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National Transportation Safety Board 
Washington, D.C. 20594 

May 18, 2022 

Re: National Transportation Safety Board (NTSB) 
Freedom oflnformation Act (FOIA) No. FOIA-2020-00489 

This letter responds to your FOIA request for each slide presentations delivered at the 
Basic Aircraft Accident Investigation Course, of the type given for DOE as AS 105 in the 
Summer of 2016. 

The Safety Board located several responsive documents. Enclosed are 999 pages. 
However, we withheld certain information partially and in full pursuant to the following 
exemptions specified below. 

Personal information, notably autopsy information and graphic photos, social security 
numbers, and any personal identifying information, is withheld pursuant to 5 U.S.C. 552(b )(6), 
which exempts from disclosure "personnel and medical files and similar files the disclosure of 
which would constitute a clearly unwarranted invasion of personal privacy," to include 
personal addresses, phone numbers, etc. Pursuant to this exemption, I partially redacted 12 
pages with direct business and personal telephone numbers, email addresses, graphic images, 
and fully withheld 2 pages in full ofNTSB staff credentials. 

In several documents enclosed with this letter, I determined that exemption(s) to the 
FOIA required that I redact a limited amount of material. The redactions are clearly marked, 
and the applicable exemption(s) are noted at the place of the redaction. 

The NTSB has concluded processing your FOIA request. If you are not satisfied with the 
response to this request, you have the right to appeal this determination under the FOIA. You 
may administratively appeal by writing to the NTSB, Attn: Ms. Dana Schulze, Managing 
Director, 490 L'Enfant Plaza, SW, Washington, D .C. 20594. Your appeal must be postmarked 
or electronically transmitted within 90 days of the date of the response to your request. 

You may contact our FOIA Public Liaison at 202-314-6540, for any further assistance 
and to discuss any aspect of your request. Additionally, you may contact the Office of 
Government Information Services (OGIS) at the National Archives and Records 
Administration (NARA) to inquire about the FOIA mediation services they offer. The contact 
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information for OGIS is as follows: OGIS, NARA, 8601 Adelphi Road-OGIS, College Park, 
Maryland 20740-6001, e-mail at ogis@nara.gov; telephone at 202-741-5770; toll free at 1-
877-684-6448; or facsimile at 202-741-5769. 

Enclosure 

Sincerely, 

~~-~ 
Melba D. Moye 
FOIA Officer 
Office of the Chief Information Officer 
National Transportation Safety Board 
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Part 1 : Concepts 
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Part 1 : Concepts 

• What is human factors investigation?Why 
botheli~Wf.io can do it?What should oe 
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What is Human Factors/ Ergonomics? 

• Understa11ding interactions among humans.and e>ther 
eleme~ts of a SY,stemhXRRlying tf.leorY,, Rr.ir.iciRles, data 
ar.id metlioas to aesign to ORtimize liuman well-Being 
and overall SY,stem Reiior.mance. Contr.iouting to tlie 
design ana evaluation of ta~l<s, joos, Rroaucts, 
er.ivironments ana SY.stems to mal<e tliem comRati51e 
witli tlie neeas, aoilities and limitations 
of ReORle. 

*International Ergonomics Association ;; ) INTSB 



What is Human Factors/ Human 
Performance Investigation? 

safety: 

tiuman 



Part 1 : Concepts 

✓ • What is human factors investigation?Why 
bother.?Wno ca-n ao it?Wha t shou ld 15e 
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Who Can Do It? 

Reference Books 

H ANDBOOK OF 

HUMAN FACTORS 
AND ERGONOMICS 

Th ird Edition 

I J,1•.I h, 

(j A \. I{ I l I \ A l \ I ' ll , 
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Who Can Do It? 

Additional Reference Books 

Aviation 
Automation 
The Search for 
a Human-Centered 
Approach 

STRESS ' '" RUMAN 
PERFORMANCE 

Human Factors 
in Multi-Crew 
Flight Operations 

.-,.. -~ ,,.,,, ~ -- -,.: 
' , -," tlll'Y)!,jl/. Ort.lcly , lnaa. M. Ortady ,. 
,-}!:,-.. ' . •- • :. 
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AVIATION 
VISUAL 
PERCEPTION 

....,,lfyf.l;hb .... c.,., 
u., anSch<>,tt 

AVIATION 
SAFETY AND 

PILOT 
CONTROL 

Understanding and 
Pr-eventing 

Unf:ivor.abfc Pilot-Vehicle 
Internet.ions 

1:-~ - ,.___f,--~~ - - -- --_ ~· 

........ ' ,. 

um~~~~~b 

KARLE. WEICK AND 
KATHLEEN M. SUTCLIFFE 

Linking Expertise 
Noturofistic 

Decision Making 

SAFETY "-
MANAGEMENT, 
SYSTEMS IN 
AVIATION 

,r· ..... ,.:; 
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THE 
INTERNATIONAL 
JOURNAL 
OF 
AVIATION 
PSYCHOLOGY 

C\ Taylor & Francis 
~ l•iV·I,_ <,rr 

HUMAN FACTORS 
....... ., .......... ,.~--..i•,\"''"' ........ ~-"• 
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What Should Be Investigated? 

Orgari1izatior.1al Dr.ift 

-.. 
BankruRtcy 

Accidents 

Reason ( 1997) Managin_g the Risks of Organizational Ac_cidentf f) I ~TSB_~-
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How Are the Data Developed / Analyzed? 

Manual of 
Aircraft Accident 
and Incident Investigation 

Part Il l 
Invest igation 

Apl"=•• bf ,,._ ,m~•')' Gm,•I 

- ' ' "'"'"""'"" .. '""''""""" 
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ICAO Guidance:Collect occurrence di 
sequenceldentify unsafe acts, conditii 
violation type Identify the f~tHYf$::n)oQ~ 
antecedents Identify p6t¢f.iJ!.~L safet~ ~ 

COLLECT 
OCCURRENCE 

DATA 

• 

DETERMINE - OCCURRENCE 
SEQUENCE 

i • 
IOENTIFV IDENTIFY 
UNSAFE UNSAFE 

.O.CTS/OfCISIONS CONDITIONS 

i 
l>ENTIFY 
ERROR OR 

VIOLATION TYPES 

- 1 
IDENTIFY 
FAlLURf 
MOO!;S 

---. 
IDENTIFY 

BEH.0.\/IOUR.o.L 
.o.NTECEOENTS 

• 
IDENTIFY 

POTENTIAL 
SAFETY 

PROBLEMS 

ICAO Doc 9756 'f I NTSB 
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WHAT WHY DID IT SO WHAT? NOW WHAT? 
HAPPENED? HA PPEN? (CONSEQUENCES) (ACTIONS) 

I l I I 

i ' 
I I 

' ' IDENTIFY IDENTIFY 
RECOMMEND COLLECT ERROR OR POTENTIAL 

OCCURENCE VIOLATION SAFETY 
SAFETY 

DATA TYPES PROBLEMS 
ACTIONS 

I 
I I 
I I 

+ • ' DETERMINE IDENTIFY VALIDATE 
OCCURRENCE FAILURE SAFETY 

SEQUENCE MODES DEFICIENCIES 

I I 

+ • 
IDENTIFY 

IDENTIFY 
UNSAFE ACTS, 

BEHAVIOURAL DECISIONS 
ANTECEDENTS 

& CON DITIONS 



How Are the Data Developed / Analyzed? 

Error Types 

UNINTEI ED ACTIO 

UNSAFE ACT 

LNTENDED ACTIO 

(Reason, Rasmussen) 

~-·---~----------, ~----~ BASIC ERROR 
TYPE 

LIP 

LAPSE 

SKJLL-BASED 

AITENTTO 'AL 
FAILURES 

.MEMORY 
FAILURES 

RULE/ 
MJST AKE --•1 KNOWLEDGE­

BASED 
I 

· · · - - - - - · - · - - - · - · MlSTAKES 

VJOLATION 
KB/RB 

ROUTI E 
EXCEPTIO AL 
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Cultural 
Factors 

I 
/ 

PRODUCTS 

I 

/ 
/ 

/ 

r-----· 

DEFENCES 

Safegoards against 
foreseeable hazards / 

/ 

PRODUCTIVE 
ACTIVITIES 

Integration of human 
and mechanical 

elemeols 

,.. • 1 __ ,, , ,_ i'J ~ 

•· 

PRECONDITIONS 
Reliable equipment, 
askUledand 
motivated worl<foroe, 
etc. 

LINE 
MANAGEMENT 

Operations 

Maintenance 
Trainlng ... etc. 

DECISION MAKERS 

Plant and corporate 
management 

-
Reason, Human Error, 1990 'f I NTSB 



Hazards 

Latent 
condition 
pathways 

Unsafe acts 

Local workplace factors 

Organizational factors 

t Causes 

{!, Investigation 

Reason, Managing the Risks of Organizational Accidents, 1997 INTSB 





How Are the Findings Reported? 

• Group chair's factual report (public)Group ct 
analysis report (not public)Human factors in 

:cAno:'(.U~'CD'O&l'ATIO."rl.\U't\'SO.\ID 
QM,l,.dA•~~ 
'l\' ....... f'C).lfk ......,.,.,, 
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n....~ffllD ,__.M....,Aar......,. 
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,........,DC»',t 

er.,.;.. ... •d6 
, ........ ~C..ao& --­Ni6fX....,.r..i . .--,.s...»2 
,.......__THIil» 

Runway Overrun and Collision 
Platinum Jet Man.,gemen~ LLC 

Bombardier Chru.lenger C!,600.JAll , N370V, 
Tetert>oro, New jerEey 

February 2, 2005 





Problems Identified ... Now What? 

• Incorporate signage, Rroceaures, 
trainir.ig P- rovide warning:deviceslncorQorate 
en ineerea features or safet devicesReduce 
risR 15Y, design alterationEliminate ttie hazard 

~V INTSB 







Human Factors Investigation 
Around the World (Updated 2015) 

Number. of SRecialists Identified 15y CountryUS.A: 
Transr:iortation Safety Boara (7)F. rance Bureau a'Enquetes et 
d'Analyse~ .(J.2)Canada iliransr:iortation Safety Boara (?.)Australia 

Australian ir;n;inl?port Safety Bureau (?)Norway Accident 
Investigation Board Norway (1 )UK Ai r. Accidents 
Investigation Branch (O)Germany Bunaesstelle fu r. 
F. lugunfalluntersuchungTaiwan Aviation Safety CouncilN~ 

iliransr:iort Accident Investigation Commission 

44 *Counts include specialists in all modal offices (;)I NTSB 



Human Factors Investigation 
Around the World (2005) 

4 agencies Detailed guidance materials 

4 agencies Human performance checklist(s) 

4 agencies No HP guidance materials 

Data from Boeing Commercial Airplanes (;) INTSB 
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NTSB Human Performance 
I nves.tigators (A v.iatior.1) 

Evan Byrne, Chief -. . • • • I 

Survival 
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Human Performance Investigator 
Initial Goals 

I MINIMUM DATA I 
Actions ••••••••••••••• Event circumstances 

and person's action 

Activitie Lookback............. in days before 
event & toxicology 

Personnel ••••••••••••• Professional, personal 

& medical 
Environment 

background 

Standards 



Human Performance Investigator 
Initial Goals 

. . . . . -. . . . 

Actions 

Background 
✓ Personal 
✓ Professional 
✓ Medical 



Beyond the Initial Launch 

Use the SHEL Model for Inspiration 

Liveware- Perce t 
mana ement controls Automatio 

Liveware-Software P 
rocedures Com u 

'f I NTSB 



Beyond the Initial Launch 

Priorit of lnterviewsTtiose·directl involved in the eventOther 
witnesses airborne on the round Those who recent! 
interacted with the ersonNext of kin /roommates/ close -. 
friendThose who recent! flew/ worked with crew Those wno 
recent! used the same e ui mentSu ervisor s 
Instructors Coworkers who know them wellOther em lo ees , 
who hold the same ·obCom an mana ersformer em 

( f>INTSB 



Beyond the Initial Launch 
Priori! of Other TasksArran e for collection of toxicolo ical 

s ecimensHel secure ersonal belon in s cock it a ers 
camerasCollect activit evidence hotel data etc. Document 
e ui men!/ work s ace / environmen!Observe normal 
o erationsReview CVR/ FDR/ Video/ Radar/ Radio/ ._ 
PhotoReview simulation studies / erform re-enactmentsReview 
certification records technical medical Obtain driver I criminal 
histor Review trainin recordsReview ersonnel filesReview 
re ulations com an olicies SOPsReview o eratin 
handbooksReview trainin materials 

ii )I NTSB 







Beyond the Initial Launch 

Documenting Recent Activities 

72h 

Time Accident 
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Beyond the Initial Launch 
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BEHAVIORAL~'1e~7 
OPERATIONAL TASKEQ 
UIPMENT 
DESIGNENVIRONMENT 
AL 

• Behavior during the event24-72 hour 
historyGeneral habit patternsRecent life 
eventsGeneral HealthSensory AcuityDrug / 
alcohol ingestionFatigueTrainingExperience / 
familiarity / habit patternsOperating 
proceduresCompany policyTask informationTa 
components Task-time 
relationWorkloadWorkspace interfaceDisplay / 
instrument panel designControl designSeat 
design/ configurationExternal conditionslntern 
conditionslllumination / visi9HityNoise / vibratio 
/ motion 

; INTSB 



General HealthSensory Ac 

-MEDICAL 
ingestion Fatigue 

• Toxicological testsAutqpsy;resul_tst\ViiaUon , 

THESE RECORDS MAY BE RELEASABLE UNDER THE FOIA REOJEST 1 S 
DAYS Al'TER SIGMT\JRE DATE vNLESS WE HE.AR OlHE.RVilSE rnOM 
I-MN Si:ICOUII.Sl::L 

u ~. ~,_...,....,,. 
Arortl ,1,l< a lC._....., 

Tuesday, November 30 2004 

National Transportation Safety Board 

1515 W. 190th St.. Suite 555 

Gardena. CA 90243 

ACCIDENT• - tNOIVIOOAU 001 

0,\TE Of ACCIDENT 

PO g,. 1-.o11, 
0.a>O"» C11 ,.,-.. 11•1'; 

WODE A./IATICN 

PJTREFACtlON Ye,s 

Cll.f.ll REfa 





-MEDICAL 

General HealthSensory AcuityDrug / alcohol 
ingestion Fatigue 

ther;" Sources of Medical 
. -'.:.JI-................... __ 111111111_ 

Information I r.iter..viewsP-ersonal medical 
r~cords (SubQoena)P-rescriP.tion records 
(~ubRoena)Pwost-accider.it testing ot ~ar;ioJs 
kinds 

; INTSB 
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• Behavior during the event24-72 hour 
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components Task-time 
relationWorkloadWorkspace interfaceDisplay / 
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conditionslllumination / visi9HityNoise / vibratio 
/ motion 
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• TrainingExperience /familiarity/ habit 
patternsOperating proceduresCompany policy 

; INTSB 



BEHAVIORAL~'1e~7 
OPERATIONAL TASKEQ 
UIPMENT 
DESIGNENVIRONMENT 
AL 

• Behavior during the event24-72 hour 
historyGeneral habit patternsRecent life 
eventsGeneral HealthSensory AcuityDrug / 
alcohol ingestionFatigueTrainingExperience / 
familiarity / habit patternsOperating 
proceduresCompany policyTask informationTa 
components Task-time 
relationWorkloadWorkspace interfaceDisplay / 
instrument panel designControl designSeat 
design/ configurationExternal conditionslntern 
conditionslllumination / visi9HityNoise / vibratio 
/ motion 

; INTSB 





BEHAVIORAL~'1e~7 
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• Behavior during the event24-72 hour 
historyGeneral habit patternsRecent life 
eventsGeneral HealthSensory AcuityDrug / 
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- EQUIPMENT DESIGN --{ • 

Workspace interfaceDisplay / instru ~ -
designControl designSeat design / c 

lnterviewsExarn,ir,\atjon of equipment/ work space 
normal operationsAirplane / e~uipment manualsM 
manufacturer. ~- -~ 
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DESIGNENVIRONMENT 
AL 
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eventsGeneral HealthSensory AcuityDrug / 
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- ENVIRONMENTAL --{ • 

External conditionslnternal 
conditionslllumination / visibilityNoi 
I motion 

• lnterviewsSite visitDirect observations of operational ar,,..,,.,,__,._'-"--",,,.,,,_-",,!J-"":!..=:.io.:::=-i 
before or after an eventCVR / FDR /Video/Radar/ R 
forecasts, observations, radar, P.IREP.sComputer mod 
ROSition 
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Organizational Factors 
Or anizational 

structurePoliciesProcedures1 
y_ 
Mana ementlN 

Fleet Manager Senior Instructors 

Fleet Chief Pilot Curriculum Manager 

Safety Investigation 
Manager 

ASAP / FOQA 
Manager 



Organizational Factors 

Organizational Factors - "Latent Failures"Setting 

Delences 
ll\ldlquate 

Productive 
Acifvhiet 
Uneal• IIC:II 

Precondition& 
Psychologlcal 
preeuraora of 
unsafe acts 

Line Management 
Deficlenclea 

0 
~ 8fld latari faikns 

Q 
Acwelahes 

lalenl falltres 

Lalentfallum 
_ _____ ., Latent lailires 



Safety Management 
GuidancelCAO Doc 9859, 
Safety Management 
ManualFAA Advi$Qry<~frqula.n 
120-92A, Safety 
Management Systetffs: 
for Aviation s ·ervice, 
Providers 

---· 

Safety Management 
Manual (SMM) 
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NTSB National Transportation Safety Board 

CHEMICAL, 
BIOLOGICAL, 
RADIOLOGICAL, & 
EXPLOSIVE HAZARDS 
23-June-2016 

Dr. Paul F. SchudaDirector, NTSB 
Training 
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INING vs. EDUCATION 

Trainin : The goal of workforce "training" is 
to teach people to follow prescribed 
procedures and to perfo¥1-v\ in a standardized 
manner. It is designed to ensure standardized 
responses to predicted ( expected) situations. 
It addresses the current needs and problems. 

NTSB ~~~ . 



TRAINING vs. EDUCATION 

Education: Education is concerned with the 
development of mind and intellectual 
capabilities. The goal of education is to create 
independent problem solvers who have 
sufficient depth of understanding to figure out 
what to do when the predicted breaks down and 
addresses the unex ected occurring. 

NTSB ~:;~. 



TRAINING vs. EDUCATION RESTATED 

IN SHORT: You train for things 
that you lrnow are going to 
happen.You educate yourself for 
everything else. 

NTSB ~~: 



QUIZ!! !The original Phantom Jet was 
the McDonnell Aircraft FH-1 

Phantom. Only 62 were produced (but 
they led to the more powerful F2H 

Banshee). But the McDonnell USAF 
F 4-Phantom 2 was not called by that 
name! What was the original USAF 

designation? 

NTSB ~-i;g_·_ 
.. W • . . . 



The Ghostly Answers: © 
-----"---~---------·~~~-------_,....-...;....· ~-~· ---· ------~-~.....--.-
A. The F4 SpookThe 

FH-2 PhantomThe 
F 110 Spectre The 
F4H Spirit 

NTSB ,~ 
..t_ .. / 



ANSWER: 

The F110 
SPECTRE!!! -

NTSB .,:~·~ . .., . . 



• The F4-Phantom 2 was first designed as a 
USN Fighter under that name. When the 
USAF decided to procure it (or it was 
decided for them©), they designated it the 
F110 Spectre. Robert McNamara (SECDEF) 
asked in a briefing if it was the same aircraft. 
When it was answered affirmatively, he then 
asked why the different name. No good 
answer came forth so he declared that they 
would all (USAF, USN, Marines) be 
designated the F4-Phantom 2. NTSB ~I 



ACCIDENT SCENE 

• Charlotte, NC - 2003Typical 
Damage ... Atypical debris field 

. NTSB 



RESPONDER HAZARDS 

• As with normal 
vehicular accidents, 
overheated brakes and 
inflated tires can also 
be a hazard 

NTSB ·:·~ ·-
.. W • • 
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RESPONDER HAZARDS 

• Beryllium oxides will also 
be present if the aircraft 
has been exposed to fire. 
Beryllium is used in 
hundreds of components 
and its oxides are 20 times 
more toxic than 
arsenicPlastics such as 
viton and teflon which 
contain fluorine when 
exposed to fire will 
produce hydrofluoric acid 



RESPONDER HAZARDS 

• Hydrofluoric Acid 
Burns 

.. ~ \ 
I 
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RESPONDER HAZARDS 

• Sharps!Work with local ER, 
Hospitals, ME's to remove 



RESPONDER HAZARDS 

• Strobe light units can 
also be on 
siteSufficient energy 
can be stored to injure 
and or kill the would be 
rescuerDo not touch or 
handle these units 



Ballistic Recovery Systems 

NTSB /~ ':-
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RESPONDER HAZARDS 

• Pressure? Container Compromised? 

' <f_ .. \j 
Ill: I \ 



RESPONDER HAZARDS 

• Responders should be 
aware that HAZMA T 
can also be present in 
the aircraft structure, 
including: Pressurized 
cylinders, oxygen 
bottles and actuators 

Annular 
Space 



RESPONDER HAZARDS 

Local Floralc 

. '~- . 

' ' - ··;; •~,c~ .'", • .,, . 
: '"' .. ·. ~ ~ ·... ~~,~ '. . ._ ' ·~·~ . . . ' ~ . • __ .. _,. -~ .. ,t# NTSB 1r.~ -..,. 



What is the most deadly snake in 
•. -the-world·?~ · · · ·· · · 

A. The Indian King 
CobraThe Black 
MambaThe Mojave 
Rattlesnake The 
Death Adder 

NTSB ~~ 





BBP SUITS - TYVEK 

• Can rip very easily with all the sharp 
edges.Tyvek is fairly impermeable, 
but not very strong. 

.:, .. ,.°""4 

NTSB (~ 1 'l. ,.., • . •· 
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What We Will Cover 

• Routes of ExposureAcute vs Chronic 
EffectsChemical HazardsBiological 
HazardsRadiological 
HazardsExplosive HazardsMitigation 
of Hazards 



ROUTES OF EXPOSURE 

3 Primary Routes for exposure: 1) 
Dermal (through skin )Can be normal 
contact or through cuts or 
abrasions2) lnhalationGases or 
fumes; aerosols; particulates3) 
lngestionSwallowed either directly or 
through contact with handsAbsorbed 
through stomach lining 

NTSB _,_; __ 



Routes of Exposure: 
Direct Contact 

Chemicals can enter directly 
through the skin ... 

Epidermis 

1 
Dermis I 

! 
Tissue 

Transparency 1-2 

Skin 



Routes of Exposure: 
Inhalation 

Transpatency 1-3 

Pharynx 

Trachea 

Bronchii 

Bronchiole 

Respiratory 
System 



Routes of Exposure: 

Esophagus 

Small 
Intestine 

Digestive 
System 

Ingestion 

Tra-ency 1-<I 



ANOTHER ROUTE OF EXPOSURE 

• Penetration 

~· ..... """'t.. 

NTSB (~ .:~-. .- . 



Why do wounds treated with 
maggots heal much more quickly? 

A. Maggots expel a powerful 
natural antibiotic. They eat 
the bacteria that are 
causing the infection.The 
consume only the dead 
flesh and cells, allowing 
only healthy tissue to 
survive.They don't ... this 
is an old wives tale. 

NTSB (i :· . . . 



Answer! 

• Maggot therapy is also known as maggot 
debridement therapy (MDT). It is a type of 
biothera involving the introduction of live, 
disinfected ma ots (fly larvae) into the non­
healing skin and soft tissue wound s of a 
human or animal for the purpose of cleaning 
out the necrotic (dead) tissue within a 
wound. It is particularly useful for wounds 
from antibiotic resistant bacteria. 

NTSB ~,~·~ . ..,. 





RISK? 

• Risk is a quantifiable entityGenerally 
accepted as:RISK = HAZARD X 
EXPOSUREBoth are necessary 
Mitigation of risk is usually most 
easily accomplished by reducing 
exposureHazard can sometimes be 
reduced by engineering solutions 

NTSB ~,~·~ . ..,. 





CHEMICAL HAZARDS ON-SCENE 
UBIQUITOUS HAZARDS 

• Auto Fuel and AV~ASJE~~.,4 
(Kerosene )Hydraulic (_·-t. --1,,, 

FluidsGreasesComposite ~~ · 
MaterialsElectrical (Bat · · 
Capacitors )Flora and F 

.,:,""'.""4 

NTSB l~ ) 
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CHEMICAL HAZARDS 

• Auto Fuel (No Lead) and AVGAS 
(1 00LL)Auto Fuel (No Lead)Made up of 
mixture of hydrocarbons"Fractions" based on 
boiling points of petroleumVery 
Flammable Leaches (extracts) oils from lipid 
bilayer of skinContains ethyl alcohol (grain 
alcohol) and minor anti-knock agentsAVGAS 
(1 00LL)Made up of mixture of 
hydrocarbons"Fractions" based on boiling 
points of petroleumVery Flammableleaches 
(extracts) oils from lipid bilayer of 
skinContains up to 2grams of Tetraethf 11'18crd ~-!.-



CHEMICAL HAZARDS 

• Auto Fuel (No Lead) and AVGAS 
(1 00LL)Leaching of oils from skin can 
affect transport properties of the lipid 
bilayerMay allow substances through the 
skin that could be hazardous 

NTSB '.~.' 
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CHEMICAL HAZARDS 

• Jet FuelsJET A (Kerosene 
Based)Less flammable than 
AVGASHigher boiling "Fraction" ( cut) 
of petroleumMay contain 
antioxidants antistatic a ents, anti-. ./ . .-
co rros 1 

inhibitori '1• 

I" ! 1! 



CHEMICAL HAZARDS 

-Military BlendsJP - Jet Propellant 



ENGINE POWER 
Lots 1s good 

Mor•e 1s better 
Too much is just enough 



CHEMICAL HAZARDS 

- Military Blends (cont.)JP-1 (older ca. 1944; 
pure kerosene)JP-4 (ca 1951-1995; wider 
"cut" of petroleum but greater availability; 
builds up static when moved)JP-5 (1952-
present; higher "cut" flash point; for use on 
Aircraft Carriers where flammability is an 
issue) 



CHEMICAL HAZARDS 

• JP-6 (Only for use on XB-70 Valkyrie; 
cancelled)JP-7 (Only used in SR-71 
Blackbird; not a distillate but combination 
of hydrocarbons, fluorocarbons and anti­
radar Cesium; requires triethylborane to 
ignite!!!)JP-8 (ca.1990; Air Force 
equivalent of JP-5; kerosene based but 
lower flammability) 



INTERESTING FACTS! 

• Jet-A or JP Fuels TNT Equivalents of ca. 10.2Use 
TWA800 as an example; 300Ibs (a 55-gallon drum) 
is the equivalent explosive power of 3060Ibs of 
TNT! Under perfect combustions conditions!!! 



CHEMICAL HAZARDS 

• Jet Fuels Routes of 
Exposurelnhalation causes irritation 
to respiratory tractlngestion caused 
GI irritation, nausea, vomiting (and 
potential aspiration )Dermal causes 
skin irritation, redness and pain. 
Possible dermatitisleaching of oils 
from skin can affect transport 
properties of the lipid bilayerMay 
allow substances through the skhtJsB ~:c 



CHEMICAL HAZARDS 

• Protective Measures for FuelsGloves 
(not latex - hydrocarbons dissolve 
latex - use nitrile gloves )Overboots 
(not latex)Ventilation (no respirator to 
be used except positive pressure-full 
face )Goggles Fire extinguisher 
nearby (Class B)Tyvek suit 

NTSB '.~.' 
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INTERESTING FACTS! 
• BEEMAN'S Chewing Gum; Longtime favorite of aviators! The gum 

was prominently featured in the movies The Right Stuff, Hot Shots!, 
and The Racketeer. It was considered to be the lucky gum of 
pilots.Charles Lindbergh carried a pack on his transatlantic 
flight!The original formulation contained Pepsin ... an enzyme that 
facilitates easy digestionALAS! It no longer contains Pepsin!!! 

NTSB "-! .-



In 1930, which of the following 
__ characteristics_was_NOT_required.to~be~a---------­

flight attendant? 

A. AttractiveUnmarried 
115 lbs. or lessA 
Nurse 



The ANSWER! 

• There was no 
''Attractiveness'' criteria; 
but they did need to be 
less than 115 lbs., and an 
unmarried nurse! 



CHEMICAL HAZARDS 

• Composite MaterialsFiber + a Resin 
(glue )Carbon Fiber ----------"'"'"''"''""-
• Fiberglass ------• Kevlar fi;.\II!!!fi!t,:•,, -~ · -

---------• (polyam icr}tfJ ,;Jlllf{;At:. 
~ ' ~ , -: ' .:~ ' 

~ / ~ 
,1/,0, 
'!,\,.~ JI:!, 

I -'///.-\ 

. • .• •. 
• . . • . • •. •. 
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CHEMICAL HAZARDS 

• Two substances present:The 
composite itself 8777 

8787 

• Cuboti la,nlna10 • C.r1>on sandwich • Othor composllos 
• Aluminum • Titanlum 



CHEMICAL HAZARDS 
- .- -- ---------. --- ·----------~•--~----

• The combustion products from 
composites 

r~~·,,r 
. ~~ ., 

(

·. • .:'.Nr ~... . 
• ~4:"r.;;,• \ ··., _...,. 

I 
I 



CHEMICAL HAZARDS 

• Composite MaterialTwo major routes 
of exposurelnhalationGreatest 
potential for exposureCollects in the 
lungslittle evidence for damage from 
chronic exposureDermalMajor effect 
is skin rash or irritation 

.. .., ,, ... '°"4 

NTSB (~ 1 
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CHEMICAL HAZARDS 

• Composite combustion productsTwo 
forms:Gases (largely from resins )No 
more acutely toxic than burning 
woodParticulates (from 
fibers )Generally smaller fibers and 
particles that can get into lungs and 
penetrate airwayslack of scientific 
data to prove risk from composite 
particulates are similar to silica 
(asbestos)Damage normally NTSB ~:c 



CHEMICAL HAZARDS 

• NOMEX (meta-aramid fibers )Aramid 
fibers are a class of heat-resistant 
and strong synthetic fibers.When 
subjected to intense heat:Carbon . 
dioxide, water nitrogen oxidesSm , , '·.• 

I I, 

amounts of carbon monoxide and l ~. 
hydrogen cyanide may be produc i 

depending on conditions.In general, 
same toxicity as smoke from burning 
wood NTSB Ir.~ -..,. 



CHEMICAL HAZARDS 

- ParticulatesNeoprene and leather 
clovesF ace mask with proper sized 
filtersGogglesChemical "fixative"Spray 
with polyacrylic acidForms thin · 
the particulatesBut film is very 
easily brokenUnderstand this i 
physical process and NOT a p 
change to the particulate prope 
potential hazards 

NTSB t,_;;_ ..,. 



CHEMICAL HAZARDS 

• Hydraulic FluidsMost commonly PAO 
(polyalpha olefins ), phosphate esters 
& mineral oilMost Common Routes of 



CHEMICAL HAZARDS 

• Inhalation or aerosolized fluids (not very 
volatile )Eye & respiratory 
irritationHeadacheNerve 
dysfunctionVertigoMiti 
gloves and overboots· 
suitsVentilation 

~ ........... ----. ~ _.. ~--.. 



CHEMICAL HAZARDS 

• Beryllium (Be )Six times as stiff 1ittr·;·1 
steellightweightDimensional f!\i~(i 1' .·· 

engines and brakesMinor ----
components of these itemsOverall 
risk is low 

NTSB _,_; __ 



Which of the following materials would have 
_the __ greatest_structural~strengthJ _ __......-.. __ _ 

A. SteelBerylliumHum 
an BoneAluminum 



The Answer! 

• Human Bone! It is by weight:5X 
Stronger than Steel3X Stron r than 

I 

BerylliumAnd 1.5X Strange& 
Aluminum© But tooth e . y 
far stronger than a 

~t-W • • 
' . 



INTERESTING FACTS! 

• Ma nesium is a lightweight, strong 
and malleable metal that forms an 
oxide coating and protects itself like 
aluminum 

NTSB (i :· . . . 



INTERESTING FACTS! 

• BUT!!! Once ignited, magnesium burns 
with an incredibly hot flame (4000oF; 
steel melts at 2500oF) )that is not easily 
extinguished!The older VW Beetle 
bumpers were made from magnesium. 
They sometimes ignited in crashes!!! 

NTSB /~ ·: 
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CHEMICAL HAZARDS 

-Routes of Exposure:lnhalation of 
dust or fumes (acute & 
chronic)Requires massive amounts 
(acute )Breathing difficultv: cough, 
cyanosisDermalMilc 
rashMitigation:Dust 
mask/respiratorGlo, · · le 
and leather) 

NTSB "-! .-



CHEMICAL HAZARDS 

• Oxygen CanistersMixture of sodium 
chlorate and barium peroxidelgnited 
by percussion capHIGHL Y 
Exothermic reaction (releases 
oxygen and heat) >5"~x:c.~:~· 
ma' ·:{(11 ' c,;i;·i-ci-::;r, '. . F.._le.'R . r·rJt;rr;,~T 

Ill . . . / O'Ji;ill_ --- · . l'"l'ral 

ma1 -• ' ·i~~~t . · · · '• fl Q {:~]: · C . .;,: .>~-la . . ~ p 
~ "I I 1 ' ,. . , r · , 

clec If ✓• ~ - ~ ••• r is _J' __ 1 ~- : \ •:· : . :' 
. I--U:L 1tf .-~-
' ·,,,;.-.J. ._,. : N tlu1..;.;1 llH-J ·. 

~· ..... '\"4-

NTS B ~~ _:: 
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CHEMICAL HAZARDS 

• BatteriesThree major typeslead-acid 
(Lead Dioxide/Sulfate & Sulfuric 
Acid) 

NTSB tr_'!;_ ..,. 



AIRCRAFT BATTERY 

• Typically Lead-Acid (Pb-Sulfuric Acid)Sulfuric 
Acid is VERY concentrated and VERY 

NTSB ~-!.-



CHEMICAL HAZARDS 

• Primary hazard is concentrated sulfuric acid; may 
cause severe burnsSecondary hazard may be small 
amount of hydrogen & oxygen gas 
(explosive)Mitigation:Lots of water to remove sulfuric 
acidTyvek suitslatex or Nitrile glovesVentilation for 
possible hydrogen and oxygen gases 

I 

,c=:: ::,,,c-c:;: :a-.ai::. ~ 
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CHEMICAL HAZARDS 
-- ---------. --- ·----------~•--~----



CHEMICAL HAZARDS 

• Lithium and Lithium-ionlithium batterie 
I 

metallic lithium; Very reactive with wat • ._ __ ,e· :- i 

generates hydrogen gasExplosion · ·~~~~~ .. ·-~ 
hazardlithium-ion batteries use lithium 
compoundsHazard is in blocking a meJ 
and having battery explodeMitigation 
(both):Have hazmat team secure and dispose 

.. -,,._. '"4 
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A. Your office deskA 
toiletKitchen 
countertopA car's 
steering wheel 

- - _·--:-:~ ~~---
. - . . . - - . - -

. :·~-,:_ 



ANSWER! 

• Your Office Desk ... it 
actually contains 400 
TIMES!!! More bacteria 
than a toilet! 





Biohazard & Remains 

• Get in contact with local Coroners & 
Medical Examiners - DO NOT 
TOUCH! (b)(G) 

NuSB ~~: 



TYPICAL DECONTAMINATION SITE 

• Normally setup by local Emergency 
Responders 

NTSB -~( 
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1:10 Clorox (hypochlorite):Water 

• Topical for itemsDO NOT USE ON 
SKIN!!! 

NTSB 1r.~ -..,. 



BIOLOGICAL HAZARDS 

• E-ColiHepatitis StrainsHuman 
Immunodeficiency Virus (HIV) 



BIOLOGICAL HAZARDS 

- Escherichia coli (E.coli)Found in 
intestines of warm-blooded animalsCan 

survive _bri~f perio~s o~~t' i _:)}·; ,~-.-·} :.-
contam1nat1onRes1star · .· .. ~/;_-=-~--- · .· i . .-- -. . · , .. , . .. ' -~ ,-- .··.. ' J'~ 

antibioticsRoute of ~--. __ --- · ·:~t-__ ._. · '--~ -~ 

~wood alcohol); et_han ~f"°;:· "~" / ·x·,f ;;( 2i~-~-~ ;~~-

1sopropanol (rubbing a1con 61 , u 10 · -

solutionsCidex (2°/o glutaraldehyde) 
NTSB {~ -: 
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Answer! 
~ --" 3;i: _ -~ 

• TRUE!!!A one hou .r :-_ 
I 

wearing a full hea Se w1 I 
increase the bacteria level 
in your ears by 700 
TIMES!!! 

' 
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BIOLOGICAL HAZARDS 

• HepatitisViralMeans injury to the 
liverThree common typesHepatitis A 
(HAV)Hepatitis B (HBV)Hepatitis C 
(HCV) • 

NTSB ~-~-. ..,. 





BIOLOGICAL HAZARDS 

• Hepatitis (Continued)Hepatitis B 
(HBV): over 2 billion people infected 
worldwideR~ute o~ exposure: ~!"i~-~,,t., 
exposure to 1nfect1ous blood or fy0 

... ~ 
fluidsCan live for one week in_ d~:>i -~~lt..:; 
blood May cause permanent liver · .~~- .·.~• ...J 

damage; cirrhosis and cancer 
(fatal)Can be prevented by 
vaccination 

NTSB "-: .-



BIOLOGICAL HAZARDS 

• Hepatitis (Continued)Hepatitis C (HCV): over 
200 million people infected worldwideRoute of 
exposure: blood to blood contact; Virus can 
survive one week in dried blood!May cause 
permanent liver damage; cirrhosis and cancer 
(fatal)New drugs for treatment (VERY 
EXPENSIVE; $1000/day or more for 90 days or 
more): M_erck Victrelis (66% cur~ rate )V . · ;~lfl1'> 
Telaprev1r (79°/o cure rate )J&J S1meprev1 \ .~_··:~· , 
(combo 68-75°/o)Gilead Sofosbuvir (com ~·:r ·: I 

75%)Gilead Ledipasvir + Sofosbuvir (Ha · · , "' -
(95-98o/o) 

NTSB "-: .-



BIOLOGICAL HAZARDS 

• Hepatitis (Continued)Potentially 
infectious fluids: Blood Saliva~----, 
or vaginal secretionsSkin an 
tissueVomitusCerebrospinal 

b)(6) 

~--~· NTSB ~~: 



BIOLOGICAL HAZARDS 

• Decontamination:Hepatitis A & 
B:Hypochlorites (bleach:water 
1 :1 O)Methanol (wood alcohol); 
ethanol (grain alcohol); isopropanol 
(rubbing alcohol) 70% solutions in 
waterCidex (2% 
glutaraldehyde )Hepatitis C: 1: 10 
bleach:water MAY(?) be effective but 
no evidence 

NTSB "-: .-





BIOLOGICAL HAZARDS 

• Human Immunodeficiency Virus 
(HIV)Virus does not survive well 
outside of the body ( seconds to 
minutes )No vaccine is 
availableTherefore HAZARD is VERY 
HIGH! But with precautions 
EXPOSURE would be low. 
Decontamination: Hypochlorites 
(bleach:water 1: 1 O)Methanol (wood 
alcohol); ethanol (grain alcohol};NTSB ~-:c 
• • 



INTERSTING FACTS! 

• Bacteria vs. VirusesA bacteria is a 
one-celled livin or anism· a virus is 
non-livin iece of RNA or DNA 
covered b a rotein coatBacteria 
can self-re roduce· a virus re uires a 

H~magglotlnin 

\ 



INTERESTING FACTS! 

- Bacteria vs. Viruses99°/o of bacteria are 
beneficial· almost no viruses are considered 
beneficial-their sole mission is to create more 
viruses!!!Most bacteria can be killed with 
antibiotics· there are almost NO effective 
antiviral a ents! Vaccines work b "trickin " 
the bod into creatin B-Cells immune 

· · ·, .. lled" 
4 ·=--
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RADIOLOGICAL HAZARDS 

• You may see any of the following 
symbols 



RESPONDER HAZARDS 

• Radioactive hazards may be on site 
as part of the aircrafts systems or 
cargo 



RADIOLOGICAL HAZARDS 

• There are five types of damaging 
radiation, but only three are of 
concernALPHA ParticleBET A 
ParticleGAMMA Ray 



ALPHA PARTICLE 

• Also known as alpha decay or alpha 
emitterHelium Nucleus (low energy)2 
Neutrons and 2 ProtonsVery ionizing 
but stopped by skin or sheet of paper 
(penetration factor=1 )Common alpha 
decay processes:U238 (DUR)Am231 
(Smoke Detectors)Po210 (anti-static 
wraps) 
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BETA PARTICLE 

• Also known as beta decay or beta 
emitterHigh Energy Electron 
(medium energy)Penetrates human 
tissue to ca. 1 cm ( ½ inch) 
(penetration factor=1 00)Common 
beta decay processes:Sr90 
(industrial testing for 
thickness)Tritium Oxide (watches; 
older signs) 

NTSB ~,! ~· 
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GAMMA RAY 

• Also known as high energy X-
RA VS High Energy Photon Extremely 
penetrating - Very thick lead 
(penetration factor=10,000) (very 
high energy)Common gamma 
emitters:Tc99m (medical diagnostics; 
materials testing; gamma knife) 



MOST COMMON 
RADIOLOGICAL HAZARDS 

• Depleted Uranium (U238); Main 
hazard is chemical poisoning by 
Uranium Oxide rather than 
radioactivity (U238 is very weak 
alpha emitter; DU is less radioactive 
than natural U!)Where faun 
Counterweights (Cadmium 
(800 lbs in B7 4 ?)Container 
transfer of radioactiveslnert 
Reference System NTSB ~-~-..,. 



MOST COMMON 
RADIOLOGICAL HAZARDS 

• Polonium: All isotopes radioactive; 
strong alpha emitter (Irene Curie died 
from radiation effects )Very volatile for 
a metalWhere found :Cargo c 

static devicesMost common ;~-~ : ,,,, ~~-I .,~ exposure:lnhalationlngestiorfl~ · t 

NTSB /~ ·: 
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MOST COMMON 
RADIOLOGICAL HAZARDS 

• Tritium (3H) as gas (3HH) or Tritium Oxide 
(3HHO); Mild beta emitter Where found:Self­
Luminous dials/numbersSelf-Luminous 
signsNot used very much anymoreMost 
common routes of 
exposure: Ingestion Inhalation Dermal M itigatio 
n:Avoid contact; ventilation 



MOST COMMON 
RADIOLOGICAL HAZARDS 

• Radium (Rd); strong alpha & beta, and 
gamma ray emitter; Extremely dangerous; 
replaces Calcium in the bonesEmits 
Radon (Rn) gas (strong alpha & beta, 
gamma ray emitter)Where found:Mostly 
older aircraft on instrument, clock dials 
and numerals RARELY LABELED!!! 
common routes of < ~. II', 'llile 

exposure:Dermalln :'~'9'l 1
\ 0_ Radon , 

gas)Mitigationnone :}:.,?..,;, /1. al; venti~ [ ui 

for inhalation ~--~ · · -~ 
NTSB ~-!.-



INTERSTING RADIATION FACTS!!! 
• Smokers receive a radiation dose e uivalent to about 

300 chest x-ra s annuall due to the radioactive isoto e 
Polonium-210 contained in tobacco smoke that comes 
from the in redients of the fertilizers that are used in 
farmin tobacco.Fli ht crews ilots fli ht attendants 
etc. are classified as radiation workers and are ex osed 
to more radiation annuall than nuclear lant 
workersCrew in an underwa nuclear submarine are 
actuall ex osed to less radiation than the avera e 

erson on land due to reduced back round radiation 
and the shieldin effect of the water while bein 
submer ed. 

NTSB ~-~-..,. 



INTERESTING FACTS! 

• People actually used these!!! 

Radium Bread 

Reformhaus 

WaL.'"" r Schoff el, 
Rekhenberg 

Thorium-Radium Face 
Cream 



INTERESTING FACTS! 
• Manufactured from 1918 to 1928 by the Bailey Radium Laboratories, 

Radithor was a well-known atent tonic that consisted of triple distilled 
water containing at a least one microcurie of Radium 226 and 228 
isotopes. Said to cure stomach cancer, mental illness and restore sexual 
vigor and vitality, it was even advertised as 'Perpetual Sunshine' until it 
gained notoriety when Eben Byers, an American industrialist, drank a 
bottle a day for four year and consequently died in excruciating pain as 
cancer of the jaw caused his facial bones to disintegrate. 

NTSB tr.Tr ..,. 



INTERESTING FACTS! 
• The Radiendocrinator was intended to be placed over the endocrine 

glands to invigorate sexual virility and consisted of seven radium soaked 
pieces of a er, about the size and shape of a credit card, covered with a 
thin piece of clear plastic and two gold-wire screens. Men were advised to 
place the instrument under the scrotum at night like an 'athletic strap'. The 
inventor of the Radiendocrinator (and Radithor), William J. Bailey, had so 
much faith in his products he claimed not only that he regularly used them, 
but that he had drunk more radium water than any living man - he died in 
1949 of bladder cancer. 

NTSB -~( 
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Who discovered Halley's Comet? 
.,______,___. ___ ,_c_.~--~-· ~---· ·-------· ----· --

A. Sir Isaac 
NewtonJohannes 
KeplerSir Edmond 
HalleyNobody 
Knows · 

~ --:~.: :..._. 
-.-­. . ~ -

.. 
. . . 



Answer! 

, . . 
• •• • 1 - I 

. • -No body-·Kn 6,ws, ! -· 11 \/.iaS firsl :: ·_ · ··. · -·., · 
· :_ :recorded'fn ·240 BC andJeb..ifbs- ·. 
:· . ·_eve.r'f is•years· .. .or-so'.:'.lt \Nill._n·e.xt . · : 
. < aPp;ear: i"ri · 20~:_1 .: _ lf~a$. n.a.:rnecJ .. _. .. · :' . 

· .· ... > · · ' _· lirfGl:tPr·~-·H.9Jl~yJ)e_c~~s~ he · '. 
. ; was~ fti•e·_·prnfWhcr .ps~d.l~epler1

~ >: 
- · Laws _of _P1aneJ8ff l\/foti6f{ tq.i - · · _.- · _·· · 
_· -: predict 'it's -oi,bit ahd:-P~ti9df:- ··\ .-_. . . -, _. 

. • •• • • • • • J!' •_ ,, : • • i , • : •• • • • : ' ~ . - :', - '.: M • ·• • • •• • • • ;; I • .-- • 
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-; I .. Iii "" • • lio I • 
0 
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EXPLOSIVE HAZARDS 

• Four explosive factors:lnitiation of 
reactionRapidity of reactionRapid 
expansion of gasesEvolution of heat 

.:, .. ,.°""4 
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The Fire Triangle 
• Oxidizersliquidshy 

drogen peroxide, 
nitric acid, 
perchloric 
acid GasesOxygen, 
fluorine, 
chlorineSolidsMetal 
peroxides, 
ammonium nitrate 

• Fuels:Liquidsgasoline, 
acetone, ether, 
pentaneSolidsplastics, 
wood dust, fibers, 
metal 
particlesGasesacetyle 
ne, propane, carbon 
monoxide, hydrogen 

Ignition 
sourcesSparks, flames, 

static electricity, heat 



EXPLOSIVE HAZARDS 

• Low Ex losives: Burn at a rate of 1 
-10 in./second· normall a mixture of 
com oundsTends to "defla rate" hot 
burnin material heats the next la er 
of cold material and i nites it e. . 

un owder flares rotechnics 
other illumination devices ANFO 

NTSB "-! .-



EXPLOSIVE HAZARDS 

• Hi h Ex losives: Burn at a rate of 
1000-10 000 ds/second 36 000 -
360 000 in./second · normall a 
sin le com oundTends to "detonate" 
which is su ersonic and ro a ates 

throu h shock com ression . 

NTSB ~,! -~ -
. ..,. 







EXPLOSIVE HAZARDS 

• Two types of High 
ExplosivesPrimary: extremely 
sensitive to shock, friction, heat; 
examples are mercury fulminate, 
lead azide, lead 
styphnateSecondary: generally 
insensitive to shock, friction, heat; 
may burn (deflagrate) when exposed 
to flame but may also detonate; 
examples are dynamite, TNT, R~~f3 ~1 



EXPLOSIVE HAZARDS 

• Factors affecting whether an 
explosive will deflagrate or detonate: 
Chemical nature of compound(s) 
Degree of confinement Mixture with 
other inert ingredientsDynamite is 
nitroglycerin mixed with sawdust, 
diatomaceous earth, or silicaPlastics 
can be added to make explosive 
malleableAluminum can be added to 
increase total energy and blast NTSB ~:c 



EXPLOSIVE HAZARDS 

• Two main effects of conventional 
explosives:Concussive (shock): This 
is a result of a rapidly expanding 
volume of gases.e.g. ½ lb of TNT 
(trinitrotoluene) (about the volume of 
a baseball) on detonation will rapidly 
liberate almost a 55-gallon drum full 
of gases! 

NTSB ~,! -~ -
. ..,. 



EXPLOSIVE HAZARDS 

• Two main effects of conventional 
explosives ( con't):Thermochemical: 
Detonations give off heat which can 
also be very destructive.e.g. 
Detonation of approximately ¾ lb of 
PETN will generate 500 BTU of 
heat. This is like burning 3 gallons of 
Jet A all at once. 

NTSB ~,'!-~ . ..,. 



MILITARY EXPLOSIVE 
HAZARDS 

• Most accident scene explosives will be high 
explosives, and may have been exposed to 
heat, sun, electricity and other environmental 
factors that can greatly affect their stability!. 



MILITARY EXPLOSIVE 
HAZARDS 

• Stability - several factors affect 
stability of an explosiveChemical 
Constitution; presence of nitrite 
(NO2), nitrate (NO3) or azide (N3) 
groups indicate thermal instability; 
fire in an accident can make them 
unstable.Storage Temperature: 
Generally highly stable at -1 0oC to 
35oC (14-95oF). MOST explosives 
become dangerously UNSTABL~TsB ~:c 



MILITARY EXPLOSIVE 
HAZARDS (Con't) 

-Ex osure to the Sun: Man ex losives 

decom ose u on ex osure to UV ra s 
of the sun.Electrical Dischar e: S ark 
sensitivit is common to ex losives and 
can cause detonation. Groundin is 
mandator . 



Photographic Examples 

• General Photos and,January 8, 
2003; Charlotte, NCBeech 1900D 
crashed 37 seconds after takeoff21 
S.O.B. - all fatalWhat to watch out 
for?What do you see that's 
good?What do you see that's bad? 

NTSB /~ ':-
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Go Bag 

- Purpose: To have materials and minimal 
equipment available to begin investigation and 

documentation of the wreckage. 

- Every investigator is different and will have 
different needs and equipment. 

-Equipment will also differ depending on which 
group you are working with. i.e. Powerplants 

Group will have different needs than Crew 
Operations Group. 

NTSB /~ ·: 
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Site Safety Items 

• AutoinjectorAtropine (for toxins e.g. 
pesticides) Epinephrine (for 
anaphylaxis; allergic reactions to 
stings, bites etc.) 

Twinject - an easy-to-use, convenient choice 

( TwlnjKt~lurn ln>tnJCUOJ1S fot Uie! 

l,tM!bMlz 
~olflM'f tt..buttons •bo\,f to~rn mo,eaboutlwtnjKt 

AdlTW\n.trilUon tectwliqy• 11 to "'Prns 
and holcf' a9•n~ lheout~ ~ ofyeu, 

thiigh i nd hold for 10 1tconds 



Site Safety Items 

• First Aid KitBandages, scissors, 
antiseptic, burn cream 

.:, .. ,."'-4 

NTSB (~ 1 'l. ,.., • . •· 
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Site Safety Items 

• Hydrocortisone CreamFor rashes, 
stings, bites, inflammation 

C.ompa,e \o \\\e .it live 
inq,edien\ in Col\izone• 1O0 Plust 

_ Maximum Strength 1/;l 
._-- - - _-liljj_ DRTISONE + ~~i/l 

1% HYDROCORTISONE ANTI-ITCH CREAM 

.. - ,,._. '"4 

NTSB l~ ) 
.. , I • • ,• 



Site Safety Items 
-----"- ----=-c-=-=---- ------~--~-~----=---' _._,~------------------~-~-~~~---~------"'--~~ .. --.. ···"~--.a ...... ~--

-.- , . . 

• Hand Sanitizer: Topical for skin · · · ·: _ :,_ -
·- - - - - ·-

c I eansing70 o/o alcohol (ethanol)Very 
effective for bacteria 



Site Safety Items 

• Disinfectant Wipes: effective for 
bacteria 

I -

'! '/~JU 
Fl OHDER NO. U87295 

1tRMICIDAL ,11i5~~c:, 
- PROVEN EfffCTIVl i SAi r ) 



Site Safety Items 

• Sunscreen 

NTSB tr.Yr ..,. 



Site Safety Items 

• Insect Repellent: "DEET"Eucalyptus 
Oil 

flt _,,.._-

, ~.,. , 



• The McDonnell F4 Phantom 2 had several 



A 12 degree Dihedral wing panel 
-about~21J-of1he · ~y--- -

A. It gave greater Roll 
Stability to the Aircraft. It 
allowed for a thicker 
wing and more fuel. It 
allowed for higher wing 
loading and a more 
stable bombing 
platform. Incorporated for 
the Folding Wing Tip 
design. 

.NTSB lWi 
~ .. / 



• ANSWER is A!lt was originally 
designed to be flat; but it was found 
that a 5 degree dihedral was necessary 
for roll stability at high angles of attack; 
it was easier (avoided redesign of the 
central titanium section) to give 
dihedral outboard on the wings to give 
an average 5 degree dihedral overall. 

NTSB _,_; __ 



A ''Dogtooth'' leading edge on the 
• -Wf n·g· -- --- ---- ---- -- -- --~ - --~- --- --· -

A. It was a natural break where 
the dihedral 
occurred.Controls Boundary 
Layer airflow by inducing a 
vortex over the wing and 
lowering stall speed.It was 
necessary for clearance 
because of the location of 
the wing hard points for 
munitions.Required as a 
strengthening feature at that 
point because of the 
dihedral. 

.·NTSB ~ 
~!'✓ 



• Answer is B!lt induces a vortex over 
the wing to control boundary layer 
airflow and reduces the stall speed. It 
also helps to avoid pitch up at high 
angles of attack. 

NTSB ~; ; 



A 23 1/2 degree Anhedral tail 
- --- ---- .. _, ___ -- -- ----:- ----=c.---------------------- -----=-----~----....__._...._._. ____ ~ 

A. Avoids aircraft "Pitch Up" at 
high ADA.Keeps stabilator 
away from wing downwash 
at Mach 2+.Compensates 
for 12 degree dihedral on 
the outboard wings.Allows 
for design of smaller vertical 
stabilator/rudder to fit in 
Carrier Hangar Bays. 

NTSB ·~ 
~ .. ~ 



• Answer is B!lt kept the stabilator well 
away from the wing downwash 
(buffeting and pitch stability) at high 
speeds (Mach 2+ ). 

NTSB ~; ; 





• Answer is C! It kept the hot exhaust 
gases away from the anhedral 
tail©Postscript: All of these "features" 
were the result of poor design work© 

NTSB ~; ; 





BECAUSE!!! 

S'rlJPID IS AS 
S'I'UPID DOES 

Got enough power? 

J:8M.Od J:e.11.oq :i[{)Q 9J:TTI.Da.I U'RO SJJ08:lf8'.l/S8'qO'eOJ:dd'l3 puµ,mM.oa 
IDIAOH = peeds puno~ ':)OUl{ oz + Ptrf.M. TM ':)OUl{ oz 
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1. Investigating a UAS mishap 
. . . . . . . . ~ . . .. 

- .. -
~ - r. 

Ill •· ·· .Ii 
~ II • 
El· • .. - . 

'f I NTSB 



Case. StudYc 

551bs, no injury: not 
accidentNifSB -> 
lncidentF.AA- reguires 
rel'.)ort l'.)e~ COA, ATC 
airsr:1ace event 

*49 CFR 830.5a(l): The operator of any civil aircraf! .. s hall 
imn1ediately ... notify .. . of any of the following listed serious 
incidents: Flight control systen1 111alfunction or failure 

.-, .. -- ..._ 







Initial Investigative Actions 

·f · 1 NTSB 
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4533 fl 

. ~ 0 I 1w3l--- _ 
M,n Avg Ma ~ · , . x cleyat ,on 369 3599 

Range Totals Distance 1 48. m, 

Graph 

\' \ 
~ 

5996 n 
Elev Gain/LOSS 5627 rt, -626 fl 

;7 f, .... 

Max Slope 100 o·% -92 0% 

35°43'50.31" r• ' _78°41
1
19.58" w 

A yg Slope 69 1%, -61 5% 

98 3'l', 

1 08 m, 

eye alt 15065 ft . ~'-

1 48 m, 

,; ·I NTSB 



Build Sequence of Events 

Initiation of Mission Camera vibration 
test Takeoff Takeoff 

History of issues with 
camera Restrained Restrained runup Pilot received 

warnings 

Pilot attempts to 
regain control 

Emergency checklists 

Aircraft lateral motion 

Hazardous event 

Aircraft climbing Aircraft climbing 

Non-responsive 

Changes in 
altitude/speed 

Why? 

Climbs above 400ft 

Hazardous event 

Uncontrolled descent 

Hazardous event 

r .. r 
r 
r 



Investigative guestions 

-

Manual maneuverSf::!ecified 
descriRtion?Even 15efore?Analysis ot 

anywhere? 
encountered 

maneuver,?Gross checl< error, in flight controller; for, 
false hover:-Rowen?Usen manual descriRtions of 
failsafe autoland (not interruRtible) vs. 
autoland (interruRtible) 

initiated 





Initial Event 

written descriRtion of wtiat is being tested ttie aircrafts 
exRected behavior, ana aaaitional communication, and 
safet}". measures.COA:.A: configuration control Rrogram 
must oe in Rlace for, hardware and/o~ software cti!3nges 
made to ttie UAS to ensure continued airworthiness.Use~ 
Manual:3.5.2 P-re-F.light CheckP-ayload - F.ixed and 
configured 

~V INTSB 



-- - - ,.,_ 
- '.O>l - _,,,, _ • 

< - -.,-,, - , -~ :,= -~ ~ -t..,_ .. -
- l .., _ -- . 

o, - u, - •-

X6: copter ascends 
RC: Mode -> autoland -> fl 



Build Sequence of Events 
... •. ·~ ~ .. 

/ . 

i-'-. . 
- ~ 

RDU Airport 

~~) INTSB 





• Who do you answe~ to?Do you really tiave operational 
control?What is you~ response 
Rlan?Notification/CommunicationsTecnnical resRonse team 
Secure appropriate documentation - operational, 
maintenance, legallegal teamMedia 
RelationsEmRloyee/Victim supRortResRonsibilities to 
oversight authorityEven a good operator can tiave a 
mishaRDo you have ability: to aeal witti all of these? 



onse Plan 
'. .-• - • . . 

• • • 
' • • 

• . ' 

• 
• • 

' • I I 

. . . . 
• 

, I • \l' • , , 

• • 

• • • • • • • ., 

, . 
• • .. • 
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Other sample applications 

~'!:"'--~~-· ... , • 

• - • I ,·, ...... . -.- . 
~ .. -
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j )Numerous F.ARs cannot be 



J)rocess 

holders This 
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RC aircraft nave Circula~ 



Next FAA goal - Part 107 

• small l:JAS rule - Not yet effective - NP-RM in Rrocessl!Jnder 55 
lbs. - no minimum weigtitORerator. must 15e F.M cen:ifiea. 
Aeronautical Knowleage test. Recurrent test everY, two 
years.Aircraft must be registered and car~ an F.AA N 
number.sUAS must remain wittiin visual line of siglit of tlie 
operator.No "daisy-cliaining" ooser:versAirsReea not to exceea _87 
knots. No highe~ than 50o"feet.Daylight VMC only ORerations. 

defined 



Next FAA goal - Part 107 

• No OJ)eration oven anyone not involvea in ttie sUAS OJ)eration.No 
Class /!ii.. AliC J)ermission for. Class B, C, Dana surface E. 
Operator. woula aetermine ttie airworthiness of ttie 
sUAS.OJ)eraton determines maintenance and J)reflight (Draft 
AC)COAs no longer. re~uireaP.uolic COAs/Waivers J)Ossiole to go 
outside J)rovisionsMayoe mia 20~6? 

/;>INTSB 





Other Applicable Regulations 

• F.o~ NifSB - F.eaeral acciuisition regulations regarding 
aircraftEthics ana Conflicts of lnterestP.rivacy ana Data Security 
issuesState and t.:ocal regulationsNumerous locales nave passed 
laws regardless of F.AA authorityMaintain site safety/lCS 
coordinationP.ublic ReactionNot regulatoty, out must account 

... -- --- ~- .....a ~----=----- •-----•-. - 1UINTSB 



com mericia I 







UAS as investigative tool - Multi-Modal 

'f · 1 NTSB 



UAS as investigative tool - Repeatable 

'f · 1 NTSB 







Use of UAS as investigative tool - Processing 



Use of UAS as investigative tool - Processing 

= e g .. g l!I g ~ ~ * '"" ,n ·,-. Ii • IJ e ,• - ,:, ,_, ,, ~ ,/:~~\ 
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Drone photography 

. - ~...L ' ,. )_ ·, ., Ill( ,. 
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3. Accident Site exercise 
,- Let's go filMU 

• 

i~~) I NTSB 





Family 
Assistance 
Operations 

Max Green 
Emergency Op-erations Coordinator 

Transportation Disaster Assistance Division 

Fundamental Concerns 
of 

Family Members 
Notification of Involvement 

"What happened?" 

•Initial notification 
· lmmediale factual Information 

Vic t im Accounting 
•·-whero Is my loved one?" 

·Search, rescue, hospitalizalion 
• Search & recovery of fatalities 

•ldenliflcation, death certlftcaUon, 
and retum of remains 

Access 10 Resources and Information 
MHow will I gel Jntormat.Jon and resources?" 

•Crisis counseling/disaster mental he.a1th 

•Information regarding investigation 

•Finandal/logistical 

•Legal rights 

Personal Effec1s ._,._ ,,,.,,_,,_,,,,.1 .. 
•Recowty, p,ooasslng and rekm of personal 
~ 

•.AIIOc:lalad and 1NNCdaled 

; NTSB 
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To Communicate 
Or 

Not to Communicate ... 

Family Assistance Could be ... 
• Accurate information 
• Travel arrangements 
• Hotel arrangements 
• Food and beverages 
• Financial assistance 
• Someone to listen 
• Someone to yell at 
• Recovery/return of personal 

effects 
• A presence 
• Someone in charge 
• Memorial 
• Funeral assistance 
• A secure location to grieve 
• A shoulder to cry on 

• Dispelling rumors 
• A site visit 
• Legal advice 
• Spiritual care 
• Mental health counseling 
• Comfort dogs 
•Childcare 
• Antemortem interviews 
• Toiletries 
• Locksmith 
• Investigative updates 
• Recovery/return of a loved one 
• Words of encouragement from .. . ? 
• Providing realistic expectations 
• Explanation of process 

.??? 

; NTSB 

Family Assistance Provides 

• Information (factual) 

• Consistency (routine) 

• Realistic expectations 

• A place and the people to get answers 

•Safety and security (from public and media) 

•Support in the grief process 

• Reduction in stress and anxiety 

; NTSB 

NTSB AS-105: Family Assistance Operations 
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Family Assistance Might Not 
Provide ... 

I NTSB 

Effective Family Assistance ... 

• Builds rapport and credibility 

• Provides realistic expectations 

• Is flexible based on the event 

• Requires interagency coordination/cooperation 

; NTSB 

On-scene Information Flow 

Organizational Meeting 

Progress Meetings 

Family 
Briefings 

NTSB AS-105: Family Assistance Operations 
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Family Assistance Operations Flow 

0 
0 

REUNIFICATION CENTER 

FRIEN DS & 
RELATIVES CENTER 

Fatality Management 

• Investigate, recover and examine decedents in a 
dignified and respectful manner 

• Accurately determine cause and manner of death 

• Perform accurate and efficient identification of victims 

• Provide for the rapid return of victims to their legal 
next of kin if possible 

• Exchange factual and timely information with families 
in a compassionate manner 

Medical Examiner/Coroner Responsibility 

t NTSB 

Victim Identification Process 

emort ta !. ·1 , Oerlta1 rnrormauon· 

1· Fingef.pf1·~:l tnf_or~a!ip~ , •· . 
DNA reference samples 

Unique biological or • 
medical information 

Radiographs 

Comparison 

ldentif~cation ) 

Postmorlem Data 
Dental remains 

Fingers/ridge skin 

DNA samples 

Unique biological a, 
medical information 

Prosthetic devices 

NTSB AS-105: Family Assistance Operations 
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Family Member Concerns 
• How is the search and recovery of my family member 

progressing? 

• What is the condition of my family member's remains? 
• Whole body vs, other slates of remains 

• When can we see the remains? 

• How will you identify my family member? 
• Metilods (asp. DNA) 

• lt!nglh a1 tirns 

• Why are you asking lot dental. medical. and othet types 

of records? 
• Anternortem dma coll0cbon 

• Who will make the final decisions about 
• Recei~ of informa1ron on me 1dent1fica11on? 

• What happens to group/unidenti fied tissues? 

• The release and final d isposition of remains? 

Personal Effects 

• Evidentiary 

• Sentimental 

•Financial 

Categories of Personal Effects 
Associated with human remains 

ME/C respons1b1bty 

Photograph Redac.ted I Associated with vlctlm name 
Air carrier respons1bi11ty• 

I 

• Ajr carrier responsibility assum1ng legislate-cl accident 

Responsibilities not spcclliod If accident doos not 
, meet c..iteria set forth m family assistance legislation. 

Unassociated 
Air carrier responst.1y' 
Calulog • t.irt'ily rnernbcr rc·vicw 
Uroc!.1ime,;f • rot11in ~" 1 B months 

[ Photograph Redacted 

NTSB AS-105: Family Assistance Operations 
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Operational Flow: Personal Effects 

• On scene documentation 

• Collection I Photograph Redacted 

• Cleaning/making safe to handle 

• Cataloging 

• Restoration 

• Decision driven by policy limits and claimant interest 

• Return to owners/family members 

Keys to Successful Pia nning for a 
Family Assistance Operation 

• Identify response partners 

• Plan and prepare 

• Identify capabilities, limitations and gaps 

• Involve senior management 

• Define and agree upon mindset and intent 

• Recognize family assistance is more than a checklist 

• Understand the process prior to an accident 

Training and Exercises 

• Include family assistance operations UIM' .... · , . 
• Workshops with partner agencies 

• Define roles/responsibilities 
• Tabletop exercises 

• Test viability of plans 
• Full-scale exercises 

• Play out a response 
• Logistics of family assistance operations 
• Movements, materials, etc. 

• Schedule recurrent training 
• Practice, practice, practice ... 

NTSB AS-105: Family Assistance Operations 
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Team Care and Self-care 

• Self-care or wellness programs 
• Employee support services (Employee Assistance 

Program) 
• Peer Support Programs 
• Allow access to external support systems 

Self - Care is a 
priority and necessity 

- not a luxury -
in the work that we do. 

NTSB Response Operations Center (ROC) 
NTSB Headquarters, Washington, DC 

24/7/365 

To report an incident/accident: 
(844) 373-9922 

or 
(202) 314-6290 

Duty Officers available 24n/365 
• Modal Divisions (Av1abon, Highway, Marine, Pipeline, and Rail) 
• Transportation Disaster Assistance (TDA) 
• Public Affairs (PA/ PAO) 
• Government Affairs GA/ GAO 

NTSB Training Center 

j Photograph Redacted 

http://www.ntsb.gov/Training_ Center/Pages/TrainingCenter.aspx 

TOA Division Training Center Courses 
TDA-301: Transportation Disaster Response - Family Assistance 

September 26 - 28, 2016 
TDA-403: Mass Fatality Incidents for Medicolegal Professionals 

October 11 - 13, 2016 
T DA-406: Accounting for Victims Following Transportation Mass 
Casualty Incidents: A course for Emergency Managers, Law 
Enforcement, Hospitals and the Medicolegal Community 

; NTSB 
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Max Green 
Emergency Operations Coordinator 

National Transportation Safety Board 
Transportation Disaster Assistance Division 

Office: 11,... \IC,\ 

Email: 11,.,, \Ir-\ 

NTSB AS-105: Family Assistance Operations 
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Tail rotors stem 







The upper scissors (1) is attached 
to the rotor shaft and drives the 
rotating star. 
The lower scissors (2) is attached 
to the casing and stops the station­
ary star rotating. 

..... ·-.. t . -

t 

Simultaneous 
action on the 3 

controls 

COLLECTIVE PITCH VARIATION 

The bat/joint slides along the rotor 
mast. The pitch change is the same 
on a/13 blades. In the above diagram, 
the pitch is increasing. 

.. 
FORWARD 

Action on the 
fore/aft control 

CYCLIC PITCH VARIATION 

The bal/Joint does not move but the 
swashplate pivots about it. In the dia­
gram above, the pitch decreases to the 
front and increases to the rear. 





Example Airplane Helicopter 

Look for signatures of Propeller blades, Rotor blades, 
engine power and engine(s), fuel engine(s), fuel 
rotational energy. 

Look at structural Wings, fuselage Rotor blades, fuselage 
integrity. 

Look for control Continuity to ailerons, Continuity of controls 
continuity ( cables, rudder, elevators to swashplate, main 
lines, linkages, and tail rotor 
surfaces). 

Look at actuators and Hydraulic, electric Hydraulic, electric 
subsystems. 



















M.ajn 
TransmtssJon 

.I' 
Free-Wtleefing U nil 

Speed-Reductior1 G.eartio:w: 
~ 

Alternate Systom 



MainTransmis 











Soft body FOO damage Hard body FOO damage 
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Rod end disconnect example 

Input rod 

'f I NTSB 
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Lab Examination 

• Beract.i testirag ot craecl< 
valve revealea a severe 
hY,draulic leak.B~racl;ted 
teflon [tape] four.1d ora 
outlet ttareads ot ctaecl< 
valve.Stress corrosior.1 
cr.acl<s four.1d ora botti inlet 
arad outlet erads ot ctaec~ 

--valve. 

~UINTSB 
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Accident Notification 
Call comes in about midnight reporting a DOE helicopter down, 

location outside of "Auchtermucky" around 2130, fatal, cause and 
details u own! Get your bag ready, your being launched! 

• , J 
"' I 
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Man - Machine - E ironment interaction 
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Contlnueci JJJgrr1 ]rrto fJ 0 Brse corLcHtJonsJJ 
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Weather Related}Aa8id 1 

-1 
•• Ii.·•· ·- . 

Environmental facfb ns li-sl .... _ 

J 

leading cause or factor-I.! ~!. e r• . 
majority of '!l·I· a , J, ' · nts/-~. · · ·-· :-· · · :• ·_ ·_ . . l ;r. •I"·. _ ti 

,· 
p· ' .. 





Department of Energy Flight Operations 

B-737-300 
DC-9-33 
B200/350 
Bell 206/407 
Bell 412 
BKI 17 

TOTAL 

(2) High 
(1) 
(5) Mid 
(7) 
(2) Low Altitude 

ill 
19 

31% 

39% 

>-_. ----- f, c.; 
• .SfcRv1cE -·· 

Operations 

• Transportation 

• Aerial Patrol 

• Survey 

Photography 

• Other 



Meteorological Hazards 
• Low-altitude operations 

- Adverse winds 

- VFR into IMC; fog, brownout 

- Loss of control in IMC 
• spatial disorientation 

- Thunderstorms; gust fronts, haboobs & microbursts 

- Winter Wx conditions - whiteout, icing 

• Mid-altitude operations 
- In-flight icing 

- Inadvertent entry into adverse weather (TSTMS) 

• High-altitude operations 
- Turbulence; CAT, CIT, mountain wave 

- High-altitude Ice Crystal Icing 

- Volcanic ash ....... ,&." 
NTSB f~ .1 ~ .. ,, . •~" 



Adverse Winds 

• Crosswind 

• Tailwind 

• Windshifts (45°) 

• High gusting winds 

• Gust fronts 

• Low-level wind shear (LLWS) 

• Helicopters - no wind 
- Transitional lift 

- Loss Tail-rotor Effectiveness (L TE) 

NTSB ..,--::--,, 
. \i 'w _ 

_ .. ..,. 



Adverse Winds Example 

• Fiji Helicopter 

NTSB /~ _·: 
.. .., . . 
", " 



Transitional Lift 
Light winds 1-5 KT- reduce helicopter performance 

• Efficiency of the hovering rotor system is improved with 
each knot of wind. NTSB 1r.! .-



Transitional Lift 
Winds 10 -15 KT less power required 

_ • .J" , 

✓" <' ·<,-,,....- 1(1 TQ 1ij KNOlli 
..... . ...... .... ·-. ._ ·-... . .. ______ ..... 

.. .. 
..... ---........ _ ....... "-._ 

·-.......... ... ... .... 
. ----·--

The leading edge downwash pattern is being overrun and is 
well back under the helicopter. 

NTSB 1r.! .-



Critical Wind Directions 

• Wind direction critical to helicopters approach , landing, or 
at hover: 

- Loss of tail-rotor effectiveness (L TE) 

- Vortex ring state 

- Weathercock stability 

285°-315° 210°-330° 



Mount Hood USAF UH-60 
May 30, 2002 
1351 local (2051Z) 
• 10,700 feet 
• Wind shift 
• Loss of rotor RPM 
• Uncontrolled right yaw 
• Crew survives 
• Damage $3,750,385.29 

NTSB ~~f; 
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Fog and Runway Incursions 

WXM1/4SMFG 
.: .... , .... , 

NTSB f~ t ~ --
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Tenerife, Canarv Islands 
Pan Am and KLM B747's 

March 27, 1977 

------------------- - __ J 

Worst aviation accident in history - 583 fatalities 
61 survivors from Pan Am NTSB ~~:~ 



Average number of days per year with dense fog 

-:. ~ Ji 
____ ___ ,. . 

Q[P ' 

Dense Fog - visibility less than 1/4SM 

KEY 
>40.4 
35.5-40.4 
30.5-35.4 
25.5....30.4 
20.5-25.4 
15.5-20.4 
10.5-15.4 
5.5-10.4 
<5.5 

NTSB 1r.! .-



•,- All aircraft impacted 

• Helicopter operations most susceptible to encountering 
unforecast & local restricted visibility conditions 

• Loss of control in IMC events almost always fatal 



DOE Flight Department Safety Manager 

• DOE Bell 406 returning from survey work coming into for 
landing hit by gust of wind, and began to spin 
uncontrollable, and impacted terrain. 

• Thunderstorm in vicinity 

• Substantial damage & minor injuries 

• NTSB limited investigation (telephone) 

• Boss wants to know what happened and now! 
NTSB - ~~~ 



CEN12LA258 -Amarillo, TX 
Bell 406B, N2068X 
April 26, 2012@ 1645 CDT 

• Part 91 aerial observation 

• Day VMC prevailed 

• Pilot: commercial/CF I helicopter 1,105 hours 

• Wx briefing: ForeFlight, MyRadar, Aero Weather 

• Pilot aware of thunderstorms & lightning close to the 
airport, trying to beat storm in (heading 150°) 

• Caught in wind gust, lifted helicopter & uncommanded turn, 
spinning to the right, impacting ground 

• Helicopter destroyed, 2 shaken but uninjured 

• What happened? 



... causes. 



ElemE ts of an lnve igation 

• Define the environtnent 

• Relate the environtnental 
conditions to the accident 

• Evaluate weather products and 
• services 



Common Elements of a Weather Study 

• Synoptic conditions 
• Observations 
• Upper air data 
• Satellite imagery 
• Radar imagery 
• Lightning data 
• NWS advisories and forecast 
• Weather briefing documents 
• Witness statements & interviews 
• Astronomical data 

NTSB ..,--::--,, 
. \i 'w _ 
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Weather Elements 

- NWS Surface Analysis Chart 
• Define the major pressure systems and 

boundaries influencing the area, wind, and 
weather 

- NWS Weather Depiction Charts 
• Extent of IFR / MVFR / VFR areas 

- Regional Radar Mosaic images 
- NWS Constant Pressure Charts 

• Upper air features and support, such as jet stream 
- NWS Prognostic Charts 

• Forecast conditions 
- Convective Outlook 

• Thunderstorm extent and severity 



AVIATION 
WEATHER 
SERVICES 
Advisory Circular, 
AC 00-45G, 
Change 1 

U.S. OEPAA'rll'EN'T o= OOWIEROE 
MTICNAI.O<:E>NCIWOAT>AilSP'<ERIC....OIAIK,SoMTIO'I 
" ATION1\I. 'l,i&.7,ER SERVICE 

0 
IJ.S. ::>EPA;;~~'ENT o: lR<IN>FORTAT,:,N 
FECE::t.4J.. A•MTtCN/vV,-.,STRA~ 

, • Basic reference guide 
how to read and interpret 

1 all NWS weather products 

• Listed as required 
knowledge in FM Airmen 

, test guides 

http://www.faa.gov/regulations_policies/ NTSB 1r.! .. 
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ary Front 

Trough "trof" 

- Dryline 

- Squall line 

- Outflow 

Boundaries are locations providing forceful lifting of the 
airmass and support wind shifts, clouds, and weather NTSB 1r.! .-



Synoptic Conditions: Archive Surface Analysis from 
Weather Prediction Center (WPC) 
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WPC's Surface Analysis Archive 

Recent United States (CONUS) Analyses 

(No observations, 
color) 

Latest image 
Loop. (3) (7) Days 

(Wrth ob.servabons, 
color) 

(With observations, 
B&W ) 

Latest image 
Loop: [3] [7] Days 

Latest image 
loop. [3) [7J Days 

- . 
p -. ..:; ; 

• ... ~ 1t. 

~. .: , .. , 
- · OJ 

(IR Satellit e Imagery) 
Latest image 

Loop: [3) [7} Days 

'I • 
I ' 't 

(Radar Imagery) 
Latest image 

Loop: (3} [7J Days 

Archive of United States (CONUS) Analyses 

S.i.ct "" imlivtdual mop ttom the arcnr,e 
Ear1iest available map is from March 29 2006 at 18 UTC 

°""'- ! 0S/2!]/2015 T ..... fl5'"v; UTC 
Map I Urrued Slalff (CONUS) v i 

Data from 2005 
Map options: 
• United States (CONUS) 
• Fronts/ Anal sis onl 

Analysis/Satellite Composite 
Analysis/Radar 
High resolution map 

http://www.wpc.ncep.noaa.gov/archives/web _pages/sfc/sfc _ archive:.~hp __ 
Nl~l:S 



National Center for Environmental Information 
(NCEI) Weather Chart Archive 

Home Climate Information Data Access Customer Support About NCDC 

-.,c-o,.,h NCDC Q 

Chart Type Selection 
The Service Records Retention System (SRRS) is an archive and access system for selected National 

Weather Service (NWS) operational products maintained at the National Climatic Data Center. 

NOTE: This system provides National Weather Service charts that are archived at the National Climatic 

Data Center Additional charts from earlier years are available for off/me ordering. 

North American Analysis ~Access to: 
North American Forecast 
Northern Hemisphere Analysis • 
Northern Hemisphere Forecast 
Ocean Analysis 
Ocean Forecast 
Southern Hemisphere Analysis 
Tropical Analysis 
US Radar Summary 

F-¥%1 

• 

• 

Surface Analysis Chart 
Weather Depiction Chart 
Radar Summary Chart 
Constant Pressure Charts 

Define chart terms (opens in new window) 

http://nomads.ncdc.noaa.gov/ncep/NCEP NTSB 1r.! .-



United States Analysis Charts -
Surface south-central Analysis 
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Radar Coded Message (RCM) Plot - Radar Summary 

Plvmouth State \Veather Center 

l\1ake Your Own ... 

Archived Radar Control :\1Iessage (RCI\il) Data l\Iaps 

Radar Control :Me age (RCM) ummarie are com po ite of high re olution NEXRAD reflectivity data that have 
been mapped to lO~km gridded re olutlon. This proces lose ome detail, but It tlll pi·ovide much finer resolution 
than corresponding l\lanually Digitized Radar (l\IDR) report-based map . RCM repor·ts al o are provided every 

"""c,...o-nt-ig_u_ou_s_u"""'s,----. red to the hourly frequency ofl\lDR report . 
New Hampshire 
New England 
Northeast 
Mid-Atlantic 
Southeast 

· cente1· localion(and zoom factor), type, date/time, county option, and size for the map. 

Midwest ---.,...,,=-=t Type: 
Southern r'1ams1 
Northwest 
Southwest 
--VA---

~Reclor Summary 

Center Location: Zoom Factor: 
LKAMA NoZoom =-:3 

Date/fime: 
vJ 12012 v '[Ai>r v '[26 v i !2145Z v ' 

County Outline : 
[No counllM " J 

Map Size: 
]640x,.80 v] 

• NWS discontinued making Radar Summary Charts in 2013 
• RCM image provides a quick radar image 

http://vortex.plymouth.edu/rcm-u.html NTSB ~-!.-



• 

• 

• 
• • , 

• 

• 

• 

• Several large organized areas of echoes depicted, further radar 
data will be required to determine potential impacts ... 

NTSB ~-!.-
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NCEP Qu.-rterty 

Convective Activity 

Current Convective Outlooks 

Cu r-rtnt Day 2 Ou·t:1ook 

Current Day 4....S Oudook 

F or-ecaste.r: HART/LE ITMAN 
f ss.u ed:: 1311228Z. 
Val id : 1 3113002 - 14112002 
F orf!'Cils.t R isk of SeveA!' Stot-ms: Enh.a noed Risk 

F0'ecaster. KERR 
Issued: 13t0535Z 
Valid : tU1200Z - 15112002 
F-orecast R i sk o f ~vere storms: Enh~ Ris.k 

F oree.aster.KERR 
t:u.ued~ 13/0729Z 
V;alld: 1.5112002 • 16/12002. 
Fon-caal R isk of s.v.,.. Stonna: ~ 

FOl'ecast.r. KERR 
Issued: 131084-:tZ 
Valid: 1 6/12002 - 20/12002. 
Note: A S-:-Ve<e weather a.raa depicted in the Day 4-S period 
indicates a 15 % , 30% or h tgher probability for severe 

,.; thunck!,rs-torms ( e_g _ a 1 &%. 30% cha nce that a severe 
Ulu:nder-5:tonn wiil occur w Jthin 25 mile: of any point).. 

Thunderstorm Outlooks 

Retrieving Previous Outlooks 
Enter the date range for previous convective outlooks (e.g., 20030123 for January 23, 2003). 
Web-based archive available since January 23, 2003. 

StartDate:!20160612 I EndDate:120160612 II RetrieveOutlooks 

Top/Forecast Products/Home 



AC 262000 

DAY 1 CONVECTIVE OUTLOOK 
NWS STORM PREDICT!ON CENTER NORMAN OK 
0300 PM CDT THU APR 26 2012 

VALID 2620002 - 2712002 

. .. ::HERE IS A SLGT RISK OF SVR TSTMS ACROSS PARTS OF THC: CENTRAL AND 
SRN HIGH PLAINS ... 

. .. THC:RE :s A SLGT RISK OF SVR TSTMS ACROSS KY/TN :o SC AND SRN 
NC ... 

... SRN/CC:ITTRAL HIGH PLAINS THIS AFTERNOON TROUGH TONIGHT ... 
A COMPACT SHORTWAVE TROUGH OVER SRN CA THIS MORNING WILL EJECT ENEWD 
TO THE FOUR CORNERS TH:S EVENING AND SE CO-NRN TX PANHANDLE BY 
27 / 122 . . . rn RESPONSE TO THE INLAND MOVEMENT OF A LARGB.-SCALE TROUGH 
OVER THE PAC NW . LEE CYCLOGENESIS WILL OCCUR ACROSS THE H!Gfl PLAINS 
OF E/SE CO LATER TODAY IN1'0 TONIGHT IN ADVANCE OF THE M:DLEVEL 
TROUGH . THE LEE CYCLOGENESIS WILL INDUCE STRENGTHENING SELY 
WW- LEVEL FLOW AND NWWD ADVECTION OF THE 55- 65 F 300NDARY LAYER 
DEWPOINTS NOW 03SC:RVED ACROSS WRN OK/ ERN I X PANHANDLE . .. BENEATH A 
VERY WARM ELEVATED MIXED LAYER . GIVEN THE PRESENCE OF THE STRONG 
CAP . .. RELATIVELY LATE ARR:VF.L OF THE SHORTWAVE TROUGH .. . AND A 
SOBSTANTIAL PLUME OF MID/ HIGH- LEVEL MOISTURE/ CLOODS .. . THE MORE 
PROBABLE AREA FOR DAY!IME STORM INITIATION WILL BE ON THE HIGH 
PLAINS FROM Ni:: NM INTO SE CO. HERE . .. AITERNOON TEMPERATURES OF 
80-85 F WILL BE SUFFICIENT TO :;l.EMOVE CONVECTIVE !NHI3ITION . . . AND 
STORM DEV2:LOPMEITT IS EXPC:CTED ALONG :HE SHARPENING L'.::E TROUGH . 

TB'.:: INITIAL STORMS WILL L: KELY 3E HIGH-BASED SUPERCEL:..S CAPABLE OF 
PRODUCING LARGE HAIL/ DAMAGING WINDS G:VEN SOMEWHAT LIMITED BOUNDARY 
LAYER MOISTUaE !HIS Af'TC:RNOON .. . WH::..;: THE LOWER PLAINS REMAIN 
CAPPED. TONIGHT . .. FOCUSED ASCENT IN ADVANCE OF THE MIDLEVEL TROUGH 
WILL HELP ERODE THE CAP . .. AS A WARM FRONT MOVES NWD ACROSS THE TX 
PANHANDLE/ WRN OK AND :iCCBER MOISTURE SURGES NWWD. LOW-LEVE:. SH.2:A..1< 
WILL LI:<EWISE :NCREASE . .. RESOLT:NG IN AN ENVIRONMENT THAT :s MORE 
FAVORABLE FOR A COUPL'.:: OF NOCTURNAL TORNADIC SUPERCELLS FROM EXTREME 
S2: CO INTO SW KS . THE S?.N EXTENT OF THE OVERNIGHT SEVERE THaEAT 
BECOMES MORE QUESTIONABLE DOE TO STRONGER CAPPING . 



Elements of a Weather Study 
• Synoptic conditions 

• ,• •• ,- • • I e ~:, j ;• 

•. '. • L : . 

- Automated Surface Observation System (ASOS) 
• Federally installed & maintained systems - NWS 
• NWS synoptic stations 
• Major airports - full sensor array 
• Almost always augmented by observers - 0600-2200 local 
• High resolution data: 5-min & 1-min data 

- Automated Weather Observation System (AWOS) 
• Federal/State funded - FAA 
• Secondary airports 
• Airports with instrument approach procedures 
• Varying sensors - levels 1, 2, 3 
• Typically unaugmented "AUTO" 

• Observations every 20-min long line (wx circuits}~TSB (~~i 
,,. •' 



Automated Surface Observation System (ASOS) - Federal NWS 
Automated Weather Observation System (AWOS) - Non-Federal 

• Typical location near touchdown zone of primary runway 

CCffi:Ikoru~T 

m~ '/i~ [Il1~ 

Precipitation_. 
Gauge 

Temperature dewpoint 
Sensor 

Freezing rain sensor 



METAR KAMA 262153Z 12019G25KT l0SM TS 
FEW090 SCTll0 28/14 A2984 RMK AO2 PK WND 
11027/2134 TSB47 SLP054 T02780144 



Meteorological Aerodrome Reports 
(METARs) and Specials (SPECI) 

TYPE STATION DATE/TIME WIND VISIBILITY WEATHER CLOUDS 

\ \ I \ \ I / 
METAR KAMA 262153Z 12019G25KT I0SM TS FEW090 
SCTll0 28/14A2984 _ KAO2 PK : D 11027/2134 TSB47 

SLPOt027801 ~ 

TEMPERATURE/ ALTIMETER RMK SUPPLEMENT AL 
DEWPOINT QNH INFO ATION 

See Decode Sheet in Reference Notes 



KEY TO DECODE A .. ~ A.SOS (l\1ET AR) OBSERVATION 

METAR KABC 121755Z AUTO 21016G2 4RT 180V2 40 lSM R11/ P6000FT -RA BR BKN015 OVC025 06/04 A:990 
RMK A02 PK ~mD 20032/25 WSHFT 1715 VIS 3/ 4V1 1/2 VI S 3/4 ~WYl l RAB07 CI G 013V017 CIG 017 RWYll PRESFR 
SLP125 P0003 60009 T00 640036 10066 2:012 58033 TSNO S 

TYPE OF REPORT METAR: hourly (scheduled) report; SPECI: special (unscheduled) report. METAR 

STATION IDENTIFIER Four alphabetic characters; ICAO location identifier. KABC 

DATE/TIME All dates and times in UTC using a 24--hour clock: two-digit date and four-digit time; 
always appended with Z. to indic.ate UTC. 121755Z 

REPORT MODIFIER Fully automated report, no human intervention; removed when obsen·er signed-on. AUTO 

WIND DIRECTIO AND SPEED Direction in tens of degrees from trne north (first three digits); next two digits: speed in 
whole knots; as needed Gusts (character) followed by maximum observed speed; always 
appended with KT to indicate knots; 00000KT for calm; if direction varies by 60° or more 21016G24KT 
a Variable wind direction group is reported. 180V240 

VISIBILITY Prevailing visibility in statute miles and fractions (space between whole miles and 
fractions); always appended with SM to indicate statute miles; values <1/4 reported as 
Ml/4. lSM 

RUNWAY VISUAL RANGE 10--minute RVR value in htmdreds of feet: reported if prevailing visibility is 5 one mile or 
RVR ~ 6000 feet; always appended with FT to indicate feet; value prefixed with M or E to 
indicate value is lower or higher than the reportable RVR value _ Rll / !?6000F1' 

\VEATHER PHENOMENA RA: liquid precipitation that does not freeze; SN: frozen precipitation other than hail; UP: 
precipitation of unknown type; intensity prefixed to precipitation: light (-), moderate (no 
sign), heavy(+); FG: fog; FZFG: freezing fog (temperature below 0°C); BR: mist; HZ: 
haze; SQ: squall; maximum of three groups reported; augmented by observer: FC (funnel 
cloud/tomado/waten,pout); TS (thuuderstorm); GR (hail); GS (small hail; < 1/4 inch); 
FZRA (intensity; freezing rain); VA (,·olcanic ash). -RA BR 

SKY COl\l>ITION Cloud amount and height: CLR (no clouds detected below 12000 feet); FEW (few); SCT 
(scattered) ; BKN (broken); OVC (overcast); followed by 3--digit height in hundredc; of 
feet; or vertical visibility 0/JD followed by height for indefinite ceiling. BKNOlS OVC025 

TEMPERATURE/DEW POINT Each is reported in whole degrees Celsiu.s using two digits; values are separated by a 
solidus; sub-zero values are prefixed with an M (minu.s). 06/04 

ALTIMETER Altimeter always prefixed with an A indicating inches of mercury; reported using four 
digits: tens, units, tenths, and hundredths. A2990 



RE:\fARKS IDEJ\i"'TIJil:R: RMK RMK 

TORXADIC ACIBTIY: Augmented; report should include TORNADO, FUNXEL CLOUD. or WATERSPOUT. iime begin/end. location, movewent: 
e.g .. TOR~ADO B25 ~ MOV E. 

TYPE OF AUTOl\:IAT£D STATION: A02; automated station with precipitation discriminator. A02 

PEAK "'ll\1>: PK \VND dddfl{t)f(bh)mru; direction in tens of degree.;, speed in whole knots, and time. PK HND 20032 / 25 

WTID SHIFT: WSHFT {bh)llllll WSHF: 1715 

TO'\V[R OR Sl""RI ACE \,1S1BILI TY: TWR VIS vvvi.,·: Yi.sibility reported by tower per.;onnel, e.g., : WR VIS 2: SFC VIS n"V\·v: visibility reported 
by ASOS, e.g., src VI S 2. 

YARIABLE PREVAIL~G YISIBILITY: v1S v0,·nv3v:iv0Vvx,·xvxVxY1 ; reported if prevailing visibtlity is < 3 miles and ,·ariable. VIS 3 / 4V1 1 / 2 

\1:SIBILITY AT SECO~l> LOCATION: VIS V\TVY [LOC]; reported if different than the reported pm·ailing ,·isibility in body of report. VIS 3 / 4 Rvff11 

LIGHTil:'.\G: [FREQ] LTG [LOCJ; when detected the frequency and loe-ation is repotte.d, e.g., FRQ LTG KE. 

BEGil\"}.TIG AXD E~'D~G Of PRECIPITATIOX A .. , 1> ~ 'DERSIOR.MS: w'w'B(hh)mmE{bh)mru; TSB{bh)mmE(bh)mm RAB07 

VIRGA: Augmented: precipitation not reaching the ground. e.g .. VIRGA. 

YARL:\.BLE CTILii\"G HEI GHT: CIG hJln~ V~hJl,.; repo11ed if ceiling in body of report is < 3000 fe-et and \"ariable. C:G 0 13V0 17 

CEILIXG HEIGHT AT SECOl'<'D LOCATION: CIG hhb [LOC]; Ceiling height reported if secondary ceilometer site is different than the ceiling height 
in the body of the report. C!G 0 17 RWYll 

PRESSURE RISl~G ORF ALLING RAPIDLY: PRESRR or PRESFR; pressure rising or falling rapidly at time of obse1vation. PRESFR 

SEA-LEVEL PRESSL"RE: SLPppp; tens, uni11,, and tenths of SLP in hPa. SLP125 

HOt"RLY PRECIPIIAIIOl\ AlfOlNT: PmT: in .01 inches since last MET AR; a trace is P0000. P0003 

3- A.."'ID 6-HOCR PRECIPIIATIOK AM:OUXT: 6RRRR; precipitation amount in .01 inches for past 6 hours reported in 00, 06, 12, and 18 UTC 
ob:ien-ations and for pa.st 3 hours in 03, 09. 15. and 21 UTC obsen-atioo..: a trace is 60000. 600 0 9 

24-HOUR PRECIPITATIO='i AlfOID1T: 7R2~R24R~.2-1: precipitation amount in .01 inches for past 24 how·s repo11ed in 12 UTC ob~e1Tation, 
e.g .. 70015. 

HOt.:RL Y TEMPERA TURI. A~ DEW POil'-T: I Sn T •I i I ,SoT'aT'~T' a; tenth of degree Celsius; 5o: I if temperarore below 0°C and O if temperature 0°C 
or btgher. 700640036 

6-HOUR lfAIDIUM TL\;lP[ R.\TURE: lsnT,T&Ts: tenth of degree Celsi11S; 00. 06. 12. 18 UTC; sn: 1 if tempe.rature below 0°C and O if temperature 
0°C Of lugber. 10066 

6-HOUR lfi.."\'L\1:UM TEMPER.\TURE: 2s0TuTnTn: tenth of degree Celsius; 00. 06. 12. 18 UTC: 5ii: 1 if temperature below 0°C and O iftemperamre 
0°C or higher. 210 12 

24-HOUR l:IA..ill:IU:\I ..\ .. "\1> MThillUM ITillERATilu:: 4:>uT~TxT xSoTuTnTc; tenth of degree Celsius; repotted at 1llldoigbt local r.tandard 
time; 1 if temperature below 0°C and 0 if temperature 0°C or higher. e.g .. 400461006. 

PRESSl RI. TENDE~CY: Sappp; die charncter (a) and change in pressure (ppp; tenth1, of bPa) the past 3 hours. 5 8033 

S.E~SOR STATUS IXDICATORS: RVIG{O: RVR mis.sing; P\VINO: precipitation identifier inforruauon not arntlable: PNO: precrpitation amount not 
available; FZRANO: freeZ1ng rain information not available: TSNO: thU11derstorm info1ma1ion not available; VISNO [LOC}: viYbility at ~econda1y 
location not available, e.g., \7ISNO R\VY06; CHIXO [LOC]· (d oud--height-ind1cator) ~ky condition at ~econdary location not a\·ailab1e, e.g .. CW O 
RWY06. TSNO 

l\fAIXTEXA~CE CHECK "C\'DICA TOR: Maintenance needed on the system. s 
i f .10 a!.I::.Gm ar ph.z:aa:n;i de.~ llM Ol<W: u mm=.!,,« C£DDt b. o\u r:cd.. thl- «Ir.'•~ P'O':.? ed. 1?t• 1.., on:ucid. (body cl ar rcoukl) bm C 1 ~ .• h r r, p:l!n. o.u,ev,: f.« Su-ltn! PtHiw. CS:,..~). Sl...~ O w.l1 b. rtpond i: 11 MIT.-t.'-v.·::.U tb• SLPu DX 1.-:ai~1. 



How to obtain METARs 
• Multiple sources for observations: 

- OGIMET International data base 

htt ://www.o imet.com/metars. html.en 

- Plymouth State Weather Center 
htt ://vortex. I mouth.edu/m o/sfc/statlo -a.html 

- University of Wyoming 30-day International data base 

htt ://weather.uw o.edu/surface/meteoro ram/ 

- NWS AWC last 36 hours & graphic 
htt ://aviationweather. ov/adds/metars/ 

- NCAR 5-day archive 
htt :// .ra .ucar.edu/weather/surface/ 

- NCDC Official NWS database 

htt ://cdo.ncdc.noaa. ov/ clcd/QCLCD? rior=N NTSB (i :: 
. . ' 



TYPE SORT ORDER NIL REPORTS FORMAT 

ALL v I Newest the first v 11 NIL reports included v 11 HTML v I 

Day Hour 

.___-=:, '------'=v=il I~ @3 

Station 
Date/Time 

~-=~---7J~v~[ii__3~ 
~~- -'-- I Clean j 

You hav e to set: 

1. The ICAO indexes fr.om desired stations, with a comma or space separing indexes. If you don't know 
the index, you can visit this page 

2. The type of report you want to get 
o ALL It will show METAR, SPECI and TAF reports 
o SA METAR y SPECI. 
o SP only SPEC!. 
o FC Only short TAF reports (validity 9 Hours). 
o FT Only large TAF reports (18 or 24 Hours). 

3. Order of displayed results. You can select cronological or reverse order 
4. You also can decide about to get "NIL" void reports 
5. Output format 

O HTML Rich HTML output format 
o TXT Single plain TXT mode 

6. Begin and end of time interval query. Time is UTC 

http:/ /w .ogimet.com/metars.phtml.en NTSB ~-!.-



Plymouth State - METAR Archive 

Plymouth State Weather Plvmouth~ 
,/ . 

Surface Satellite Radar Upper Air Forecast Tropical Data Research Extras About Us 
Archive 

Enter a four- to six-digit station identifier, output type,year, month, and day. 

Station Identifier: Type of Output: Year: Month: Day: Web/Print: 
IKJFK I RBw Hour1y & Speci61 METAR Obs listinq vJ !2016 vJ JJBn v J 120 v J I Web PBqe v J 

\. I Click Hem to V.ew S"mmo,y 11 R~et I 

Note:;"\ Station MET AR format Date 
• Check a map or this list for possible station identifiers. 
• Click the following links for information on interpreting: meteograms, Raw METARs, or decoded text 

summaries. 
• Online archived data go back to July 30, 1998. 
• Limit 50 data requests per day. 

http://vortex.plymouth.edu/myo/sfc/statlog-a.html NTSB 1r.! .-



University of Wyoming - METARs 
Choose "Region" of the world, select Type of Output as "METARs, then 
select ending date/time for period of interest. 30 day archive. 

Department of Atmospheric Science 
-c- - - - :---:'- ---- --- - -

Weather 
\Wyomfng··•c~ies• Surface. ,Upper'Air ·1:0bservatioos··,.Forecasts 1 ~Polar( 

I Observations I Maps I Fronts I CLimate I 

Surface Observations 

Type of Output detennines what is generated. Listing, ~IETARs, and GIF ~feteogram will obtain 24 hours of data for the selected station. The Hour is not use.cl. Las test Observations will get the 
latest obs vailable. AU O d AU~ s will g e observations for the selected Hour for all the stations in the state oft.he selected station. 

Select a station from the m 

I• I I I I 

Listing v 

Latest ObseJVations 
Listin 

http:/ /weather. uwyo.ed u/ surf ace/m eteogram/ 

" 



Observations 

• Departure conditions 
• METAR KAMA 261953Z 12009KT 10SM CLR 31/11 A2991 RMK AO2 SLP074 

T03110111 

• METAR KAMA 2620532 12016G24KT 10SM CLR 32/13 A2986 RMK AO2 
PRESFR SLP057 T03170128 58030 

• Accident 2145Z 
• METAR KAMA 2621532 12019G25KT 10SM TS FEW090 SCT110 28/14 A2984 

RMK AO2 PK WNO 11027/2134 TSB47 SLP054 T02780144= 

• METAR KAMA 2622532 29029G40KT 1 1/2SM R04/6000VP6000FT +TSRA 
SCT036 SCT060 BKN070 17/14 A2990 RMK AO2 PK WNO 29040/2252 
RAB2154E13840 SLP088 L TGICCG OVHD P0010 T01670139= 

• Falling pressure, stronger pressure gradient & winds 

• Wind direction -30° left of nose 

• High based thunderstorm - microburst conditions or gust 
front possibly involved? NTSB (~~! 

,,, ~,,, 



NWS Observations & Forecasts 

Home Climate Information Data Access Customer Support Contact About 

I tome > Data Access > Land-Based Station Data 

Land-Based Statton .... 

Datasets .... 

Find a Slatton 

Station Meladata 

Climate Data Onhno 

Data Pubhcations 

... 

... 

... 

... 
Manne I Ocean ... 
Palaoc hmatology ... 
Severe Weather ... 
Blended & Global -
Land+ Ocean 

Land-Based Station Data 

Land-based observations 

from instruments sited at Ii 

every continent They incl, 

dew point, relative humidit 

wind speed and direction, 

atmosphenc pressure, an 

weather occurrences suet, 

thunder NCEI provides a 

service associated with lar 

observations These inclu~ 

collection, quality control, i 

removal of biases associa 

such as urbanization and 1 

instrumentation through tir 

multiyear timescales are a 

• Global Historical Climatology Network - Daily (GHCND) 
GHCN-Da V 1$ Ille OIT'IClal a,ctwea data~/ and ,t se/\lt!S 11$ a rep14eement P,odUCl (0, 0/dt!r NCEl-m3 tlla,tle(f 

data~/$ 11131 atf! de,s;gna:t!d (Of dally /f!fflpot3I ff!S0/1,Won (• e OSI 3200, OSI 3201, OSI 3202 DSI 3205 DSI 3l06 

OSI 3208 OSI 3210 ~c J 

• National Solar Radiation Data Base (3284) 

• Integrated Surface Hourly Data Base (3505) 

• ASOS 1-Minute Data (6405) 

• ASOS 5-Minute Data (6401) 

• 15-M,nute Precipitation (3260) 

• Hourly Precipitation (3240) 

• Climate Indices (National, Regional, Statewide, Divisional) 

http://www.ncdc.noaa.gov/ data-access/land-based-station-data NTSB 1r.! .-



High Resolution Data 5-minute ASOS Observations 
Includes Station Pressure, RH%, Density Alt., magnetic wind 

• 15:25:31 5-MIN KAMA 262125Z 11019G24KT 10SM CLR 29/13 A2982 3710 35 
6200 110/19G24 RMK AO2 PRES FR 

• 15:30:31 5-MIN KAMA 262130Z 11020G26KT 10SM CLR 29/12 A2981 3710 35 
6200 110/20G26 RMK AO2 PK WNO 09026/2127 PRESFR 

• 15:35:31 5-MIN KAMA 262135Z 11021G27KT 10SM CLR 29/13 A2982 3700 36 
6100 100/21 G27 RMK AO2 PK WNO 11027/2134 

• 15:40:31 5-MIN KAMA 262140Z 10020G27KT 10SM CLR 29/13 A2982 3700 38 
6100 100/20G27 RMK AO2 PK WNO 11027/2134 

• 15:45:31 5-MIN KAMA 262145Z 12020G26KT 10SM FEW090 28/14 A2983 3690 
40 6100 110/20G26 RMK AO2 PK WNO 11027/2134 

• 15:50:31 5-MIN KAMA 262150Z 11019G25KT 10SM TS FEW090 SCT110 28/14 
A2983 3690 42 6000 100/19G25 RMK AO2 PK WNO 11027/2134 TSB47 

• 15:55:31 5-MIN KAMA 262155Z 13017G25KT 10SM -TSRA FEW100 SCT110 
27/15 A2984 3680 46 5900 120/17G25 RMK AO2 RAB54 P0000 

• 16:00:31 5-MIN KAMA 262200Z 15013G23KT 10SM -TSRA SCT095 BKN110 
27/14 A2982 3700 45 6000 140/13G23 RMK AO2 RAB2154 P0000 

• Note wind 100° -120° at 20-27 KT 



Limitations of Automated Systems 

• Only determine wx conditions directly over 
sensors, not over approach & departure 
routes 
• Not all wx types identifiable, especially 
freezing precip 
• Several different types of A WOS systems 
and service levels - some don't report 
weather type 
• Not all AWOS's in NWS/Fnn weather data 
bases for dissemination - available locally 
only 

NTSB (~ 1 .,,_ ~w, . ,,. ~-.~ 



I 

Air Traffic 101 

Air Traffic Plans and 
Publications 

Environmental Reviews 

Flight Information 

International Aviation 

Nallonal Airspace 
System 

Separation Standards 

Technology 

Surface Weather Observation 
Stations 
ASOS/AWOS 

State jselect a state or territory 

Weather station ______ Go I 
airport ID 

example. KVNY for Van Nuys, CA 

Print 

< Share 

Top Tasks 

Check airport status & 

delays 

Become an air traffic 
controller 

View the Air Traffic 
Controller Workforce 
Plan 

https://www.faa.gov/air_traffic/weather/asos/ 

• AWOSA: 9 
• AWOS AN: 9 
• AWOS I: 9 
• AWOS II: 9 
• AWOS Ill: ' 
• AWOS IIIP: 9 
• AWOS IIIT: 9 
• AWOS IIIP/T: ' 

• ASOS: 9 
• AWSS:, 

• AWOS IV: ' 
• Misc.: 9 



AWOS Systems - varying sensors 
• Varying service levels of AWOS 

111111 
-I 
111111 
-I 
-I 
-I 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 
•1 --

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

Temp 
Dev, 
Pt 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

Altimeter Density Precipitat ion 
Alt imeter Ceiling 

✓ 

✓ 

✓ ✓ 

✓ ✓ ✓ 

✓ ✓ ✓ ✓ 

✓ ✓ ✓ 

✓ ✓ ✓ ✓ 

✓ ✓ ✓ ✓ 

Thunderstom, Runway Freezing 
Lighting Accumulat ion Surface Rain 

✓ 

✓ 

✓ ✓ ✓ ✓ 

Not all systems are alike! 

NTSB 1r.! .-





Upper Air data 
• Worldwide over 900 sites, with ~100 

NWS sites. 
• Rawinsondes launched at OOOOZ & 

120oz 
• Observed information on: 

- Structure of the atmosphere 
- Temperature & moisture profile 
- Freezing level data 
- Cloud bases & tops 
- Precipitation type 
- Stability indices 
- Wind profile 





Department of Atmospheric Scie 
I .~-------------•· · -----

72363 AMA Amarillo Arpt(Awos) 
100 

• • • • I t I I t I 

~ 
SLAT 3S 23 
SLON ·101 70 
SELV 1099, 
SHOW-21111 

R egion Type of plot 

I North America v JI Text: List , 

LIFT -2 53 

~ 
LFTV -279 
SWET 2850 
KIN>< 35 70 

Click on the image to request a sollllding 200 ~ 
CTOT 2270 
VTOT 29 70 

'tv' TOTL 52 40 
CAPE 360.3 

~ CAPV 3972 

~ 
CINS ·381 
CINV •341 

300 ✓ EQLV 263 3 

~ 
EQTV 2629 
LFCT 5641 
LFCV 582.3 
BACH 1 77 

400 

Skew-Tplot 
500 RAW Data 
600 

700 

800 
900 

~ 
BRCV 1 96 
LCl T 284 1 
LClP 782-Z 

~ MLTH 304 8 
MLMR 1068 
THCK 5753. 

~ 
PWAT 27 77 

Y, 

~ 
1000 

-40 -30 -20 -10 0 10 20 30 40 
002 27 Apr 2012 University of Wyoming 

Station Number. 172672 I t I I I . I I I I '· I . 

http ://weather. uwyo. edu/upperair/ sounding.html NTSB l-. :;.-



II • I .I -

START 

700 

800 

\ 

\. 

. •• - ~ ! 
' , 

' "' Ltc 

' \ \ 
I 
\ 
\ 
I 
I 

' ,, ' . 

' ) 
I 

( 
I 
I 
I 

• I 
I 

__,__ -~-- • I 
Temperature Invers10l!_ 

I TROE' Lvl: 43811 fc MSL 
FRZG Lvl : 14777 ft MSL 

ccl &L Hgc: 44425 1ft: MSL 
lfc&L Hg-1;: 3283& ft MSL 

LE'C Hgt: 1649~ fC MSL 
CCL Hgt;; 1229 ft HSL 
LCL HQt: 4156 .ft MSL 

Water: 1.09 in 
Hail, 0 . 25 in 

T2Gust: 16 mph 
Wind.:x, mph 

SWEAT: 285.0 

LT: I -2 .0 
TT: 52.4 
KJ:: 35. 7 
Tc,: 32. 6 •c 

StoDII: 26.l/21 0-6km 
s - ~H: 495 0- 3lcll\ 
s-,cH: 361 0-21cm 
s~rH: 203 o-u,111 

CAPEi+ only: 165 J/k'J 
CIN total: ·552 J/Jcg 

DCA:PE6. 01cm: 9tt J/kq 
VGP 0 - 4km: 0 . 118 
6HI 0-2lcm: .4 

MVV: 18 "Ifs 
BRN: l 

Jc L .t ~ 88,-rn,o 

850 
Subsidence Inv. 
5348~ 

Stn Elev: 3606 ft Radlabon Inv 
_Q_N_H_ =_1_0_1_1 _-9_m_b ___ 900_ -11 4217 ft, MSL 

---~---~----
__ :,,,. 

)_ 
---.I ..::.. ,_ -~•-

DA: 4854 ft, ISA 

925 

1000 

5 

~ 
15 

4 
~ 

~ 
10 

~ 
3 

J~ 2 

5 

r 

0 0 

1050 L_ ________________________________ _,____._ __ __,_ ____ _ 

-10 0 10 20 30 40°C MSL 

• • • • I 
70 90 "F 

http://www.raob.com/ NTSB 1r.! .-



(¾) 

0 887 16.2 14.9 92 
319 877 18.6 11.6 64 
611 868 19.8 12.8 64 

1104 853 19.0 13.0 68 
1204 850 19.0 12.0 64 
1371 845 19.0 12.0 64 
1742 834 20.6 10.6 53 
2465 813 20.0 7.0 43 
3394 786 
4394 759 
5394 732 
5626 726 12.4 3.4 54 
6394 706 
6627 10.0 4.0 
I ' ,'I : : 

nm 1pm max 

20/14 

L-M UGHT 
70/ 17 

L-M LIGHT 
150/9 
165/ 14 L-M 
190/ 22 
185/ 23 3.45 1296 MD-SV 

L-M 
200/ 27 L-M 
195/ 35 

• Pressure 
• Height 
• Temp/Dew T 
• Relative Humidity 
• Wind data 

Analytical data: 
• Turbulence (CAT) 
•LLWS 
• Icing 
•MTN Wave 

NTSB 1r.! .. 





200 mb Wind Speed (kt) 
500 rob Wind Speed (kt) 
700 rob Wind Speed (kt) 
700 rob Dewpoint Depression (C) 
850 rob Wind Spee d (kt) 
850 rob Dewpoint (C) 
700 - 500 rob lapse rate (C/km) 
Boyden Index 
BRN - Bulk Richardson No . 
BRN Shear (m 2 /s•) 
CAP Strength 
CAPE 0 - 3 km, AGL 
CAPE Total 
Craven SigSvr Parameter (mixed-layer lift) 
CT - Cross Totals 
DCAPE 6 . 0 km, AGL 
Delta Theta-e (ePT) 
E.HI - Energy Helicity Index 
GOES mu (Hvbrid Microburst Index) 
Hail (inches) 
HI - Humidity Index 
JI - Jefferson Index 
K Index 
KO Index 
LFC-LCL height (m) 

LFC - Level of Free Convection (mb) 
LI - Lifted Index 
MDPI - Microburst Day Potential Index 
NCAPE (Normalized CAPE) 
S Index 
SCP - Supercell Composite Parameter 
Severity - Thunderstorm Severiry Index 
SHIP - Significant Hail Parameter 
SI - Showalter Index 
srH - storm-relative Helicity (0-3 km) 

STP - Significant Tornado Para.meter 
Surface Dewpoint (C) 

SWEAT Index 
T2 Gust (kt) 
TI - Thompson Index 
TQ Index 
TT - Total Totals 
VGP - Vorticity Generation Parameter 
VT - Vertical Totals 
Waterspout Index 
WBZ - WetBulb Zero Hgt (ft,AGL) 
Windex (kt) 
WMSI - Wet Microburst Severity Index 

Weighted Category Totals : 

51 

17 

-7 . 7 

1 

8 . 0 
0 
- 387 
6 

8 .3 
0 . 4 
6 

3760 
553 
-2.0 
0 . 4 
0 . 03 

0 . 3 

0 . 1 

285.0 
14 

1 

21 

39 
35 
6 . 0 

12.0 

22 . 7 
949 

0 .25 

-2 . 8 

14 . 9 

14 
52 . 4 
0 . 178 

9905 

13 

101.6 

207.4 

16 . 4 
32 
35 . 7 
-4 . 7 

46.4 
12 . 3 
0 . 9 

495 

38 

29 . 7 

12 

RPM= 26% 

Stability of the 
Atmosphere 

• Lifted Index (LI) 
• K-Index 
• Total Totals 
•CAPE 
• WINDEX 

NTSB 1r.! .-



• Remote location 
• Helicopter event far from 



• Aircraft Communication Addressing and Reporting System (ACARS) 

•Meteorological Data Collection and Reporting System (MDCRS) 

•Aircraft Meteorological Data And Reporting (AMDAR) 

Select I Show: WindSpd Soundings 

Default World I Overlays ] I Overview I 
I) ~ IA< 
~\\··. ·. V 

, 11· · .. 

V 

:g '::"' 
' t ... ... .., .. 



NOAA/ARL Model Sounding 

-,.....· ~ ·-
Air Resources Laboratory 
Con~tlng re1urch and development In the fields ol alr qu.Uty, abn~herlc dlsporslon, cll11111te, and boundary layer 

.!.ARt It°""' 

• HYSPL IT Uodel 

• RtAOY 

·-"~"' .. 1,on,pon 1 0--

• Get.,_ llnPUI 
•V.-c.nocAII, .r,-c..-

READY Archived Meteorology 

Archlnd Model Gn phics 

Choose a ,o,ec,.91 tocai!Of'I by ~ :a 1 M 4-dLaf'aCHf JIIAIOn l<fe1"4ftler 0t t ~ w,,o lndb iunbtr-o, a 
IAbludall~pn iJttdlttndiCkiM Conbnu1 trutron «o,cacbngoo.,_ MK.lalon 1n tne m~P- You WIii be t:w.en 

so~moo.-p1octucts1e<:Oon trrf~OftAR1.'ld2'1Jl'OIMat:Mllabllal ""', 'Itr .,,1 jl,t'.flhp, x µnri, 

[ S.i.ct • Location ' 

U•lng a Code ldendfler 

-o,'M,1(1IO L 
OR By Selecting a U.S. or World CJty 
Or choose a c"'f- > 

_,...,_ 
OMcl< 

• ~.f<ango(­
Dlspo(llan f o«a.,. 

• Ga.lULlr\JIIUmtUtadll 
• -rt,gl>r 

rcncnar,oroo11 II 
& longkude 

uwoe (dogree•) ] 

Lon911.J<1e (l\n, •O) .____] 

• et.,.,. & foncnt 
~~ .. .. ' . . ' . ' 

--=---.::i ,. .. -
1i:-::ti;f 

o ·t ;:,e,· ~ .. ' . 

enter latitude) longitude • 
in decimal format 

·---Ody 
• 11EADYl11iu, 
• READ'I' TOOi• 
•JorKUf O.qJnklr1'1i4110n 

• fJrtJICJ fc.rftAM Dau 

•A-P.,Lt-­
•htrKIN~o.r.t 

•RUOY.,,_ 
• R--.&l .. , 

If tfYs.Pl.11 V.nlc:dlea -• Alf Quahl'( 

I .. . . ' . . 

·30 ~ 
-150 -120 -90 · -6~ -30 

-60 

Th• following NOM NCOC Archived Proclucis m,y be helpful 

' '"''-'-'-==-"'-"-'""""'"'= "-

http:! /ready .arl.noaa.gov/READYamet.php 

Good source for 
foreign accident 
investigation 
where data is 
sparse and other 
remote locations, 
and for in between 
sounding launches 

NTSB 1r.! .. 



Air Resources Laboratory 
Conducting research and development In the fields of air quality, abnospheric dlspersfon, climate, and boundary tayer 

ARL Home > READY > Archiv ed Meteorology > READY Program Options Menu 

READY Program Options Menu 

I 
I 
I 
I 
I 
I 

READY PRODUCTS FOR LOCA TlON: 40.91 -123.25 

DISPLAY PROGRAM MITTOROLOGICAL DATA 
•.11 1· , 1.'.T :time? 

_:__:__ -~-~~ - - ~~- -

MITTOROGRAM E==::: Oloose An Archived Dataset---

WINDGRAM ~ Oloose An Archived Dataset---

WINDROSE l NAM (12km, 3 hourly. U.S.) 

-
SOUHDING Oloose An Archived Dataset---

STABILITY TIME-SERIES r- Oloose An Archived Dataset---

2D MAP (NCAR GRAPHICS) 

2D MAP (P SP Lon [.= _ Oloose An Archived Dataset---

Select display and model data 
NTSB 1r.! .. 



Air Resources Lahoratory 
Conductl°' rnnrch and dBYelopment In the fields of air quality, abnosphel'fc dlsper$1on, climate, and bollnda11 layer 

This program will plot user selected meteorological fields on a map with options for color filled, color lines, 
and map s12enocation. 

~ North American 
'.;/ 

The NAM12 archive file contains data beginning at 0000 UTC 8/06/2009. 

Change Default Model Parameters and Display Options 

Note: choosing a contour interval (X) for Wind Vectors causes only every X vector to be plotted. 

Choose date/time: 'osE) Day: 06-S Hour:@n!l: 

overlay two fields? ~· tl o Overlay ~• overlay 

Meteorological Field(s) Available 
Level to 

Contour Settings 
(SFC = surface field; 3D = above surface plot type interval field) 

First Field: 'sFcEl Color CortOID _.El 0.0 
Wm Rags (SFC/3D) _ El 
0Ver1ay Field (if selected above): SFC_E] 0.0 
Me,in Sea level l'res!ure (SFC) l•J 

Graphic size (pixels): :isoo _ 700 ) 900 ·~ 1200 

Create PDF? '-•Yes i~ No 

Map Domain •Full Grid '" ' Subgrid 

Map Subgrid Center Latitude (degrees): 40.91 Longitude (degrees): -123.25 I 
Map Subgrid Radius (degrees) 

--
20 

Type your access code (displayed al right) into the text 
HG'N"'AZ FO CUI\LV 
!tT.:IIZNltl>N'llTLfT 

boll This code is an image mat cannot be read 1:>y a ~~l!ltN~ i 
computer. This access code prevents automated "O M '' MOUBGCIXM Y VC 

programs from requesting access to READY products. OKOlJMGIIEY J~YWG 

Enter the access code from the box above to request 
which have saturated the system denying others from product (case insensitive): IZPNVR [GedJ\111111,1,ul 
obtaining products in a timely manner. I Reset I 
READY Use Agreement 

Mesoscale (NAM) 
numerical model 
12 , 3 hourly 
data for the U.S. 
or 
Global Data 
Assimilation 
System (GDAS) for 
1 ° gridded data 

NTSB 1r.! .-



North American Mesoscale (NAM) numerical model 
for 21002 over KAMA 

I 
'TllOP LVl 4&918 !t !-!S'L 
FRZG t.v t 14949 ft MSt. 

I C~l!:L Hg< 43249 ft: MSL 
I l~cEL 11qt i320e Ct ~L 
I L!'C fkrC lZ268 tt M.St. 
I C:CL Rgc.: 1223l h >Ill~ 

i LCL Bo-t: 11556 tt. MS!. 
~ lfat:er o.~ 1n 5 I Hci.l : 0.23 .u, , T2-Gtut: 69 mpb. 

I 111MEx: 75 lllPn 
I SWl:AT: 552 6 15 

CAP : d .6 
600 L Lir --e.~ ~ I TT' 59, 9 

600 690 I KI : 29. 0 

F!Wllng l """ 1/nbl I Tc: 31.0 •c 
I S t o~: 261/n 0-61cn 

Storm Character I s-rH: .31 0-Jlan 
~ s-tHJ 36 0-21<m 

I LCL ,-r-Ji: 7 0-lkm 1~:J~ j 
23!1) J/k<1 I CAPE~ Only: 

700 \ 
Cilf t<>t.l: -6 J/kO 

= ~lair: -itt5 J/k,r 

J \ ' S..-cena \ VGP 0- 41ao: 0.21? 3 10 

~ 
\ !J!l 0 - 21cm: , S 

' 1'!\'V: 69 air, 

' aRN: 24 

'- L~ w• 19 d, .... ... 
' ' .!O 30 40 .... ... ....... 

800 ... 2 

Ory Mierobursl Po1ential t 

I 
Gu!.'N > .:Ok!'i 850 f 5 

1 "' IQIICJl)OI I 
Gu.a. • JO~ 

,..,., 
cr=.a. 900 

T110111r, <1tr',r'5D"Cl'¥J: 
w~-,.:-gt11b 925 

.5 0 5 10 

1JPpe1 l ....,...,,..b,111ylnde• 

Stom, Category 
A1"' • ,S-. 

1000 0 0 --- 1050 
We.ak Mod Stroog 0 10 20 30 40 50-C MSL 

Unstable atmosphere (LI -8) with moderate-strong likelihood of strong to severe 
multicellular to supercell type TSTMS due to increased shear NTSB ~I 



Elements of a Weather Study 
• Synoptic conditions 
• Observations 
• Upper air data 

- Infrared - cloud tops temperatures (CTT) 
- Water vapor - jet stream, troughs, turbulence 

signature - moisture channel darkening 
- Visible - high resolution imagery (1 KM) 



Geostationary Operational Environmental 
Satellites (GOES) 

~ . 



Alternate source for Satellite Imagery 
Short term archive - 5 days 

'- .: • ..-..ar ~ ....- ~- ..._._ The'National Center for Atmospheric Research 
-~ ~ . _ "'- , _, ·· Operated by the University Corporation for Atmospheric Research 

NCAR -.,RAP Real-Time Weattier .Data . 
- ,_.i ' ' . ·-=-~ ._ ., ~~ -: .. 

Home / RAP : Weather Home · Radar Surface Upper- Air Forecast 

Images from GOES- 12 and GOES-10 satellites: 

0 Visible 

0 Infrared (Color) 

0 Infrared (B/W) 

0 Water Vapor* 

0 Shortwave IR* 
* Contiguous U. S. images only 

Multi-Spectral: 

0 Channels 2-4* 

0 s/ w IR reflectance* 

0 Icing Product* 

End date: 23 Apr 2007 v 

End t ime: 2000 UTC v 

Loop durat ion: Single image v 

0 Small size O Large size 

Co tiguous U.S . 

GULF JUA 

"' 
http://www.rap. ucar .edu/weather/satellite/ NTSB 1r.! .-



@NOAA GEOSTATIONAR~ 
SATELLITE SERVER 

GOES Home I Ima at a Glance 

GLOBAL 

FUIOJSk 

HEMISPHERIC 

GOES-Ent 
GOES-West 
IJeteosat-10 (flSG 

MTSAT 
East/ West Composies 

REGIOllAL 

Norttlwesl 
W~Central 

Souil\west 
Northern Plans 
Central Pl3ns 
Sou1h Central 
Great Lakes 
Midwest 

Southeast 

Northeast 

Mid-Atlanllc 

STATE WFO SITES 
Eastern 
Southern 

Central 
WttStem 
Alaska 

Hawan 

SPECIAL IMAGE SETS 
Trop,caJ floaters 

Special Hazard Floaters 

TropJCIIJ Atlantic (Wide) 

Trop,cai first Pacific (Wide) 

MISCELLANEOUS 
PrelllOUS Web Sile 

Cominental US (NHEMJ Sector Infrared 

GOES-West GOES-East f.leteosat-10 (MSG) Meteosat-7 P,ITSAT 

Global l IB I VIS I II Global I IB I VIS I II Global I IB I VIS I II Global I !B I VIS I II Global I !BI VIS I 

Hemispheric II Hemispheric II Hemispheric 
I I Hemispheric 

www.goes.noaa.gov 
Note: I.lost of the previous version of the GOES Geostationary Server web srte continues to exist and in time will be integrated 

into the new look and feel. » Previous web site 

3 week 
archive 

available 
frotn 

NOAA 



ORGANIZATION SERVICE S PRODUC TS OPERATIONS 

Satellite Imagery Products 

Archive I Composite I .EAQ... I Geographical Information Systems (GIS) I Geostationary Satellite Server I Land Sectors 
Ocean Sectors I Current Image Overview I Hazard S ific Ima e I Fire/Smoke I Tropical Svstems I Volcanic Ash 

Archived Satellite Image 

Detailed Product Information 

Local Archive 
21 Day GOES Archive - GOES East I GOES West 

Additional Archives 
Com rehensrve Lar e Arra -data Stewardshi 
NGOC GOES Archrve 
NGOC GOES Archive 
University of Wisconsin (SSEC) 

Historical lmage,y 
Operational Significant Event Imagery (OSEI} 
Saved Tropical Imagery: 

Humcanes of 2005 
Humcane Sandy (October, 2012) 
SuperTyphooo Haiyan (November, 2013) 

21 day archive 

- - ---- ---- - - -- --- --- - --- - - -- -- - - --- -- -- --- ---- -- -

http://www. ospo. noaa. gov /Products/ imagery /index. html 



~ NO--AA- GEOSTATION~,R~ 
~ I SATELLITE SERVER 

GOES Home I Ima e at a Glance 

GLOBAL 
Ft: :i GOES East Image Search 

HEMISPHERIC 
GO ES--::3.f 

Choose !he sector, chal\1':1?1. day alMI time you v,ant to view Ont;, ttse last 21 days oi images are online. 

'3OE S-\~6t 
Mc"ea&a!-10 (1/.SG 
MTSA, 
E3et We-Et compoettee 

REG+ONAL 
Cs"'1 est 

W:S< Caitra 
SOUVl'&~&t 
Nor.l'li:ffl ::JI.air:& 

CEcnlra P aln~ 

SOUit. C~tn 

Gf!:3.t lak"': 
,mwi:,1 
S.:ic1tt.i:::st 
NOO!'le3Sl 

tl!O-.\tla rrtlC 

STA"'cWFO SITES 
E3E~f11 

SOU"Jlim: 

Central 
wes:err: 
Al3SKa 

WHAT SECTOR? 

~s•):!--t4ffit•m•@----
GoEs EAST HURRrc~ 

\VHAT DAY? 

SUNDAY 
MONDAY 
-uESDAY 
WEDNESDAY 
-HURSOAY 
FRIDAY 
SATURDAY 

Si.bmrt Cho,ce 1 1 Rese1 

WHAT WEEK? 

TI-I IS Vll'EEK 
LAST WEEK 
2NDWcEK AGO 
3RDW:EK AGO 

WHAT CHANNEL? 

WHATID.U:? 

(scroll to see more times available) 
, 1u.r.,,1 

00452A 
01 152 
01452 V 
02152 
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~ I 

~ 
~ ,., -. I 

l 26 APR 12 117 2 1450 · 493 11318 00 .25 

GOES-13 Imagery 2145Z on April 26, 2012 .. ···--•, 
CCT 212° K (-61 ° C) MA sounding tops 41,500 ft NTSB :_~ _: 



Stability indices 
- - - -- . 

• Sate_llite:im?gery_ 



WSR-88D Radar Coverage 
NEXRAD Coverage Below 10,000 Feet AGL 

VCP12 Coverage 

L ] 4,000 ft above ground lever 

6,000 ft above ground level· 

10,000 ft above ground level' 
• 8ottoim of bum heig'11 cn,um,ng Stand;ard Almo'9'1e..: Rofraet;on) 
Tt 1Tal11 blockage 1~1calld "'.,.,. ~ or more of i,.;am b•oel\ecl 

0 125 250 500 750 Miles 

• • • • 



KEY 
More than 80 days • 65 to 80 days 
50 to 65 days 
40 to 50 days 

Average Number of Thunderstorm Days per Year 

30 to 40 days • 20 to :JJ days 
10 to 20 days 
0 to 10 days 

~ r 

- \ ... . 
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Obtaining Archive Radar Data 
..-,; '-·-•· ...._. Tltt!' National Center for Atmospheric Research 

~ _, • Operated by tho Un1ve,-;11y Corporation for Atmospheric Research 

RAP Real-Time Weathe r Data 
-~ - --- ---Home / RAP: ' Weather Home Satellite 1::c: Surface Upper-Air Forecast 

NEXRAD images from WSR-880 radars 

Product: 
0 0.5° Reflectiv ity 

0 0.5° Velocity 

0 Regional reflectivity• 

0 Lightning** 

Background: 
0 black 
0 gray-shaded terrain 

0 color-shaded t errain 

Cont iguous U.S. 

End date: Today v 

End time: Most recent v 

Loop duration: Single image v 

. .. : ' ··-· • :.:._' . 
• : • •· 11 • • - •· ·. :. -.. 

PPD 

PE.c Alaska 
/'6C l'HG 

Pl<C Alfi 

.. : ·-·~• •·1~·• ...... _ ··. . ' 
~ .. ., . 

·• . :;. .. ,- . 

llRO 
JUA 

' ' 

FIii 

* Reg ional im.,ges a re only a""llable for Contiguous U. S. and the choice of background colo r does not apply. 

** Lightning d atil plots are only available to . ucar.e du a ddresse-s. 

• National Wei!lthe r SeNice national mosaic 

• Nat ional W@ath .. , s .. rvi c<! I Radars by State VI ~ 

Research 
Applications 
Program 

5-day archive 



Raddr Data in the 
NOAA Big Data 
ProJecl 

Display and 
Conversion Tools 

Decoding Ut1hlies 
and Examples 

.., 

Interactive Map Tool 

NEXRAO 

NCXRAD Radar 
Products 

T erm1nal Doooler 

• 

Radar Data 
Radar, an acronym for radio detection and ranging, 

is an object detection system that uses radio waves 
to determme the range, altitude, direction of 

movement, and speed of objects The antenna 

transmits pulses of radio waves or microwaves, 
which bo1tnr.P. off anv ohi@r.t in lhAir oath Th@ ohi@r.l 

• R.idar Data in the NOAA Big Data PrOJecl 
All Level-2 NEXAAD Radar data 15 currently available 111 cloud lnfrastruetures. 

• Next Genera tion We.ither Radar (NEXRAO) 
lnformatioo on the NEXRAD Mtwork h1stc)(y, documentauon, base dala, and 
derived product$ 

• Terminal Doppler Weather Radar (TDWR) 
lnformatJon on the TDWR netwo,lt history documenlataon, and derived products 

• Radar Display and Conversl()() TOOis 
Radar data rs in a custom binary format The Vtsualiz:ation arid decoding of the 

data requlfes specIatazed software. 

• lnteractrve Radar Mirp Tool 
Supc,lementat data 111 support of lhe radar archive, mclud1ng hisloncal flve-m1nu1e 
rellecttvify mosaics for the ton1Jnental Unit~ StatM, radar coverage maps and 
map-based s1le sel@clJon tools 

• Severe Weather Data 
Several severe weathe, data:selS l!JUsl 1neludan9 tne Sever@ Wea!her Data 
Inventory (SWOI) L.iglitrnng Product$ and SeN1Ces, Storm Dal4 and lntemanonat 
81.'sl Track Alchlve for C~mall.' Stewa,dship SWDl conlalrts a database of the 
NEXRAOfTDWR traclled st:oml attributes including storm srructure hail 
muocyclOne, and totnado vortex signature. 

collected by 
tat events. 

itection 
10n of 
rating 



NWS National Radar Composite Archive 
Radar Data 

I~ • • 

_,,,,. 

Gulf of MU/CO 

..• on­,..,.,. • ... ., 
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Nf.XRAO Arch ive Accoss 

Dai.Acceu -Seiet1&1Mo11> 
SMctB',•Ust 

S..t81COUl'C1 C~1 Zc,COO. 
(Clwna<"oata ~ ) 
HISlOntal RB&!c:1',Ctand 
C.,_..,ageMapi; 
set"<t Br llff> .-. Flit (9.11, oroen 

Oocumen10bon 
Attl!ovt .-.:I AtcllS• Slabs:.cs 
0-..,_ H_, 
NEXRAO l'rOGucl US: -~-ala Rac.ai~C-wt 

Ellemal Rnou1ces 
NOI.M'l.-.Sv~"1A.ad..­
NOM T·a J'10 MlT81 

NEXRAD Data Archive, Inventory and Access 

... 
• • ••• • "! • • • • : . . . . . . . . . . .. . . . . .:~:-.:: .. :.· . . : : . . . . . . . . . ....... . ... . . . . :. . ·, . . . 
~ . ·. . . : ...... :· :· .. 

• ••:•.•~ •• . . .... . . . .. . 
Select By Map 

(Single Site and Day) 

... ~- ·_Kt_a_s,..w_• ___ ~ ~Jt!Ct a Collntf 

._\_tw_ ll=t.<~ <O __ ~ • NHUU Co..nt1 '/\'V 
',!!W.,VM.._..-,-__ .. \tw Yo,k County 'I\ 
,onn car~io., !loiapra Co!Slty ,.., 
'-Ofth O.•ot• ~•~ Couniy "N 
Ollio ~­Orqon 
'erflsytwl\la 

oni.no Cour,ty \Y 
Orang.,Coun."l 'NY 

• ~- C0<61ty, \'V 

Select by County. Crty. Zip Code 
(Multiple Sites and Days) 

.;Fl)! FttQ.cT;)tl Ollto-~ n6 . ,.,.:,1~1 
1<POE fO!n'POlK 1.A(0';,1811"61 12t1l'201}1 
111'\A·P\EDlO C0(06-13<1"5 12,IJ,ZOtJ 
ltll,O;t • AAalOH,DUR IIC I O!otlalliS! 1 12 11 '20tl I 
ICRQ;o REJ,o w,0112; n96t ~•non 1 
IGUW RM:RTOII WY1 t~119S 12-11201)1 
IQU.X CHARLESIOH \W I Gl<'l!l. 1-B& 121111120 ll J 
~ JIY ~flSSNB IIY ( 07 11 19'!6 91i;JO '997 1 
l(RTl( • PORTV,tlO Oft I fll/13' tffi 112 18 ?f 1 l 
tlSFX POCATEU.O ID 1 0!,17tlH5 I 1211!10\3 I 
..SGF SPRIIGfiElD MO( 0.1'2l 1t!IS 12,ti,:1111) ) 
IC$'1V -LAl88S'm1 t211S.?Ot1 1 - . 

Select By SJte List 
(WSR-880 and TDWR srtes) 

-
Select by Archived File 

(Generic Access to the NCOC Archive 

Useful for Bulk Orders and Advanced 
Users) 

http://www.ncdc.noaa.gov/nexradinv / 
NTSB 1r.! .-



~ NOAA~~X!~9~~~~~~t~ff ~9~Tu~T.1.~N 

NC8 > Radar Data > NEXRAO Inventor)' 

NEXRAD Archive Access 

Data Access 
Home 
Select By Map 

Select By List 
Select By County, City, Zip Code 
(Clrmate Data Online) 
Historical ReflectMty and 
Coverage Maps 

Select By Archive File (Bull< Order) 
Documentation 

Arctwe aM Access Stat1sttcs 
Overview, History 

NEXRAD Product List 
Netv.ork Metadata 
Radar Operations Center 

External Resources 
NOA.AMWS Current Radar 
NOAA Training (WDTB) 

Help 

NEXRAD Inventory: Choose Day and Product 

KAMA • AMARILLO, TX 
(Site Metadata) 

Period of Record: 
Level-II: 03/17/1994 to 06/13/2016 
Level-Il l: 01/14/1994 to 06/10/2016 

Examine Inventory: 
Choose Date: ~126 vi 12012 vi II (GMT) 

Choose Product: 
level-II Base Data 
Level·III (Products) (ALL) 
L3 [NOR) - Short Range Base Reflectivity (16 Level/ 230 KM) (- 0.5 Deg) 
L3 [N1R] - Short Range Base Reflectivity (16 Level/ 230 KM) (- 1.5 Deg) 
L3 [N2R) - Short Range Base Reflectivity (16 Level/ 230 KM) (- 2.4 Deg) 
L3 [N3R] -Short Range Base Reflectivity (16 Level/ 230 KM) (- 3.4 Deg) 
L3 [NOO] - Long Range Base Reflectivrty (256 Level/ 460 KM) (- 0.5 Deg) 
L3 [NAQ] - Long Ran e Base Reflectivity (256 Level/ 460 KM (~ 0.9 Deg) 

Product Filter: Clear 

[ Create Graph I 
Hold 'Shift' or 'Control' to select multiple Level-Ill Products 



NWS Weather and Climate Toolkit 
Allows user to display raw WSR-88D data 

. . . - . --. . . - . . 
Formerty the Natlonal Cl mel1c Data Center (NCDC) more aboUI NCEI ,. 

Home Climate Information Data Access Customer Support Contact About 

Horne > Data Access > Hadar > Drsplay end Co11ve1s1on Tools -

Radar Data m the 
NOAA Big Data 
ProJe<:I 

Olsplayand 
Conversion Tools 

... 

... 

DocodmgU~ 
and Exampl~ 

Interactive Map Tool 

NEXRAD 

NEXRAO Radar 
Products 

Terminal Doppler 
Weather Radar 

Tetm1nal Doppler 
Weather Radar 
Products 

Display and Conversion Tools 

Downloaded radar data is in a unique digital binary format. To visualize and decode 

the data the use of special soft\.vare is necessary Several free visualization. analysis, 

and decoding tools are available for download. 

Visualize Radar Data 

• NCEI Radar Soft\.vare 
NCEl's Weather and Climate Toolkit is Java™-based software that visualizes 
WSR-880 Level-II and Level-Ill Next Generation Weather Radar (NEXRAD) 
and Terminal Doppler Weather Radar (TDWR) data, including data from the NCEI 
archive. 

• Unidata Software 
The Integrated Data Viewer (IDV) from Unidata is a Java ™-based software 
framework for analyzing and visualizing geoscience data. The IDV brings together 
the ability to display and work with satellite imagery, gridded data, surface 
observations, balloon soundings, NWS WSR-880 Level-II and Level-Ill Radar 
data, and NOAA National Profiler Network data, all w1thm a unified interface. 



DOC > NOAA > NESOIS > 

Q u ick Links 
Weath er- and Cl-imate 
Toolkit Horne 

Oata Access: 
- StBlion 
- R&dar 
- Satellite 
- Model 
- Severe V\leathe-r 

Toolkit 
Oovvnk>adnnsta•ation 
Flnd Data 
Image Gallery 
Java Requirements 
Export For-mats 
Bat ch Processing 
Credots 
A PI / Source Code 

Docume n tation 
User Guide/Tutorials 
FAQ 
Presentl!ltions 

NCEI Search Fiek:t Search NCEI 

NOAA's Weather and Climate Toolkit 

I ntroduction 

NOAA' s Weather and C limate T oolkit (\IVCT) i s free, platform independent software 
d istributed from NOAA's National Centers for Env ironmental Information (NCEI) . The 
WCT a llows the visualization and data export of v"eathe, and c l imate data. including 
1Radar. Satellite and Model data . The VVCT also prov i des access to weathe,-/c limate 
web services p r o v i ded from NCEl and other organizations. 

The WCT pr-ovides tools for background maps. animations and basic filtering. The 
export o f i mages and mov ies is p rovided in multiple formats. The data exµort feature 
supports conv ersion of data to a v ariety o f common fonnats i ncludi ng GeoJSON, KMZ. 
Shapefil e , \,Veit- Known Text, GeoTIFF, ESRI G rid and Gridded NetCDF. These data 
export features p,omote the interoperabil i ty of weather and climate information with 
v a rious scientific communrties and common software packages such as A.rcGIS , 
Google Earth, MatLAB. QGIS. R and many more. Advanced data export support for 
Google Earth enables the 2-0 and 30 export of rendered data and isosurfaces. 

CurTent data types supported : iw·t1:U·tf ·Dtf 'l:f1i-j 
• CF- compliant Gr-idded NetCDF 
• Generic C F-compliant Irregularly-Spaced/Curvilinear Gridded NetCDF/HDF 
• GRI B 1 . GRI B2. G IN I , GEMPAK. HOF (CF-compliant) and more g ridded formats 
• GOES Satellite AREA F i les 
• NEXRAD Radar Data ( Level-II and Level- Ill) 
• U .S . Drought Monito,- Service (from lhe National o,-ought Mitigation Center 

(NDMC) ) 
• OPeNDAP support for Gridded Datasets 

New Features / FAQ / Tutorials 

;--~-

N O AA·s C l imate.gov created an article and v ideo introduction 
to the Weather and C l imate Toolki t . If you are a first time 
user. please check out this v ideo for more information on the 
T ool kit's capabilities. 



Radial Properties 

Moment: 

[ Reflectivity 7 
Elevation: 

(!) 0.53 ""' 
., \....,< 4.03 
v 0.54 O 
0 

5.13 
0.92 .., 

v 6.44 
Q 0.94 '"°' 

'v8.05 
'J 1.35 .) 10.05 
0 1.37 -
.) 

U l2.53 
I 1.86 
,.--. J lS.63 
,...., 2.45 . "" 

...., 19.55 
U 3.17 

Additional Options: 

Favorites \ 

THREDDS \ NCDC HAS Order CLASS Order \ 

Find Data ' Local Files \ Remote Files \ Single File/URL \ 

Access to Data Stored on Local Disk 

~ ow~j I C:\ Users\ eicd\ Deslctop\ CEN12LA258 -l "'J 

Map View: ( Standard 

NEXRAD LEVEL-II ff KAMA· AMARILLO, TX 
04/ 26/ 2012 21 :46:15 GMT .. 
LAT: 35/ 13/ 58 N 
LON: 101/ 4 2/32 W 

[ ELEV: 3587 FT 
VCP: 12 

REFLECTIVITY 
ELEV ANGLE: 0,53 

Legend: dBZ J 75 
70 

-

65 .. 
60 
55 

[ so 
45 
40 
35 
30 N 

25 

[ 20 
15 
10 
5 
0 
-5 
·10 
-15 
-20 
-25 - RF 

~~ .List Files @ Show All Files ?y: ] Filename I NWS Weather and Climate Toolkit 

~

NU"U\ YVO ~ Qi ~ u~~O ~ . S:)';"To \ ~eV~ i - i i ~ -R U - U~C~ 

KllMA V06 20120426 21:37 : 34 (Level- II NEXRAD - Dual 
1:1' -KAY.A V06 20120426 21:41 : 53 4• • I I . 1W 

Hold the 'Shift' or 'Control' keys to make multiple ... 

. ~ - .. Data Type: !Auto 

.Load ! I Animate j [ ____ .Ex_ p_o_rt_~ More ... 



KAMA WSR-88D 0.5° base reflectivity image at 21462 

NEXRAD LEVEL-II 
KAMA - AMARILLO, TX 
04/26/ 2012 21 :46: 15 GMT 
LAT: 35/ 13/ 58 N 
LON: 101/ 42/ 32 W 
ELEV: 3587 FT 
VCP: 12 

REFLECTIVITY 
ELEV ANGLE: 0.53 

Legend: dBZ 
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KAMA WSR-88D 0.5° Base Reflectivity image at 21462 

NEXRAD LEVEL-II 
KAMA - AMARILLO, TX 
04/ 26/ 2012 21:46:15 GMT 
LAT: 35/ 13/ 58 N 
LON: 101/ 42/32 W 
ELEV: 3587 FT 
VCP: 12 

REFLECTIVITY 
ELEV ANGLE: 0.53 

Legend: dBZ 
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KAMA Composite Reflectivity image at 21462 

COMPOSITE REF. 124NM 
KAMA - AMARILLO, TX 
04/ 26/ 2012 21:46:12 GMT 
LAT: 35/ 13/ 58 N 
LON: 101/ 4 2/ 32 W 
ELEV: 3703 FT 
MODE/VCP: A / 1 2 

MAX: 64 dBZ 
BOT: 0 KFT 
TOP: 0 KFT 

Legend: dBZ (Category) 
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60 (12) 
55 (11) 
so (10) 
45 (9) 
40 (8) 
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10 (2) 
5 (1 ) 



KAMA - AMARILLO, TX 
04/ 26/ 2012 21:16:00 GMT 
LAT: 35/ 13/ 58 N 
LON: 101/ 42/ 32 W 
ELEV: 3587 FT 
VCP: 12 

REFLECTIVITY 
ELEV ANGLE: 0.53 

Legend: dBZ 
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KAMA - AMARILLO, TX 
04/ 26/ 2012 21:16:00 GMT 
LAT: 35/ 13/ 58 N 
LON: 101/ 42/ 32 W 
ELEV: 3587 FT 

RADIAL VELOCITY 
ELEV ANGLE: 0 .54 

Legend: KT 
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2115 2120 2124 2128 2133 2137 2141 2146 2150 

No echoes below 3,000 ft 
4,000 ft wind from 120° 25-30KT 

2154 2159 

VAD WIND PROFILE 
KAMA - AMARILLO, TX 
04/ 26/2012 21 :59:08 GMT 
LAT: 35/ 13/ 58 N 
LON: 101/42/ 32 W 
ELEV: 3703 FT 
MODE/VCP: A / 12 

MAX : 61 KT, 259 ° 
ALT: 40000 FT 

Legend: KT RMS (Category) 

16 (5) 
12 (4) 
8 (3) 
4 (2) 
0 (1) 

NTSB 1r.! .-



NWS VIP WSR-88D LVL 

0 
0 
1 
2 

1 3 
VERY LIGHT 4 

5 

LIGHT TO 

I 

6 
MODERATE 7 

3 

II STRONG 
8 

4 

I VERY STRONG 
9 

5 

II INTENSE 
10 

6 
EXTREME 

PRECIP MODE 
dBZ 

<5 
5 to 9 

10 to 14 

15 to 19 
20 to 24 
25 to 29 

30 to 34 
35 to 39 

40 to 44 

II 
45 to 49 

II 
50 to 54 

55 to 59 
60 to 64 
65 to 69 
70 to 74 

RAINFALL 

.02 /hr 

.09/hr 

.48/hr 

II 
2.50/hr 

II 
5.70/hr 

12.0/hr 

I 
I 
I 
I 
I 
I 

* VIP levels used in old Radar Summary Chart NTSB 1r.! .-



Radar dBZ reflectivity scale and rainfall rates 

dBZ versus Rainrate 

dBZ I R (mm/h) Rate (in/hr) l Intensity 

5 §o1 < 0.01 _J Hardly Noticeable Approx. rain rat.o 

t ••porhr) 
10 0.15 < 0.01 Light Mist 

15 0.3 0.01 Mist Han 

It's Hall! 
20 0.6 0.02 Very Light 

2~ 1.3 0.05 7 ught 

30 2.7 0.1 I Light to Moderate 

3~ 5.6 0.22 Moderate Rain 

40 11.53 0.45 Moderate Rain 
Light 

• I .. ; ~ 
I 

35 

• 
30 I 

• • • • 
25 .. ·20 . 

• IED€IlmJ 

1o I I 
10 
6 

45 23.7 0.92 Moderate to Heavy I t , ~ .. I • (I 

50 • 48.6 .. : . 1.90 •• J:avy 

55 100 4 jVery Heavy / Small Hail I 

-20 
60 205 8 Extreme I Moderate Ha] 

16.6 Extreme I Large Hail 

• 
I • • • 

NTSB -" t., ... _ . ..,. 
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Thunderstorm Haza,,.ds 

~ Tornadoes 

--.,LGust Front 
._t__ Microbursts 

~ Icing 
~ Hail 
~ Low ceilings & visi6i[ 'ies 1 

~ Altimeter errors 
~ Lightning 
~ Engine water ingestion.~ .. .. ; . -

* Updated 2013: AC 00-24C - Thundersto 



DRY AIR . 
INFLOW 

--.--..~-WAPIM AIIR INFLOW 

• 

• 
Squall Line - Gust front/Outflow boundary 

/ 



Thunders · 
. ((1-J·.J)on 't land_,v. f unfarstanm. 

turbu rgn 

: ~oles: 
I 

· ~[ace of an approacning 
l .tl·l1· of low-level 

· fros · 1.1; 





Gust Front Hazard - takeoff & landing 
---- .... ~_- --·- -~- ~--- __.,:: . _, --~- --- - -· - ~ _..,.__... 

T=.O 

------ _., 
:::::::::: :::: - .... = Iii -----~ ....._--- ..._ - .... ~ ____ ...__ ...__ .... 

~ ;::;:: ~:: ~ - 11= -~ ""t=::;:: :=:.:: :::.: :::: - ---~ ~ 

~~~~~ - - E 
~~ ~:=::::-.: ~ ~ - - - E "' "' ~ ::: '= *:=::: ::-..: ~ - ---:~r~ ~ ::: - ~ 

t :::: ~ = E 
~ - - ~ \ :::: -- - - - - - -"" ' - ~ 

{ ~ - - - - ;: EE -- - - - - -;: ' ' ~, - -f ~ - --~ :,_ -- - ~ 
~ - - ;: EE -' - ~ -- - -----_.,, 

- Iii 

_(l 1.6 

NTse·i:~· 
"1..".;," 



W arnin - not identifiable in all radar dis 



' II 

Atlanta, GA - Outflow boundary example 
July 17,2013 

' 
.. 

,,, ~' 
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' 
• • I ~ . . ... _ 

. . • .... !,;· -~·•4 
, ~-- ;:-._~- - -

a ,. 

.. • .. 
' 

11 
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• KMGE 
~ 

-
.KPDK• 
• ,.._,"'_ .... 

i.~ · - · 
KF.TI ~ 

• 

--'~ 
• 91r."J 

_.' .. , -.,, -.,__ . 
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. 

~ 

• • 
" 
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BASE REFLECTIVITY 
KFFC - ATLANTA, GA 
07/ 17/ 2013 19:43:33 GMT 
LAT: 33/ 21/ 46 N 
LON: 84/ 33/ 57 W 
ELEV: 972 FT 
MODE/VCP: A/ 212 

ELEV ANGLE: 0.50 ° 
MAX: 56 dBZ 

Legend: dBZ (Category) - 75 (15) 

11111111111 70 (14) 
65 (13) 
60 (12) 
55 (11) 
50 (10) 
45 (9) 
40 (8) 
35 (7) 
30 (6) 
25 (5) 
20 (4 ) 
15 (3) 
10 (2) 
5 (1) 



CEN11 FAS00 - Rantoul, IL 
Piper Malibu PA-46, N46TW 
July 24, 2011 _ ··~. ~ ~ ,,,,..,- j~,~~?~~ IL 
• Part 91 personal IFR flight · - --:-----= 

• Pilot - 1850 hr 

• Rantoul (KTIP) to Sarasota 
(KSRQ) 

• Pilot obtained internet 
weather briefing & filed IFR 
flight plan 

• In hurry to beat the weather 
front moving through area 

• Fatal family of 3 

~~=------



Surface Analysis 

- . .., --~ 
" ·~ . : I Ai• • • •· .·~ ~ .. 

• 
• I . r 

• .. .. .. 
.. I 
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V. 
: I 
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CEN11 FAS00 - Rantoul, IL 

Photo's taken by passenger on board accident airplane 

NTSB ~-: : 



• 
l}::L(1 -l<H,JL 

VCMI • 

~•·•MTO 
• 

KILX - LINCOLN, IL 
07/ 24/ 201114:02:51 GMT 
LAT: 40/ 09/ 02 N 
LON: 89/ 20/ 12 W 
ELEV: 581 FT 

REFLECTIVITY 
ELEV ANGLE: 0 .4 7 

Legend: dBZ (Category) 

>= + 75 (16) 
+ 70 (15) 
+ 65 (14) 
+ 60 (13) 
+ 55 (12) 
+ 50 (11) 
+ 45 (10) 
+ 40 (9) 
+ 35 (8) --- + 30 (7) 
+ 25 (6) 
+ 20 (5) -- + 15 (4) 
+ 10 (3) 
+ 5 (2) -- <= 0 (1) 

1,163 lightning strikes within 30NM and 15-min of accident 
NTSB 









The Microburst 

• . I · .. '.R 
.• 1. - .... _ • 

Downburst Animation 







lnltlal 
Downdraft 

I 
0 

I 
3 

Ground 
Contact 

) 

Maximum 
Shear 

Intensity 
Dissipation 

Begins 

Downdrafts can exceed 6,000 FPM NTSB 1r.! .-



_.. ·lypically form in families of 3 to 4 depending on 
weather system pro,dllcing them, i.e. pulse 

- ... ~. --· ;-

thunderstorm, multicellular storm, squall line, 
' . 

or. s·ugercell. Jf'ori1e is n. -a ,ea be on alert for 
a~iit,io,m,: I , ~r:sts. 





Elements of a Weather Study 

• Synoptic conditions 
• Observations 
• Upper air data 
• Satellite imagery 
• Radar imagery 

- Difference between a rain shower and a thunderstorms! 
- Only Cumulonimbus Clouds produce lightning 
- *Exception to the rule - volcanic eruptions 



National Lightning Detection Network 
2005 • 2014 

VAISALA 

Lightning Data 

Flash Oen&lty 
Flasllffl1q ml/yHf 

28 alld.,., • 20 to23 
12 to 20 
0 to 12 
3 to e • 1.5 lo 3 
07$10 I 5 

o, to 07$ 

https://www. wvs. corelogic .com/ strikenet 

' 

! National 
I 

j Lightning 

· Detection 

j Network 

NTSB 1r.! .. 



Lightning Strikes 

• Frequently - cause minor structural 
damage 

• Occasionally - cause major or 
substantial damage 

• Rarely - implicated as a probable 
cause of destruction of aircraft 

- 10 major accidents with over 370 
fatalities worldwide due to lightning 
igniting fuel vapors 



Elements of a Weather Study 

• Synoptic conditions 
· • Observations 
• Upper air data - soundings/ MDCARS 
• Satellite imagery 
• Radar imagery 
• Lightning data 
• NWS Advisories a11d Forecasts 

- * Most limited area of data retrieval 

NTSB (~ I .,,_. w, . ,,. ~-. ..,, 



NWS Text Products 

- Weather Watches (AWW) 

- SIGMETs (WS) 

- AIRMETs (WA) 

- Center Weather Advisories (CWA) 

• Pilot Reports (UA/UUA) 

• Terminal Forecasts (TAF) 

• Weather advisories/warnings (WW/AWW) 

• Convective Outlook (AC) 



Accessing NWS Text Products 

Home Climate lnfonnation Data Access Customer Support Contact About 

• HDSS Access S ystem 

Some of NCOC's data holdings are arthrved on a 
Hierarchical Data Storage System (HOSS), which includes a 

tape robotics system for data a11:hived on tape. NCDC 
prCMdes direct online access to these dala though the HDSS 

Access System (HAS). Other selVices for an:hlved data me 
available elsewhere on the NCOC website, so this is not a 
compilalion of au HDSS-arthrved datasets. As with au of our 
online serw:es we prolllde Ille dala and p,oducts at no cost 
to customera. Fies are generally delivered in their native 

formats as arthiVed by NCOC. Click on data categories 
below to view a fist of available datasets. lnlormatioo wiD 
Include brief descriptions periods or recoro, lin(s to 
documentation, and ordemg options. 

• NOAA Climate Data Records 
The National Rese81Ch Counca (NRC) defines a COR as a 
time series of meaStJrements of sufficient length, 
consistency, and contxntty lo delermne climate variability 
and change. More > 

• Land-Based 
Land-based (11 situ) observations are collected from 

inslnaTients sited at foe ations on every conbnelll More > 

A DATSAV3 Surfa.ce (TD9956) 

Integrated Surface Hoorl5• Databatt 
• (ISH/ISD) Ver.: 
B KOAAPort Gridded 
~I KOAAPort Te:\.'t 

A KOAAPort Text (NEW) 

Senice R.«ords Retention System (SRRS) 
0 Graphic:s 

Senice Records Retention System (SRRS) 
Text Products 

National Center for Environmental 
Information (NCEI) 

Hierarchical 
Data 
Storage 
System 

• Access Service Record 
Retention System (SRRS) -
• Provides access to text data 

NTSB 1r.! .-
http://www.ncdc.noaa.gov/h~s/has .dsselect 



Horne Clim ate lnfo,matto n Data Access Custorne:T S uppart COntac t About 

Select SlaDml{s) sort by - ~ (s) I Slate 

t·319J•@tt;t,;•:•&O•.:t;tpt.;1Ji-i 

!
A LL - All Stations, (D4/26/2001 - 09/03/2015) 
K01 R - Cl.Al BORNE RNG (AFS) LA C • ) 
KOtT - HIGH ISL.ANO , LA ( • ) 
-oi-
Specify Staber, ID (ovemdes Stmioo ids selected below): 

(eg KABR) 

eg. saus, aeus7, wsus (enter 4 o,- 5 character but1etin ids, 
comma delimited) 
Note· The buffetins in tis system are in a variety of fofmats 
We s-t that you not select e -bn unJeu you ere 
,,.,,.,. ..... with ,ts rennet and ~ 

l~ a nt No'!e A maxxnum o• t 4 days can be oroe red ancJ 
dates selec ted mus1 be •A·i4"..hin the same montll (eg_ J anuaiy). cify Oete Reoge (VYYYMMDDHH) 

-To 

- 0,- -

Select Siar! Date (YYYYIMM/00 HH) 
!2015 t:1,[09 - t:J,[ro r:J 100 8 
Select End Date: (YYYYIMMIDO HH) 

12015 E, ioo-a, ~ ~ 

Submit Batch (stop file seled-)?:o Yes@ No 

Email Address 

Important Notes· 
- If your data request will contain more tha.n 2,(X)() ties, you 
must seleet -ves• for the Submit Batch aption above. 

- There is a data volume limit of 250 G igabytes pe..­
reque.L 

Sea-,-. Q 

~1 

j 

Stations 

• *Need to know who issues advisory 
or forecast 

Bulletin Type 
• FAUS2 - Center (CWSU) 
Weather Advisory 
• UBUS - State Pilot Report 

Date/Time 

Email 

http://www.ncdc.noaa.gov/has/HAS.Fi1eAppRouter?datasetname=9957 AN 
X&subqueryby=ST A TION&applname=&outdest=FILE NTSB 1r.! .-



Weather Reports & Forecasts 

• Pilot Reports (UA/UUA) 

AMA UA /OV AMA090010/TM 2217 IFL060/TP E145/TB MOD= 

AMA UUA /OV AMA 180018 /TM 2237 IFL055 ITP C402 ITB LGT-MOD OCNL SEV= 

PVW UUA /OV LBB360020 /TM 2304 /FL0SS ITP C402 /TB SEV /RM REPORTED HEAVY 
TURBULENCE PER A TC= 



NWS Weather Forecasts & Advisories 
• -Terminal Aerodrome Forecast (TAF) 
KAMA 261137Z 2612/2712 VRB04KT P6SM SCT150 

. FM261400 10013KT P6SM BKN200 

FM262100 14015G25KT P6SM VCTS SCT050CB BKN150 . 

FM270500 27011KT P6SM FEW010 SCT100= 

PreffighVOeparture 

TAF KAMA 261722Z 2618/2718 15013KT P6SM BKN150 

FM262100 14017G27KT P6SM SCT050 

.. FM270600 27015KT P6SM FEW100 

FM271400 28022G32KT P6SM SKC= 

TAF AMO r KAMA 262000Z 2620/2718 13011KT P6SM BKN150 

FM262200 1401 SKT P6SM SCT050 

FM270600 27015KT P6SM FEW100 

FM271400 28022G32KT P6SM SKC= 

TAF AMO 2 KAMA 262105Z 2621/2718 13016KT P6SM BKN150 

FM262200 1401 SKT P6SM SCT050 

FM270600 27015KT P6SM FEW100 

FM271400 28022G32KT P6SM SKC= 

Accident 2145Z 
TAF AMO 3 KAMA 262158Z 2622/2718 13016G26KT P6SM BKN150 

TEMPO 2622/2624 4SM -TSRA BKN050CB 

FM270600 27015KT P6SM FEW100 

FM271400 28022G32KT P6SM SKC= 

-~----· ~-- . --~~-- .-. -· --- -

How did the local 
NWS Forecast Office 
Perform - Accuracy? 



NWS Weather Forecasts & Advisories 

• Convective SIGMET current during the period: 

MKCC WST 262055 

CONVECTIVE SIGMET 19C 

VALID UNTIL 2255Z 

TXNM 

FROM 70NE TCC-10NW AMA-20WSW LBB-40W TXO-10NE TCC-70NE TCC 

AREA TS MOV FROM 24020KT. TOPS TO FL420. 

HAIL TO 2 IN ... WIND GUSTS TO 60KT POSS. 

Accident 2145Z 

MKCC WST 262155 

CONVECTIVE SIGMET 22C 

VALID UNTIL 2355Z 

TXNM 

FROM 70SSE TBE-50N AMA-30NE LBB-10WNW LBB-70SSE TBE 

AREA SEV TS MOV FROM 24020KT. TOPS TO FL450. 

HAIL TO 2 IN ... WIND GUSTS TO 60KT POSS. 





WEAT~tR BRIEFING 

AN l~MeJT RATING 
INDICATES TlE "4)t..()ER 
MA-; RECENEO e«lUGH 

:~:-:-:• . :::. 

.. 



Preflight Weather Briefing 
?"" 

• Did the crew receive an adequate [ 
wea~her briefing and what was · ~ "j) .- ; ___ ;.~. - -~ 
provided? ~- \ ,·tt·~ ~~ ' 

• Weather documents issued 
• Flight updates what updates 

received enroute? 
• Was the weather condition 

properly forecast & advisories 
issued by the NWS or A TC? 

' ' ., 



Recreating Weather Briefing 
• Fill out Flight Plan 

• Obtains Archive weather 

- Prag charts 

- Synopsis/Area Forecast 

_.,.__ 
PIL~T 
TRAINING SYSTEM® 

- Severe Weather Outlook 

- AIRMETs/SIGMETs 

- METAR/TAFs 

- Radar/satellite imagery 

-·• ···· •. ' 
m:a • 
•- ' ·' 

" .. 

' 

TX\'I: l,,IJCPA.ltllU.POL'C'f &.DDAllR:U: 1 Olt'.'l'Jit'CO 
AlbP-tl""D(k1"1:t Tu.at (XOlk) ALflTl'N: 

\ltJt,tiOIC\0161:MIJ'IN • t llill!!..________ dltLf'l'fl 

---••• ..,. ... .w: ... , 

lLDTI..\UTUlflMl.L\.tolU 

- Winds Aloft Forecast 

NTSB 1r.! .-



Weather Briefing Documentation 

• Pilot obtained preflight briefing through ForeFlight 

• Also utilized Aero Weather 

• Used MyRadar app for local radar imagery 

• Observed approaching thunderstorms & attempting to 
beat storms back to the field 

·;_.:.: 



Elements of a Weather Study 

• Synoptic conditions 
• Observations 
• Upper air data - soundings/ MDCARS 
• Satellite imagery 
• Radar imagery 
• Lightning data 
• NWS Advisories and Forecasts 
• Weather briefing documents 



Interviews & Statements 

• Flight Crew written statements, follow up 
• Pilots others operating in the area 
• Flight Dispatchers/Operations Center (if used) 
• Witness statements cloud features, lightning, wind 

conditions, there take on the incident, aware of the 
conditions 



112'3 
AIRPORT DIAG 
41",$ ....._ ........ __._ .................... 

1111$3503 
-'M411L.0~• 
l1IJ 2:57 9 
GN)CX>I 
n•.ta.• a,c:oa 
121'5 

m 

- -+-'-'7t:"·~'-'---'--l--......... -'--'------+-........ --'-t....._~--+-W-~ 
3752 

lt,('(0..U 
• lllO.~.W,&17S.2D-4fJO 

l!W\'1>-ll 
11-100. ~m. :Ei-lJS. 'llMXI 

......... _._._~......_..._....,._.._._......_-+- Wll'M 
101 l'r'N 1or•4t-W 

Go Cl ~ ea.th 

Pilot provided the following comments 

~=======:-:------1 

NTSB ~-! .. 



Elements of a Weather Study 
• Synoptic conditions 
• Observations 
• Upper air data - soundings/ MDCARS 
• Satellite imagery 
• Radar imagery 
• Lightning data 
• NWS Advisories and Forecasts 
• Weather briefing documents 
• Witness statements & interviews 

NTSB (~ I .,_. w, . ,,· ~-. _.., 



United States Naval Observatory 
Astronomical Conditions 
,,... C OMPLETE SUN AND MOON DATA FOR ONE DAY 

Use lllese IOOnS 10 Ol>laln nse. set. ancl 1ransn m,es 10< tne S<ll and Moon. cM tl\11ghl 
i,egonnong and ffl<l limM ana IUnar pnase lntom'lauon far any yq oerv.-ttn 1700 and 
2100 Fnt. specify 111e c1a:e and 1ocauon 1n one of 111e l'tl'O forms below Then. cllc~ the 
'Gel oaia· OU11on a1 u,e eno 01 u,e 1orm 

~ Form A IOf CftleS o, l0WnS In lne US o, ~s IMIOl'leS Use Focm B 10( al OIiier 
locaticcls Bo4h !Olm$ are lnvned<alely below 

e, su ... 10 re.W u,, Notes section k>Coted olttr 111, two tom,s, -,~,..uy ,r you 
wish to use U..st dato tor 1111101 purposes. 

Form A • U.S. Cities or Towns 

Year: ~ Month: ~(jum~--v~J Day: n 
City or Town "'•me: 

Tne place name you erner abo'<e must be a Cll\' 0< loWn 1n ine u .s The piace·s locatJon 
WIil be ,-110m a nie "1111 0,11,r 22 ODO piaces lste<t. Eimer upper- or 1ower-<:ase 
~lers or a c~ can be useo Spell oul plaee n;,me preruces as In "Eas1 
Orange" 'fon l.audefdale" "Moon! Vernon" etc Tne only excepoon IS "SL", 'Ai>ICII is 
emaeo as an abbrev1anon wr.n a pet1od as in "St. LOOIS" Yoo need only enter as many 
cnaracters as wtl unam1>1gU01Jsly l<lefllll\ the plaee The clly or town name may oe ien 
blatlk W the Slt!'e Ot TMlOI)' IS OiSllicl Of C(llul'llC)ill 

Geld.ab J 

Form e . Loeetlons Worldwide 

Yeor: 2016 Month: [Juna 

pi.,c, mm, Lo,..1: ~"-'--.,e~;~,_...,_1 -----~ 

Tne plac• name )OU erutt al>Ov<! IS mer~ a - I roe me talll! hea<lef'. 1·ou can enitt 
any idenbfiel o, none (POld usinv punctuatron cnarac1ers) The aata wlll be taltulile<I 
ror tne IO<lg!lUde ano lall1Ucle you enle< oeiow 

Nole. Coororna1e coml)()llefflS snouto be enlefeo as 1111~ (no oecJmals) 

Long!Nde: r east minutes 

http://www.usno.navy.mil/USNO/astronomical-applications/data-services/data-services 



Astronomical Conditions 
· · l -" · '\m al < )h,t"n aluf") 

· · A~tro1~o~il.-:11 Applic~·tions . . 
. · · lkpartml·nt . . . 

Astronomical data 

• Official day/night? 

crescent ";ix.ing ;ilf-rnoon \\ ;ix.in 

gibbous \,:ming: :ilf-moon \\ :tnin crescent ,,:in ing: 

' C
,,._. 

. 

. 

. 

- "Night" end of civil twilight to morning civil twilight 

- Sunrise, sunset, and civil twilight 

• Sun glare or night illumination issues? 

- Altitude, magnetic azimuth of sun and moon 

- Phase & illumination of moon 

http://www.usno.navy.mil/USNO/astronomical-applications/data­

servicesp://aa.usno.navy .mil/ 



Final Report 

"" , .. , . -

Probable Cause: The pilot's failure to maintain helicopter 
control during landing in gusty wind conditions 
associated with a thunderstorm, which resulted in a loss 
of tail rotor effectiveness. NTSB '-~: ~ 





DOE Flight Department Safety Manager 
- . - -•-=-: - - ~ - -

~ 

. -- -- - . ~ _,.;;,__.._ -- -
~-

• Minor damage & injuries 

• NTSB not involved 

• Several individuals on board shaken by event 

• Boss wants to know what happened and now! 
NTSB (~ 

"~:!"'✓" 



ERA11LA344 - Gray, TN 
Beech King Air, N15L 
June 15, 2011 

• Business flight 

• Airborne X-band radar 

• IMC at FL200 deviating downwind of around area of 
thunderstorms 

• Encounters MOD-SVR turbulence & icing 

• Results in loss of control of aircraft - uncommanded roll 
& dive, recovered at 8,000 feet (-12,000ft) 

• Substantial damage to aircraft 

• 2 uninjured but shaken pilots 

NTSB (~ I .,_. w, . ,,· ~-. _.., 



Air Traffic Control 

FAA 
Revised 
Terms 

4 levels 

Light 

Moderate 

Heavy 

Heavy 

Extreme 

Extreme 

Boundaries 

J0-3 

>30-4 

>40 

>45-5 

>50-5 

>55 
_______ ...._ _ _, ____ _ 

Existing Systems and Boundaries 

ASR-9 NWS Airborne 
Radar 

AC 25-11 
Intensity VIP Levels 

> 

57 

~_,_,__~----=---.......... ~-~---------------

N = National Map 

I = Individual Site 

# = Radar Return in dBZ 

NEXRAD 
Cockpit 
D0-267 

NWS 

DTN WSI 

N 

N 



Weather and Radar Processor (WARP) 

·• ' 

. '\ . J.· -~~· : 
'• ' .. ,· 

~ .... . __ t 

' ..... , .. : 

Reflectivity (dBZ) 
Ran es 

- ... 
• .•1• • • -

. ·, ( : . . 

Weather Radar Echo Intensity 
Terminolo 

I II• ~· <30 dBZ Li ht 
30-40 dBZ Moderate 

I •• >40-50 dBZ 
50+ dBZ 



Echoes <15 dBZ not shown 
Airborne X-band radar : 

Light 20-30 dBZ 
Moderate 30-40 dBZ 

_ Heav..y , 40-50 dBZ 

, 

--------------

•• 
75 
70 

" " 55 
so 

" " 35 

" 25 
20 
15 

" 5 
0 
·5 
·10 
·15 
·20 
·25 



.,,., 

,, 
,, 

,, ,, 
,, 75 

,, 
,, 70 

,, 
.,,.,,' 165 

TRI UUA/OV HMV 280020/TM 1810/FL200/TP BE90/IC SEV CLR/RM ACFT 
LOST 12KFT ALT. REGAINED CNTLAT 080. ACFT TAIL DAMAGED. LANDED 
SAFELY ATTRI 

--~ 



Outboard 1/3 of left elevator separated in-flight 
Right elevator deformed downward 















Primary Duties 
• Go-team for major accidents 







New Duty: Commercial Space Operations 















runway 18 threshold 

~ 

- aft fuselage 

- rising terrain 







General review of accident site 



General review of accident site 
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Review electronic devices 
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iPhone l Kindle 
i1 

• I 

iPad Mini 
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Tablet 

iPhone 
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Captain's Sleep/Wake History 

-----------~------·---------- 11111111111111111111111111111111111111111111111111111111111111 
P!!ffl!IIII 11111111111111111111111111111111111111111111111111111111111 

1111111111111111111111111111111111111111111111 
I 111111111111111111/1/ .. 1/'.~1/1/1/1/1/'.'.:1/1/.1/~~1/j.:1/1/1/~ .. 1/~ .. 1/~~~ .. 1/~1/11111111111111111111 ~~~~~~~~~~~~~~~~~~~~~~~~~1/~~~~ 

I 1111111111111111111 I ~~~h~~~~~~~~~~hlllllllllllllll111111111111111111111 
f!!ffl!!lll]III 11111111 

0 Awake 
On duty 

Normal Sleep 

Sleep opportunity 





First Officer's Sleep/Wake History 

. -----------------------­t!!ffl!IIIEIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 
1111111111111111111111111111111111111111111111111111111111111 

· · 111111 111111111111111111111111111111111111111111111111111111111111111111 
· · 1111111111111111111111111111 111111111111111111111111111 11111111111111111111111 

l!ffl!lll]IIII 111111111 
Normal Sleep 

D Awake 
On duty 

Sleep opportunity 
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• • • • I 

. . : . . . . 
8/12/13 

19:35:30 

8/12/13 
21 :22:58 

8/13/13 
0:26:48 
8/13/13 

11 :06:56 
8/13/13 

11 :07:09 
8/13/13 

out oin 

11 :16:36 incomin 

8/13/13 
11 :18:26 out oin 

• --
8/13/13 

11 :19:29 incomin 
8/13/13 

11 :20:31 

And its time i et read 

. . . . . . as a#: 

Waitin on van 

He ·ust dual fmc7 failure last nite, thats alwa s nice on ur' first' nite ; 

Just ol school navin 
Oh yeah ... that's great when ur tired as hell. I was snoozing by 830 but up at 5 to 
come to work. I'm still tired toda . We are to old for that#. Lmao 
U got that rite, i fell asleep on every damn leg last nite- n rfd now, got here at 6 am n 
bed by 645 ish , now #8 up, slept like 4 # hrs .... Van isnt till 8 tonite so hoping i will 
na a ain this afternoon 

Yeah u can et a na in this afternoon. Grab some lunch and hit the bed a ain 

Thats da Ian: slee eat slee eat slee eat- works nice diet wise ha 

'} )I NTSB 
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__ ,_ , __________ , ___ ,_ ,,_ , _ Dispatch weather 
did not include 
METAR reinarks 

__ ,_ , __________ , ___ ,_ ,,_ ,_ 

KBHM/ BHM 

SA 1407 34 0O000KT l0 SM BKNO 10 BKN0 1 6 23 / .22 A.2 996 
9SM SCT006 BKN01 6 23 22 A2 997 

KN015, 
FM141500 01007KT P6SM FEW050 SCT250 

FT 140533 14 0 16/1 506 VRB,03KT P6SM BKNO04 
TEMPO 1406 / 1408 SCT005 BKN025 
FM141300 VRB04KT P6SM SCT00 9 BKN015 
FM141500 01007KT P6SM FEW050 SCT250 



AGARS weather received by the 
crew .... 

teQU QXSXMXSU . SDFERSX 140904/AUG13UWXR RESP U****************** WEATHER 
UPLINKED TO FLIGHT CREW *******************UUTAI L # : NlSSUP 
AIRPOL ____ liiii ..... llllllli ... ___ .... liill ... iiliiillllliilliiilllliliilillll .............. 111111111iiiilllilailliiilillilllilllilllllll-

A2997•""'..-.-lllll!lllllll!l~~~..-.--...-..--""w..11111~"""""'-..i"""..-i~~-.. .--~ 
A2997 =UMETAR KBHM 140753Z 0 00000KT 9SM OVC00B 0 23/22 A2996U 
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Rilots expected a 1,000 agl ceiling and were 
noJ_ inforimedof variable c.~ilings at BUM 
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Actual ceiling on aP.proacLli: 2501.l'agl 
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Review Pilot backgrounds and 
training 

Total Time 

A300 Time 

PIC Time 

Captain 

6406 hours 

3265 hours 

1516hours 
(all A300) 

First Officer 

4721 hours 

403 hours (SIC) 

1764 hours 
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Conduct Simulator Testing 
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What the crew actually did: 
Profile Approach reverting to a "dive and drive" 

•• •• •• •• ••• 
•• •• •• •• •• 

Decision 
rA1titu.ae 

•• •• . ,, 
•• •• •• ••• 

Dfstance north of BHM runway 18 threshold, hm1 















,.o" 1354 ~ 

T-P 1543 2 10/ 3000 fl' II OM 1354 ~ 

KBHM •• 117/ e~•• COLIG 1516 28J., 29"'J 
l' ea• 

-~ -PLN DISCONTINUITY-- B SKN I G 1 8 00 .. COL, , t001 ••, I+ 3500 

sis~~ 1811 210/+ 2300 
Rc1g1• - 3. 3 • -/+ 3800 WI A I 2 , •• 1 690 

t+ CRS 
.,._ m ) tJ, 

MCJO[ REF -- -Ill/I - '" r l'I N 101 !:I OIR "' APPII 

) I ' l'ltl MW f'ROG A D IIl 
fll~I I 

A B ill F G J 
I F G H J 

2 3 K L 0 This was the step the PM 
5 6 p lli: 4 Q R did not do, and the PF did 

7 8 9 u V ~ X 1,.- - not recognize it - .--,--
0 z + I 4" V L - + I I t, 



Before sequen.c.ir1g_ 
SPD I AU iOG/SI ro2 

Cl'ID1 I 
' I ! ; 

,ti,,,. . 
~\ 

20-=+ 
"!" 

.. fl ,.7 ... ,, ., \ 101 

DHE 0 0 0 ~ 20 .S !-. .. '~-. ,.~ 
M! · -

• 
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,:,.. 

, • 
g 

._. 
~ 4 

-~ , 

0 ~ IS 

0 

0 

..... TILT 

929/ 9 e.e L 
•fi.i 

-

.After sequ.encing 
'iPD I n1.- r roc,1is1 roz 

CMDt 
I /. , 

;};\ 
0 ~ • • I 

0 

i:I .:r 
~,;. .. , -,---· - - ~ ,. 

~ -
1d UI ie 

0 

DHII: 
HLi •; .. · " 0 -~ 

s.&1 ....,,. 
" ~ 

-:·. H'141 tA5KN 

'"' t4f'. 
. 1119' · It 13,IJIN 

~ >~. 
/ ff •/ . C' 

' ;_'El 

Again, this was the step the 
PM did not do, and the PF 
did not recognize it 

,s,.: 
: I 

,:._ 

J', 



m .. .o1 

(i)l••mJ: 
• 
[i] 

l __ .. _ll _

st

_~ _I I im~I I 
-

~ 
I I 

I ' . ~ II I . I I t Profile button on the A300 Mode Control Panel (in red rircle).158 

*The MCP is located on the glareshield in the cockpit 



The FMA would then show "P. DES" 

C3PD ·1 V/5 1 1· oc \ I /["02 .:. ? ,DCS . · " 
CMD'l 

· --

. . ~ . : ·· 

1.40 .. ~ . -
- • I .. ; _~, - _l:,::~' · 1.0 . 

20 ' · -- 20 -- . -

0 

0 
Note: With the approach 
activated, P.DES will arm 
even with a flight plan 
discontinuity. There is no 
warning that the flight plan 
is not sequenced. 





• After passing through the FMC generated 
glidepath, the PF selected vertical speed (1500 
fpm) and descended. throu.gh 1000 ft. agl and 
throu! @.th1e ·f8zrD~. 

Sf'Ota.\c.l 

(i> I IT1!1 1~ 
(t) 

iJ 

f ,El ltOA m 

6000 ___ I ~ 
(J 

At this point, the captain 
~ reverted to a "dive and ~ 

drive" approach (unbriefed) 
and would have to level off 
at MDA (did not occur). 
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,.0" 1354 + 
FINAL APP 3. 3• 

T•P 1!543 210/ 3000 LANDING LW•288 . 4 - CONFIG 

KDl-!M •• 117/ a-see VFTO - • 1'5 / 20 0=217 
• •F·PLN DISCONTINUITY-- 30/ 40 

SL T RETR - .,, /+ 3500 
5=194 

CO~IG 1991 
Y A PP=! 36 

FLP RETR 

sis~~- F=152 
1611 a10/+ 2300 -- WIND CORR - C I l'' - 3 • 3 • • MDA= 200 

RWI 6 I a I EHJ/ 690 <GO AROUND tl. VDEV=-9990 

I ~I 
. .. , 

om MOO[ 1tM "" • .. , TACT DIR MOO[ MODE INIJ REF 

f Pl N IOI "" t\'ov APPR F-PlN H'I.N TOI s,c ti~ APPR f.pw 

I l'IIOG I A B C D (D PROG I A B C D (D 
fl!~/ i F G H J NfX/ 

PAG • F G H J 
1 2 3 K L M [HJ 0 I 

The discontinuity was still in The vertical deviation was 
the flight plan unrealistic 

, 0 7 u V lr!'.J X y 
0 • z + I UI I 0 z + I CLR 

- - -



The original direct leg to 
KBHM was still visible The "TO" distance 

still said KBHM 

Tl\.! ·• The VOi (glidepath) 
was pegged full up 

- """" - -















Why investigate aircraft systems? 
Did a system component fail and lead to accident? 

Example: Chafed wiring in fuel tanks creates spark 

Revision of June 2016 



Types of DOE aircraft to plan for 

Fixed Wing (8):5 B200 

and B350 King Air2 

Boeing 737-3001 Douglas 

DC9-33F 

Revision of June 2016 

Rotary Wing (11):Bell 

407Bell 4122 BK 117Bell 

206~'-4 

:; INTSB 



Technology is great and has a place, BUT 
Systems investigations are based in Talking to people 
Learning how each system functionslnconvenient travel to 
examine and do testsNOTSurfing the internet to 

:; INTSB 
Revision of June 2016 



Who examines systems at NTSB 
SCOPE Regional and Aspects Unknown which 

straightforward beyond system, major 
about which capability or accident, interaction 

system(s) time of of systems, etc. (Or an 
involved regional ENG case with no 

person Regional involvement) 

PERSON(s) Regional Regional AS-40 Systems 
Investigator coordination Engineer 

with AS-40 
AS-40 Systems Engineering staff: Carolyn beForge, blv1sioh Chief and prior 
Systems Investigator Scott Warren, Lead (workload coordination) and CT 
resource Bob Swaim, NRS, A&P, airline background, numerous lab contacts 
Tom Jacky, lots of investigations and recorder experience Steve Magladry, 
EE, ex-Boeing, Lots of investigations Adam Huray, numerous investigations 
and prior military work Mike Bauer, extensive recorder and flight test 
experience ~: INTSB 

Revision of June 2016 



This was a 737 - Was a system involved? 
Thoughts from the person tasked with systems investigation: 

I got a cool 
helicopter ride 

expects me to 
do systems I. •• ~ 

I • - l :,,; 

• - -
not enough 

there to be a 
whole 737. 

0 

feeling] 

Revision of June 2016 

"' ... 

~ 

07, B737-8AL, SY-KYA,May 5, 2007, 114 fatal near Douala, Carner 
~'f INTSB 



document this? 
This is AFTER when you should know. 

1, 
\ .v 
~' I 

,1 ,. 
' 'I 

Revision of June 2016 

There's an 
airplane here?I 
just see mud. 

I'd sweat to 

Poison 
snakes? Yes 

~'f INTSB 



Have a method be ore arriving on scene 
Think in terms of which systems need highest priority 

Arrive with copies of airplane illustrations to mark upFind f 

:; INTSB 
Revision of June 2016 



Have a method 
Think in terms of which systems need highest priority 

Arrive with copies of airplane illustrations to mark upFind ... ··· 1:~\\ 
~ \,, 

', 

\.,,. 

Typical views, cockpit, and cabinlllustrations (mfg websit ) 

-• 
I 

~'f INTSB 
Revision of June 2016 



Have a method 
Think in terms of which systems need highest priority 

Arrive with copies of a·r.P.I t;1 ill str. tions to mark upFind f 

Revision of June 2016 



Two on-scene methods 
pit, or public has access (typ foreign), ~eHrda:irrie IIErh~is available 

Revision of June 2016 



Attitude, Speed, and Four Corners 
• First things to look for in ANY accidentlFirst clue as to 

which systems may have been involved. 

Lo~ fO~<!E.<!§geed ,,,tl._lqtlforward speed 

Highangle·-

Revision of June 2016 



Attitude, Speed, and Four Corners 
First things to look for in ANY accidentlFirst clue as to 
which systems may have been involved. 

Low _fo.r_~•~td,(s:geed 
I,, : - • • - -_ -c· - ,-

_tljg_M forward speed .,_,_I _ _ _ 

Note that speed is relative to aircraft size and type 

Lowangle _ 

Revision of June 2016 



Attitude, Speed, and Four Corners 
• First things to look fo r. in ANM accider;it!F.irst clue as to 

systems 

• - - • • • • 14 
Rev ision of June 2016 



Attitude, Speed, and Four Corners 
There are exceptions 

Example: Columbia, SC Learjet Model 60 accident.Tire failure 
and system desi,~Jn l~,o to d.eQ?rt_in,g the runway 

/ · · · -.r•i1 fg1tn: lorward speed 

Low ar1_gle, 

~; INTSB 
Revision of June 2016 



Case #1: Four corners, impact attitude, and speed 

What clues do you see already? 

nya Airways flight 507, B737-8AL, 5Y-KYA,May 5, 2007, 114 fatal near D~~uMSBmeroon . .. .. I 

Revision of June 2016 



Case Study #1: High angle, fast impact 
Start to prioritize systems to search forTime on site 

Smaller fragments irnRIY htgh.e.r ..sp.eed 
- .~• -=-- ' - - __ ,_ --· - - -

irectionof impac 

enterlinecan im 

_ implied bycrate 

Angle between impact direction and breadthof initial contact implies arJ!o~TSBroll 
Revision of June 2016 



Case Study #1: High angle, fast impact 
Initial clues prioritize anything related to pitch and control, 
and reduce the priority of power, fuel, the toilets, etc 

---
Smaller fragm~nt~ ime!\! higber ·$p~eo 

- - ~- --~ - - -- _> - - ~ 

ngle between impact direction and breadthof in itial contact implies a111.9~N1T&S-oll 
Revision of June 2016 



High angle fast impact imp lies control loss 
Most of a 737 and remnants of 114 people are in this photo 

It can be overwhelming, so ... 

~! INTSB 
Revision of June 2016 



Have a method 
Think in terms of which systems need highest priority 

Arrive with copies of airplane illustrations to mark upFind f 

:; · tNTSB 
Revision of June 2016 



Look at the individual parts and orient yourself 
The APU was not essential to flightBut it '-"B 

Revision of June 2016 



Have an organization for your documentation. 
By system WO rks. Time on site is limited. This person is being pr 

Revision of June 2016 

This person is not. He 
could be put to use by 

;asking him to search for 

L~.OJD~thingspecific and 
report back. 

~; INTSB 



Lots of systems are in a large aircraft! 
How do you organize notes about them? 

If only one is in question, that is allli you need to document. 

~; ·: INTSB 
Revision of June 2016 
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If multiple, ATA Code 100 categorizes aircraft systems 

Flight lce/RainAT ToiletsAT A NavigationA 
controlsA TA A30 DoorsA TA 39 PressA TA T A34 

27 52 21 
I nstrumentsA T 

A31 

APUAT A4 quIpmen Landing ElectricalATA 
g A25 gearAT A32 Fire 24 

HydraulicsA FuelATA28 --Prat.AT A26 
T A29 ~I I NTSB 

Revision of June 2016 



ATACode 100 provides organization 
AIRCRAFT GENERALATA 01-04 Reserved for Airline 
UseATA 05 TIME LIMITS/MAINTENANCE CHECKSATA 06 

DIMENSIONS AND AREASATA 11 PLACARDS 
AND MARKINGSATA 12 SERVICING - ROUTINE 
MAINTENANCEATA 20 STANDARD PRACTICES -
AIRFRAMESYSTEMS:ATA 21 AIR CONDITIONING AND 
PRESSURIZATIONATA 22 AUTO FLIGHTATA 23 

POWERATA 
FIRE 
FUELATA AIRFRAME:ATA 51 STANDARD PRACTICES AND STRUCTURES 

IN - GENERALATA 52 DOORSATA 53 FUSELAGEATA 54 
YSTEMATA 56 I ~ • • I ' ' ' • • 6 ' 

LIGHTSAT A 34 
36 71 ' ' • - • • • 1111' - • - - • - - -

38 POWER PLANTATA 72 ENGINE -
RECIPROCATINGATA 73 ENGINE - FUEL AND CONTROLATA 74 

TSATA 40 IGNITIONATA 75 BLEED AIRATA 76 
LASTATA 42 ENGINE CONTROLSATA 77 ENGINE INDICATINGATA 

CABIN 78 EXHAUSTATA 79 OILATA 80 STARTINGATA 81 

ANCE TURBINES (RECIPROCATING ENGINES)ATA 82 
SYSTEMA TA 46 INFORMATION SYSTEMSATA 47 ENGINE WATER INJECTIONATA 83 ACCESSORY 

IN FLIGHT GEARBOXESATA 84 PROPULSION AUGMENTATIONATA 85 
ERATA 50 FUEL CELL SY5TEMSATA 91 CHARTSATA 92 

TS Electrical System Installation 

~r I NTSB 
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Have a method 
Think in terms of which systems need highest priority 

Arrive with copies of airplane illustrations to mark upFind f 

:; · tNTSB 
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Documenting a destroyed cockpit 

But how do you organize notes about this? ~:;< INTSB 
Revision of June 2016 



NavigationA 
TA34 

lce/RainAT 
A30 

Flight ~--
controlsA li~- · 

27 
Revision of June 2016 

DoorsATA52 

Fire 
rot.ATA26 

EquipmentA 
A25 

~; ·: INTSB 



Case study #2: What Angle? Speed of impact? 
Scene:Wreckage in small areaHigh 

I 

" fragmentation & post-impact 

fireWitnesses saw extreme pitch up on 
="- , 1a l<e"f>.:ti---

~ ' ,'.;_ · .... ~ .. 
..,..,.,. ,, ·.. '-» , 

3, 2003, 21 fatal in Beechcraft1900 accident at Charlotte, 

Flight data recorder ~; INTSB 
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Case study #2: High angle, high speed impact 

~-1,Jr-.,.c.+--l,~...,.-A,-..+Lf'H=,~+-ff'i-++-~-++-l~lr-+,1~~-----1-H-+-++-1 
ckage in small areaHigh 

~........,.,._~~4----4-,~HVH---H>tt-f~-I-H--l-~~~·e nta ti on & p ost-i m pa ct 
----F-H~-K-l+~~HPt/-~~lt--:rf=t---HH~HH-tlt-fto-" ss es saw extreme pitch u p o n 

January 3, 2003, 21 fatal in Beechcraft1900 accident a:: c r ~t~Ff' NC 
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Have a method 
Think in terms of which systems need highest priority 

:; INTSB 
Revision of June 2016 





There can be a lot to document in some systems 

l ~f-• f l l~ DNr " 
0 

l l fllfTlrlTll I 

'""' 
Revision of June 2016 

Every cockpit control does something somewhere. Every 
indicator or recorded data has a source.Capture each end with 

photos and in writing. 

Count jackscr_ewt_hre9ds. ,Measure piston shaft extensions.Look f 

Repeat.Jar each track and actuator 

~I INTSB 



Case Study #2: Tail and pitch turnbuckles 
t and rear of the system was confusingin not matching the published limi 

Up turnbuckle 
Revision of June 2016 



Case Study #2: Pitch control turnbuckles as found 
were at opposing limits of adjustment 

Revision of June 2016 

Look for things which are odd or don't match 

7.30 Inches 
Aircraft Nose Down (AND) 

5.54 Inches--------­
Aircraft Nose Up (ANU) 

'IIIIIIIIIIIIIII/IIIIIIIIIIIIIIIIIIIIII • .... :: ····· . . .... · · ..... 

1\\\\\\\\\\\\1\\\1\\l\l\\\\\\l\\U\\\\! 

~I INTSB 



.251---------41-+ H-++"1.---

.20----------H--- H-H++~+\'t-1-l-------l~ ----



I 



- K,; :i I NTSB 
38 



Case Study #2: The reason was that the design of 
the forward rig pin could miss hole in bellcrank 

Revision of June 2016 





Different airplane: 
A similar pitch trim event occurred on takeoff. 
The Beech 1900 work instructions were backward 

RIGHT HAND THREADS CABLE FROM THE PEDEST .AL 
TAB CONTROL DRUM TO THE LEFT HANO THREADS 
CABLE OF THE ACTUATOR DRUM 

FORWARD~ 
AS INSTALLED 

LEFT HAND THREADS CABLE FROM THE PEDESTAL TAB 
CONTROL ORUM TO THE RIGHT HAND THREADS 
CABLE OF THE ACTUATOR DRUM 

From Colgan Air Flight 9446, Yarmouth, Mass, August 6, 2003 

~'f INTSB 
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Case Study #3: 
High angle, high speed -Implied loss of control 

Revision of June 2016 

Scene:Found beneath final approach 
gathWrec~ g;e in small area High 
fir.agt'ilil e rafati•o-ril ~· JJC)sl~'i0il Q.~ .. ~t- .fire, 



Case Study #3: 
~ igh .a~gle, high speed -Implied loss of control 
First pr1or1ty systems to March 22 2009 14 fatal in PilatusPC-12 accident at Butte Mont 

I I I 

consider:ATA 21 A/C & 
PRESSURIZATIONATA 22 ~WiFQ• 
FLIGHTATA 23 i 

COMMUNICATIONs# 

Revision of June 2016 

·.···,c-·-~ 

ELECTRICAL POW,~ 
FIRE PROTECTIO.NAiF~f-'i'l. 

NAVIGATIONATA 35 
OXVGENATA 36 
PNEUMATICATA 37 
VACUUMATA 61 
PROPELLERSATA 71 

1~ 

~I INTSB 



Case Study #3: 
High angle, high speed -Implied loss of control 

• 
• • • 

• 
• • 

Revision of June 2016 

• 
• 

• 

• 

009, 14 fatal in PilatusPC-12 accident at Butte, Mont 

• 

The cause of the accident was icing in the fuel 
system which resulted in a left-wing-heavy fuel 
imbalance. The pilot lost control while 
maneuvering the left-wing-heavy airplane near 
the approach end of the runway. 

~! JNTSB 



Case Study #4: Low angle at relatively low speed 

~~)INTSB 
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Case study #4 - Impact angle? Speed? 

Revision of June 2016 

Scene:Wreckage under final 
approach.Tail struck first, nose 
high.Relatively short debris 
path.Big pieces, not little 
fragme-nts.No post-impact fire. 

Feb 25, 2009, 9 fatal, B-737-800, Amsterdam, NL 

~! JNTSB 



Case study #4: Low angle, relatively low speed 

Feb 25,-2009,-9-fatal, B-737-800,.-Amsterdam, NL 

\i ~' I NTSB 
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Case study #4: Low angle, relatively low speed 

OX~GENAffi~~ ............ :..,:;\- ; •.-, . i.·· :;;-•:..~;'.-~ . 

PNEUMATICATA:37 VACU!L,M -
Ir • 

. ,4'!"' 

Feb 25, 2009,- 9-fatal,-B-737-800, Amsterdam, NL 

~I INTSB 
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Have a method 
Think in terms of which systems need highest priority 

Arrive with copies of airplane illustrations to mark upFind f 

:; · tNTSB 
Revision of June 2016 





Case study #4: Low angle, relatively low speed 
Probable Cause:Faulty radio 

~lt-+-+~f+-,-;lll,~~~~~~~,___~~ 

~tFt-H~~~~~~~:Z~~· ete rAutoth rattle went to 
---F-H=~~--¥\-+\1-\f-f'=i"~~~,ft+IIE!~i ck shaker at 490 ft 

--~J-F-t-l-lr-+--1-\-~---Ft-+i-+f'Hilll~:--:--t"+--HHH=~~ w noticed Io w airspeed 

Feb 25, 2009, 9 fatal, B-737-800, Amsterdam, NL 

~! INTSB 
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Avionics and electronics 
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Avionics Issues (1 of 3) 
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Avionics Issues (2 of 3) 

i#( INTSB 
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Software Issues 

• Loading of incorrect software/firmware is #1 software 
issueExample #1: Obsolete and invalid data for 
mapping/navExamRle #2: Suaaen crasnes and resets may be 
conflicting software wnen multiRle aisRla~ controls or power 
control units are installeaNew nign SReea avionic units don't' 
always play well witn slow legacV'. aigital l:5ussesB-757 /767 
busses designed wnen tne IBM P.C-~li was new 

:; INTSB 
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Misleading data 
Falsified data 

These are a crimeSto wor~ ana rotect evi·clen·ce for 
DHS FBI investi ationNTSB lnvesti ators must notif 

--- ---

established NTSB DHS interface teamNTS-B Contacts 

Revision of June 2016 



Case Study #5: Low angle, high speed 
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Case Study #5: History of flight 

:; INTSB 
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First house 



Case Study #5: Maintenance discrepancy page 

-' MAINTENANCE CLEARING ACTION 

. . : . . •: ....... : . 

Corrective Action : 

"SMELL OF 
ELECTRICAL 

COMPONENTS 
BURNING" 

. . . . . . . 



Case Study #5: Events - accident day 

:; INTSB 
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Case Study #5: Findings 

~;::INTSB 
Revision of June 2016 



Wiring routed beneath fire damage 

Revision of June 2016 

VIEW ON NEXT SLIDE 

The dashed line shows the wiring path behind the 
instrument panel of a similar airplane 

~'f INTSB 



Wiring behind instrument panel 
To radar display Soot flow paths 

Instrument casings 

To circuit breaker panel (Exemplar airplane) ~I INTSB 
Revision of June 2016 



Case Study #5: Soot flow 

Heat damageon 
bottom surface 

Revision of June 2016 



Case Study #5: PVC wire insulation 

:; INTSB 
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Case Study #5: Wire damage 

Revision of June 2016 





Case #6: Vertical impact, low speed 
after hydraulic swashplate actuator jam 
Copterline 5-76 impacted North Sea from cruise flight 

dy have a solid idea about what happenedTHIS is the time to ca 

~! !NTSB 
Revision of June 2016 
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Systems Components 

about previous observations and issues 

:; INTSB 
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3D Modeling (AS-40 for Systems, RE for Aero) 
tsb_s76_tlight_controls_all_actua1ors Tirne= 1.0000 Frame=1 00 tsb_s7 6_fiight_controls_all_ac tua tors Tim e= 1.0000 Fra me=100 

, \ • I 'r! I 

-•.: 
J / 

·· :,. .. . 

=-.... .... ·- -- - ---
Revision of June 2016 





Shipping submerged parts 
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Tire/Wheel marks at runway endafter Columbia SC Lear 60 accident 

Revision of June 2016 , J. . ' . 



Three most important things about tires: 

1. Inflation 
2. Inflation 
3. Inflation 

Why? 

Revision of June 2016 

RADIAL PLY AJRCRAFT TIRE CONSTRUCTION 
Radlal aircraft Ures feature a flexible casing which Is constructed of rubber co.1ted ply cords which extend 
around the bads and are substantially at 90• to the centerline of the tread The casing is stabilized by an 
essenliaJly inextenslble drrumferenliaJ belt 

TREAD 
REINFORCING PLY 
BUFF LINE CUSHION 

0\/filUAY 

~~ I NTSB .. 



Threads in tension lift the wheel by the beads. 

Revision of June 2016 

218 psi 

' 

Runway surface 

reads inTension 

~'f INTSB 



Pressure controls the load on ply threads 
Fatigue life and sidewall deflection {flattening) 

Impact of inflation pressure: 

Over-Inflated 

U nder-lnflated 



Illustrations from Goodyear Aircraft Tire Care & Maintenance Manual, available online 

Ti re Design Underpressurized tires heat and lose fatigue life 

ick aircraft tiresidewalls retain 

:-:_ ;;:I , \' 
'~-\j ~~\ '. \ 

I 

60 

50 

40 

rn 
10 

10 

O\R<.;A~ l-t\11(.ll[ DUE 10 UNDWUNI 1.AllON 

] LSI Pl SC.R(PTION: l'i,000 rT 11\XI CVCl.f. Al 40 1'• '11 
MRAITD LOAD 

' , ' 7 50x1JO. I 7 
/~ , --- --./' 

~f;X 10.00 I~ .. .. .. - ~ ....._ ......, - .. .. ....._ 

0 L...--,--------------------'~ - -" 
0 

Aircraft tire operation is Ii m ited 
150 

150 
SI'~ H) • <,OM f>M 
DUU.CTTO, • -tO'II. 110 

~ I ! a • It 

'JO 

6U 

hold little heat so do nothave distan " 
50 6 m 

Miles 
0 0 

0 10 10 30 -to ·o 
TAXI OITA CF. -THOUSAr-;O F£ET 

0 5 IO 15 
TAXI OISfA, CE - KILOMr.TF.RS Revision of June 2016 

2 1.5 1.2 

30 40 so 
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Illustrations from Goodyear Aircraft Tire Care & Maintenance Manual, available online 

Tire damage tells a story 

!.kid 
J\n m,1 1--.haped na1 '>Pot or .,kid bum In lhe •~ad 
rubber. May enmd 10 or into fabric plies. Remove 1f 
balance 1:1, ;:iff.x:1cd, f.ibrk i,1 cxµosed, or tin: is ruprur~d. 

Open ire.xi Splice 
A crack In the tre.,d rubber where th~ Joint (~plm:) 
M:111 mies in J c,dkli (i.idcwa)~) cl 1rection. I ire'> with 
thi• <lefcct should be remO\•ed from ~€!Vice 

Revision of June 2016 

Tread Rubber Reversion 

An oval-llhaped .1rea In 1he tread !l1m liar 10 a ~kid. bu1 
where rubber~hows buming due 10 h)Cl roplanini:; 
wring landinl!, u~ually (aU$W hy wrt o r ice-covered 
runwa)'S. Rcmo-·c if balance is ,ilfeacd. 

Che\oro n Cut tin I\ 
I read damage cau;,ed by runnlnl\ and/or brakini; on 
c ro,.s1:iomed runwar,,. Hcmo\e if ch unkin~ 10 fabric 
oa-urs o r tread cut removal criteria are e.cecded 

Sidewall fragment with 
arrowspointing to visible blue 
tintfrom heat damage 

~'f INTSB 





Tire Brake To-Do 

:; INTSB 
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Components - The eternal question: 

Functional test first? 

Disasser;nole fiirst? 

:; INTSB 
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Instruments 
Hard impact. 

Revision of June 2016 



Instruments 
What was the vertical speed at impact? 

Revision of June 2016 



Instruments 
The as-foundneedle is 

loose 

Revision of June 2016 

What here can 
relate IM PACT position? 

INTSB 





Lightbulb examination 
Typical Learjet Caution Warning Panel 

Revision of June 2016 



Lightbulb examination 
Typical Learjet Caution Warning Pane_l 

y~~-. . -. 
i • 

; 

i : .' .,. • 

- - - · ' 

1111 ••· • • • . 

~ --; 
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Lightbulb examination 
Typical Learjet Caution Warning Panel 

'r· - - · -~·-- --- . . 
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Rubber items 

~; ·: INTSB 
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Fuel systems 
• Perishable evidence!ls there any fuel? Record how much and 

in which tanksCapture sump fuel samplesEngine performance 
recorders (typically SD card) Floats type typical with light 
piston enginesNo accuracy reguirement other than at 
emptyDon't trust emRtt CaRacitive (tu l:5e in tube) type is 
typica wit jetsMuc more 
can degrade with age 

Revision of June 2016 

accuract at any attitu eAccuracy 

:; INTSB 



We have advanced NDI techniques 
X-Ray, Static or real-time 

PROS:in-house (RE), guick turn-around, I 

Image snows oval ar.ound wire damage 

in Lightning cnarge cable fo r; an ARRle 

iPhone.iThe wire on tne ORROSite side is 

obscured. Can not tell it also damaged. 

Revision of June 2016 



Computerized Tomography (CT) in 2D 
PROS: 

Similar to X-ray with benefit of selecting slices Less expensive 
and quicker processing than 3DCONS: Sending out for scan, limits 
part size and slows turn-aro~nd. Compined material densities can 
create shadows or pr,~\lernt l1se·. R·e,g~111e5 ta,le1n:t~g post-processing. 
(Scott Warren i_~:AS--40 sgecialist ) Exgernsi~e '"' 

, .. , ·-- . 

Two-di mensiqn~.IJ~ill 1i rw1 ages 

belowsho.w 78:7 Lith.W.rrit-iora 6atter.M 

cells with fused (operat alu 1m1 iri1U lilil 
current conductorsi 

') .-:fl ~f .- i 

If : tl ~l 
I t r 

r , I I 
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CT can provide knowledge before disassembly 
Image at right of carburetor:Passages ma 

To demonstrate potential resolution, 
this pharmaceutical capsule shows 
specks of medicine, not filler, isolated 
by material density. 

Revision of June 2016 
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Questions? 

AS-40 Systems lnvestigators:Carolyn 
DeForge, Division ChiefScott Warren, 

Lead & CT SpecialistBob Swaim, -
NRSTom JackySteve MagladryMike 

HaufAdam HurayMike Bauer 

:; INTSB 



ts.lie~ Weosten, l'v'IID, rvl P.~ rvJeaica_l Officer. 



·National 
mransP.ortation 
Safety J3oard 

Chiet Meaical Officer. - Mar~ 8at McKa½ MD, 
MP-1-:l Meaical Officer. - Nici< Weoste~ MD, MB~ 



-









•• 



Autopsy 
(Engineering investigation of the individual) 

~~) INTSB 





FAA Autopsy Program Team 
Contact Information 

• Christ Hileman R,_Hlh\ =- (b )(6) 

'f I NTSB 



CEN11 LA239, Wellington, CO 
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Normal Sinus Rhythm 
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Trauma Centers 

• Level I or 1124/7 
trauma surgecJfitS, 
trauma tea_rrr, 
specialty surgical 

- . ~ - .. ·' 

carelevel 111 '.E1n·cJ 
IVTriage and 
stabilize 

'f I NTSB 
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Coronary 
artery 
disease 

Heart 
attack 

Heart 
failure 

Valve 
disease 

Helpful 

95% stenosis of the LAD 7 mm 
distal to the left main 

1.2 cm area of softened, discolored 
tissue apex of left 
ventricleHistology: myocytes with 
apoptosis and contraction bands 

4 chamber symmetric dilation to 
twice the normal size, heart weight: 
680 gm, LV wall thickness 1.3 cm 

Dilation of the left atria to larger 
than the left ventricle, calcified three 
leaf mitral valve, opening estimated 
at 1.2 cm 

Not so helpful 

"Significant" coronary 
disease 

"Recent" myocardial 
infarction 

Moderate to severe 
dilated cardiomyopathy 

Calcific mitral stenosis 









• 
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Definition of an Aircraft Accident? (**a review**) 
An occurrence associated with the operation of an aircraft 

which :takes place between the time any person boards 
the aircraft with the intention of flight and all such persons 
have disembarked, and in whichany person suffers death 
or serious injury, or in whichthe aircraft receives 
substantial damage 



I 

What is the definition of an unmanned aircraft accident? 
An occurrence associated with the 

operation of any public or civil 
unmanned aircraft system that 
takes place between the time that 
the system is activated with the 
purpose of flight and the time that 
the system is deactivated at the 
conclusion of its mission, in which: 

1. Any person suffers death or . . . 
serious 1nJury; or 

2. The aircraft has a maximum 
gross takeoff weight of 300 pounds 
or greater and sustains substantial 
dama e. 



What is an Accident? 
-- - --~ -- ·------------- - - - --

Serious Injury (**a review**) -- . 
. -

Any injury which:Requires Cont'd:Causes severe .... 
~ 

hospitalization for more hemorrhages, nerve, 
than 48 hours, muscle, or tendon 
commencing within 7 days damage;lnvolves any 
of the date that the injury internal organ or;lnvolves 
was received;Results in a 2nd or 3rd degree burns, 
fracture of any bone or burns affecting more 
(except simple fractures of than 5% of the body 
fingers, toes, or nose); surface 



What is an Accident? 
~ ~ - - - - -- ~-. --- ---- ----'-

Substantial Damage (**a review**) 
Substantial Damage is... Damage 

or failure which:Adversely affects 
the structural strength, 
performance, or flight 
characteristics of the aircraft, and 
whichWould normally require 
major repair or replacement of 
the affected component 

Substantial Damage is not. .. Engine 
failure or damage limited to an 
engine if only one engine fails or is 
damaged,Bent fairings or 
cowlingDented skinSmall 
punctured holes in the skin or 
fabricGround damage to rotor or 
propeller bladesDamage to landing 
gear, wheels, tires, flaps, engine 
accessories, brakes, or wingtips 
are not considered "substantial 
damage" for the purpose of this 
part. 



Incidents 

"An occurrence other than an accident 
associated with the operation of an aircraft, 
which affects or could affect the safety of 
operations."- 49 Code Federal Regulations 
830.2 



Notification and Reporting 

The operator of an aircraft shall immediately and by the 
most expeditious means available notify the nearest 
NTSB Field Office when an aircraft accident or any of the 
following incidents occur:Flight control system 
malfunctionlnability of any crew member to perform 
normal flight duties as a result of injury or illnessln-flight 
fireDamage to property, exceeding $25,000Aircraft 
collision in flight 



Updated Incidents (830.5) 

•Uncontained engine failure (turbine)Release of 
propeller blade (not ground)Failure 50% of EFIS, 
EICAS, PFD, PND, etc.TCAS resolution advisory 
with risk of collisionDamage to helicopter tail or 
main rotor blades, including ground damage, that 
requires major repair or replacement of the 
blade(s) 









Limited {LA) Investigation 
• NTSB does not travel to the 

accident siteFAA can act as the 
"eyes and ears" of the NTSB at 
the sceneFAA 9 areas of 
responsibilityAdditional NTSB 
requestsProbable cause by 
NTSBFAA asking as part of 
FAA investigation or NTSB 
investigation? 

., ..... , . . . ,. _ _ 
. ., -

-. r1; ·' 
•, ~ -.. 



Data Collection (CA) Investigation 

• One-time reportKnown 
circumstancesNo 
obvious safety 
issues/mechanical 
issuesNo fatalities or 
"critical" serious 
injuriesNot high public 
visibility 

- . --- .· ... ~ -----~ ---



Incident {IA) Investigations 

Gemini Air Cargo MD-11 F, Overrun into EMAS 

. ·~ ---·-....~ -. ....... ~ "' ... ,.~ - -- ·- ·~--





Suspected Criminal Behavior 

• Requires consultation between 
the Chairman of the NTSB and 
the US Attorney Generallf 
circumstances reasonably 
indicatelntentional criminal 
actFBI takes leadlf Federal law 
enforcement agency suspects 
criminal activity may have been 
caused by intentional criminal 
act:NTSB preserves evidence 
of criminal act 











Coordination of Participants 

Organizational Chart: Major Investigation 

Board 
Member 

NTSB Group Chairman 

-
- - - ----=-~-----. - ­

Ill - -
-- -

NTSB IIC 

Party Coordinators 

---
- -
- -- -- -L-

B TR4~11;,14,·r; (-l:~\·1rR 7 
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Coordination of Participants 
- . - . ~ ~~ --- -- .~--'-- -----

. -- ----i;. • . 

Board Member ~ 
• On scene spokespersonlnteracts with the media, Fa~ily,,.<\_"ffyJr_~~ f 

activities, and federal, state and local authorities No -· · ·, · 
investigative role 



- - - -- --·· '"""-- __ _,.., 

Before Launch Checklist 

✓ Parties notified? Additional 

assistance requested?Site 

secured? On-scene 

hazards?Condition of 

airplane? 

✓ Photos taken?Victims 

removed ?T ox testing/ autopsy 

planned?ETA to Site 

Commander?Directions to 

site? 





Managing the Chaos 

• Accident locationType 
of aircraftNumber of 
fatalitiesSize of 
team Examination 
logistics 

•. ,,..., .. .., ., . • • 
.., • :-

~ 
. . .. • -~ .. . , . . . 







Site Hazards - Rules for Investigators 
- - ·---. - -----~------

You will have more of this in a sep8rJf~t}\ 
. .. - -:; .. ~ ' 

module ..... this is only a summary.... -- · 



Site Hazards - Rules for Investigators 

• SAFETY FIRST! -
Responsibility for 
Teamlimit 
AccessAppropriate 
Equipment & 
TrainingDetermine 
HazardsBiological 
HazardsMechanical 
HazardsHealth 
HazardsEnvironmental 
Hazards 





Additional Site Considerations 

• Angry 
landowners Endangered 
speciesAngry 
AnimalsPoisonous 
PlantsPublic 
spectacleHigh crime 
areas Electrical 
WiresSewage .... anc · 
other unfavorable 
accident site locatio1 _ 



Initial Walk-Through: Procedure 

Initial Walk-Through 

Procedure 
• Aerial photographsAircraft four cornersCompass RoseFour 

cardinal points 15 Degree segments 



Initial Walk-Through: Procedure 
. - -- __ .)...,,.,__. __________ _ 

Aerial Photos 



Initial Walk-Through: Procedure 

Aerial Photos 



Initial Walk-Through: Procedure 
- . --- .· ... ~ --------~ ---

Aerial Photos 
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Wreckage Diagramming 

? g .. '20 
--- f-J.,,.,\ (;nYJ 





Wreckage Documentation/Photos 

Wreckage Examination/Photos 
Surrounding TerrainTree 
Strikes/DefoliageApproach 
Paths: Magnetic 
BearingGround 
ScarsWreckage Path: Pieces 
of debrisCheck Surveillance 
equipment 

• -- - - -~----,;,, 
- -----7 ____ ,,__ ___ 7 
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Wreckage Documentation/Photos 
- •.~ ... ---------..e----~------ ---



Wreckage Documentation/Photos 
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Checklists Personal and afcty Sptcilic Items 

• f'rope_r clothing should be the first consJdcrallon. Selection of good ~ervic@dble clothlng 
capable of withstanding rolJBh U$ilge ls reromm@nded. St!lcctlon .should be upproprlate to 
climate 1100 environment. MultiplP layers may ~ the best choice for colder climatic 
condltlons where exertion is anticipated. (Turtleneck Sweater, F~ece Pullover. lDng 
underwec1r, Lederhosen, Snow Pants, Winter Gloves, Wool or fleece Socks) 

• footwcilr appropriate to the acC1dent slle terra1,v'condillon$ ($!eel-toed shoes. hiking boots, 
rubber over-boots, or waterproof boots, as necessa,y for conditionS). 

• coveralls and/or hooded swearshln and coat or jacket. 
• Rain sear. 
• neadRear (hardhat, stocld~ cap, and/or NTS8 baseball hat). 
• Back pack for tools and e,qutpmMt. Should have sturdy frame and be ergonomie. {Fannie 

Pack for sma II tools) 
• Canteen and/or thermos. Take enoush wacer iind/or sports drinks for e,q>ected dlmate 

conditions and length or Invest igative activities (in hot and climatPs, need l•gallon of fluid 
per per$0n per day minim um). 

B JJ?.-11.\l.\·(; C 1~~ ,·11:·1? 





Surrounding Terrain 
Tree Strikes/Defoliage 



Surrounding Terrain 
Evidence of Power 



Documentation 
_. -~ -- . ----- - ------- ~-------- . -

Surrounding Terrain 
Ground Scars 





Documentation 
- •.~ ... ---------..e----~------ ---

Surrounding Terrain 
Paint Transfer 



Documentation 
.- -~~- ~ ---· --- --------~----------...... ___________ _ ---------~--------------------------------------------------------- · . ~--

Surrounding Terrain ~: f-G- 1-as_s __________________ _____, i; 



. -· - . -·- ~ -· '.-----.... 

Perishable Evidence 

• Recorders/RecordingsGround scarsAircraft fluid (fuel, oil, 
hydraulic fluid)LogbooksMedication (live and deceased 
pilots )Icing/weather conditionsAircraft contents (weight 
and balance) 





Documentation 

Perishable Evidence 

~. ,._ .. -. · . . ·, -· - · _:, ' ., . ~ 
~- '" ·,,,.~_. .. ,-: 





Documentation 
- . --- .· ... ~ ------~ ---

Perishable Evidence 



----



Accident Site Photography 



Wreckage Examination/Photos 

• Be SystematicEstablish a flowFraming the 
SubjectCapture orientation of subject with respect to 
wreckage/terrainOrganizationPerishable 
EvidenceOrientationPhotos To Scale 



Taking Good Photos 

Organization of Photos 

Air Safety Investigation + 

ACCIOENT l'MSllOATl()I; RS'OA'T 

PHOTO LOG 

DATE OF MISHAP: , --••••­
REOISTRATlON: 
LOCATION: 

AIRCtV.Fl MOOEL. ~ T182T 
EHOINEMODEL: •·-----
SERIAL HUMBER: 

GENERAL EXAMINATION PHOTOGRAPH$ 

1 -8 Engtne a& receiYf!d 
7 .13 Engj.ne H fn.t v.ewecf 
1-1-19 Eng,fte-todoa_,,blyrt!'Q 
20 c,anktl.h:lft geat and tdlet gtats 
21-~ e..,.,. dob>t.g 
23-2• OifiltorMmllflt 
25.27 ,MCHSO,Y bouwlg 
28-31 01 pump gearo and ll<ldy 
:12-33 01 pump bOdy Md 04 po,np d, ... 
,, Spo,l<plugo 

~ Cit,-..., _,. """and piug. 
48-54 Ccmnow,g ~• ond beil·.,g• 
56-5(1 c.-
57 V~9ctonaindvat.•M 
68-01 Main be.alqis 
&2-M Lell caniOOoH 
S7,11) Rlllhtoton.kca,. 
71.72 Crankihaft 
73-7• Ohul1'9 
75 Fuel inl('Ctef nOZ'Zlll!!s 
18 Flow d:w:l~r 9M fU@I IM'IK 
77-70 Flowd"'.def 
79-e5 Fuel ln,eda •"""' and .,let i,ou- .U.chd 
eo.e7 M-88 Storlo, 
89 Fuel pun,>a-nel tu@! flowlfanscfi,JON 
90,91 Se.-.ongo Pl""4', ru.t P,11'9 vxwm p.,n,p dfNe •da~ 
!12-95 TulbO dllfllOI 
90 E,cha1at s~•m •Md alopo 00tltrotor 
97-911 Todp,pe,i,,,,,,,.......,_o•ndcio.-npo 
119 ~co..,.,loc 
I 00 lntalra PIP"" 
101 Mi~neou!I mohen ~ mater.el 







L ., -~ . .. . 





The Launch Part II: The Investigation (cont'd) 

Wreckage ExaminationCheat Sheet! 



Wreckage Examination/Photos 
Wings 



Wreckage Examination 
-- - --~ -- ·------------

Flight Controls -. -
f--------------------------<.-. 

• Trace flight controls from cockpit to flight control 
surfacesDescribe breaks"Flight Control Continuity"Trim Tab 
ActuatorsFlap Drive Mechanism 



Wreckage Examination 

Flight Controls 

2-ADZB-10 



Wreckage Examination 

Flight Controls 





Investigative Duties (on-scene) 
Document Wreckage and SiteGather/Retain 
EvidenceDisseminate Information to Party MembersField 
NotesOrganize Wreckage RecoveryMake additional requests ,...;:_ 
for information (if unable on-scene can request from ~­
office): FAA statementA TC radarweather reportlaw 

;;.. enforcementcoroner 
:~ 
~ --; -~·· 



Evidence Retention 

• What to • 
retain:CVR/FDRAvionic I 

I 
slnstrumentsFuel i 

! 

-- sampleslogbooks (mx i 
& ! 

pilot)MedicationCamera 
sCell phones 

.,., =-: ;;-------- : ~ .... -- . . - - .• 79 · ,_ .·. . . · .- · . -. - ~ - -..... 
.... --- -- -. "=":';,:- - -.::...::. 

What not to retain: 
Personal effects 
(**however, we may 
retain to make sure 
they get returned to 
the family**) 



The On-Scene Wrap-Up 
Evidence Retention 

• ow 0 

document:Photos, 
photos, I 

photos!Document item, ! 

condition, part : 
number/serial 
numberEvidence 
forml.E. procedures 
(tape bag, initial, 
etc.)Evidence return 
close the loo ! 

C NATIONAl TRANSPORTATION SAFETY BOARD 
£v0.JG 00NTIICl 

---·- -......... _,_,,10 .. .. -- --IO .... --
B JJ?.-11.\l.\·(; C 1~~ ,·11:·1? 





The Follow-Up 

Further Inquiry 
FirstOrganize Digital Photography into 

Folders & DirectoriesPursue New 
lnformationRequest ATC 
lnformationPolice & Autopsy 
Reports Toxicology 

SecondResearch LogbooksFAA Pilot & 
Aircraft DataHuman Factors 
lssuesMore Witness 
lnterviewsSchedule Component 
ExamsRecorder Downloads (CVR, 
GPS, etc.) 

ThirdPropeller & Engine 
TeardownComponent 
Teardowns/ExamsAirport/NAV Aid 
lnformationFueling HistorySurvival 
FactorsAccident/lncident History 

FourthCoordinate HQ 
SupportToxicology/Autopsy Follow­
Up & AnalysisBegin to Compose 
Draft ReportSafety 
RecommendationsManage the 
Workload 



The Follow-Up 

Organization of Photos (*a review slide ... *) 

Air Safety Investigation + 

ACCIOENT l'MSllOATl()I; RS'OA'T 

PHOTO LOG 

DATE OF MISHAP: , --••••­
REOISTRATlON: 
LOCATION: 

AIRCtV.Fl MOOEL. ~ T182T 
EHOINEMODEL: •·-----
SERIAL HUMBER: 

GENERAL EXAMINATION PHOTOGRAPH$ 

1 -8 Engtne a& receiYf!d 
7 .13 Engj.ne H fn.t v.ewecf 
1-1-19 Eng,fte-todoa_,,blyrt!'Q 
20 c,anktl.h:lft geat and tdlet gtats 
21-~ e..,.,. dob>t.g 
23-2• OifiltorMmllflt 
25.27 ,MCHSO,Y bouwlg 
28-31 01 pump gearo and ll<ldy 
:12-33 01 pump bOdy Md 04 po,np d, ... 
,, Spo,l<plugo 

~ Cit,-..., _,. """and piug. 
48-54 Ccmnow,g ~• ond beil·.,g• 
56-5(1 c.-
57 V~9ctonaindvat.•M 
68-01 Main be.alqis 
&2-M Lell caniOOoH 
S7,11) Rlllhtoton.kca,. 
71.72 Crankihaft 
73-7• Ohul1'9 
75 Fuel inl('Ctef nOZ'Zlll!!s 
18 Flow d:w:l~r 9M fU@I IM'IK 
77-70 Flowd"'.def 
79-e5 Fuel ln,eda •"""' and .,let i,ou- .U.chd 
eo.e7 M-88 Storlo, 
89 Fuel pun,>a-nel tu@! flowlfanscfi,JON 
90,91 Se.-.ongo Pl""4', ru.t P,11'9 vxwm p.,n,p dfNe •da~ 
!12-95 TulbO dllfllOI 
90 E,cha1at s~•m •Md alopo 00tltrotor 
97-911 Tod pope, i,,,,,,,... -• •nd cio.-npo 
119 ~co..,.,loc 
I 00 lntalra PIP"" 
101 Mi~neou!I mohen ~ mater.el 



OAHER- SOCATA 

--""" -,---....-~ 
~~~-· 



The Follow-Up 

Pilot & Aircraft Information 
• Obtain all available aircraft 

informationlogbooksEnginePropeller 



• A 
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NEXRAD LEVEL-II 
KGSP - GREER, SC 
07/ 29/ 2008 18:57: 33 GMT 
LAT: 34/ 52/59 N 
LON: 82/13/ 11 W 
ELEV: 942 FT 

REFLECTIVITY 
ELEV ANGLE: 1.37 

Legend : dBZ (Category) 

>= + 75 (16) 
+ 70 (15) 
+ 65 (14 ) 
+ 60 (13) 
+ 55 (12) 
+ 50 (11) 
+ 4 5 (10) 
+ 40 (9) 
+ 35 (8) 
+ 30 (7) 
+ 25 (6) 
+ 20 (5) 
+ 15 (4 ) 
+ 10 (3) 
+ 5 (2) 
<= 0 ( 1) 



J ---· 



The Follow-Up 

Other Recorder Downloads 

loca()Oft, 

Dote 
Tne: 
Alrc;rd-

NIA 

NATIONAL T RANSl'OftTATIOt,/ SAFETY BOARD 
Vellldi RtcOrdtt DMtron 

tewts. DE 
-"'IY IO. 2006 

Y-Jo,i,,,gton DC ~4 

1\p,1125. 200fl 

V,deo'lmage Studv Report 

ln'I•~...._ 
NYCHFA H7 AIB 

1>y Dooglu• P. Bruy 

1052 Ear....., ti-yl,gl,t Tmo 
Auton I.Ong EZ, reg,_ N78LC, I/an'• All-8 R0111""'""" -RI.A 

C. §J.!l!!Y!!!:! 

On .Ally 10 :100!!, ill 1052 ..... rn di)'~ llml I llOm4bU!lt Rutan I.Ong EZ N781.C 

lll!ld • """"bull Von'• Rl/-8 "89SIRM- ...... m.tomi,ly ~d «tfl11g • tricla~ .......... 

•nd 1Ut15equenl 1mpld in IMI O.lr11•re 81y flQ.r uwe-., Dollwt1re The cartific=elect 

oomm....,I pilol 11)'1119 the long E.l'. and It. 01rt1ficaled p1w1te ptol ty,,g tl,e IIV-8 wo,e 

11,.lly lnJUftd Vl..,.I mel•0<0loglcal _,d,lon• l"•""lltd and no ftlgltt pion on• !led lo< 

•1-lligl,loonduded und• 14UR Pllrt91 



The Follow-Up 

NVM: Portable GPS Receiver 



The Follow-U 

PFD/MFD 

Primary Flight Display 

..... 
I~ 5 , 

-~ fl - -. 

,.::.,!! -· ~. 
~ __; 

=, ---• 
--

Multi Function Display 

1:: . ·.:.....--, :·::,. 
, ... ,. .... ~ ··­, .. , ,, , _, 
I- ···-. " 

C· 

' • • • 11 ~-

....... , .. --

~~-f .. .,. • 

• · ... 
= 
--
-:'.""J 







The Follow-Up 

Other Recorder Downloads - RDM 

Figure 3. P l()( of bllieftight pwatl'ICIUHI tlighlighliflg the CAPS~!. 

,:_r :1 __ _......, ________ ~~~- . 

l::1 -- - ---- -- -- --- - -- -

"'--------~i 
I 

· I 



The Follow-Up 

Cell Phones 
• Recent calls/textsCameraSearch and Rescue 

B JJ?.-11.\l.\·(; C 1~~ ,·11:·1? 



- ~ - - --- -------· 

Toxicology 
• Beware of positive results for alcohol (decomposition)Compare 

with other info sourcesPositive results may warrant further 
investigation.Pilot medical records should be obtained from the 
FAA The pilot's personal medical records may need to obtained 
via the family or by subpoena. 

~ --.,.. =- .,, - . - ~-- . -
- -- ·:C 99 .·.: .,._ ·. ··-·--.,,..~ -. ._-::_ . _.· ----=- - - . ·...: 

· ... ·-- -_ .---- --



The Follow-Up · 

Autopsy 
• Detailed overview of the injuriesUnderlying health issuesSurvival ~ _ 

- ·- -- ~- .-:.,. 

factorsPilot at controls -

:--...,,..,_~-:,_-- -~- --
- ....-~--:-:-._ - -~ - .- -

,;; ·-- - .· .· -- -. -- . 

r;---- - - --~-- ~ 



The Follow-Up 

Human Factors 
• 72-hour historyMedical re. 

(fatigue) ~ 

• a • I • • • r • 



The Follow-Up 
- . - -- __ .)...,_ ______ _ 

Material's Lab Examination 



NATIONAL TRANSPO RTAT ION SAFETY BOA RD 
Office ol ReMarCII and Efio,noenng 
r.l.unall l..abcnlOIY O,,,os,cn 
w.s11.-oc.~ 
Jan,.a,y2fS.2009 

"'-' TERIALS I.A80AA TORY F ,\CTUAl REPORl 

A. ACCIDENT 

Place 
0.lte 
v..­
NTSBN> 
lnYl!SIIO>!Qr 

R<no. Nev:lda Se!>_, 2008 
l.ocXhMc:I P2V-7S ISl'-2H), N42l5T 
SEAl!a0-'194 
~ ulle (.+.SI-N"'RAJ 

B. COMJ>ON ENTS EXAMINED 

11111 Slaj)o Ci0!'1'P@Sla diK. PIN 60E57!>-
~ ~ SM21n35. mo-.,u..•1 

C. DETAILS OF TIIE EXAMINATION 

The ICifW~lll and all la(l!S Ill 1119 -
~ 11 llg<n 1 lhe dl5C ,o-n lr.lt11n!I 1n1D 
conl.linll!I llboJI hail 01 lhl m, llllO one NU od 
'""'1 iWl<I 1tle en!lre t,on, _,, conb1r>!!d 1B Ille b 
- """'__,_, ~ .,,__ rtoe 
EtlE.575-2 mn, 11<1m l)'OO 302. COll09l0l1 re><stlnl 

FM datab.5'15 ldonr.ty N423ST as • L 
150282 n,an,(acllftd In 19132. "4!~ ,._ 
hQlder, oponllrl<J ll1e MCl.141 in 1h11 ..s!rlctld c.i,i.g._ __________ ....ll _ _ 

l"t ;i,1cra11-. orti,1n~ rn-llltd bl' •~ Elldl>c ~ Th<t CIJII..,. fYPt 
-(E,255) ii lllld l>/~~.11td TIit M>jta- dlSC 
¢.1'114 IRlm die ,i lllfll tflOIM S"- 1 11235 and h.ld rel)lll1eGly acc,,m,,bleo 950 1 neut, 
IOt3I - .,_ ,..., (TTSN) e1d 619 I hOurJ - IN,-,YI <Mlll3<JI IT'SOH) fl~ 
491 ~ IIO<nln ,_" 111~1 Av,~11011 

lnlll:al opUeal --OI Ille !r)ttures - eictent"e pos! -­
d"""9! 10 lll@ M>l<>fllY Ill"" fr.Win-• on 111'! - - Ttlefllldlnon1he 
1Z90f paa, n~ re1;nvei, Ulld;rl;ogod a,d <"'-'"' haurw -... ,.-.,e v:slllll on ,_ 

1 9u'u~.ratt~Wnprs. ....... \M~0!.8..1tOIC..t. falNVtfl da1ld t!IJulr •Od!_....,.,w~ill"t,$. 
elff.t 



The Follow-Up 
- . -~ -- . ___ ..._ ________ _ 

Follow-Up Examination 
Salvage Yard 

- ._-; .· ~· 





NTSB Contact Information 

NTSB's 24-hour 
Response 

Operations Center: 
844-373-

9922www.ntsb.gov 

-- . -- - -:.i- -- -------· ~ --

I NTSB Regional Offices -
0 . •!.~ . .,,• - .~ 

We~l(,lll P.,cif,c Region Cenlfal Reg,cn E- !l:J . 
Federal\'/~, WA [•.m<er, CO ~ bum YA 



Public 
Dockets 

Resources 

1 
NATIO<IAL TRA~POl!TATION SAFEll 80ARO 

NTSB News 

..,-~= ~~···•:·,,,,, ' ,,,:,.•,. ,:,,,•. :-.:; •:·;1 

- '. ---
. ,~ -- -... 

. -
D JiT1I 

D•"""•-""­
D """'rn..s-...,,, 
0 ---­
D •oll-

Photo of tht w~~i, 

( ......... ~--~-:= ... .....,... ) .. .,. ... ~------.-.......... ... --

_..,_.. ............ 
..,....,,»oo.-•1'--
"•--• ~'&IS"~ ........ ~ -- ----·--""""' _....,, __ ,.._ 
•12 ... r.-. • ..,... 
11,..,ICOdtellltel,....._ 

" "--•- -- ... -~ ... -bbol!'II!> ........... - ...... ---·-· ........ .._ .... 
~TN-• ~ ... " __ _ 
""'""·--· ,_,...IOOile 
ll'--••-.,__ 

, ~ . . ~- .. 

Reports 









- -- -__._.._~ ----=------~ --
Are all Accidents Preventable? · 

(Or could a good pilot just have a 



Thank You For Your Time 
- ··- ·-~ _.,. __ ---- -~- --- --
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ffihe Office of Aviation Safety 

ResP-onsible for the Safety,Board's aviation accident investigations 

Deputy DirectorRegional 
=- OfficesSandy Rowlett I 

Regional 

• 
Operationsand 

General Aviation 

I-;SurvivalFact 
ors 



";:f Regional Offices 
~ 

Investigate general 
aviation accidents 
and small incidents 
involving air 
carriersSupport 
major investigations= 
45 gener~I. 
aviation/fiel.d1.r 
investigators 





--~ 
. ·'/ ·-

' .. . ·.,p Desk Investigations 

Turbulence events resulting in 
serious injuries Substantial damage 
that doesn't require travel 



/ f A Partial Go-Team 

Dispatched to non-fatal accidents or incidents that involve safety 

issues or circumstances that warrant investiaation such as: Newly 
Hrgn accraent potentral 

certificated aircraft Air traffiCSi~frdllrir,r; ---~- interest 



·_ -- '~ ternational Go -Team 
~ 

...... , -'·. 
' , ,, , ,' -

Di~~~tch_~cJ with an NTSB Accredit~(t Re·pr,(;!sentative and Advisors to 
.......... -·· .. · · · ·=, . . , - .. 

majori aC.f idents tha~ are i nves_ti~at.~~ ~~-~r fore
1

f~a::-.,r,~l .ates per (ICAO 
~-~~ ~ 13). The basis for part1c1pat1,,e>f §= regMfer,Wlt8£fr18faH5us 
d~_s1gn.~d / man~factured I eltiz~ ~ fat~_lly)i_njured Significant 
· -cert1f1cated aircraft · • · · -. -\~ ,!~·~Ji':'·/ •--· -. . ... · P-t113hc inter.est 





Led by Investigator-In­
Charge (IIC)lncludes 
Group Chairmen, Board 
Member, Member's 
assistant, public affairs 
and transportation 
disaster 
specialistsPrepared to 
launch within 2 hours of 
notification 

-\\tl\Ns1) ,_ r· ._z- . _)✓,-J 

'F:. - r,_,. 
- 7 .... ~ - ' --' 
i- .. '-· ' -.-:( . _,..._ 

~l- . . . . . . ' Ill I ' I • ' ;;· 

,_f1• . ~.\,\~ ~- I ~ (.J 
- ,- rltl "-.'-

rt ry e,o~· 



-Jr The Launch 

--,1",inediate and substantial communications with the FAA 
_ · '[~d representatives of the organizatior)s involved, including 

F ~~ ~n-U.5. authoritiesFAA airpla_rie may b~ ysed to transport 
, 'team to accident site 

1 
_ - • • 

. ,,.~ .~ ~~..i, 
~ -j 

- 1 



---~ ,::-; -f The Launch 

Communications 
-~ 

- t~C,enter arranges 
logistical support for 
the team's arrival on 
the scene 



Regional offices move quickly to secure 
the accident site, gain control of the 
wreckage, coordinate with local fire and 
rescue authorities, retrieve flight reForders 
and establish liaison with media 

= ............... ==-= ~=- ------ --- - ·-----~---- -•- -

,, .. ,,1, 11 
I I 

'~ -~. ,.,. . 



Survey accident siteEstablish command post (serves as 
ppint of contact)Arrange communications Confirm 
security arrangementsConfirm biohazard precautions 
with local authorities 



:,;?rf Organizational Meeting 
---L_~.__..., 

-
' 

Mein.aged by the IIC, the organizational meeting 
is de~igned to: Establisti ordef . ld,entify 
Nrr:$B participants Designate Rarties and par ty 
coordinators ,-



~.. - .. -
.: t.XP.prove official obser:versRe,view rules of 

conduct of the investigationR':view on-site 
safety precautionsldentify.~ cr:egA e.~ . 
representatives and acl_visorsEstal:>lish and · ,. 

-· 



FAA 
Airframe 

Manufacture 
EngineManuf 

acturer 



Witness 
Chair 

Airl ine 

Coordinator 
Manufacturer 

Coordinator 
FAA 

Ops Chair 

Airline Manufacturer 

Coordinator 
Airline 

Systems 
Chair 

Manufacturer Airline 

INTSB 



. "-if Composition of Investigative Team 

The on-scene investigative team typically 
consists of groups in the following disciplines: 

Structures 



Composition of Investigative Team 

Structures 

o_· _ 0.125 





Composition of Investigative Team 

Systems 



.,_;~ 
A ' · Composition of Investigative Team 
-?' 

Powerplants 





Maior Repai:rs 
/...:Id 11 R13pa,. -

~ie-"' A(ffl.airi 

EA.log 

c-e, a~ EA 10 

~\t~N i.O~ 

Reports 

DTE !Re oor f 

FCBS IL.iaU 

' Bn-7 

A-7S7 

"1D80 

i::-c.ASUsts. 
B7;J7 

Review Major Repaits 

MRT 'If' A,C Date IO&sc~lplklrl 
-

02Ni43 6CS 411$/110 Dot,Jblil'r E:xtern~I 

P~2 5CS 3lt2/i0 Qql'!t,1 

0~J44 5CS 319110 Splice Rep,ait 

OO'S11_2 5C$ 5/27J'g$ other 

0141® e.cs 8,'20,'0.~ Sp.'roeR8pair 

01.'!~1.J. 5CS 81'1 4t'O<l Part .R~p~nt 

Q1~ !0 5CS 8.'14J08 Parl.Jwµfa~ 

~a 5CS ~n4/08 !Do~ External 

Q.:1!164& !ie& ettll\aa .Doubler I: :t10 rrra ! 
QWl,1tl scs 8f13108 D.'.lllbl~r Eiden1al 

00'766ij SC$ 9{24107 Other 

ODIOOZ 5CS 9124/07 O!~ 

0:~4!8. CiCS aM.4fOO Part R-oillfnroement 

~17 5CS a.i11roo PM R6'1fi)foemen1 

o<..£.4rn !CS 8l1fJ.c0 Part RelnrorcemE!flt 

~15.4~ 50$ 8/1 'lJOO -· Other 

Locat ion ·-1oamege Type Repplr Status DTE lype -
UH fuwaga SL. 1·rr~iu;~ent Nev, Active 0~1:N 
LW and RW upper... Co.rroisioo Naw Atlive CLOSE() 

STA 7CO s1 I.Bl ... Crack New 111.:tii.-e CLQSl:D 

"Void• lnv-alkl ... UnkilQW:t EJt1slt'lll Remavarl NOTREOUIR:l:O 
slJ .2411., Stai 100 .. Corrosion r4w-,.r Actrvo 10~N 
c9br11 A z.one ~ ... C«JOSl'Ofl N1:11111 J>,cijve NOTFIEQUIRED 

A zooo 11 seat ... Conosiun Ne\'t Acii•t& HOTREQUIRE0 I 

,~non 1720 LlL CortosiDB N!!'tJ Arnn.re NOTREQlllRED 

SUlOO!il 1720 IREL Cbl'rorue>'Jl Mel .... A::tive NOffieQUIRED 

s.1ation 1 '7:ZO LB .•. C-0!,roslo Fl New A<:H'JO" liOTRSG!UIRED 

RIH 1/~iot Ina .. NofBh,.1eptill1 Ner, Aetlw CLOSED 

.UH 'l'l.llr~fst Ins ... NotBh.~;mt t4;., .. Adiv-e CLOSED 

S'll'A 11~5 SGfl' ha ... NolB'lu\'lprint E.xir.1IBg ~ nm 
Floor beem STA .•. 

1

CC1rFC1& ion j EKiiJtulg /\ali!l"EI CLOSED 
FIIX>.r beam STA •.• CtirrosiQJl Ex-lslhilg .AJ:!t,,e Ct.0SED 

RH Fo1rul 6..'vw Vlf::..-,. e .. , -,:_, ·~ -· _...__ 
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Composition of Investigative Team 

·· Survival Factors 



Composition of Investigative Team 
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Composition of Investigative Team 

Other potential groups: 
Human Factors Radar 
data Mai.ntenance records 
Hazmat 



Composition of Investigative Team 

Other specialized groups 
, are formed as necessary: 

Human performance 
Hazardous materials 
Fire/explosion 
Witness interviews 



Composition of Groups 

•. , 
' ·t\ I , · ·, ;Glioup chairmanFAA 11111 

~~:11Jitled by 
,'law)Technically 
qualified party 

-.membersAdvisors to 
a~credited 
r,~presentative team 

j ·- r 
I~ FAA 



-

Groups develop a factual 
account of the on-scene 
findings - and document 
in field notesGroups work 

L.. very closely under the 
direction of the group 

-,, _ chairmen -- and remain 
,,, intact for the duration of 

"i. I Jtie investigation 
•", .-i :{on-scene 7-20 days and . •- . 

' . foHow-up usually not less 
~th·c:ul 6 months) 



i-,-

J • . Progress Meetings 

"'!-:At the end of each day, a progress meeting is held, 
, led by the IIC and attended by all members of the 

~. a.~ investigative team. No one other than the 
investigative team may atfe.'_Q-d tflese meetingsAt 
the meeting, group chairm·en summar,ze their 
findings from the day and present theJrpla~s for 
the next dayFactual information reported·',at the 
daily progress meeting is !iUJnmarized ancJ 
reported to families and media by the Boat,tl 1 

Member, IIC, or public affairs specialist on, S:~~01:.t 
}I.· .._ 





/ f Press Briefings 

:-. Parties are prohibited from speaking to the media 
regarding the investigation and may be removed 
from the investigation for-doing so 



Family Briefings 

l:actual information is. 
~ y i,ded to the families 
l:5~ th~ Board Membe~,.;i. 
the IIC or the ... ·--~- -

irra~s_~ rtation DisasterJ . \~·-,\l .. \ ... 
~ss,stance staff . .it] , l :lit 

reQresentative prior to,.. 
ttie media briefing 



Completion of On-Scene Phase 

Before being released 
from the scene, all group 
members must:Assist in 
the completion of field 
notes of the evidence 
gathered on-sceneSign the 
field notesNo group 
member is released until 
approved by the IIC 
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Law Enforcement 

FBI responds routinely 
Shares information with teamlf NTSB 
investigators suspecfany foul play, it is 
brought to tt,~_; immediate attention of FBllf 
circumstanc~

1
~;,.re_.~son.~J~ly in.dicate that an 

accident may have bee.n .caused by an 
intentional crirninal .c1ct~ fJ:31 assumes the lead 
in the investigation and NTSB provides 
technical supp9rt,as requested 
(formal agre~ment betweelJ ~~B Chairman 
and Attorney General) ~ .. , , 

- ~ ... ,~-~ 

...... .... 







J •··· Group Activities 

Acfditfonal investigative work ~ 
¥ ~h: :.u;~::~:~~s0

~~~~:~eQ~tt . ~1. ... ,~ = ~ 
:'-,,;., a_ fthe NTSB laboratory, airlirl~i ) ~. ,\ --· 

~ or manufacturer, and · · 1,~ . 
1 

independent testing facilities.. ·· ·ill 
Examples include: .. , .~ ~ f · -i! t!/£

1 
· Engine tear-downs f;:.:.·;~Y.~•, 

-)J omponent testing -· .· < · ;§~-
- . - - ~""g . 

. . -~~-Simulator studies ~ _ · .t ... -
:·'f · "-· t· . "1\lANs,.0

0 
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Off-scene group work is carried out 
under the same rules and procedures 

as on-scene 

- I 
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Sworr:i testimony may be taken in 
"!I'"_, 

def),ositions on-scene or at a 
la!e[.;.d2.te.~to ·obtain additional 
factual information. These 
::'ssit>ns,are:~ Conducted 
1:>i,.the IIC al'ld 
g~roup,,,ctic!irman· Attended 
by._grouJ) . f• . , 
J>ai:ty members ,. 4}w· 

,:..,,, .. 





NATIONAL TRANS!PORTAT&ON SAFETY BOARD1 

W'ASHINGTONI, D .. C. 

S"fS,TiEMS GROUl,P CHA'IIRMAJN'S 
FACTIJlAL RE PO:lff 10F I N'll1E$'HGA:TION 

Upon completion of all 
investigative work, the 

group chairman's factual 
report is distributed to all 

group members for 
review and comments 



Public Hearing 

.,.Public hearings are normally convened for major 
. \ catastrophic, high public interest accidents involving 

fi'! ,:· -.-:,complex national safety issues. The full Board votes on 
:. - staff recommendations to convene or not to convene a 

public hearing -

·l:i. ,, , 'rt 
. ,,• I . l ._. 

, .. 



Public Hearing 

~ T·he Board holds an investigative hearing to:Gather 
:. testimony to expand on issues identified in the 

_.,_ tr:· ~. investigation, andPublicly present the findings to 
:. -~ date to demonstrate that a' ~omplete, open, and 

objective investigation is b .. ~i.r1g_ ·c9_np_u._cted 

·l:i. ,, . 'rt 
. . ,• I l . _. 

, .. 



Public Hearing Participants 

• 
• ,.__ - I 

P.ublic hearings include:An "!TSB Board 'Member who serves as 
tlie e~esiding officerA Board' of Inquiry composed of senior 
NTSB, managersA technical pan·e1 , composed of'IIC_· and group 
chairmen · · · · · · · · "" 

~P", • ·-.... -... 

' ·-· .!!..' • ' 
._;,, fll. - • r_--C-~-••• ~ ,, ~ - • 
-... · ,._ ' . 

- ... ,ii , 

\ 



Public Hearing Participants 

R~ l_ic hearings include:Parties designated by the Chairman of 
-- ~t.J'l~ Board of Inquiry (not necessarily Jt,e same parties that 

F t:· ~ were on-scene)Accredited repre$entative(s)Witnesses 
:.. . I 

' I -



J • .· Conduct of a Public Hearing 

Wifo~t§~es are questioned in this order by a: Technical panel 
Part_~4.sp<:>kesmen ~oard of lnquiryA_seco_nd round of 

, c1e:r:.,, c_~t1on questions may be permitted 1n the same order 
:. I 

I -



~ fl ·trechnical Review 

is to:Ensure the accuracy of tlje factual recorctReview,the 
n- e· e-d .. f .. o·r-.add.itio

111
n
1111
a·1. investigative work[) iscuSS· furthet av•ei.nl'ues . , 

of investigative ia_ctivities regarcting the scope ancJ cteptli~ · · 

of the investigation, 



Rarty Submissions 

Rarties. are encouraged 
to submit ttiein owra 
analysis ancl P.r.ol:>alJle 
cause. of ttie acclcfent as 
well as RrOROSecl 

I 

recommenclations 



, , 
I 1. • . ,,. -

~ .... 
~---

Preparation of the Final Report 

Parties do not participate in the 
preparation of the final report; 
however, 

Party submissions are reviewed 
·by staff before preparation of the 
final report For investigations 
conducted under Annex 13 to 
ICAO, the foreign accredited 

· ~ ~ ·": representative receives a copy of 
J. ~ ) the draft final report for comment 

-~ \_,\]It .__ ~~ \l.l . 
·~ ...... 



' ""' A draft final reRor:t and party 
· submissions are reviewed ·at•i 

app"roved by the five Boarcl Memb·~rs 
' • ~ • 

• 
c...ie....-,, --



..___ . . ....... 
;Jihe Board,reviews and di_scusses t tie draft final report with 

I :l"J'!'l....it:~---- -staff in a·public meetingMajori issues are expl~red at 
lengthThe final report, con~c~!u~s~io~_n!!ls~,•p~r!ll!!o~.oli!a~t;l;"c·ause and 
~~- ' . 
recommendations are adop_tect · • .. 

• 
c....e....-,---



Safety Recommendations 

Are the major product of the Safety 
BoardDesignates the party or person expected 
to take actionDescribes the action the 
Board recommendsStates the safety need to 
be satisfiedResult in immeasurable safety 
improvements that save lives, reduce injuries, 
cut economic losses and eliminate the 
emotional trauma of an accident 



Accep~aos e Rates IS~ Mear. 
All ,Modes --- -- ..... 

82.6 • -, 



If a party chooses to request a reconsideration of the 
report, conclusions, and probable cause as adopted by 
the Board, they may file a petition for reconsideration if 
they can: Provide new evidence Demonstrate an 
analysis not previously considered 





. J , .· The Party Process 

-~·,, · ffi fl~ Safety Board investigates more than 2,000 aviation 
~ accidents and incidents a year and about 500 rail, highway, 

· • ,...,lrnarine and pipeline accide~ts. Wi\_h only about 400 . 
e:mployees, the NTSB accomp:J1~hes this task by leveraging 
its resources and designating,~~~tlE!s .tQi:i.ts, investigations. 

1.59 ~ 
__ l6 9 ~ 
. : t 19 ~ 

.... 



· · ~;:,, .· The Party Process ~ -
NTSB regulations state, in part, 
that_ "parties shall be limited -J~.. toiJ~sepersons, government 

~- .. t ~·: N - ._ wej:.e,;.J_ny.olved 1n_ the accident or 

~ ~~i!Hiiiiiii==il~f inc'i(f.~f'lt, an~, •;i ~• ~ ---

.f ~-~ -





The Party Process 

The IIC designates parties 
on sceneThe participation 
of accredited 
representatives from 
foreign countries is 
established under the 
provisions of ICAO 
Annex 13 



The Party Process 

The NTSB has complete 
discretion over which 
organizations it 
designates as parties, 
except FAA, which is a 
party by law 



map ufacturerEngine 
.. . -· -- . 

m1araufacturer 



. / The Party Process 

MajQr component 
martufacturerPilot, _ . 
ATC\ maintenance and _.. 

· .. flight attendant union 
~ representativeslocal 

• · -~l_rport and law 
.. e.nforcement -, 

L • 



The Party Process 

Allsolutely no news media, company media 
relations, individuals occupying legal positions or 
in·surance personnel are permitted to participate in 
any phase of the investigation., including meetings 



.. ..,. / 
··'i' 

·,_/ : Who to Send to an Accident 

Parties to an investigation 
should send the 



Party Coordinator 

Should not be assigned to a groupSupervises the 
group members from his/her organizationWorks 
directly to support the IIC 

~============= -- - --=---

~ t. • ~. :... . 
. f . 

. 
. / '•~ . , I i I ,, 

/ . I . . 
-i '. . 

-- -~~ -- _ .... 
- / ~ ' - ~ -:~> • - • . ~ .:,.--r , .. .. ~ ' ~ 

• ,... 'I' -..... --· - -.... ... ·~ .. ., -



Party Coordinator 

Must be able to speak for and make decisions for the 
organization they representRemains near or in contact 
with the UC/command center at all timesls responsible 
for ensuring that NTSB rules are followed 
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party mem ers are 
required to sign a form 
titled "statement of party 
representatives to NTSB 
investigations" which 
specifies that all members 
of their organization have 
read the applicable rules 
and regulations governing 
the investigation and agree 
to abide by them. i;.v:.A"is;) _ 
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No independent 
.-~ iJ11vesttg_ations by 
' · partie~ or group 

memb'ers, .are ... , ,,; ' : .• .. ·· .-.. 

p.ermittedNo 
informatio fi·,. will be 
withheld ftlimti-~ NTSB 

....... ~ 



· · ~;: • . · What to Prepare For 
~ · 

-y 
,,,) .~ J?~D ~ la~nch to a major 

1n~Jst1gat1on, group team 
• rti-~mbers should be 

.,_ prepared for:Extended 
work hours lasting 7 to 21 

· -daysTravel to off-site 
lbcations for follow-up .. •·-=-

group activities (such as 
t ear~·down activities) 

·-·~, ... 



_Jf What to Prepare For 

Potential for extreme 
environmental, physical and 
psychological stress while on 
-site"Team concept" 
cooperation and spiritOnce 

a specialist is assigned to a 
group, substitutions are 
highly discouraged 



/ ·· . Protective Measures 

. A_ll>1P-~rty specialist who will p~rticipate in wreckage retrieval 
shQ_gld have current tetanus and hepatitis-B inoculationsFederal 

_..,_ .r,~gq_lations require investigators to wear personal protective 
e~~qJpment (PPE) while on scene to .erotect against bloodborne 
pathogens like hepatitis-B and Hl\tP·arty members must supply 
their own PPE • 



,;;t · Lines of Authority for 
· ·~ · Conflict Resolution 

·111h 
Diref tor, Office of Aviation Safety 

110>--:~:accredited representative 
. ,.Party coordinator Grou c;hair.man 
· Group member 



Group members are responsible for 
pointing out· discrepancies in factual 
repor,J~lssues regarding the scope of '~ _.,, .-~. 

the i_~ e~tig~ti~n, .fin(Jings or the 
I ~: . 

content-.,offa~tu~I notes should be 
resolved With ttfe. group chairmanlf 

. lJi, • . 

issues cannot be,-resolved at this 
lev~h trie· party coorrJin_ator and 
group\~hairman. s,hi ~t~ apprise the 
IIC for resolution .~1• -.-._, 

....... ~ 



Group Representation 

NATIONAIL Tlu\NSPORTATION SAFEIT BOARJ[)i 
Off I!;<;! ,1J>f A,1i;11li oo. S.1f 1:L)' 
W.ishi•gh;m. DC zm9~. 

SUR1VJ'VAL FAC'TORSGROUP· CHAIRMAN'S FACTUAL RE!PORT 

Opaator 
Aircrnft. 
l.o.:ation 
l:>sie 
Tinaie 
N'fSB ~ 

Oolll'liti:i-, In~. 
[ronol>ar,d~er <CL-600-2D 19 I.N431CA1 
u.~-xington, KY 
Aia.,,tfU.'lt '27, 1CIOG 
0609 futsten'l Daylitgl11 Tinie- 1 

l'ICAD6N1A064 

SURV[VAL- FACTORS GROUF,;;: 

J~.m T. F~cl.ok. 
Ni:dio.Lml Trurn,portaliolll. Safd~• Bomr.J 
Wm;h:iugton, DC 

Murk H. o~.1.rg~ 
Nttii-oml Tnu!L~PQJ.1~Lion S.ru~l~~ Bo<'IIJ'd 
W~shingtt~. DC' 

P,ml S;, Ndsom 
.•\ir Line Pii lots h:ismi.ilioo 
Hebron, KY 

If a satisfactory resolution is 
not forthcoming, the 
coordinator should request 
that the IIC raise the issue to 
the chief, major investigations 
division for resolutionA full 
set of all final group 
chairman's factual reports 
with attachments are provided 
to party coordinators upon 
completion 



_ .. ;;~ Discussions About the 
' '" 
~ Investigation 

Parti~s and group members are 
prohibited from speaking about 
investigative findings with the 
news media or publicGroup 
members should advise their 

\ _c9ordinators of information 
:l.._f(~rived from the investigation, 
· .i-8,ib·.ut should refrain from 

• I I." - ·~-

~pe cu I a ting or analyzing 
unsubstantiated information 



All group members assist 
in documenting the factual 
data gathered on­
sceneSign the field 
notesAnnotate any 
differences 
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· · ~;;,, .· Post On-Scene Phase ~ -
P~rties in good standing are 
invite·d to participate is several 
ways· ·att~r the on-scene phase . .. _ 

, ]p_ey will be asked to participate 
,b;ri=~-~bfqH1!P ~earings held in 
-fa rttierance!.of the 

• •" . • ' •a ... • 0, 

fnve.~t•g·afiQn-F9.~_19w-up tests, 
int~rviews or'sfild,ies initiated by 

~-t!_ftiir' groupThe .t~t~
1
hnic~I review of 

~h~e~~:::!~~e
8
ne~?. of the factual 

. investigation . ~-~ -

~t \f!..ANsp 
t,..'v 0 

,\ :,,:; 
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Submissions & Final Report 

alp,a 

Submission of ~1he 
Aiir Une p·,110:ts Ass,ociat,on, lnleFina11ional 

to the 

Nation.ail Transportation Safety Boa,rd 
Reg:airding the lnciden1t lnrvolvir.g 

N1011!nw,est Fllighrt 188 

>-\3,20 

DCAl10IAOOl 

Parties do not participate 
in the analysis of the draft 
final report, howeverParties 
can contribute to the 

submitting their own 
findings, recommendations 
and probable cause based 
on the factual reports 



Attempted Takeoff From \Vrong Runw.:11• 
Comair Fl iglht 5191 

'Bombar..-licr CL~ti00-2D19,, N431CA 
l~xingttm, Km,LuLky 

August 27, 2006 

These 'party submissions' 
become part of the public 
docket and are considered 
by staff and the Board 
Members before adoption 
of the final report by the 
Board 



/ f Other Party Responsibilities 

.. l -- - -~ 

I -

Parties are encouraged to take 
immediate corrective action to 
prevent a similar accident if 
factual information uncovered 
during the investigation warrants 
such action. The party 
coordinator is expected to 
apprise the IIC of any such 
actions before they· are taken 
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NTSB RULES AND AUTHORITY 
FOR 

CONDUCTING AIRCRAFT 
ACCIDENT INVESTIGATIONS 

Jim RodriguezOffice of General C 



HISTORY OF THE AGENCY 

• In the beginning ... Civil Aeronautics Board 



HISTORY OF THE AGENCY 

• Congress establishes NTSB by 
statutelocated within the DOT 



HISTORY OF THE AGENCY 

• Independent Safety Board Act of 
19 7 e}le r:edJ:i~~....,..__. ____ OJ_an d_alJ other 



NTSB AUTHORITY 

--~--__ ...._,c;.r,,.....,___.._ --~--

Title 49, United States Code Chapter 11 (49 
U.S.C. §§ 1101 -1155)and Title 49, Code of 

Federal Regulations Parts 800-850 



STRUCTURE OF THE NTSB BOARD 

-----..;.a~--------~----------~---

• The National Transportation Safety Board 
consists of 5 Members, appointed by the 
President, by and with the advice and 
consent of the Senate. Members serve 5-
year staggered terms. 



STRUCTURE OF THE NTSB BOARD 

-----..;.a~-- ----..c;.r,,.----------~--

• 2 Members are designated by the 
President to serve as Chairman and Vice 
Chairman. They each serve 2-year terms. 
The e~airman's nomination requires 
Senate confirmation. 



TASKS OF THE BOARD 

-----..;.a~-- ----..c;.r,,.----------~---

• Promote safety in transportation 
by:lnvestigating certain 
accidentsDetermining the facts, 
conditions, and circumstances of 
accidentsDetermining tfie probable cause 
of the accidentlssuing transportation 
safety recommendationsConducting 
safety studies 



TASKS OF THE BOARD 

(CONTINUED) 
-----..;.a~-- ----..c;.r,,.----------~---

• Reviewing other agency action on 
appeal:Denials by the FAA Administrator 
of applications for airman certificates, & 
orders modifying, amending, suspending, 
or revoking certificates issued by DOT 
Secretary, or imposing civil 
penaltiesDecisions of US Coast Guard 
Commandant on appeals from orders 
ALJs suspending, revoking, or 

enying mariner licenses, 
uments 



BACK TO INVESTIGATIONS ••• 

-----..;.a~-- ----..c;.r,,.----------~--

• ... shall investigate or have 
investigated :Ai re raft 
accidentsRailroad a 
accidentsMajor mari 
clause 



AUTHORITY OF THE BOARD 

The NTSB shall invt .. 
involving civil airer. 
a public aircraft ot 
Armed Forces or b 



THE PARTY SYSTEM 

-----..;.a~-- ----..c;.r,,.----------~---

Parties to the investigation are limited to (1) 
those persons, government agencies, 
companies, and associations (2) whose 
employees, functions, activities, or 
products (3) were involved in the accident 
(4) AND who can provide suitable qualified 
technical personnel to actively assist in 
the investigation. 



THE PARTY SYSTEM 

-----..;.a~-- ----..c;.r,,.----------~--

• Only the FAA is afforded the ''right'' to 
participate in aviation investigationsParty 
representatives ( except federal agencies) 
sign a ''Certification of Party 
Representative,'' or a ''Statement of Party 
Representatives to NTSB Investigation'' 



EXCLUDED FROM PARTY SYSTEM 

-----..;.a~-- ----..c;.r,,.----------~--

• Specifically excluded are representatives 
of claimants or insurers and occupants 
of legal positionsllC works with 
insur:ance personnel to:Allow to 
establish a claimTell of investigative 
plansRelease wreckage with approval of 
owner (if possible)Pro~ide same factual 
info given to family an 
press 



OTHER AGENCIES AND NTSB 
---~--- ------c;.r,,.------------~---

• All covered federal agencies - not just law 
enforcementAn investigation by the Board under para 
(1 ){A)-{D) or {F) ... has priority over any investigation by 
another department, agency, or instrumentality of the 
US Govt. The Board shall provide for appropriate 
participation by other departments, agencies, or 
instrumentalities in the investigation. But those depts, 
etc, may not participate in the decision of the 
Board regarding the probable cause of the accident 



SUSPECTED CRIMINAL BEHAVIOR 

-----..;.a~-- ----..c;.r,,.----------~---

• Requires consultation between the Chairman 
and the US Attorney Generallf circu ~..... s 
reasonably indicate an intentiona · ~~ ,..~ .... 1 
act, then the FBI takes the leadlf \~ ) . I 

~~.:''~ 

law enforcement agency suspects 
intentional criminal actThen the NTSB 
preserves evidence of criminal act 



EXAMPLE 

-----..;.a~--------~----------~---

Feb 18, 2010Pi 
TXWhich agen 
investigation? 



LESS RECENT EXAMPLE 

Nov 12, 2001Be 
587Which agen . ..,_...... 
investigation? 



OTHER AGENCIES AND THE NTSB 
---~e------ ------..c;.r,,.--------- ---...;;e:-----

• Other depts, agencies, or instrumentalities of the 
Govt may still have the authority to investigate an 
accident, or to obtain information from parties and 
from witnesses. Both ttie NTSB and those other 
governmental entities will ensure that appropriate 
information is exchanged in a timely manner. 



NOTIFICATION & REPORTING 

-----..;.a~--------~----------~---

The operator shall immediately and by the most 
expeditious means available, notify the nearest 
NTSB field office when an aircraft a~cident or any 
listed incidents occur. 



NOTIFICATIONS AND REPORTING 

-----..;.a~-- ----..c;.r,,.------- ---~---

• ApplicabilityUS registered aircraft 
anywhereForeign aircraft in US 
territories and possessionslncludes 
certain public aircraft operations 



PUBLIC AIRCRAFT OPERATIONS 

• An aircraft:Used only fo7 U.S. --~ 
GovernmentorOwned and operated, or ~ .,~ 
exclusively leased for at least 90 contin Puuuc

0
~~~~~

1

0:mtATlON 

days, by a government of a State, the District 
of Columbia, or a territory or possession of 
the U.S.timited exception for Search and 
Rescue purposesMay not be operated for a 
Commercial Purpose (with one limited 
exception) nor for ca~riage of passengers not 
associated with a go'lernmental function. 



DEFINITIONS: AIRCRAFT ACCIDENT 

---~--- ------c;.r,,.------------~---
• An occurrence associated with the operation of an 

aircraft which:Takes place between the time any 
person boards the aircraft with the intention of flight 
and all such persons have disembarked, and in 
whichAny person suffers death or serious injury, OR 
in whichThe aircraft receives substantial damage 



MORE DEFINITIONS 

---~--- ------c;.r,,.------------~---
• Fatal injuryAny injury which results in death within 

30 days of the accident.Serious injuryRequires 
hospitalization for >48 hrs, beginning w/in 7 days of 
the date injury received;Fracture of any bone (except 
simple fractures of fingers, toes, or nose); Severe 
hemorrhage; nerve, muscle, or tendon damage;2nd­
or 3rd-degree burns, or burns affecting >5% of the 
llody surface;lnvohles an~ inte~nal organ. 



DEFINITION: SUBSTANTIAL DAMAGE 

• Damage or failure which:Adversely affects 
the structural strength, performancr ~~ • .. ::: - ... .,..,, 

flight characteristics of the aircrL_~· -~- · .---~ 
AND whichWould normally require t----.,--
repair or replacement of the affected 
component 



EXCLUSIONS TO SUBSTANTIAL DAMAGE 

---~--- ------c;.r,,.--------- ---~---
• Engine failure or damage limited to an engine if only 

one engine fails or is damagedBent fairings or 
cowlingDented skinSmall punctured holes in the 
skin or fabricGround damage to rotor or propeller 
blades0amage to landing gear, wheels, tires, flaps, 
engine accessories, brakes, or wingtips 



DEFINITION: INCIDENT 

-----..;.a~-- ----..c;.r,,.----------~--

• An occurrence other than an accident 
associated with the operation of an 
aircraft, which affects or could affect the 
safety of operations 



ENTRY AND INSPECTION 

-----..;.a~-- ----..c;.r,,.----------~---

• An officer or employee of the NTSB:On 
display of appropriate credentials and written 
notice of inspection authority, may enter 
property where a transportation accident has 
occurred or wreckage from the accident is 
located and do anything necessary to 
conduct an · estigatio · dDuring 
reasonabl t any record 
process, ted to 
accident 



DEALING WITH INTERVIEWEES 



INTERVIEWEES 

-----..;.a~-- ----..c;.r,,.------- ---~---

• Rights of intervieweesAny person 
interviewed by an authorized 
representative of the Board during the 
investigation, regardless of the form of 
the interview has the right to be 
accompanied, represented, or advised by 
an attorney or non-attorney 
representative. 



INTERVIEWEES 

----.;.Q!I------ ____ ,_,c;.r,,..,.._. ___ ----~----

• The investigator cannot:Grant immunity 
from prosecutionAssure confidentiality 

' () 
--~~ ___., ·-. ~u 

& l6 ¾z _. 

However, a person may object to public disclosure of information and : 
the Board may withhold it under an exemption to the FOIA if its release 
is found not to be in the public interest. 49 CFR 831.6(b). 

••••••••••••••••••••••••••••••••••••••••••••• • ••• ••••••••••••••••••••••••••••••••••••••• -•••• -••••• •••••hooOo•O••••• ••• ••••••••••••••••••••••••••••••••• .... •••••••••••••••••Uooo•••••••• ••• ••••••••••••••••••••••••••••• •••••••••• 

-_,, 



DISCLOSURE OF INFORMATION 

• Most Information is publicly 
availableTrade Secrets ActVoluntary 
Submissions of lnformationCockpit 
Recor-dings and Transcripts 

1l 1RADE 
SEC:RET 



MISCELLANEOUS LEGAL PROVISIONS 

-----..;.a~-- ----..c;.r,,.------- ---~---
• Board Accident Reports may not be used or 

admitted into evidence in any civil action for 
damages (49 U.S.C. 1154(b): 49 C.F .R. 
§835.2)Factual Accident Reports may be admitted 
(49 C.E.R. §835.2)Board employees may testify 
once for all civil litigations (49 C.F.R. § 
835.5)Scope limited to factual information: no 
opinion testimony (§ 835.3)Board employees may 
not a ear in cot1rt for civil liti ation 49 C.F.R. 
835.5 Testif in in criminal matters 49 C.F.R 
835.10) 
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