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Table 1
Identified SPE Candidates: Approximate Year, Data Set, and
Fluence F3p (cm‘z) Evaluated for the SPES6 Scenario

SPE Year Series Fio (Xsp @

1460-1462 AD* NGRIP(1460)
Dye3 (1462)
1505 AD Dye3
1719 AD NGRIP
1810 AD NGRIP

8910 BC IntCal09
8155 BC IntCal09
8085 BC IntCal09
7930 BC IntCal09
7570 BC IntCal09
7455 BC IntCal09
6940 BC IntCal09
6585 BC IntCal09
5835 BC IntCal09
5165 BC GRIP
4680 BC IntCal09
PROTON ELUX 3260 BC IntCal09
2615 BC IntCal09
2225 BC IntCal09
1485 BC IntCal09
95 AD GRIP
265 AD IntCal09
780 AD? IntCal09
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Effactive Dose Flaie1{E} for 2012-03-02 17:00-18:00 GMT

5km (16,000 feet) Radiative Dose Rate (uSvihr)
lat 50S-605 605-405 405-205 205-0 0-20N 20N-20N £0N-60N 60-90N
avg 3.99 2.89 1.35 0.57 0.50 0.88 2.76 3.85

Northern Hemisphere view at selected altitudes

Effective Dose Rate(E) at 11km for 2012-03-09 17:00-18:00 GMT

max 4.57 8.66 8.2 1.06 114 .10 8.65 4.47 Max(E):23.01
11km (35,000 feet) Radiative Dose Rate (uSv/hr} Avg(E): 6.67  Syhr
lat 50S-605 605-405 408-205 205-0 0-20N 20N-20N 40N-60M 60-80N a0
2045 1282 3.89 1.34 1.15 2.69 11.61 21.26 80
2195 21.29 15.18 2.80 3.28 1390 2238 23.01 a0
15km (49,000 feet) Radiative Dose Rate {uSw/hr) gg
90S-605 605-405 405-205 205-0 0-20N 20N-20N S0N-GON 60-90N o5
3|00 2196 4.96 1.54 1.3 3.28 18.81 40.69 20
41.28 4033 26.17 3.52 4.02 22,16 4247 4328 18
Representalive High-Latitude Flights }g
2012.03-09 17:00-18:00 GMT 12
Flight Name Time Rate’ Dose' Safety Signal 10
z 8.0
hours uSwhr mSv Airerew” Public’ Prenatal’ 7.0
Londen,GBR - New York,USA 5.50 a2 0.090 g-g
Chicage,USA - Stockholm,SWE 8.50 . 077 4 :O
Chicago,USA - Munich,DEU  8.50 . 0.153 3.0
Chicago,USA - Beijing,CHN 13.50 B.86° 0.255 gg
Signal Aircrew> Prenatal® } g
Max_Annual{1000hrs) _tri one_trip 0'5 B
0-6.0mSv : 0-0.167mSv 0.2
6.0-12.0mSv 0.167-0.333mSv o1 |
[ . >0.333mSv 00 |
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revised corr_for_efficiency values from 2013-09-26T00:00:00 to 2013-10-01723:59:00

GLNM

5 THUL R=0.30

relative scale

3 OULUR=0.51
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Space Weather

RESEARCH ARTICLE ~ U.S. Government shutdown degrades aviation
e radiation monitoring during solar radiation storm
Ky Paimta: W. Kent Tobiska', Brad Gersey?, Richard Wilkins®, Chris Mertens®, William Atwell*, and Justin Bailey’

1 significantly affected

Effective Dose Rate(E) at 11km for 2013-09-30 18:00-19:00 GMT]

acific Pal ia, USA, “Prairie View niversity, Prairie View, T
« During radiation event, 20 people e A < ¥ y, Houstc S Max(E): 22.49
lkely received lifetime fatal cancer mpRon; Viegiaia, (5 pany, Houston, e Avo(E): 10.82 @il
n enviconmen g 80 g Oct 2
environment opera oo
\al monitoring Is needed Abstract The US. Government shutdown from 1 to 17 October 2013 significantly affected U S. and global 40
o i phees : . 38 N o
aviation radiation monitoring. The closure occurred just as a 52 radiation storm was in progress with an average 30 3 3:96: AL Boulder, CO USA
1 . . 2. : 5
dose rate of 20 uSv h™'. We estimate that during the radiation event period, one-half million passengers were 2
Corespondance to: flying in the affected zone and, of this population, four would have received sufficient dose to contract fatal i%
W. K Tobiska, cancer in their lifetimes. The radiation environment can be treated like any other risk-prone weather event, 12
i gepecan/ N e.g, rain, snow, icing, clear air turbulence, convective weather, or volcanic ash, and should be made available 1
to flight crews in a timely way across the entire air traffic management system. The shutdown highlighted the ;_g
tion: need for active operational monitoring of the global radiation environment. Aviation radiation risk mitigation e
kn, W, K. B, Geroay; &t Wiltdas, C. steps are simple and straightforward, i.e, fly at a lower altitude and/or use a more equatorward route. Public a5
tools and media methods are also needed from the space weather scientific and operational communities ad
to provide this information in a timely and accessible manner to the flying public. 3
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OULU revised values from 2012-05-16 12:53:00 to 2012-05-17 12:52:00
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NB SEE also occur at ground level, e.g.
HV diodes in electric trains in 1990s
(also concern for civil nuclear industry)

Heavy ion
(direct ionization)

E,Z
[ J

Proton or neutron
(indirect ionization)
ol + (E)

Nuclear Incident
Reaction \ 77/ Neutro

Sensitive
Nodes

UNIVERSITY OF

7 SURREY

37




-4
2
7]

5
T8
=
o
]

£

E

=5
o

40 50 80 . “ .
Latitude (degrees)

¥ SURREY

38




Example:

. 7“‘-ctober 2008 QF72 e
I|es in AoA data

_ tq, ne oht computer, le -_&

i "l-- manoet es that cause
i *'jhg"i’ ffect ide

. by proces

In-flight upset

154 km west of Learmonth, WA
7 October 2008

VH-OQPA

Airbus A330-303

UNIVERSITY OF

SURREY

39



. Standards

e \arious Internationa

« USA: -
“4 1+ ¢ BEDEC JESD89A “N
: " Induced Soft errc
2 “Mitigatin

eS

tron Single E

SURREY

40




. lesting

CO-r.ﬁlﬁb ent Irradiati
o, Wi
- P

SURREY

41




CERF*,
CHARM
(CERN)

WNR
(Los
Alamos)

= SURREY

42




. Meanwhi

S!p_ac craft (and A
g 5 (as discus

odG

SURREY

43




- Earth’s

44




South Atle

e ¥

ost risk to lo

rs due to ¢
C |

4| n\é

CLZTTID
Fiwmnnn®
Bramesgd

© NASA (200 km from Earth's Surface)

S NASAMR 6 - Radiation Dosage 1 s
November 2. 1997 - TEPC- PRIRODA . -

/ERSITY OF

orzoest]  |RREY

45



Skin dose (cGy)

=]
c
3
o
—
o
4
0
@
K=
3
o
Q
o
—
]
ie]
£
=
c
-
o
a
@
c
=]
w

|
1965 1969
_——Total COse weTun
Command Module




0

ROYAL
ACADEMY OF
ENGINEERING

Recent

" Power Grid

Impact
ENVIRONMENTAL EFFECTS NEAR EARTH

Catastrophic

(5)

Severe
(4)

Moderate

(3)

Minor

Aircraft (2)
Radiation

) Limited
e (1)

1-in-20000
to 1-in-2000

Probability in

next 5 yrs
TECHNOLOGICAL IMPACTS

Major transport
accidents
Major industrial
accidents

Public disorder
Severe wildfires

1-in-2000
to 1-in-200

Effusive volcanic
eruption
Emerging infectious
diseases
Inland flooding

Animal diseases
Drought

Disruptive industrial
action

1-in-200
to 1-in-20

Low temperatures and
heavy snow
Heatwaves

Poor air quality events

Explosive volcanic
eruption
Storms and gales

> 1-in-2
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