airport.
Percentage of fatal accidents and onboard fatalities
Taxi, load/ 14% 49%
unload, ——— N —
parked, Initial Climb Initial Final
tow Takeoff climb (flaps up) Cruise Descent | approach | approach | Landing
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Note: Percentages may not sum to 100% because of numerical rounding.

Figure A-1: Percentage of accidents in different phases of an aircraft flight cycle (source: Boeing 2018)

In an analysis of third party risk, two metrics, Individual Risk (IR) and Societal Risk (SR), are used. Both risk metrics
have their own characteristics in expressing risk. They are complementary to each other and are commonly used as

basic information for third party risk studies and risk communications.

Appendix A.1 Individual Risk

Individual Risk (IR) is defined as: “the local probability per year that a person, who is permanently residing at this
particular location, suffers fatal injury as a direct consequence of an aircraft accident on or near his position.”

Two important characteristics of the Individual Risk are:

e Individual Risk represents a point-location risk; it is calculated separately for every location around the airport
and differs from location to location.

e Individual Risk is independent of the actual population around the airport; it is calculated for a fictive person who

is presumed to stay permanently in one single location.
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In general, the Individual Risk decreases with increasing distance to the runway and flight routes. Individual Risk is
commonly visualized by iso-risk contours, plotted on a topographical map (Figure A-2). This way of presentation is
comparable to visualizing a mountainous landscape, where the altitude of the mountain represents the level of
Individual Risk (see Figure A-3). Customarily, the Individual Risk contours are plotted for the contour values 10°,10°

and 107 per year. Depending on study purpose, presentation of other contour values is possible.

Figure A-2: The individual risk values are presented as iso-probability contours. Depicted are the individual risk
contours of a scenario for Schiphol airport. Red indicates high risk value and green indicates low risk value
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Figure A-3: The three-dimensional presentation of Figure A-2. In this figure the Individual Risk is presented as a
mountainous landscape. The red and orange colour present the high risk values, whereas the green and blue colour
present the low risk values. Remark: Individual Risk values here are presented on a logarithmic-scale

Appendix A.2 Societal Risk

Societal Risk (SR) is defined as “the probability per year that a group larger than a given number of persons (third
parties) is killed due to a single aircraft accident”.

Societal Risk is presented as an FN-curve, where F (frequency)5 stands for the probability per year and N stands for
the group size. Due to the wide range of values of probability and group sizes, the FN-curve is practically plotted on a
double-logarithmic scale. In practice, only a selected number of group sizes is calculated, for example, Ne{1, 3, 5, 10,
20, 40, 100, 200, 400, 1000}; other selection of group sizes is possible. An example of FN-curve of Amsterdam Schiphol
Airport is given in Figure A-4.

Two important characteristics of the Societal Risk are:
e  Societal Risk represents the risk over the total study area around the airport.
e  Societal Risk depends on the actual population distribution around the airport; in a hypothetical situation where

no population is present anywhere around an airport, the Societal Risk for this airport would be null (zero).

5
In terms of statistics this quantity is a frequency that depends on the distribution of group sizes in the population sample.
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Figure A-4: Societal Risk result, FN-curve, for an example airport. The vertical axis is the frequency F of more than N
number of fatalities, while the horizontal axis expresses the group sizes N

The essential difference between Individual Risk and Societal Risk is shown in Figure A-5. Depicted in the figure are
two situations, A and B, with an identical risk source. Although both situations could have the same individual risk as a
consequence of the risk source, due to the different population distributions in the surrounding of the risk source,
situation B has larger societal risk than situation A. It may be clear that the use of both main risk metrics can be

important in expressing third party risk.
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Figure A-5: Difference between Individual Risk (IR) and Societal Risk (SR). The Individual Risk levels are for situation A
and B the same. However, due to the different distribution of population, Societal Risk for situation B is higher than
that for A. Figure is adapted from reference Jonkman et al, reference [11]
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Appendix B NLR third party risk calculation model

To assess the third party risk, the NLR Third Party Risk calculation model is applied. The NLR model is developed for
the Dutch Ministry of Transport to analyse the third party risk around the airports in the Netherlands. The NLR model
has a legal status in the Dutch Aviation Law, and is the only legitimate instrument to calculate third party risk for the
airports including Amsterdam Schiphol Airport. The Dutch practice of Third Party Risk assessment and the NLR model
have also been referred in the ICAO Airport Planning Manual (Doc. 9184, Part 2).

Most accidents in air transport occur in the vicinity of airports during take-off, initial climb, final approach or landing.
The probability of an aircraft accident could be such that the risk to the population around the airport (third party risk)
might be of relevance for airport policy and land-use planning. The NLR third party risk model has been developed to

quantify this risk and to support the decision-making process.

Appendix B.1 Model set-up and components

The NLR third party risk analysis model comprises three components (sub-models): Accident Probability, Accident

Location and Accident Consequences. The three model components answer the following questions regarding the risk

for which an inhabitant living in the vicinity of an airport or a heliport is exposed to (thus, third party risk):

e  What is the chance that an aircraft accident occurs in the vicinity of an airport? (Accident probability)

e  What s the likelihood of an accident occurring at a given location around the airport, given that an aircraft
accident occurred in the airport surrounding? (Accident location probability)

e  What is the consequence of an aircraft accident, given that an aircraft accident occurred in the airport

surrounding? (Accident consequence)

The model parameters of these three components were derived from an extensive set of data concerning historical
aircraft accidents, operations and airports. These data are extracted from the NLR Air Safety Databases. Within the
framework of third party risk model, the three components are brought together by means of statistical and
mathematical formulations. A comprehensive description of the methodology adopted in the NLR third party risk

model is given in reference [3].

When the airport scenario input data, which comprise airport runways data, flight routes and traffic and fleet
composition data, are fed into the model, individual risk can be calculated. For a societal risk calculation, population
distribution data are also required. Figure B-1 gives a schematic depicting the relationship of different input data, risk
model components and calculation results.
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Figure B-1: A schematic representation of the third party risk model for calculation individual risk and societal risk.
Required input data are traffic movements and aircraft types, flight routes, aircraft weights, population density data.
The latter is meant for a calculation of societal risk

The model distinguishes six different accident types: landing undershoot, landing overrun, landing veer-off, take-off
overshoot, take-off overrun and take-off veer-off. These accident types are depicted in Figure B-2.

A “Landing Undershoot” is an event in which an aircraft during approach crashes before reaching the runway. An
“Overrun” is an event in which an aircraft rolls off the runway and comes to a stop beyond the runway. Overrun
accidents may occur during both take-off roll and landing roll. A “Take-off Overshoot” is an event in which an aircraft
crashes after being airborne during take-off and initial climb phase. A “veer-off” is an event in which an aircraft runs
off either side of a runway during take-off or landing.

OVERSHOOT

T

LANDING UNDERSHOOT VEER-OFF LANDING AND
: et TAKE-OFF OVERRUN

Figure B-2: The accident types on and around the airport: landing undershoot, take-off overshoot, landing overrun,
take-off overrun, landing veer-off and take-off veer-off
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The risk due to landing undershoot, take-off overshoot, landing overrun and take-off overrun are a part of the
standard calculation in the NLR third party risk model. The risk due to veer-offs is thus not standard included. Veer-off
risk can be determined using methodology which has been applied for several studies in the context of risk to

buildings adjacent to the runway.

Appendix B.1.1  Accident Probability Model (Accident Rates)

The accident probability (or accident rate) describes the probability of an aircraft accident during take-off and or
landing. Only accident probabilities during these flight phases are adopted in the NLR third party risk model. Safety
levels may differ considerably between airports and the risk analysis for a specific airport should require appropriate
accident rates for that airport. However, an accident rate based solely on the accidents that occurred at that specific
airport is likely to be statistically unreliable, because the number of data points (accidents) is probably too small to
achieve an acceptable estimate. In order to achieve a solid statistical estimate of the accident rate, accident data of a
selection of several airports must be used.

The accident probability model includes different accident rates for the above defined accident types: overruns,
overshoots and undershoots. These are based on historical accident data and have been related to the corresponding
number of movements. In the NLR accident model for large airports (e.g. Schiphol and Heathrow), three generations
of aircraft are distinguished in order to accommodate the improvement of aircraft safety over the years. The first-
generation aircraft are the oldest type of aircraft, an example is Boeing 707. And the third-generation aircraft are the
modern types such as Airbus 320 and Boeing 737-700. The applied definition of the aircraft generations can be found
in reference [3].

Appendix B.1.2  Accident Location Model

The accident location model gives the probability that a crashing airplane will hit a certain location. Given the
occurrence of an accident in the vicinity of an airport, the local probability of an accident to take place on that
particular location is not equal for all locations around the airport. That probability is larger in the proximity of the
runways than at larger distances from the runway. Also, that probability is larger in the proximity of arrival and
departure routes. This dependence is represented in the distribution functions that are used in the accident location
probability model. These functions distribute the accident probability over the area around the airport and are
defined relative to the runways and air traffic routes. Separate accident location probability distributions have been

derived for overruns, overshoots and undershoots.

As mentioned, the layout of traffic routes and runways may play an important role in the impact location of accidents
and hence must be taken into account while calculating risk for an airport. It is known from historical data however
that in some accidents aircraft impacted the ground while following a route to/from the airport, whereas in other
accidents no particular route was being followed due to the difficulties encountered by the accident flight. Therefore
the accident location model is split into a route dependent part and a runway dependent part. In addition, the
distribution function for each accident type is also constructed of two more separate distributions: the longitudinal
distribution calculates the risk as a function of the distance travelled along the route (or extended centreline) and the
lateral distribution calculates the risk as a function of the distance perpendicular to the route.
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Appendix B.1.3  Accident Consequence Model

The accident consequence model defines the direct consequences of an aircraft accident at a particular location in
terms of the consequence area size and lethality. The consequence area is the area around the crash impact location,
which is exposed to a lethal threat. Obviously, not only people on the impact location itself are at risk, but also the
people in the area around the impact may be killed. On the other hand, not everybody present in the consequence
area will be killed as a result of the accident. There remains a fair chance to survive. The lethality is the probability of
not surviving an aircraft crash, while present in the consequence area. Accident reports and supporting information
have been used to determine the size of a consequence area and the lethality of actual accidents that happened in the
past.

The consequence area has been estimated from the distribution of the larger pieces of the aircraft. If no additional
information was available, the size of the consequence area was calculated by multiplying the wingspan of the aircraft
with the reported skid distance. In the model the consequence area is modeled circular around the impact location,

with the surface area as a linear function of the aircraft weight.

Lethality is derived as the ratio of the number of third party fatalities and the total number of people present in the
consequence area. Although the sources are clear about the number of fatalities, they usually do not provide
information on the number of people that were present in the consequence area at the time of the crash. To estimate
the number of people present at a crash site, engineering judgements have been made based on information from the

accident report such as photos and drawings showing the density of houses and offices.

Appendix B.2 Veer-off risk and Mid Air Collision risk

Veer-off risk: Veer-off accident complies fully with the definition of a third party accident and poses risk to people
living in the direct surrounding of the airport. However, calculation of veer-off risk is not included in the standard risk
calculation model and is no compulsory part of a third party risk analysis in the Netherlands. Since the first model is
developed for Schiphol-like airports where considerable space on both runway sides is available, veer-off risks are

therefore assumed to be limited to the terrain within the airport boundary. As such, no third party risk is formed.

However, since the development area considered by Vaxjo municipality is comprised of a long streak of land which lies
on the west of airport and parallel to the runway, risk of an aircraft veer-off exists. For this reason, NLR applies a veer-
off risk calculation model which has been used in a few comparable studies before for assessing this risk to objects
(buildings) next to a runway.

Mid Air Collision Risk: Mid-air collision accident in the vicinity of an airport could also pose risk to people living in the
direct surrounding of the airport. However, the third party risk analysis model does not address the interaction
between two or more aircraft. The risk to third party as a consequence of mid-air collision accident is therefore not
considered in the model.
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Appendix B.3 Approval and acceptance of NLR
third party risk model

Since the beginning in the early 1990s, the model development and updates were ordered and funded by the
government of the Netherlands. Due to the rather sensitive nature of the third party risk issue, the NLR model and
methodology have received intensive scrutiny and peer-reviews from different external experts and interested
parties.

First of all, the development and update of the third party risk model was guided by a supervisory committee. The
committee was chaired by the Ministry of Transport with members representing governmental organisations, local
authorities, and research institutes in the Netherlands. Mentioned in this context are:

e The Netherlands Ministry of Infrastructure and Environment (formerly, the Ministry of Transport and the
Ministry of Housing, Spatial planning and Environment).

e Airport authority (Amsterdam Schiphol Airport).

e The Netherlands National Institute of Public Health and Environment, RIVM.

e Local government and municipal councils.

e The environmental movement and the general public.

In the development of the model, the applied data and the research method adopted were discussed with and
approved by the committee. This transparency in model development was intentionally chosen as part of the policy to
obtain a general acceptance of the NLR model as third party risk policy instrument in the Netherlands. The use of this

model in determining third party risk for airports in the Netherlands is established in the Dutch regulations.

In addition, the model was reviewed accurately in the past by a review committee appointed by the Ministry of
Transport (Ref. [12]), and a contra-expertise of the risk calculation results for Amsterdam Schiphol Airport was
conducted by the National Institute of Public Health and Environment (Ref. [13]).

Finally, the NLR model and third party risk methodology were also reviewed by different researchers independently,

for example in references [14] and [15]. In their investigations the capabilities and limitations of the NLR model and

third party risk methodology were fully discussed.
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Appendix C Input data

Appendix C.1 Study area, coordinate system and grid size

The third party risk calculations concerns the risk in the vicinity of Vaxjo Smaland airport. A square study area of 30 by
30 km is selected with the airport reference point (ARP) in the approximate centre. The ARP as given in AIP Sweden is
given in lat-lon coordinates in WGS84 system. For risk calculation purpose it is necessary to use a Cartesian
coordinates system. In consultation with WSP and Vaxjo Municipality, the Cartesian coordinate reference system
Sweref 99 15 00 is used. For the conversion from WGS 84 lat-lon coordinates in Sweref 99 15 00 system, NLR applies
the official online conversion tool as instructed by the Vaxjo Municipality. The Sweref 99 15 00 coordinates are

expressed in metres in X and Y directions.

The boundary of the study area is defined by the lower-left and upper-right corners of the square area. The
coordinates of the corners are given in Table C-1.

Table C-1: Coordinates of the lower-left and upper-right corners of the study area in Sweref 99 15 00 coordinate system

Lower-left 118500 6297500
Upper-right 148500 6327500

The study area is divided into a grid containing small calculation cells. The cell size used in the risk calculation is set to
25 metres by 25 metres. The risk value is calculated for the centre of each calculation cell.

Appendix C.2 Runway endpoints

The positions of the runway thresholds THR 01 and THR 19 for Vaxjo Smaland Airport are given in the AIP Sweden, AD
2 ESMX 1-4, 25 May 2017, Runway Physical Characteristics. The coordinates which are expressed in latitude and
longitude (lat-lon) in WGS84 system are converted accordingly into Sweref 99 15 00 coordinates (Table C-2).

Table C-2: Coordinates of the runway endpoints of Vidxjé6 Smaland Airport in Sweref 99 15 00 coordinate system

oora ale oora ate g
d g O g

01 133195.80 6311030.40

19 133679.73 6313080.28 2106 metres

For both take-off and landing the full runway length of 2106 metres is available. In the calculation of third party risk
due to fixed wing aircraft, the entire runway is used.

Helicopters can operate from both the helipad and the runway. For the risk analysis it is chosen to adopt a
conservative approach by setting the take-off and landing point at the runway thresholds (Table C-3).
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Table C-3: Coordinates of the helicopter take-off and landing points

Q

elicopter take-oi1T & 1anding po oordinate ooraindate
d g O g

South West direction (RWY 01) 133195.80 6311030.40

North East direction (RWY 19) 133679.73 6313080.28

For the calculation scenario with 2600m runway the location of RWY 01 is adjusted. Table C-4 and Table C-5 show

respectively the runway endpoints and the helicopter take-off and landing point.

Table C-4: Coordinates of the runway endpoints of for the 2600 m runway

oord alte oord ale d e :
d g O g
01X 133080.90 6310544.00
2606 metres
19X 133679.73 6313080.28

Table C-5: Coordinates of the helicopter take-off and landing points for the 2600m runway

De ptio oordinate oordinate
asting 0 g

South West direction (RWY 01X) 133080.90 6310544.00

North East direction (RWY 19) 133679.73 6313080.28

Appendix C.3 Departure and arrival routes

Flight routes are required in the risk calculations. In the AIP Sweden only limited information is available on how the
departures should be made. Upon the request of NLR Vaxjo Smaland Airport has provided several plots of radar tracks
for 01 arrivals and 19 departures by aircraft types with different Wake Turbulence Categories (WTC).

Further enquiries are made to the airport to provide flight instructions. However, due to the time planning the
information is not made available for NLR. In consultation with WSP, NLR derived and constructed the flight routes for
calculation purposes. The flight routes for heavy aircraft are mainly based on the visual inspection of the plots with
radar tracks and partly based on assumptions and previous experiences with flight route construction for use in third
party risk studies. The flight routes derived by NLR should be interpreted as the best estimate based on the

information available at the moment the analysis is conducted.

For heavy aircraft, straight in arrival routes on RWY 01 and 19 are used. This choice is justified because it is assumed
that the aircraft has to line up with the runway on ILS approach. The distance for lining up with the runway is based on

the distance between the runway end and the Final Approach Fix (FAF). This distance is roughly 8 to 10 nautical miles.

The departure routes vary and depend on the flight destinations. Since the focus of present analysis is the
development area which covers the west and south sides of the airport, the departure route to the north is assumed
to be a straight-out only. That means all departures of heavy aircraft on RWY 01 use this straight-out flight route to
the north.
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The departure routes to the south (RWY19) depend on the destinations. Based on the Call sign and Trace Code
(TrCode) information it is found that the airport has a number of distinct directions:

e North —to other cities in Sweden like Bromma

e  South West - to destinations like Amsterdam (the Netherlands), Spain and Canary Islands

e South and South East — to destinations in Poland, Greece and Turkey.
Further a straight-out departure route is constructed for the flights which do not have information about the
destinations. Figure C-1 depicts the departure flight routes on RWY 19 as used in the risk analysis. Note: the flight
route in the direction of South-South-West is not applied in the risk calculation.

Figure C-1: Departure routes on RWY 19 for heavy aircraft traffic

For light aircraft it is assumed that the movements go to or come from four exit/entry points. These exit/entry points
are KLINTA, GARDSBY, ALVESTA and VATTENTORN. The coordinates of these points are found in AIP Sweden AD 2
ESMX 6-1 Visual Approach Chart. The pattern of these flight routes is a basic VFR flying circuit. For departure, the
route has only the take-off and cross-wind leg parts. For arrival, the route has only the base leg and final approach (or
final leg) parts.
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Appendix C.4 Traffic and aircraft types

The risk analysis comprises calculations for three scenarios, they are:
1. Existing situation based on current traffic (Calendar Year 2018).
2. Licensed situation for 24500 movements a year (Future 24500-movements — 2100m runway) in which the
current runway is used.
3. Licensed situation for 24500 movements a year in which the runway is extended to 2600m and with a

replacement by large transport aircraft in the traffic (Future 24500-movements — 2600m runway).

An overview of the types of aircraft and number of movements per scenario is presented in this section.

Appendix C.4.1 Calendar Year 2018

For current situation, the traffic information of calendar year 2018 is used. Table C-6 presents the number of
movements per traffic segment. Table C-7 through Table C-9 present the categories and aircraft types for the heavy,
light and helicopter traffic segment, respectively.

Table C-6: Traffic segments and movements for CY2018

Heavy aircraft -- 4225

- Passenger with 1% gen a/c 56
- Passenger with 2" gen a/c 92
- Passenger with 3" gen a/c 3947
- Business Jet 130
Light aircraft -- 1809
- L1500 1323
- L5700 486
Helicopter -- 441
- Single Engine Piston (SEP) 15
- Single Engine Turbine (SET) 362
- Multi Engine Turbine (MET) 64
Total -- 6475

Table C-7: Heavy traffic segment and aircraft types for CY2018

A d pe OVE

Passenger with 1% gena/c C130/SB35/SB37 /SB39 56
Passenger with 2™ gena/c B350/ BE20/ BE30 92
Passenger with 3 gena/c ATR 72-600/-500 & ATR 42-300/-500 1919
B737-800/-700/-600/-500 837
Embraer E175 412
A320/A321/A319 382
F50 295
Miscellaneous 3" gen a/c 102
Business Jet Cessna 56X / C560 / C55B / C650 / C680 etc. 80
Miscellaneous business jets 50
Total 4225
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Table C-8: Light traffic segment and aircraft types for CY2018

A d pe OVE

L1500 C172 734
Miscellaneous L1500 589
L5700 DA42 356
Miscellaneous L5700 130
Total 1809

Table C-9: Helicopter traffic segment and helicopter types for CY2018

A d pe OVE

SEP R22 and GYRO 15
SET EC20 100
Miscellaneous SET 262
MET B429 / A139 etc. 64
Total 441

Appendix C.4.2  Future 24500-movements — 2100m runway

For this scenario only the movements of heavy aircraft traffic of scenario CY2018 are scaled up with a factor 5.2663.
The other traffic segments (light aircraft and helicopter) are assumed the same. Table C-10 presents the resulting

number of movements for the traffic segments.

Table C-10: Traffic segments and movements for Future 24500-movements on 2100 m runway

Heavy aircraft -- 22250

- Passenger with 1" gen a/c 295
- Passenger with 2" gen a/c 484
- Passenger with 3™ gen a/c 20786
- Business jet 685
Light aircraft -- 1809
- L1500 1323
- L5700 486
Helicopter -- 441
- SEP 15
- SET 362
- MET 64
Total -- 24500
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Appendix C.4.3  Future 24500-movements — 2600m runway

For this scenario the number of movements of heavy aircraft traffic is same as previous scenario but the fleet
composition is adjusted. The passenger transport with 1% and 2™ generation aircraft are replaced by new types
whereas the business jets are replaced by larger transport jet, i.e. the twin-aisle wide-body aircraft A330-200.
Table C-11 shows the aircraft types replaced.

Table C-11: Heavy traffic segment and aircraft types with replacement types for Future 24500-movements on 2600m
runway

Heavy Traffic Aircraft type Movements
Passenger with 1% gen a/c replaced by 3™ gena/c SB35/ SB37 / SB39 replaced by B738 284

C130 replaced by ATR 72-600 11
Passenger with 2™ gen a/c replaced by 3™ gena/c B350/ BE20 / BE30 replaced by ATR 72-600 484
Passenger with 3" gen a/c (-- no replacement in this segment--) 20786

ATR 72-600/-500 & ATR 42-300/-500
B737-800/-700/-600/-500
Embraer E175

A320/A321/A319

F50

Miscellaneous 3" gen a/c
Business Jet replaced by 3" gen a/c twin-aisle wide- All business jets replaced by A330-200 685
body

Total 22250
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Appendix D Identification of risk calculations

Each third party risk calculation is registered with a calculation number. The identification for the risk calculations

carried out for the three scenarios of Vaxjo Smaland Airport is shown in Table D-1.

Table D-1: Identification number for the risk calculations

NLR project number: 2499149

Calculation identification number Calculation description

2499149 19102310 Existing situation (CY2018) on the current 2100m-runway

2499149 19102410 Licensed situation (Future 24500 movements) on the current 2100m-runway; heavy
aircraft traffic is scaled from CY2018

2499149 19103010 Licensed situation (Future 24500 movements) on 2600m-runway and part of heavy

aircraft traffic replaced by larger transport aircraft types
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