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Introduction

## NASA Goddard Space Flight Center, Space Weather Research Center ( SWRC)
## Message Type: Space Weather Alert

## ## Message Issue Date: 2013-07-12T11:35:00Z

## Message ID: 20130712-AL-001

## Summary:

Significantly elevated energetic electron fluxes in the Earth's outer radiation belt. GOES 13
"greater than 0.8 MeV" integral electron flux is above 1075 pfu starting at 2013-07-12T11:00Z.

Spacecraft at GEO, MEO and other orbits passing through or in the vicinity of the Earth's outer
radiation belt can be impacted.

Activity ID: 2013-07-12T11:00:00-RBE-001.

Outline
e Internal charging
 MeV electron threat fluence thresholds
*  NUMIT internal charging model
* Real time GEO internal charging tool
 LEO internal charging tool



* High energy (>100 keV) electrons penetrate
spacecraft walls and accumulate in dielectrics
or isolated conductors

* Threat is energetic electrons with sufficient
flux to charge circuit boards, cable insulation,
and ungrounded metal faster than charge can
dissipate

* Accumulating charge density generates
electric fields in excess of material breakdown
strength, resulting in electrostatic discharge

» System impact is material damage, discharge
currents inside of spacecraft Faraday cage on
or near critical circuitry, phantom commands,
RF noise, and catastrophic damage to critical
electronic components

11/1;1/11//1/:/2/ Ty ; I

HASEIN D 54

PMMA (acrylic) charged by ~2 to 5 MeV electrons



MeV Electron Threat Fluence Thresholds

* NASA-HBK-4002A: ~MeV electron flux > 9x10%* e/cm2-sec-sr
(10710 e/cm2 in 10 hours)

e CCMC/SWRC: > 0.8 MeV electron flux > 1x10° e/cm2-sec-sr

e NOAA/SWPC >2 MeV electron flux > 1x103 e/cm2-sec-sr

CRRES pulsesii)

Several satellite anomalies:

some severe. (Private)
Bodeau, 2007

| 1 Discharaes Occur
e F10 | ‘g 8 -7 & 5 -a
A/m? 10 Hz H? “2 nﬁ Ilo' Fﬁ If
? -3 -2 -1 0 1 z 3 4
pA /et 10 10 | 10 10 10 10 10 10
6 -5 3 : A
nAJen? 10 10 | 10 10 1 10 10° 10’
e/cm=s 10 100 | 10 10 10 10 10 10
2 8 | 10 11 12 13 14 15
e/cm-h lllZ: 1? i..ﬁ iﬂ iﬂ “F hCl- HD
3 9 10 11 12 13 14 15 16
e/cm—10h 10 1 10 10 10 10 10 10
| T t
: Pulsing on CRRES IDM board (1) [NASA-HDBK-4002a, 2011]
Tvpical hiah env. at GEO (1)

CRRES IDM few pulses (1) 4



NUMIT Model for EVA Suit Charging

NUMIT (for “numerical iteration”) estimates charge deposition, electric
field as function of depth in insulating materials due to radiation charging

by energetic electrons
Table 1-2 NUMIT Model,

Average 6.3082 12.0974 1.1876
Wt Ave 6.0847 11.555 2.0485

Existing Suit
Density Vol. Resis. RIC RIC Depth
_— ~ [lunetal. 2007] Layer Z A« (g/cm3) (S/m) K (S/m) Exp (em)
—_— Dielectric 0
g 1 8.25 17.19 0429 1.00E+16 2 1.00E+14 0.7 0.114
’ 2 5.484 10.008 1.225  1.00E+12 2 1.00E+14 0.7 0.137
Eloct d 4 6.083 11.291 0.501 1.00E+15 4 1.00E+14 0.7 0.193
ectron
Beam 5 5.484 10.008 3.031 1.00E+12 2 1.00E+14 0.7 0.244
L Total
= X— él Total 31.541 60.487 5.938

j Conductor @ Ampere meter. Arrow shows
positive current direction.

Layer Number Material
VeD=p
D = cE, £ = Kgq space (outside of suit)
1 Teflon/Nomex/Kevlar
o
P Vel 2 geoprene Icoated Nylon
ot 3 acron polyester
4
5

Urethane coated Nylon

J=Jr + ‘JE =Jr +oE Nylon chiffon, Nylon Spandex,
c

=J + + o L ) E water cooling tubes
R dark radiation skin (inside suit)
dy

(04
Sradiation — (ﬁ) 05<a<1.0 5




EVA Suit Study Environment

geo_flux_ts 215.11186.txt = test_env.txt

LANL/GEO: LANL-01A

2003lanl01_5min.sav

T
L mr" . ‘-"I‘M.\-*J;'
“Eﬁ;ﬂ?ﬁ"’mﬁ; -
L ‘-é-e,t'm?\’" )

- 2
e /cm -sec-sr-MeV

EUPIET A e

210 212 214 218 218 220
Day of Year

8 hours 16 hours
Interpolation records for filling data gaps




Arms and Lower Torso

- Areal Density [g/cm’]
Current Design 0.0 0.1 0.2 0.3 0.4

| RS T S S ] 301 R P ¢ || AR T G S0 PR L £ Tl ||| O 177 (R T A T e ||| T T Erh | ;| TR PR K BRI R (el R 10'1“
-.-- | : | Dl5¢ gl’lcmz
0% - coame L o
1 2.0 -

1016 1.14

2 20 10% 1.37

3 20 10V 1.65

4 4.0 10 1.93

Conductivity [S/m]

5 20 10% 2.44

Electric Field [V/m], Potential [V]

|
|
: 10°
|

|
|
:
|
Max hours - - - - - - ! :
|
|
|
|

102__'5111'!]]!"5__5 ________ ':' ________________ T________
Ahours | : : -
| | | | 1 | | | 1 I | 1 1 1 | | | 10
Ls=6 0.0 0.5 1.0 1.5 2.0
Aer= 12 X [mml
3
2.04 g/iT *Using material spec for nylon conductivity
Kp = 1014 S-sec/m-rad 6 =10125/m
A=0.7
AT = 1.0 sec geo flux_ts 215.11186.txt = test_env.txt .



GEO, 30 days, High Conductivity

log,,|E, ¥/m|

30 mm _ %E E-Field Magnitude ;'_:'én
1.14 g/cm3 £ 20 o
k=1.13 .E. 15 5.8
1013 S/m = 10 4.4
t~100 sec 3§ “E
#I8 Charge Density g 5
£ 20 ) 2
. £ 15 1 I
Simulated: = 10 '
30 days > g 52
1=
(720 hours) E _ B
Bt 4 0.15 MeV
At=30 R E pals s th gl R i\ vy LOSIV S VTR S N ORI
=30 sec ™ = =
nE - 5 =
d‘_& 4 :_'iij'-u"h;‘-‘- gy --r\-.""'”rl.}-“'r“ﬂ' o \“"'ﬂl'--""qirhl"“"'l..__‘_h_: 5.00 MeV
E H i_‘ ) ol L I:\ PR E
= 2E ¥ "‘ ;
10 F -
8 3
Ll —
S E
E‘E' 3 4 max |-E|
—_— 4 E[__d'-..r-..-,.-uh_ > I"""-f'ﬂ'“ﬂ“’“r'ﬁ"f"r"'.|‘I'--"._..“"‘;rh”"‘1,"‘"“'&""'-.._‘_‘—_ ------
2r ir N | i
LANL-01 2003
0 200 4440 600

geo_flux_ts_1.0017361.txt
30 days Time {hour)



GEO, 30 days, Low Conductivity

60 mm

Iog.,|E, v/m|

— ! 8.6
1.14 g/cm3 £ 7.2
k=1.13 E 38
4.4
1019 S/m > o
t~1157 days = ;E
Charge Density &
£ o
. £ T
Simulated: = 0 o
30 days > 1 8 g!e
(720 hours) 10 F = =
e = 1 .15 MeV
Fa <1} B - !I' r I .I‘I' 3 h 'I-Lh “I =
31 -y ..-h...l-"\\--..-h Y -ll'l - - Pu...‘._u a FJ'-;--.I""!""« R SPS———
At=300 SeC E :E E g} L 'hpd‘i_.-'* £ j- 1__‘_1:“}"\.‘ h"“_‘j.ln'litlv - _:l-lh L"‘ :_ ¥ ‘:*ql A “ﬁ N q-_: 0-55 ME".!'.
_'D_ - T Y e T ,' t .
o2 4 et \'. STVt ) STt L 50O MeV
iy o ot L LT T, 1in £l “'u:
E EI 2 __1 ‘-nlll:.ll I: —
0 F , :
10+ ' -
8 i = = = — = = — = = max [+E
N e e
E’E 6 E_ 4 max |-E]|
- 4 - - -7
2r . ]
LANL-01 2003
geo_flux_ts 1.0017361.txt 0 200 400 600
30 days Time {hour)

4/2/2014 9



Time constant for charge decay

Geostationary Orbit Internal Charging Tool

GEO Internal Charging Model using GOES-13 e- Flux Data

through conduction: t=kg,/c 15,00 Data Extracted: 2013 0827 2200 GMT "
72
12.50
K o (S/m) T
""" o 13.00F o4g
2 10 12 ~18 sec 2 55%
2 10 13 ~3 min @ -13.50F "
: 2 g
2 10 14 ~30 min B 485
] ~ U -14.00 T
2 10 2 5 hr 3 "
c .
-16 ~ =] E
2 10 2 days S 1450 g
----- ———- = 32¢
o
15.00 o
24
15.50

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
Depth (cm)

Electric fields resulting from internal (deep dielectric) charging as function of depth
in dielectric material and electrical conductivity. Fields are updated at 5 minute
intervals using NOAA GOES >0.8 MeV, >2.0 MeV electron data.
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Geostationary Orbit Internal Charging Tool

GEO Internal Charging Model using GOES-13 e- Flux Data GOES Elatron Flux 5 minute dato) Begin: 2013 Aug 26 0000 UTC
TN—_F————— .
- Data Extracted: 2013 08 26 0000 GM o O W R W W e
10f : :
12,50 12 : -
10° ;

-13.00

—1
1

—1

2z7'sr
Lo
=3
iﬂ
1 [N IR

wn
(=3

-13.50

a0 MeW
DoE Meah

g
- 2
S £
2 g
g T R e P~
;? 48 5 % : ; Jﬂl\}\l\
2 1400 2§ - -
g g0t 5 0 o
8 o it : I
5 -14.50 8 . o - A
e 3.2 il '
15.00 g : - 120
e 24 10" Al
- - ] 8 8
'15.50 16 101 ....... I_ ....... I_ ....... ]
' Aug 26 Aug 27 Aug 28 Aug 29
Universal Tims
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 Updated 2013 Aug 28 23:56:03 UTC NOAA/SHPC Boulder, CO LISA

Depth (cm)
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Geostationary Orbit Internal Charging Tool

GEO Internal Charging Model using GOES-13 e- Flux Data ﬁg? ,E'e?tEO”,F'f“,@, m;”u,te,d?tu? ___ Begin: 2013 Aug 26 0600 UTG
12,00 Data Extracted: 2013 08 26 0900 GM " R
10 : :
1250 1.2 5 : :
1055 = =
6.4 = : :
-13.00 E 1 : - 1> =
z 553 o 10t 122
6% I 5 : 3
@ 1350 o 3 : lon
g R B A . & —em--- OO
g 485 % 10% 3 I
S -14.00 c 0 - 1A
5 wi g T
5 -14.50 gt : A
-14. 0
H 228 ¢ 0
15.00 ¢ : - j 20
| 24 1 0
r - - ] 8 8
'15.50 1.6 1 -l , , , L , , |_ IIIIIII |_ IIIIIII |
Aug 26 Aug 27 Aug 28 Aug 29
Universal Time
0.00 0.01 0.0z 0.03 004 005 0.06 0.07 0.08 0.09 0.0 Updated 2013 Aug 28 23:56:03 UTC NOAA/SHPC Boulder, CO LISA

Depth (cm)
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Geostationary Orbit Internal Charging Tool

GEO Internal Charging Model using GOES-13 e- Flux Data GOES Electron Flux (5 minute dota) Begin: 2013 Aug 26 0000 UTG
TF—T—T T T —FF T T T T T T T F T T T T T T T3
12,00 Data Extracted: 2013 0826 1800 GMT " T v E W h W nE W
10 : :
1250 1.2 5 : :
10%; : :
6.4~ : - -
13.00 E 1 \fwf : - .
£ ez 1 T E =2
6% i ] : 3
@ -13.50 > \W/ : 100w
¢ o= - - ek - e
%‘ 485 £ : 10 0
S -14.00 : 0 - 1A N
§ 40, o o
U B g z
o -14.50 5t i !
2 32 o
15.00 ¢ : - j 20
| 24 1 0
- - ] 8 8
'15.50 1.6 10 N |_ IIIIIII |_ IIIIIII |
Aug 26 Aug 27 Aug 28 Aug 29
Universal Time
0.00 0.01 0.0z 0.03 004 005 0.06 0.07 0.08 0.09 0.0 Updated 2013 Aug 28 23:56:03 UTC NOAA/SHPC Boulder, CO LISA

Depth (cm)
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Geostationary Orbit Internal Charging Tool

GEO Internal Charging Model using GOES-13 e- Flux Data GOES Electron Flux (5 minute dota) Begin: 2013 Aug 26 0000 UTG
T TrT T F T T T T T T F T T T T T T T
00 Data Extracted: 2013 08 27 0300 GM " R
10 : :
12.50 1.2 5 : :
10°

-13.00

—1

—1

2z7'sr
Lo
=3
'l

wn
(=3

-13.50

a0 MeW
DoE Meah

€
- 2
S £
s .
0 L I Y MU UG " N YL (.Y A
E 48 & % 10 : 3 I
$ -14.00 2 a4 | 1 p A
- 407 5 U o
5 -14.50 BT : A
g PRI
15.00 ¢ : : - 120
| 24 1 0
- - ] 8 8
'15.50 1.6 10 L |_ IIIIII |_ IIIIIII |
Aug 26 Aug 27 Aug 28 Aug 29
Universal Tims
0.00 0.01 0.02 0.03 004 0.05 0.06 007 0.08 0.09 0.0 Updated 2013 Aug 28 23:56:03 UTC NOAA/SHPC Boulder, CO LISA

Depth (cm)
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Geostationary Orbit Internal Charging Tool

GEO Internal Charging Model using GOES-13 e- Flux Data GOES Electron Flux (5 minute dota) Begin: 2013 Aug 26 0000 UTG
T T T—T—T T T T T T T T — T T T—T—T—T T3
00 Data Extracted: 2013 08 27 1200 GM " ]
10 : :
12.50 1.2 5 : :
10° :

-13.00

—1

—1

2z7'sr
Lo
=3

wn
(=3

-13.50

a0 MeW
DoE Meah

€
- 2
S £
8 2
0 L I Y e NERRRRRG Y I N A YN (.Y A
E 48 & % 10 : 3 I
5 -14.00 D ; i . 1A
- 407 5 U o
5 -14.50 BT : A
g PRI
15.00 ¢ : : - 120
| 24 1 0
- - ] 8 8
'15.50 1.6 10 L |_ IIIIIII |_ IIIIIII |
Aug 26 Aug 27 Aug 28 Aug 29
Universal Tims
0.00 0.01 0.02 0.03 004 0.05 0.06 007 0.08 0.09 0.0 Updated 2013 Aug 28 23:56:03 UTC NOAA/SHPC Boulder, CO LISA

Depth (cm)
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Geostationary Orbit Internal Charging Tool

GEO Internal Charging Model using GOES-13 e- Flux Data bOES ,E'e?trf’”f'f“,@, mi”‘fteld?tu? _, Begin: 2015 Aug 26 0000 UTC
12.00 Data Extracted: 2013 0827 2100 GMT " L TR RN
10°F - 5
112,50 7.2 ; ; §
10°} _ 5
-13.00 6.4 . E E

104

L
(=3

-13.50

2z7'sr
oE MeaeW
e MeW

€
- 2
S £
a g | -
0 I Y . NSRRI NP N 51 T o]
g i 5] : ; T
0. T I - ]
é 1 40% E 102; H f\“ o I
3] Yy M i z ]
5 -14.50 g L W‘ﬂ : L‘ A
g PRI
15.00 ¢ : : - 120
| 24 1 0
- - ] 8 8
'15.50 1.6 10 L |_ IIIIII |_ IIIIIII |
Aug 26 Aug 27 Aug 28 Aug 29
Universal Tims
0.00 0.01 0.02 0.03 004 0.05 0.06 007 0.08 0.09 0.0 Updated 2013 Aug 28 23:56:03 UTC NOAA/SHPC Boulder, CO LISA

Depth (cm)

16



GEO Internal Charging Model using GOES-13 e- Flux Data GOES Electron Flux (5 minute dota) Begin: 2013 Aug 26 0000 UTG
T T T T T T T F T T T T T T 7T — T T T T T3
00 Data Extracted: 2013 08 28 0600 GMT TN B
10 :
12.50 i i
1055 =
13.00 E g o, N
= = il _ ]
£ 156 5 Tz v K =
4 -13.50 5 " ;
g 10Ny A
g -14.00 2 :
£ wf o o
% -14.50¢ ; I : A
. U
H 328 o 0@
15.00 ¢ 3 : -
o 1 24 10% : i
5 : 0
15.50F 16 11 I ]
t Aug 26 Aug 27
| L _am | | Universal Tims
0.00 0.01 0.02 0.03 004 0.05 0.06 007 0.08 0.09 0.0 Updated 2013 Aug 28 23:56:03 UTC NOA/SHPC Boulder, CO LIS

Depth (cm)
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Geostationary Orbit Internal Charging Tool

GEO Internal Charging Model using GOES-13 e- Flux Data bOES Electron Flux (5 minute dota) Begin: 2013 Aug 26 0000 UTG
00 Data Extracted: 2013 08 28 1500 GMT " R [
10 :
12,50 7.2 5 E : E
10%; : 5 3
6.4"‘ [ ; ]
-13.00 g T | 5 : ] % %
- 2 10t g -
£ 56 < Tz W : -
2 -13.50 2 ﬁ' p R ]
g O A . & —---3 0O
E 4.8 % 10% 3 I
9 -14.00 0 | 1 A
'g 401.?_ L 102; = NI
s B - : L
5 -1450 EooTod i B
2 328 o 108
15.00 2 i - - 1o
| 24 10 0
r - - ] 8 8
'15.50 1.6 10-1 L |_ IIIIIII |_ IIIIIII |
Aug 26 Aug 27 Aug 28 Aug 29
Universal Time
0.00 0.01 0.02 0.03 004 0.05 0.06 007 0.08 0.09 0.0 Updated 2013 Aug 28 23:56:03 UTC NOAA/SHPC Boulder, CO LISA
Depth (cm) P k
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Geostationary Orbit Internal Charging Tool

GEO Internal Charging Model using GOES-13 e- Flux Data GOES Electron Flux (5 minute dota) Begin: 2013 Aug 26 0000 UTG
lFT— T T T T T T F T T T T T T T T T T T T T T
00 Data Extracted: 2013 08 29 0000 GMT " PN R S s
10 : :
12.50 1.2 5 : :
1055 = =
6.4~ : f
-13.00 E : - =
2 563 o 10t -
6< i 5 :
4 13,50 o \W/ : 0 0
g % - an. WG WS 0 1| N I ] A ——— OO
E 4.8 % % " E : I
g -14.00 2 a4 | 1 A
§ w0t 5 % N o
5 14,50 gt : )
8 328 4 0p
15.00 ¢ : : : e
| 24 o 4
= : o0
'15.50 1.6 10 L |_ IIIIIII |_ IIIIIII
Aug 26 Aug 27 Aug 28 Aug 29
Universal Tims
0.00 0.01 0.02 0.03 004 0.05 0.06 007 0.08 0.09 0.0 Updated 2013 Aug 28 23:56:03 UTC NOAA/SHPC Boulder, CO LISA

Depth (cm)
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Radiation Shielding Option

log Conductivity (S/m)

GEO Internal Charging Model using GOES-13 e- Flux Data

shielded Data Extracted: 2013 07 13 0510 GMT Unshielded
-120 80 _120 T T T T T T T
12.2 7.2 12.2}¢ 1
12.4 6.4 — 12.4F 1
% —_—
12.7 5.6 . E -12.7¢ .
B A
52
12.9 4883 g 129
o v
E 3 131
13.1 405 g 13,
g 8
W} on
-13.3 328 o -133
o
135 2 135
2.4
13.7 13.7
16
-14.0 R -14.0
0.0 001 0.02 0.03 004 0.06 0.07 0.08 0.09 0.1 0.0 0.01 0.02 0.03 0.04 006 0.07 0.08 009 0.1
Depth (cm) Depth (cm)
0.069 g/cm?2 Al shielding no shielding

(0.256 mm)

8.0

12

5.6

log Electric Field Strength (W/m)
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Input Data Options

Fok Radiation Belt Model
[iswa.ccmc.gsfc.nasa.gov]

GOES Electron Flux (5 minute dGJEEIJ Begin: 2011 Jun 18 6000 UTC

']D? E T T T E T T T E
F w N\l = NM N\] = w N\J 3 08/18/2011 Time = 12:00:00 UT En.= 423.kay
o - - 10 golid line: Fok—RH boundary
-]Dﬁ ! . - 0.425 MeV
i : :
107 y [Re]
_ [ - . ] 0. A
| I - - 1 = = 1
& 10 - : o
IE:"_l _s"-.p”'\'u"‘- ‘?\-"\’;‘FI z — ; —5 - Ing{Fa—tot }
o - ' : 1w 1 )
|E 105 ."\.—J {} 1 45,00
U ; ; | 1|| ; ” —10. -;;d:'gsés}rhcrbnu'us'orbit' T T
0 - - | | M —-10. -5, 0. 5. 10—
1 06,/1A/2011 Time = 12:00:00 UT En,=1,89E+03keV
E i [ e I aclid ling; Fok—FE bounda
‘g . 5 1A 2.00 MeV
il
; : : {on
ol _ _ | i I
10 : : z 7 W
r : : 1o 0
! ) ; oo
-]CI 1 1 1 1 1 1 1 | 1 1 | 1 1 1 1 1 1 1 | (F—tt}
Jun 18 Jun 149 Jun 20 Jun 21 :ﬁ%"]
Universal Tims '
Updated 2011 Jun 20 17:36:02 UTC NOAA/SWPC Boulder, CO UISA g e o . o
A - . —2,00
* [RE]

21



T
i
0
a
o
o
£
]
o
X
o
=
i

LEO Internal Charging Model

10

10

10

10

10

10

2011.8

2012.0

J.(> 150.0 keV) - J_(> 300.0 keV) electrons

NOAA-19: pi*{0deg + 90deq)
Madel 2, tau = 40.97

days

|

2012.2

2012.4
Time (UT)

10.000 cmx 3.000 cm x 0.200 mm

k = 4.00

Dielectric strength = 2.50e4007 V/m
0.10 < fract. discharged < 0.30
1.0¥% field enhancement
1.00e+017 ahm-m

2012.6

2012.8

2013.0

10

10

14

12

Electric Field {V/m)
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LEO Internal Charging Model

10

10

10

10

10

10

2011.8

2012.0

J.(> 150.0 keV) - J_(> 300.0 keV) electrons

NOAA-19: pi*(adeg + 90deq)

Maodel 2, tau = 409.72 days

10.000 cmx 3.000 cm x 0.200 mm

k = 4.00

Dielectric strength = 2.50e4007 V/m
0.10 < fract. discharged < 0.30
10.0¥% field enhancement
1.00e+018 ahm-m

2012.2

2012.4
Time (UT)

2012.6

2012.8

2013.0

10

10

14

12

Electric Field {V/m)



LEO Internal Charging Model

Dimensions (LxWxD): 10.000 cm x 3.000 cm x 0.200 mm
Volume resistivity: 1.000e+018 ohm-m
Kappa: 4.0000
Dielectric strength: 2.500e+007 V/m
Efield enhancement: 10.0x
Capacitance: 5.310e-010 Farads
Conduction time constant: 409.7222 days

Fraction (f) discharged: 0.100 < £ < 0.300

NOAA-19 electrons: pi* (0deg + 90deq)
Electron energy: 150.0000 kev - 300.0000 kev

Arc Decimal Day of Fraction Surface Voltage (Volts) Arc Energy Arc Current (Amp)

Year (UT) Year (UT) Discharged Before and After Arc (mJoule) 0.10 us 1.00 us 10.00 us

0 2012.0710 26.9785 0.2283 500.0 385.9 0.0268 6.06e-001 6.06e-002 6.06e-003
1 2012.1039 39.0314 0.2004 500.0 399.8 0.0239 5.32e-001 5.32e-002 5.32e-003
2 2012.1290 48.2109 0.2537 500.0 373.2 0.0294 6.73e-001 6.73e-002 6.73e-003
3 2012.1399 52.2185 0.2410 500.0 379.5 0.0281 6.40e-001 6.40e-002 6.40e-003
4 2012.1837 68.2398 0.2647 500.1 367.7 0.0305 7.03e-001 7.03e-002 7.03e-003
5 2012.1874 69.5824 0.1438 500.6 428.6 0.0178 3.82e-001 3.82e-002 3.82e-003
6 2012.1891 70.2203 0.1002 500.0 449.9 0.0126 2.66e-001 2.66e-002 2.66e-003
7 2012.1909 70.8707 0.1937 500.1 403.3 0.0232 5.14e-001 5.14e-002 5.14e-003
8 2012.1942 72.0668 0.1379 500.0 431.1 0.0170 3.66e-001 3.66e-002 3.66e-003
9 2012.1965 72.9144 0.1782 500.0 410.9 0.0215 4.73e-001 4.73e-002 4.73e-003
10 2012.2000 74.1920 0.2192 500.0 390.4 0.0259 5.82e-001 5.82e-002 5.82e-003
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Collaboration with CCMC

MSFC represents a user community utilizing CCMC products in our space
environment and effects support for NASA programs

MSFC will provide GEO internal charging code to CCMC

CCMC will run the code in real-time using both GOES and RBE model data
and provide results via iSWA

Additional MSFC space environment effects codes, data can be provided
to CCMC in the future once they have been sufficiently validated including

— LEO real time internal charging

— GEO, LEO surface charging

— GEO single event upset

— Solar energetic particle acceleration

— F2-region Ne, Te along ISS orbit (51.6 km, ~400 km)





https://issimagery.jsc.nasa.gov/io/photos/10647/hires/iss030e171342.jpg

