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Earth orbit, the Moon, and beyond. Space duration proton fluence that space systems ; g environments are currently based on the
Margaret B. Bruce * mw“m“uw:: will experience during extended periods X i o8 AP-8, AE-8 solar maximum models [Sawyer
hardware are necessarily conservative to assure the interplanetary environment unprotected = 0 8 and Vette, 1976; Vette, 1991). Proton and
James W. Howard ? system robustness for a wide range of space by the geomagnetic shiekding of the Earth's § o o ] electron fluence for a single transit through
environments. Spectral models of solar particle magneic field. The Constelation SPE il [ 1" > the Earh's radiation befs are given in
events and trapped radiation belt environments design environments for hardware shown in T Figure 2 based on a 385 km x 385,000 km x
g iedrns et o el Figure 1 are twotimes the worst week and s ¥ 26.5 degree incination ob. Spacecraft wil
estimating totalfonizing radiation dose, worst Sminite spectra givén by the 1306 spend approximately 4 hours in the
' NASA. Marshall Space Flight displacement damage, and single event effects version of the Cosmic Ray Effects on 79«:.1. mwfnulyn!nvlmmm Integral  radiation beks out of the fourto five day
Center, Huntsville, AL 35812 | SRS NSIR S USRS mwﬂi&eggmmm e oo evironment and . transit time from the Eafth 1o the Moon.
“Jacobs ESTS, Huntsville, AL environments are obtained from GOES 7 0
35812 mmwn;mnuu:ﬂnmm fluxm ks the = | The trapped proton and electron fluence
specira chosen to establish B N e E oy dominates the integral fluence at energies
single event design environment specfications of coronal mass ejection events in October $
Raytheon. MSFC Group 4 of 1989 [Tylka et al, 1997b, 1996] that are 3 less than ~1 MeV while the solar proton
Huntsville, AL 35812 "cmmmw"‘:“:"‘:" widal s by thé enghisedng comminly § w contributions dominate the design
mwm‘mmm as severe design environments. Worst % W environments at greater energies.
4 applicability as conservative week CREMESS environments are given by B
*william.c.blackwell@nasa.gov izonments and potential vuherabiliies 1o the average flux measured over 180 hours 3 i
extreme space weather events. beginning at 1300 UT on 19 October 1989 x =
and the 5-minute environment s the I L I L
average flux over the worst S-minute period w0 10 W 0 10 1
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. Figure 2. Design Environment (integral fluence) for
s proton and trapped

VARIABILITY OF SOLAR PARTICLE EVENT ENVIRONMENT
Solar proton flux streaming from
shock fronts is limited by wave
particle interactions [Ng and
e W Reames, 1994, Reames and Ng,
[ B it Measured >30 MeV and 1998] establishing an upper bound
I 170 i s ;:%gse; 7mm;u::$e for SPE total dose environments in
[ e g et bl e e et e e n interplanetary space.
1" ‘ | } == fot {op) the complete year i
i . 1 Wi 1989 and (bottom) detai for el
‘ ﬁ " \\\Jﬂ ihe October 1989 SPE S
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wl " . Hour average proton flux for ~11 year
. - ™\ = TTm - \ period [from Reames, 2004].
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e vt w 2.0c 1889 0 oy day (blue) environments are
i e e s e 3 I compared to the Reames [2004]
g ) A T we — - streaming limits (black) for SPE
H i proton flux. For comparison,
1. N\ {. = SPE Design
S H Sl Environments are integrated over
i i \ the same GOES 7 energy bands
) N " —_— used by Reames.
Figure 3. SPE Design Environments Compared to 1989 GOES- sl
7 Proton Flux Measurements.
Figure 5. Constellation SPE Design
Environments and Streaming Limits.
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