Space Weather and
Delta’s Polar Routes
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Current Polar routes
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DeIta/orthwt polar flights:
564 (Dec 06-Jan 10)

~ Of the 5 entry fixes, our flights will favor
ORVIT and RAMEL
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Requirements for Operating in the Polar Area:

Authorization for operating in areas of magnetic unreliability
Procedure for fuel freeze

Effective communication for all portions of the flight route
The following MELS (Minimum Equipment List):

« Fuel quantity/temperature indicating system

« Auto-throttle System

« Communications system

« Medical Kit to include AED

« Include MEL restrictions for 180-min operation
« APU

« QFE/QNH and meter/feet conversion
« Fuel freeze
« Area and route-specific weather patterns and aircraft system limitations
« Special considerations into diversion airports
« Cold weather anti-exposure suit (2 onboard)
Suitable alternate airports



Delta Meteorology’s Role in Space Weather Planning

Authorization for operating in areas of magnetic unreliability
Procedure for fuel freeze
Effective communication for all portion of the flight route
The following MELS:

* Fuel quantity/temperature indicating system

» Auto-throttle System

« Communications system

* Maedical Kit to include AED

* Include MEL restrictions for 180-min operation

« APU

« QFE/QNH and meter/feet conversion
* Fuel freeze
« Area and route-specific weather patterns and aircraft system limitations
« Special considerations into diversion airports
» Cold weather anti-exposure suit (2 onboard)
Suitable alternate airports



Storm Scales

Storm Scale
G1l, G2 =%
Geomagnetic NO FLY
(ABERI, RAMEL,
G3, G4, G5 DEVID)
S1, S2 =%
Solar Radiation
S3, S4, S5 NO FLY
R1, R2 =%
Radio Blackout
R3, R4, R5 NO FLY




Space Weather Effects
on SATCOM/HF Radio



Effective
Communlcatlons

Delta S Pr|mary Commumcatlon Method ACARS using VHF or SATCOM
Delta’s Secondary Communication Method: Voice Communications using HF Radio or SATCOM

SATCOM is not available North of 82N. Any flights entering north of ORVIT must
on rely HF Radio as a primary source to communicate with ATC and Delta.

But Solar Activity can interfere with HF Radio,
which could mean no communication method is available.
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We can enter via ORVIT, during a small Geomagnetic Storm or Radio
blackout because it is within SATCOM range. We will not fly any polar routes
during a moderate or larger solar radiation storm due to effects on
communications and possible radiation exposure.



Planning a Polar Flight



Planning phase of flight

* Run analysis through FPS for each flight to determine best routes and flight
levels

* Polar routes will almost always be more economical
» Consider Meteorology department’s random routes

» Determine safest route - forecast weather (turbulence, thunderstorms, space
weatther activity, cold temps)

 Evaluate alternate airports

ADELTA




Delta Flight Planning System

1389 DTW-PVG

Fit/Dt Ship Crig Dptr ETD Dest Ayl ETA Arl War DP Fuel Block Haold Tm TGAF CIThKR  Taxi Sar APU
1389/29 7108 | | koTw 2050 | 2080 | zsPD 1120 11se | [ 2 CIFoB 274000 5 | 29959 o 2 O

AlnPrim Sec Tkaf J Pyldpay  Cargo JF'erformance Max FL CICDR ICAD
7588 geal RGN || c) i FUEL ~ [ Playbook
CINON-EQPD

Lack | Status | Ilap | D | Cost | Burn Brn Diff | Trip Tm | ETA Ay Df Init FL Comments |A Status| Scenario

(<] TRK.92 12030 269650 28675 16:16 13:16 1:56 280 Initial
TRKF 14963 296375 55360 17:32 14:32 312 280 e
RAN PRM. 39647 236100 -4914 14:44 11:44 0:24 300
RAN. 39647 236100 -4914 14:44 11:44 0:24 300
TRK. B8 40853 236275 -4739 14:45 11:45 0:25 300
TRK.E7 41000 236622 -4352 14:47 11:47 0:27 300

ent

EEOOOE

Weights

'|'|
c
4

Req Time Req Fuel Plan TimedFuel

Lirmnits
Structural Dispatcher Planned

Preview Taxi Out % 251792 Fero Fuel 461000 445400

Contingency 5 51017 Ramp 7EE000 720400

Rout
o 0 Takeoff 756000
Tanker Fuel
A . Payload 718608
Weights 274000 Driftdown ]

Block Fuel Optimized
Ship TEAF 29959 Landing 492000 A7ETT

Pavload X Alternates
Fuel Estimated Requested Planned Source
hlax FL

Pax Count ] 268 268 | Disp Dest Altn 1 | 7555 [ ] Takeoff Altn (]
Bag Count 348 348 | Ratio Dest Altn 2 D
Flt Lvl  Time Fuel

Cargo Wt 35000 35000 | Disp Planned Dest Altn 1 7555 || 020 11 4087

Remarks

Driftdown

NotamsfWx Total Payload 97700 27700 Planned Dest Altn 2

AWABS Performance Data
MO MATCH - ORIG/DESTH
ETOPS
Redispatch

Constraints

Errors




GFP : DL 1389/DTW : world2
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Create forecast packet
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KLM Airlines 2%). 26/09Z to 271102 Date: 26Apr10 Trof Line (FL300) B \\oderate/Severe
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Cold temp chart (-64C)

1. Delta Meteorology will provid art with the following:
FL340 wind and temperature
Areas of -64° C or less at FL330, FL350, FL370 or FL390
2. FPS uses Boeings Fuel Freeze Program
It uses -40 as the freezing point for fuel
Adds a 3-degree buffer (-37)




Space Weather Forecast Form — part 1

Delta Meteorolog ace Weather Activity and Forecast
Date: Monday, April 26, 2010
Valid: Monday, April 26, 2010 thru Tuesday, April 27, 2010
Fcsti: SEXTON

Current NOAA Scales Activity

Geomagnetic Storms:
Solar Radiation Storms:
Radio Blackouts:

Solar Activity Forecast

molar activity 1z expected to remain very
loar for the next 3 days (CApr 26-25)

Geomaqnetic Field Activity Geophysical Activity Forecast: The geomaqnetic field is

The geomagnetic field iz expected to be mostly quiet on day one 26 Aprl). Ohadet to unsettled
levels are expected on days 2 and 3 (2728 April) with 1zolated

active periods possible on day 3 in response to the CME observed on

22 April




Space Weather Forecast Form — part 2

Avoid Polar Routes N of 82N (owver ABERI,
DEVID, RAMEL) Fly Polar Routes
= 853, 5S4 or 55 Avoid All Polar Routes

Geomagnetic Storm Effects

G1 Communication=s: No Effect
Satellite Ho Effect

G2 Communication=: Pos=sible HF radio fade . .
e This section
Communications: Pos=sible imemittent HF adio omtanes

Satellite Pozsible intermittent satellite navigation problems=

G3

G4 Communications: Pos=sible spoadic HF adio oumtange=s does not

Satellite Pozsible =atellite nawvigation degraded for hours
G5 Communication=s: Pos=sible HF Aadio owmtages for 1-2 days

Satellite Poszible satellite nawigation degraded for days Change . It iS

Solar Radiation Storm Effects

S1 Cnmmunii:g,zttizlll'u_:e: Zn:-ﬂigl:-hfleemminnr effectz on HF Radio eﬁects Of each

Hiological: Mo Effect
Communication=: Pozzible =mall effects on HF Fadia t 'I: t m
S22 Satellite Possible nawvigation at polar cap affected ype O S Or On
Biological: Pos=zible elewvated Adiation risk

Communications: Possible HF radio degradation H F Radlo
53~ Satellite ,

Po==zible =atellite nawvigation emors

Biological: Pos=zible elewvated Adiation risk .
Communication=s: Po=s=sible blackomt of HF adio for several days=s Satelllte
o R Satellite Poszible satellite nawigation emors for several days=s
Biological: Pos=zible elewvated Adiation risk . .
Communications: Pos=sible complete blackout of HF @Adio for sewveal daws NaVIgatIon
bl S Satellite Poszible satellite nawigation emas for sewveral days
Biological: Po==zible elewvated adiation rizk

Solar Flare - Radio Blackout Fffects and/Or BlOIOgy

Communication=s: Pos=sible minor dearadation to HF radio on zunlit =side of Earth
Satellite Ho Effect

Communications: Possible blackout=s to HF radio fortens of minugtes on sunlit =ide of Earth
Satellite Ho Effect

R1
R2
R3 Communications: Possible blackout=s to HF radio for an hour on =unlit side of Earth
R4
R5

Satellite Ho Effect
Communications: Possible blackout= to HF radio for 1-2 hours on sunlit side of Earch
MHawigation: Pos=sible minor disnuption= to =atellite nawigation on sunlit side of Earth
Communications: Pos=sible complete blackout to HF @adio for several hours on sunlit side of Earth
Satellite Pozsible =atellite nawvigation emors for sewveral hours on sunlit side of Earth




Suitable Alirports In
Russia



Russian ETP’s




Yukutsk — UEEE/YKS

An ETP airport is considered unsuitable when the surface temperature is colder than
meteorologist will need to make a remark on the flight planning message if one of our ETP
airports are this cold.

The greatest threat is YKS, where the average January high is -36F!

B SURFACE WEATHER«

FYKS 060600 METAR 0606007 00000MPS 0450 R2Z3L f0550N FG BKN2?00«

‘ M39/M43 Q1054 NOSIG RMK QFE782 23450150«

KS 060700 METAR 0607007 00000MPS 0450 R23L /0600v0B00U FG«
BKNZ200 M38/M43 Q1054 NOSIG RMK QFEF81 23450150«

KS 060800 METAR 0608007 00000MPS 0600 R23L /14000 FG BKNZ 00«

M2a fMAl 01054 NOSIG RMK QFE781 23450150«
1S 060800 METAR 0608307 00000MPS 0400 RZ23L /11000 FG BKNZ2 00«
M39 /M43 §01054 NOSIG RMK QFE781 23450150«




Space Weather Activity
Procedures



Delta Meteorolog ace Weather Activity and Forecast
Date: Monday, April 26, 2010
Valid: Monday, April 26, 2010 thru Tuesday, April 27, 2010
Fcsti: SEXTON

Current NOAA Scales Activity

Geomagnetic Storms:
Solar Radiation Storms:
Radio Blackouts:

Solar Activity Forecast

molar activity 1z expected to remain very
loar for the next 3 days (CApr 26-25)

Geomaqnetic Field Activity Geophysical Activity Forecast: The geomaqnetic field is

The geomagnetic field iz expected to be mostly quiet on day one 26 Aprl). Ohadet to unsettled
levels are expected on days 2 and 3 (2728 April) with 1zolated

active periods possible on day 3 in response to the CME observed on

22 April




Enroute Notification

Meteorolegy department printer'wilkimmediately-receive
alerts/warnings from SWPC.

The meteorologist will

 Notify Flight Control of any activity that IS occurring or
forecast to occur

* Issue TP




Enroute Response

For Geomagnetic Storms or Radio blackouts:
» Dispatcher and flight crew amend flight route if needed
* Relay TP information

For Solar Radiation Storms:
» Surface meteorologist will receive the Solar Radiation Alert

* Flight Control/Crew determine best altitude to minimize radiation dose for the
remainder of the flight.

* Likely drop to lower flight level or change entire route.
* Relay TP information



Turbulence Plot (TP) System — Space Weather

TP System: Delta Air Lines’ primary
method for weather hazard avoidance

TP Status TP Edit Mountain Wave Outlook TP WFL Status Procedure Manual

Space Weather v AO-Arctic v

Hazard: SPACE WX

Source:

TP AO10 1315002

1.AO

2.*ALERT *
HAZ:SPACE WEATHER
SOURCE:OBSERVED
LAT/LON:90.0N100.0W
RADIUS: 780NM
CATEGORY: S3 R3 G3

Category:

Geomagnetic: ©

Lat/Lon: 90.0N100.0W
Radius: 480
Time:
Alts: :(300 igh:[200 . .
: Low: HIghi50  padio and Geomagnetic scales — 480NM

Standard Info's

_F$0Iar Radiation Storm — 780NM

TIME:POSN AT 12/2000Z
ALTS:FL300-500

INFO: RCMND AVOIDING
ALL POLAR ROUTES
3.VALID 131500/141200Z
4.CANCEL NONE

Info {optional):

Begin{Optional)

Default O plus 2 hours > plus 3 hours & plus 4 hours  plus 5 hours 1 plus 6 hours O plus 12 hours

Cancel: No TPs for the selected region Enter other Region :| Region

. Error Check ‘ ICIear‘



Space Weather TP Messages
G and R Scale Storms — 480NM Radius

TP AO10 131500Z
#4 2+ ALERT *
] HAZ:SPACE WEATHER

SOURCE:OBSERVED

(2 \‘J: -
o | AT/LON:90.0N100.0W
] RADIUS: 480NM

CATEGORY: R3 G4

] TIME:POSN AT 12/2000Z

ALTS:SFC-500
INFO: RCMND AVOIDING

{8 N ABERI, DEVID, RAMEL

3.VALID 131500/141200Z
4.CANCEL NONE



Space Weather TP Messages
S Scale Storms — 780NM Radius

" TP AO11 1316002
#] 2*ALERT *
] HAZ:SPACE WEATHER

SOURCE:OBSERVED

#l | AT/LON:90.0N100.0W
= RADIUS: 780NM

1 CATEGORY: R3 G4

4 TIME:POSN AT 12/2000Z

ALTS:FL300-500
INFO: RCMND AVOIDING

] ALL POLAR ROUTES

3.VALID 131600/141200Z
4.CANCEL NONE




April 11th-12t 2010 Event

2300Z-
0000z
13047 1500Z 1600Z 1940Z 2353Z 02227 02392 04277
Geomagnetic ‘J_FK _ G3
Sudden Flight G1 Warning Issued Updated Form for G1 Warning
Impulse Plan VT 12/1600Z Contact Dispatch Canceled
Sent
DTW Flight Plan G3 Warning received

Sent

DTW Departs

Flights entering polar region

Issued TP




What do we need from SWPC?

 Continued communication/education between our
groups

* Timely communication of space weather events

* Warnings to include affected geographical
areas/flight levels/latitude restrictions

 Duration of conditions



