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Image credit: NASA.  

Image source: 

www.enjoyspace.com,  

the website of  

la Cit® de lôEspace.   

Chairôs Corner 

The International Space Station (ISS), a 

hub for current human exploration sci-

ence, has just celebrated its 15th anniver-

sary. For any child born after November 

2000, they have never known a time in 

which there have been no humans in 

space! This is truly an amazing feat of 

humanity and it is due to the dedication 

and work of those here on the ground that 

makes it happen. It is the coordinated ef-

forts of those on the ground and those in 

space that insure the ISS is continually 

supplied, continues to function, and con-

tinues to explore.  

This year alone the ISS has been visited 

by six resupply vehicles, with one more 

targeted for late December. In addition, 

there have been four Expeditions 

launched to the ISS, each with three crew 

members trained for years to maintain the 

space station, perform the science experi-

ments on orbit, and to do direct education-

al outreach from the orbiting platform. By 

the end of this year the ISS will have been 

visited by 10 spacecraft from Russia, Ja-

pan, Europe, and the United States. 

But what of the science being performed 

on the ISS? In the field of physics, earlier 

this year the Alpha Magnetic Spectrome-

ter (AMS) made headlines. It was an-

nounced that over two years AMS had 

counted billions of particles, both elec-

trons and positrons. Upon analysis of the 

data, it was shown that the data backs the 

idea of positrons coming from the de-

struction of dark matter, but it does not 

conclusively rule out other explanations 

(yet). Data collection by the AMS con-

tinues. The more we know of how the 

universe works, the more we can explore 

it, harness it, and ensure humanityôs fu-

ture. 

On the human physiology side, research 

continues on muscle and bone mass of 

astronauts and cosmonauts, but an in-

creasing amount of attention is being 

given to eyesight. It has been shown that 

about 60% of astronauts have had vary-

ing levels of vision impairment due to 

extra pressure on the eyes from fluid 

redistribution in the body in microgravi-

ty. (Astronaut vision returned to normal 

upon returning to Earth.) Continuing to 

monitor the eyes of the ISS crew, in ad-

dition to other organs and bodily func-

tions, will build the data sets necessary 

to develop effective countermeasures. If 

we are to do long duration microgravity 

spaceflight, understanding these effects 

The International Space Stationð
15 Years in Orbit 
MICHAEL FROSTAD, CHAIR 

will be of paramount concern. This will be a 

major part of the upcoming year-long stay of 

astronaut Scott Kelly and Cosmonaut Mi-

khail Kornienko in 2015. This data cannot 

currently be obtained anywhere else. The 

ISS is an essential component for addressing 

these issues and thus the future of human 

spaceflight. 

From the science mentioned above, the ISS 

can be seen to perform an essential role for 

the future of human spaceflight. The science 

being performed on the ISS is building up 

our knowledge of the human body and help-

ing us to build a clearer understanding of the 

universe and our place in it. The more we 

understand our place in this universe and 

how we ourselves react to its many environ-

ments the better we will be prepared for the 

future. This research, in addition to other 

ISS research projects not mentioned here, is 

not just for human spaceflight, but for the 

future of humanity.   

So as we take a moment to celebrate 15 

years of the ISS in orbit, let us also say to all 

those who have worked on the ISS and those 

that continue to do so, ñCongratulations on 

15 years of successful operation, thank you 

for your hard work, and we look forward to 

the next discovery!ò 

 

http://www.aiaahouston.org/
http://www.enjoyspace.com/uploads/news/2013/novembre/iss/iss-infographic-22a.png
http://www.enjoyspace.com
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Asteroid Trackers, Mars Rovers, and 
Moonwalkers 
DOUGLAS YAZELL, EDITOR 

From the Editor 

E-mail:  

editor2013[at]aiaahouston.org 

 

www.aiaahouston.org 

An archive for Horizons on a national 

AIAA website is here. 

 

Submissions deadline:  

February 7, 2014, for the  

January / February 2014 issue  

(online by February 28, 2013).  

 

Advertising 

Please contact us about rates. 

Our cover story by 

Dan Adamo (ñasteroid 

trackerò) is a great 

start for this issue. We 

now return to our bi-

monthly schedule after 

delays since April of 

this year. This issue 

will be online and pub-

licized by December 10, 2013, completing 

our work on three issues in three months. 

Our next issue will be online by February 

28, 2014.  

Dr. Larry Friesen and Dr. Dorothy Oeh-

ler volunteered excellent articles for this 

issue, just in time after our busy few 

months. In fact, Oehlerôs article (ñabout a 

Mars roverò) is adapted from her cover 

story for the Planetary Report, the maga-

zine of the Planetary Society. Friesenôs 

article (about the Golden Spike Company, 

including ñtheir future Moonwalkersò) is 

adapted from his article for the Moon 

Minerôs Manifesto.  

Ryan Miller joined our Horizons team, 

as noted on the masthead on page 2. 

When he was living in Philadelphia, he 

was editor for that Sectionôs newsletter.  

Our masthead now shows that Wes 

Kelly joined our Horizons team as a regu-

lar contributor, after writing occasional 

Horizons cover stories and feature arti-

cles. For this first installment of his pro-

posed column, we used his comments 

from some recent email notes among his 

friends. He also suggested that we start a 

Horizons LinkedIn professional group or 

 

discussion group, so that is now working. 

Please join us there often with your com-

ments. 

Dr. James Everett of the Johnson Space 

Center Astronomical Society (JSCAS) 

continues allowing us to reprint his series 

of articles about building an astronomy 

chair. Dr. Stanley G. Love allowed James 

Everett and me to create an article about 

Loveôs November 2013 presentation at 

the monthly JSCAS meeting. Love de-

scribed his 2012-2013 Antarctic search 

for meteorites.   

Back in 2004 or 2005 Jon Berndt started 

his tenure as Horizons Editor. He used 

Microsoft Publisher to create the format 

will still use today. He taught me to use 

that software in a single long training ses-

sion of one or two hours in late 2007. I 

was acting Editor for three issues in 2008. 

I started my tenure as Horizons Editor on 

April 11, 2011.     

This format for Horizons is excellent, 

but no format should remain the same for 

so long. If all goes well, I will learn to use 

Adobe InDesign for Horizons starting 

with our next issue. That is the industry 

standard. It allows more variety in output 

formats. I first heard about it when the 

American Astronautical Society (AAS) 

started using it for their excellent maga-

zine, Space Times.   

Now that we are returning to our bi-

monthly schedule, a quarterly schedule is 

not tempting, but a monthly schedule is 

tempting. Maybe the best idea is to pro-

duce an occasional special issue, such as 

our Sectionôs 50th anniversary issue.  

A reprint of the entire 1952-1954 Col-

lierôs series, about 89 pages (Man Will 

Conquer Space Soon!) is one project on 

our minds, but Scott Lowther might create 

that. Scott is a Horizons columnist 

(Aerospace Projects Review, APR Cor-

ner) and a Horizons Collierôs team mem-

ber. 

Another idea for a special issue is cli-

mate change, a subject of interest for 

NASA and AIAA. President Obama is 

also addressing this subject.      

Above: The Boeing Way alligator in the Bay Area Blvd ditch in November of 2013. The 

ditch contains fish, bullfrogs (at least one) and turtles, and it attracts birds such as 

Kingfishers (at  least one) and egrets. In the picture, the alligator is enjoying the sun-

light and going fishing at the same time. Image credit: Douglas Yazell.  

http://www.aiaahouston.org/
http://www.aiaahouston.org
https://info.aiaa.org/Regions/SC/Houston/Newsletters/Forms/AllItems.aspx
mailto:editor2013@aiaahouston.org
http://www.planetary.org/explore/the-planetary-report/tpr-2013-3-polygons-on-mars.html
http://www.planetary.org/
http://www.mmm-moonminersmanifesto.com/
http://www.mmm-moonminersmanifesto.com/
http://www.aiaahouston.org/Horizons/september2005.pdf
http://www.aiaahouston.org/Horizons/Horizons_2012_01_and_02.pdf
http://www.aiaahouston.org/Horizons/Horizons_2012_01_and_02.pdf
http://www.linkedin.com/groups?gid=6570891&trk=my_groups-b-grp-v
http://www.astronautical.org/
http://www.astronautical.org/spacetimes
http://www.aiaahouston.org/Horizons/Horizons_2012_06_06_Special_Edition.pdf
http://www.up-ship.com/eAPR/
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Cover Story Potentially Hazardous Object (PHO) 2013 TV135 
DANIEL R. ADAMO, ASTRODYNAMICS CONSULTANT 

TV135 from August 2013 through nearly 

one orbit period to May 2017 is plotted in 

Figure 12. Note how this NEO was closest 

to Earth in mid-September, weeks before 

its discovery. Because closest approach 

was inside Earthôs orbit, however, observ-

1. Introduction 

On 8 October 2013, near-Earth object 

(NEO) 2013 TV135 was discovered at the 

Crimean Astrophysical Observatory in 

Ukraine1. Heliocentric motion of 2013 

ing 2013 TV135 was difficult at that time. 

From 1 September until 10 October 2013, 

2013 TV135 was less than 100Á from the 

Sun in Earthôs sky, but minimum solar 

elongation was an observable 77.3Á on 18 

September. 

km, 2013 TV135 became one of the 1435 

PHOs known on 23 October 20133. 

Before November 2013, very little of 

2013 TV135ôs orbit had been observed. 

Future position predictions rapidly grow 

(Continued on page 6) 

Figure 1. Motion of the Earth (green), Mars (red), and NEO 2013 TV135 (blue) is plotted relative to the Sun from August 2013 

until May 2017. This heliocentric motion is viewed from a perspective 45Á above Earthôs orbit plane, the ecliptic. Time ticks 

(ñ + ò markers) are at 30-day intervals and are labeled with the corresponding date in YYYY-MM-DD format at 60-day in-

tervals. Dotted lines emanating from time ticks are projections onto the ecliptic plane. From these projections, note how the 

2013 TV135 orbitôs ascending node on the ecliptic closely coincides with crossing Earthôs orbit inbound toward perihelion. 

By the time 2013 TV135 was discovered, 

its Earth distance had increased to over 17 

million km. To be observable from such a 

distance requires a NEO be relatively 

large, even if its reflectivity is high. Cur-

rent best estimates place 2013 TV135ôs 

diameter at about 400 m based on its ab-

solute magnitude H = +19.4. When a 

NEO is brighter than (numerically less 

than) H = +22.0 and its minimum orbit 

intersection distance with Earthôs orbit 

(MOID) is less than 7.5 million km, it is 

classified as a potentially hazardous ob-

ject (PHO). With a MOID of 1.8 million 

1  Reference the NASA/JPL NEO Program Officeôs article on 2013 TV135 and its Earth collision prospects at  

http://neo.jpl.nasa.gov/news/news180.html dated 17 October 2013. 
2  Unless noted otherwise, all 2013 TV135-related data presented in this article are obtained from JPLôs Horizons ephemeris computa-

tion service. Horizons may be accessed at http://ssd.jpl.nasa.gov/?horizons. 
3 Reference http://neo.jpl.nasa.gov/neo/groups.html for PHO criteria (synonymous with ñPHAò on this web page) and a current tally 

of known PHOs. 

http://www.aiaahouston.org/
http://neo.jpl.nasa.gov/news/news180.html
http://ssd.jpl.nasa.gov/?horizons
http://neo.jpl.nasa.gov/neo/groups.html
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collide were excluded. But eventually the 

tiny subset of LOV points that do collide 

with Earth was also excluded, and PC in 

2032 rapidly fell to infinitesimal levels. 

Figure 2 chronicles variations in 26 Au-

gust 2032 PC during October/November 

2013 as additional 2013 TV135 observa-

tions were accumulated. The Sentry pro-

cessor computes each PC in the Figure 2 

plot. Sentry is run by JPL for NASAôs 

NEO Program Office and is among the 

best sources of data on possible Earth 

collisions by known small bodies through-

out the solar system5. Each Figure 2 PC 

data marker is accompanied by an annota-

tion of the form ñn Obs, Ñx sò, where n is 

the number of 2013 TV135 observations 

used by Sentry to compute the associated 

PC and Ñx is the LOV coordinate at which 

in uncertainty when only minimal obser-

vations are available. Twenty years in the 

future, this PHO could plausibly occupy 

half of its orbit along an arc known as the 

line of variations (LOV)4. On 26 August 

2032, Earth is very close to the ascending 

node where 2013 TV135ôs orbit crosses the 

ecliptic plane from below to above in Fig-

ure 1. Positions near the ascending node 

undergoing Earth collision are among the 

LOV points 2013 TV135 could occupy at 

that time. 

As additional 2013 TV135 observations 

were obtained, its LOV on 26 August 

2032 contracted. At first, this caused the 

probability of Earth collision PC to in-

crease because LOV points that do not 

(Continued from page 5) 
 

Sentry finds Earth collisions. Assuming 

probability density along the LOV is 

Gaussian, Ñx values are expressed in 

standard deviations s from the nominal or 

ñbest-fitò position. A sign convention is 

applied to x such that a positive value 

signifies ñin the direction of 2013 TV135 

heliocentric motionò. 

Sentry searches for collision cases along 

the LOV out to Ñ5 s from nominal. Ulti-

mately, no Earth collisions by 2013 TV135 

were found within this LOV interval after 

Sentry processing on 7 November 2013, 

and 2013 TV135 was therefore removed 

from the Sentry Risk Table the following 

day6. Figure 2ôs rightmost data point re-

flects the last Sentry processing detecting 

Earth collisions within the Ñ5 s LOV in-
(Continued on page 7) 

4  At a given instant, the LOV is a one-dimensional subset of all possible positions. The LOV is restricted to lie on the nominal ñbest 

guessò orbit, but other plausible locations lie adjacent to it. 
5  Sentry analysis is described at http://neo.jpl.nasa.gov/risk/doc/sentry.html. 
6  Sentry Risk Table removals are chronicled at http://neo.jpl.nasa.gov/risk/removed.html. 

Figure 2. Sentry-computed PC of 2013 TV135 collision with Earth on 26 August 2032 is plotted as a function of Universal Time 

(UT) corresponding to when the associated 2013 TV135 orbit determination is dated in JPLôs Horizons ephemeris computa-

tion service. Data marker annotations are explained in the foregoing narrative text. The two red data markers correspond to 

orbit determination and Sentry processing further analyzed in Sections 2.1 and 2.2. 

http://www.aiaahouston.org/
http://neo.jpl.nasa.gov/risk/doc/sentry.html
http://neo.jpl.nasa.gov/risk/removed.html
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service to systematically sample the LOV 

for collision cases previously identified by 

Sentry. These cases are coasted forward in 

time by Horizons as user-specified small 

bodies (USSBs) to a terminal epoch sever-

al hours before collision. A USSB coast is 

subject to the same JPL solar system 

standard dynamical modeling used by 

Sentry. 

Geocentric position and velocity at the 

USSB terminal epoch are then coasted to 

Earth impact at a height of +42 km with 

the WeavEncke predictor7 modeling ac-

celerations from Earth, Sun, and Moon 

gravity. The +42 km impact height is 

reckoned with respect to a Horizons 

spherical Earth radius of 6378.136 km and 

is consistent with the 6420 km marginal 

or grazing impact distance given in Sen-

tryôs ñImpact Table Legendò8. Final con-

ditions from each WeavEncke coast pro-

terval. 

The remainder of this article develops 

geometric/statistic data and visualizations 

of how the 2013 TV135 LOV can collide 

with Earth on 26 August 2032 assuming 

knowledge of this PHOôs orbit on 21 Oc-

tober and 7 November 2013. Orbit deter-

mination and Sentry processing support-

ing this analysis correspond to the two red 

data markers in Figure 2. 

2. Liminal Earth-Mapped  

Uncertainty Region (LEMUR) Analysis 

Both Sentry and similar Monte Carlo 

analyses randomly sample the LOV for 

potential Earth collision cases. The 

LEMUR analysis described here uses the 

JPL Horizons ephemeris computation 

(Continued from page 6) 
 

vide geodetic impact data for visualization 

purposes. 

The following two subsections document 

LEMUR analysis results from Horizons 

and Sentry data available on two dates 

17.0 days apart. These two data sets corre-

spond to red data markers in Figure 2. 

2.1 LEMUR Analysis With  

2013 TV135 Orbit Determination JPL#7 

The LEMUR analysis documented here 

for 2013 TV135 uses Horizons data in Ta-

ble 1 to define the nominal orbit along 

which the LOV will be sampled. Seven 

Table 1 parameters appearing in bold are 

used to create USSB orbits in Horizons 

sampling the 2013 TV135 LOV. These 

parameters are defined in Table 2. 

(Continued on page 8) 

7 Reference Adamo, D. R., ñA Precision Orbit Predictor Optimized for Complex Trajectory Operations,ò Astrodynamics 2003, Ad-

vances in the Astronautical Sciences, Vol. 116, Univelt, San Diego, CA, 2003, pp. 2567ï2586. 
8 This legend is displayed with PHO-specific Sentry data. To access the legend, display the Sentry Risk Table at  

http://neo.jpl.nasa.gov/risk/ and click any link in the Object Designation column. 

Table 1. This 2013 TV135 orbit determination was generated circa 21.1 October 2013 UT and incorporates 180 observations 

spanning 12 days, as noted in its second line of data. The solution is tagged ñJPL#7ò in the second-to-last line of data. Param-

eters in bold are defined in Table 2. 

*******************************************************************************  
JPL/HORIZONS          (2013 TV135)       2013 - Oct - 21 07:50:50  

Rec #:752349 (+COV) Soln.date: 2013 - Oct - 21_03:15:08   # obs: 180 (12 days)  

  

FK5/J2000.0 helio. ecliptic osc. elements (au, days, deg., period=Julian yrs):  

  

 EPOCH= 2456584.5 ! 2013 - Oct - 19.00 (CT)      Residual RMS= .34054     

 EC= .5933521715952487  QR= .9954267524114992  TP= 2456555.7240458783    

 OM= 333.4318585954334  W= 23.70784723315245  IN = 6.766820228742517    

 A= 2.447884097442456  MA= 7.405383086758426  ADIST= 3.900341442473412   

 PER= 3.82996  N= .257346215      ANGMOM= .021664166      

 DAN= 1.02773  DDN= 3.47271       L= 356.9926052        

 B= 2.7154528  MOID= .0118506      TP= 2013 - Sep- 20.2240458783  

  

Asteroid physical parameters (km, seconds, rotational period in hours):     

 GM= n.a.  RAD= n.a.        ROTPER= n.a.         

 H= 19.418  G= .150         B- V= n.a.          

 ALBEDO= n.a.       STYP= n.a.          

  

ASTEROID comments:  

1: soln ref.= JPL#7, PHA OCC=7  

2: source=ORB  

*******************************************************************************  

http://www.aiaahouston.org/
http://neo.jpl.nasa.gov/risk/
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either change implicitly alters nominal 

orbit period and can significantly depart 

from nominal position given sufficient 

coast time from EPOCH. In contrast, a TP 

deviation introduces a bias from nominal 

position along the LOV at EPOCH, and 

this bias does not grow significantly with 

time from EPOCH. Finally, deviations in 

OM, W, and IN produce bounded periodic 

departures from nominal position as a 

function of time from EPOCH. 

Because the USSB coast time from 

EPOCH to Earth collision spans multiple 

2013 TV135 orbits, EC is selected for LOV 

sampling in this LEMUR analysis. Sentry 

Excepting EPOCH (a specified parame-

ter), Horizons provides Ñ1 s variance data 

for all Table 2 statistically estimated pa-

rameters associated with the latest orbit 

solution. In principle, the entire 2013 

TV135 uncertainty region can be sampled 

by introducing deviations from nominal 

values in Table 1 that are plausible with 

respect to their variances. Assuming no 

significant perturbations, such as would 

be incurred from a close planetary en-

counter, effects of these deviations over 

time fall into three classes. Deviations in 

EC or QR produce secular effects because 

(Continued from page 7) 
 

analysis utilizing Table 1ôs JPL#7 orbit 

determination finds Earth collision cases 

at +1.28653 s from nominal position 

along the LOV. The Ñ1 s variance in EC 

from Horizons for JPL#7 is 

Ñ0.001070098. Thus, a good starting 

guess at an LOV sample colliding with 

Earth would be a USSB having Table 1 

values with an EC deviation to 

0.5933521715952487 - 1.28653 * 

0.001070098 = 0.59197545910. Table 3 

provides results from sampling the JPL#7 

LOV with EC deviations. 

In Table 3ôs LOV sampling, the Sentry-

based guess for an EC deviation leading 

EC s Earth Miss (km) Remark 

0.5919754590 -1.28653 679,354 Sentry-based guess 

0.5919837773 -1.27876 6421 Leading graze 

0.5919840948 -1.27846 6421 Trailing graze 

0.5933521716 0 105,271,694 Nominal 

to Earth collision has a s value of  

-1.28653, only 0.6% from that of the near-

est grazing case found by LEMUR analy-

sis. Table 3 data also lead to a reasonable 

estimate of PC using Excelôs standard nor-

mal cumulative distribution function 

NORMSDIST. Assuming Gaussian prob-

ability density along the LOV, PC = 

|NORMSDIST(-1.27876) - NORMSDIST

(-1.27846)| = 5.28e-5 = 1-in-18,900. The 

PC computed by Sentry from JPL#7 data 

is 5.4e-5 or 1-in-18,000, 2% greater than 

the LEMUR estimate. In Figure 3, Table 

3ôs two grazing cases are plotted relative 

to Earth. The leading graze impacts at 

07:57 CT and the trailing graze at 08:34 

CT. Sentryôs predicted impact is at 08:24 

CT. 

(Continued on page 9) 

Table 2. Definitions are provided for Table 1 parameters appearing in bold. This dataset is used to create USSB orbits in Ho-

rizons sampling the 2013 TV135 LOV. 

Parameter Definition 

EPOCH Coordinate Time (CT)9 expressed as a Julian date at which all other Table 2 parametric values are applicable 

EC Eccentricity 

QR Perihelion distance in astronomical units (AU) 

TP CT of perihelion passage expressed as a Julian date 

OM Ecliptic longitude of the ascending node on the ecliptic in degrees 

W Argument of the perihelion in degrees 

IN Ecliptic inclination in degrees 

9 A uniform time scale void of leap seconds, CT is used as the fundamental ephemeris argument by Horizons. To a precision of 

Ñ0.002 s, CT is related to international atomic time (TAI) by CT = TAI + 32.184 s. 
10 The sampled EC value for Earth collision is less than the nominal EC value because of Sentryôs sign convention for displace-

ment along the LOV with respect to nominal position. Recall positive Sentry LOV displacement signifies ñdisplace from nomi-

nal in the direction of heliocentric motionò. To impart such a displacement requires a shorter orbit period than nominal. If QR 

(the only other Table 2 parameter capable of affecting orbit period) is held at its nominal value, EC must be decreased to shorten 

orbit period.  

Table 3. Earth miss distances from EC deviations sampling the 2013 TV135 JPL#7 orbit determinationôs LOV are listed in 

order of increasing EC. The EC interval giving rise to all possible Earth impacts from this LEMUR analysis lies between the 

marginal leading and trailing graze cases. Values in the s column are EC deviations from the nominal Table 1 value normal-

ized to the Horizons variance of Ñ0.001070098. 

http://www.aiaahouston.org/


AIAA Houston Section Horizons November / December 2013 Page 9 

Page 9 

Figure 3. Grazing impact trajectories are plotted relative to Earth and delimit the minute 2013 TV135 LOV segment contain-

ing all possible collision cases from this LEMUR analysis of JPL#7 orbit determination data. Time ticks are at 15-min inter-

vals and are annotated with 26 August 2032 UT in DOY/hh:mm format. Dotted lines are projections onto Earthôs equatorial 

plane. Earth is annotated with its equator and the parallel at 80Á S latitude. The shaded area is Earthôs nightside. 

 

 

 

(Continued from page 8) 

 

(Continued on page 10) 
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11 The sampled EC value for Earth collision is greater than the nominal EC value because of Sentryôs sign convention for displace-

ment along the LOV with respect to nominal position. Negative Sentry LOV displacement signifies ñdisplace from nominal in 

the direction opposite heliocentric motionò. To impart such a displacement requires a longer orbit period than nominal. If QR 

(the only other Table 4 parameter capable of affecting orbit period) is held at its nominal value, EC must be increased to length-

en orbit period. 

ble 4 to define the nominal orbit along 

which the LOV will be sampled. Seven 

Table 1 parameters appearing in bold are 

used to create USSB orbits in Horizons 

sampling the 2013 TV135 LOV. These 

parameters are defined in Table 2. 

 

2.2 LEMUR Analysis  

With 2013 TV135  

Orbit Determination JPL#31 

The LEMUR analysis documented here 

for 2013 TV135 uses Horizons data in Ta-

(Continued from page 9) 
 

 

Table 4. This 2013 TV135 orbit determination was generated circa 7.2 November 2013 UT and incorporates 661 observations 

spanning 26 days, as noted in its second line of data. The solution is tagged ñJPL#31ò in the second-to-last line of data. Pa-

rameters in bold are defined in Table 2. 

*******************************************************************************  

JPL/HORIZONS          (2013 TV135)       2013 - Nov- 07 07:39:13  

Rec #:750134 (+COV) Soln.date: 2013 - Nov- 07_03:46:00   # obs: 661 (26 days)  

  

FK5/J2000.0 helio. ecliptic osc. elements (au, days, deg., period=Julian yrs):  

  

 EPOCH= 2456592.5 ! 2013 - Oct - 27.00 (CT)      Residual RMS= .19007     

 EC= .5908580294949625  QR= .9954524306344258  TP= 2456555.7325275815    

 OM= 333.460546709033   W= 23.68872923572981  IN = 6.746628135329265    

 A= 2.433024481467049   MA= 9.548785351056903  ADIST= 3.870596532299673   

 PER= 3.79514       N= .259707411      ANGMOM= .021647483      

 DAN= 1.02761       DDN= 3.45071       L= 357.0031418        

 B= 2.7053226       MOID= .0117562      TP= 2013 - Sep- 20.2325275815  

  

Asteroid physical parameters (km, seconds, rotational period in hours):     

 GM= n.a.         RAD= n.a.        ROTPER= n.a.         

 H= 19.4         G= .150         B- V= n.a.          

              ALBEDO= n.a.       STYP= n.a.          

  

ASTEROID comments:  

1: soln ref.= JPL#31,  PHA OCC=6 

2: source=ORB  

*******************************************************************************  

Because the USSB coast time from 

EPOCH to Earth collision spans multiple 

2013 TV135 orbits, EC is selected for LOV 

sampling in this LEMUR analysis as ex-

plained in Section 2.1. Sentry analysis 

utilizing Table 4's JPL#31 orbit determi-

nation finds Earth collision cases at  

-4.75804 s from nominal position along 

the LOV. The Ñ1 s variance in EC from 

Horizons for JPL#31 is Ñ0.000230863. 

Thus, a good starting guess at an LOV 

sample colliding with Earth would be a 

USSB having Table 1 values with an EC 

deviation to 0.5908580294949625  

+ 4.75804 * 0.000230863 = 

0.59195648411. Table 5 provides results 

from sampling the JPL#31 LOV with EC 

(Continued on page 11) 

Table 5. Earth miss distances from EC deviations sampling the 2013 TV135 JPL#31 orbit determination's LOV are listed in 

order of increasing EC. The EC interval giving rise to all possible Earth impacts from this LEMUR analysis lies between the 

marginal leading and trailing graze cases. Values in the s column are EC deviations from the nominal Table 4 value normal-

ized to the Horizons variance of Ñ0.000230863.  

EC s Earth Miss (km) Remark 

0.5908580295 0 88,647,714 Nominal 

0.5919525516 +4.74100 6420 Leading graze 

0.5919527361 +4.74180 6421 Trailing graze 

0.5919564840 +4.75804 330,086 Sentry-based guess 

http://www.aiaahouston.org/


AIAA Houston Section Horizons November / December 2013 Page 11 

Page 11 

+4.75804, only 0.3% from that of the 

nearest grazing case found by LEMUR 

analysis. Table 5 data also lead to a rea-

sonable estimate of PC. Assuming Gaussi-

an probability density along the LOV,  

PC = |NORMSDIST(+4.74100) - 

NORMSDIST(+4.74180)| = 4.19e-9 =  

deviations. 

In Table 5's LOV sampling, the Sentry-

based guess for an EC deviation leading 

to Earth collision has a s value of 

(Continued from page 10) 
 

1-in-239 million. The PC computed by 

Sentry from JPL#31 data is 5.9e-9 or  

1-in-170 million, 41% greater than the 

LEMUR estimate. In Figure 4, Table 5's 

two grazing cases are plotted relative to 

Earth. The leading graze impacts at 08:44 

(Continued on page 12) 

Figure 4. Grazing impact trajectories are plotted relative to Earth and delimit the minute 2013 TV135 LOV segment contain-

ing all possible collision cases from this LEMUR analysis of JPL#31 orbit determination data. Time ticks are at 15-min inter-

vals and are annotated with 26 August 2032 UT in DOY/hh:mm format. Dotted lines are projections onto Earth's equatorial 

plane. Earth is annotated with its equator and the parallel at 80Á S latitude. The shaded area is Earth's nightside. 
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pedigree, each LEMUR locus consists of 

all possible Earth impact points associated 

with a specific orbit determination's LOV. 

Figure 5 co-plots LEMUR loci for JPL#7 

and JPL#31 onto a segment of Earth's 

surface. These loci differ primarily from 

two effects. First, as is evident from com-

paring Figures 3 and 4, the 2013 TV135 

LOV has shifted in inertial space as obser-

vations were accumulated and edited dur-

ing the 17 days between the two orbit 

CT and the trailing graze at 09:05 CT. 

Sentry's predicted impact is at 08:38 CT. 

3. LEMUR Loci For JPL#7 And JPL#31 

The EC interval between grazing cases in 

Tables 3 and 5 can be divided into small 

increments to produce LEMUR loci for 

2013 TV135 orbit determinations JPL#7 

and JPL#31, respectively. Through this 

(Continued from page 11) 
 

determinations. Whereas the JPL#7 locus 

can impact with a geocentric inertial flight 

path angle g as steep as -46.8Á, JPL#31 

locus impacts can only be as steep as  

g = -25.0Á12. Second, the center of curva-

ture associated with the JPL#7 locus is 

geographically east of that associated with 

the JPL#31 locus due to Earth rotation. 

Impacts in the JPL#7 LEMUR locus occur 

from 46 minutes earlier (at leading graze) 
(Continued on page 13) 

12 Marginal grazing cases impact at g = 0.  

Figure 5. Two LEMUR loci of all possible Earth collisions for 2013 TV135 on 26 August 2032 are plotted based on JPL#7 or-

bit determination data (green) and JPL#31 orbit determination data (red). These LEMUR loci correspond to red data mark-

ers in Figure 2. As indicated by steepest g  values annotated on each locus, the JPL#31 LOV more nearly misses Earth than 
does the JPL#7 LOV. 
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The LOV shift between JPL#7 and 

JPL#31 is confirmed by the Sentry param-

eter d. Measured in Earth radii and tabu-

lated as ñDistanceò in 2013 TV135-specific 

Sentry Earth impact tables, d is the 26 

August 2032 LOV's minimum geocentric 

to 31 minutes earlier (at trailing graze) 

with respect to the JPL#31 LEMUR locus. 

(Continued from page 12) 
 

distance. Figure 6 chronicles variations in 

26 August 2032 d during October/

November 2013 as additional 2013 TV135 

observations were accumulated. Red data 

markers in Figure 6 correspond to the two 

LEMUR loci plotted in Figure 5 and indi-

Figure 6. Sentry-computed minimum geocentric distance of 2013 TV135's LOV on 26 August 2032 is plotted as a function of 

UT corresponding to when the associated 2013 TV135 orbit determination is dated in JPL's Horizons ephemeris computation 

service. Data marker annotations are explained prior to Figure 2. The two red data markers correspond to LEMUR loci 

plotted in Figure 5. 

4. Conclusions 

In the weeks following PHO 2013 TV135 

discovery, predicted position uncertainty 

could not exclude a remote possibility of 

Earth collision on 26 August 2032. When 

enough observations of 2013 TV135 were 

accumulated over a sufficiently extended 

heliocentric arc, however, probability of 

this collision decreased by more than four 

orders of magnitude in a week (see Figure 

2). Consequently, the 2032 collision be-

tween 2013 TV135 and Earth is no longer 

considered a credible event. It is studied 

here purely for academic purposes. 

Systematic LEMUR analysis of the 2032 

collision has been documented and shown 

to agree with NASA's automated Sentry 

software results. Although Sentry output 

is publicly accessible, geometric insights 

from LEMUR analysis are not generally 

available as of this writing. Chief among 

these insights is a LEMUR locus of possi-

ble impact points associated with a specif-

ic 2013 TV135 orbit determination. A 

LEMUR locus contains all Earth collision 

points along the orbit determination's 

LOV with critical Earth grazing cases at 

the locus termini. 

A byproduct from LEMUR analysis is a 

PC estimate within the same order of mag-

nitude as Sentry's value. Both LEMUR 

estimates documented in this article are 

smaller than the corresponding Sentry 

values. Sentry computations for 2013 

TV135 Earth collisions include an estimate 

of uncertainty region semi-width about 

the near-Earth LOV. If Sentry PC values 

reflect collision cases from a full 3-

dimensional uncertainty region, that could 

explain why the 1-dimensional LEMUR 

analysis, restricted to collision cases on 

the LOV, produces smaller PC estimates. 

As 2013 TV135 observations accumulated, 

the LOV (as defined to lie within a fixed 

maximum deviation from nominal) came 

to subtend progressively smaller heliocen-
(Continued on page 14) 
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this had not happened before Sentry colli-

sions within Ñ5 s of nominal along the 

LOV were no longer detectable after 7 

November 2013. 

There appears to be no PC threshold below 

which a LEMUR locus cannot be deter-

mined, provided the associated LOV in-

tersects Earth. Furthermore, the notion of 

fixed LEMUR loci from one orbit deter-

mination to the next must be qualified. 

Such invariance should only be expected 

tric arcs on 26 August 2032. Accumulat-

ing observations also caused the 26 Au-

gust 2032 LOV to shift in inertial space 

on a scale comparable to Earth's radius 

(see Figure 6). The shrinking LOV ulti-

mately caused 2013 TV135's probability of 

Earth collision on 26 August 2032 to as-

sume infinitesimal values. A similar PC 

falloff could also have been triggered by a 

LOV shift completely off the Earth, but 

(Continued from page 13) 
 

for mature observation datasets extending 

over most of a small body's heliocentric 

orbit or more. In the weeks following 

2013 TV135's discovery, slowly converg-

ing orbit determinations led to LOV shifts 

on 26 August 2032 and corresponding 

LEMUR locus variations extending over 

substantial portions of the Earth hemi-

sphere centered about southern Africa 

(see Figure 5). 

[End] 

Above: Image source: Wikipedia. Image credit: NASA (2001). A collision between a comet and the Earth.  

Above: This image shows why asteroid impact probability 

goes up, then down. Image source: Wikipedia (public do-

main). Image credit: Lou Scheffer.  

[Our cover story by Daniel R. Adamo ends at the top of this page, so 

we add a few related notes here.]  

November 19, 2013 

After the February 2013 Earth-asteroid impact in Chelyabinsk, Rus-

sia, did scientists review old government surveillance films (nuclear 

weapons treaty verification) to look for undocumented Earth-asteroid 

impacts? More than 1,000 people were injured in Chelyabinsk. After 

that video review, are odds of such Earth-asteroid impacts now once 

every decade instead of once every century? Once twenty years? 

Once every thirty years? Public Broadcasting Service (PBS) televi-

sion and PBS journalist Miles OôBrien reported about those revised 

odds of Earth-asteroid impact in the PBS Newshour episode of No-

vember 7, 2013. A transcript of that television news segment is avail-

able on that PBS website. The related PBS video segment is also 

available for viewing on that website.   

http://www.aiaahouston.org/
http://en.wikipedia.org/wiki/2013_TV135
http://en.wikipedia.org/wiki/Asteroid_impact_avoidance
http://www.pbs.org/newshour/bb/science/july-dec13/asteroid_11-07.html
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ured as a function of Mach. 

Curiously, this Aviation Week maga-

zine cover article (Son of Blackbird, the 

SR-72, a Lockheed Martin concept) of 

November 1, 2013, says that the flight 

crews had to perform these functions 

manually. I can believe that would be the 

case on the Lockheed A-11 (discussed in 

this Wikipedia A-12 article), circa 1964, 

but decades of flight control technology 

have been provided since then. For exam-

ple space shuttle ascent re-entry flight 

controls are largely driven by air speed or 

This U.S. Air Force SR-71 Blackbird 

configuration guide (available via this link 

from an Aviation Week magazine articleôs 

website) is the most specific description I 

have ever seen of the reconfiguration of the 

SR-71 Blackbird engines as a function of 

Mach. I remember some earlier online dis-

cussions about the ramjet nature of the 

engines, searching for the vents that are 

briefly mentioned in cross sectional illus-

trations - and then turning away perplexed. 

But here's a series of illustrations indicat-

ing four or five channel controls reconfig-

Comments on an Aviation Week Cover Story: 
Son of Blackbird 
WES KELLY, TRITON SYSTEMS LLC 

Mach. What would have been the imple-

mentation problem?  

There is some overall information about 

thrust and scramjet flight control (SFC) for 

the engines, but putting together specific 

thermodynamic engine cycle charts would 

be challenging from the data provided. 

Still, it gives one inspiration to ñbuild your 

own engine,ò ideas that do not necessarily 

address the needs of the Mach 6 vehicle. 

It would appear that by some unspeci-

fied development, a turbojet was coaxed to 

behave productively up to the Mach 4 re-

gion. I suspect that high temperature alloys 

had something to do with this develop-

ment. Usually they are applied to get high-

er and higher pressure (and temperature) 

ratios in subsonic cruise turbines. No doubt 

they have something to offer for high 

speed flight as well. 

Now if this SR-72 vehicle is to cruise at 

Mach 6, what altitude would that be and 

what sort of leading edge temperature 

would we expect? The SR-71 was associ-

ated with over 300 degrees F (or ~850 R) 

on leading edges. I can't recall the Con-

corde figure for half the speed. But if all 

else remains the same, say 60,000 feet for 

altitude, with doubled speed, the heat load 

rises cubically (x 8) and the temperature 

rises by the power of 1.5 or the square root 

of 8? 

I'd say that would be hot and the SR-72 

bird would probably cruise higher. 

The curious thing about this story is that 

a proposal presentation is given about as 

much or more weight as anomalous obser-

vations (vapor trails and seismic readings 

of Aurora, etc.). Both these observations 

are about as substantive as a Cheshire Cat, 

but for differing and self-evident reasons. 

Though I do remember a number of stories 

in Aviation Week magazine about com-

bined or multi-cycle engines like this over 

the years. 

Maybe a new engine would not use tra-

ditional kerosene derivatives. JP-8 is used 

for conventional high performance aircraft. 

Other possibilities are methane, propane or 

hydrogen. These would be very good for 

performance objectives, but not very good 

for operations. How many airfields would 

have readily available fuel? 

So what are the other guys [Lockheed 

Martinôs competitors] planning to do? 
Above: SR-71 Blackbird diagrams as a function of Mach. Image credit: U.S. Air Force. 

Image source: Aviation Week magazine cover story of November 1, 2013.  

Kellyôs Corner 

http://www.aiaahouston.org/
http://www.aviationweek.com/Article.aspx?id=/article-xml/awx_11_01_2013_p0-632731.xml&p=1
http://en.wikipedia.org/wiki/Lockheed_A-12
http://www.aviationweek.com/hyperengines
http://www.aviationweek.com/hyperengines
http://en.wikipedia.org/wiki/Aurora_aircraft
http://www.aviationweek.com/Portals/aweek/media/hyperengines/hyperengines.html
http://www.aviationweek.com/Article.aspx?id=/article-xml/awx_11_01_2013_p0-632731.xml&p=1
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Early telescopes told us first of Marsô 

characteristic red color, then its canals. 

Flash forward hundreds of years, and vari-

ous Martian orbiters, as well as the twin 

rovers Spirit and Opportunity and the 

more recent Curiosity rover have revealed 

details of the Red Planetôs surface, offer-

ing clues to the possibility of water and 

habitable settings for potential past life. 

What new facts and further mysteries will 

Mars give up? Perhaps they lie in its giant 

polygons. 

 

MARTIAN GIANT POLYGONS  

AND A NEW ANALOG 

Giant polygons have been recognized 

on the Martian surface since the 1970s 

from images taken by the Mariner 9 and 

Viking orbiters. These features occur al-

most exclusively in the northern lowlands 

and are particularly abundant in Acidalia 

and Utopia Planitiae (Figures 1-3).  

The giant polygons are kilometer-

scale in size; most examples are 2 to 20 

kilometers across (Figures 2-3). Their 

outlines are defined by troughs and their 

shapes can be rectangles, hexagons, or 

morphologies with curved boundaries. It 

is the large size of these polygons that 

distinguishes them from the variety of 

smaller-scale polygons on Mars, which 

are typically less than 250 meters across.  

Similarly, on Earth, most polygonal 

terrains involve features that are only a 

few hundred meters across. Because of 

this, few terrestrial analogs (such as desic-

cation or ice-wedge polygons) have 

seemed a good fit for the giant polygons 

on Mars.  

Without a good analog, the origin and 

significance of the giant polygons on 

Mars are still a mystery. There have been 

suggestions that their origins involve tec-

tonism associated with uplift due to un-

loading of water or ice, compaction of 

fluid-rich sediments over irregular terrain, 

or convection of water through permafrost 

followed by desiccation, compaction, or 

thermal contraction.  

However, recent research has offered 

a new possibility of their origin ï one that 

involves compaction of rapidly deposited, 
(Continued on page 17) 

The Enigmatic Giant Polygons of Mars 
Are They Clues to Past Oceans? 
DR. DOROTHY Z. OEHLER 

Figure 3. Giant polygons in part of south-

ern Acidalia Planitia. These are dotted 

with bright mounds. This image, from the 

context (CTX) camera on NASAôs Mars 

Reconnaissance Orbiter, spans about 11 

kilometers. Image # B18_016644_2188. 

Image credit: NASA/ASU.  

Figure 2. Giant polygons in southern Uto-

pia Planitia. Although some scientists 

believe these polygons could be evidence 

of an ancient ocean, their exact origin 

remains a mystery.  This image, from the 

context (CTX) camera on NASA's Mars 

Reconnaissance Orbiter, spans 29 kilome-

ters.  Image #: P17_007713_2172. Image 

credit: NASA/ASU.  

Figure 1. This map, created from elevation data returned by the Mars Orbiter Laser 

Altimeter (MOLA) on NASAôs Mars Global Surveyor, shows the dichotomy between 

Marsô northern lowlands (where most of its potential ancient ocean would have been) 

and its southern highlands. Blue denotes low elevations and red depicts high. Acidalia 

and Utopia Planitiae have extensive giant polygon development. Image credit: Oehler/

NASA/USGS.  
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fine-grained sediments in subaqueous 

settings. This idea is based on results of 

three-dimensional (3ïD) seismic data 

acquired by the petroleum industry as part 

of their exploration in offshore basins. 

These 3ïD datasets allow creation of de-

tailed plan-view maps of the shallow sub-

surface, and it is these maps that have 

revealed numerous examples of kilometer

-scale polygons in the uppermost kilome-

ter of subsea basins (compare Figures 4-

5). Until recently, these large-scale polyg-

onal features were completely unknown, 

but there are now more than 50 examples 

of marine basins that have terrestrial giant 

polygons. 

TERRESTRIAL  

GIANT POLYGONS 

The subsea polygons range from about 

0.5 to 4 kilometers across and are bound-

ed by faults (Figure 4). They occur from 

the sediment surface to depths of about 

700 meters. They can have basin-wide 

extent (some occur over areas larger than 

a million square kilometers), and many 

(Continued from page 16) 
 

tern of furrows develops. With greater 

burial, sediment strength due to compac-

tion increases to the point where it is suf-

ficient for the formation and maintenance 

of faults, and the polygonal furrows de-

velop into polygonal faults. With burial 

beyond 300 meters, polygonal faulting 

becomes more closely spaced, and large 

polygons are divided into smaller, second-

order polygons. This process continues 

until about 700 meters of burial, where 

compaction by sediment shrinkage is 

completed, and the fault frequency has 

reached its maximum.  

 

COMPARISON OF  

MARTIAN AND TERRESTRIAL  

GIANT POLYGONS 

The similarities between the Martian 

giant polygons and those in terrestrial 

offshore basins are intriguing. The kilo-

meter-scale size of each stands out from 

other potential types of polygonal land-

forms. While the terrestrial offshore poly-

gons appear to have a smaller size range 

(0.5 to 4 kilometers) compared to the size 

of most of the Martian examples (2 to 20 

kilometers), this discrepancy may be only 

apparent. Some of the newer image data 

from the Context (CTX) and High Resolu-

tion Imaging Science Experiment 

(HiRISE) cameras on NASAôs Mars Re-

connaissance Orbiter (with resolutions of 

6 meters/pixel and 25 centimeters/pixel, 

respectively) show that many of the Mar-

tian giant polygons are actually composed 

of smaller, second-order polygons that are 

approximately 2.5 to 5 kilometers across. 

Other HiRISE images show subtle poly-

gons, about 1 kilometer across, which 

were never observed in the older datasets. 

In addition, the sizes of terrestrial poly-

gons scale with burial depth and grain 

size, such that larger features occur in 

areas with least burial and/or smallest 

grain size. These are the Earth analogs 

that may be most comparable to the Mar-

tian giant polygons.  

Importantly, the geologic contexts of 

terrestrial and Martian giant polygons are 

similar. The Earth features form in pas-

sive margins. On Mars, the general lack of 

plate tectonics would have resulted in 

many basinal settings similar to passive 

margins in that they also would lack 

strong horizontal stresses. This is the type 
(Continued on page 18) 

are associated with fluid expulsion fea-

tures such as mud volcanoes or depres-

sions on the sea floor called pockmarks, 

which result from subaqueous gas release. 

Common to all the basins with these 

features is an accumulation of rapidly 

deposited, fine-grained sediments in a 

subaqueous depocenter (a depocenter is 

typically the point of deepest and thickest 

deposits in a sedimentary basin). Of par-

ticular note, all the basins that have the 

large-scale polygons are located in set-

tings that lack strong horizontal stresses. 

These settings are called passive margins. 

Many relatively wide continental shelves 

are passive margins and are sites of accu-

mulation of thick sections of sedimentary 

rock. Various mechanisms have been put 

forth for the formation of terrestrial giant 

polygons, but at a minimum, we know 

that they involve three-dimensional con-

traction and dewatering due to sediment 

loading.  

The sequence of events thought to 

lead to formation of these large-scale fea-

tures is as follows: During initial stages of 

burial, sediment porosity and permeability 

decrease due to initial compaction. Polyg-

onal faulting begins as linear furrows that 

develop near the sediment-water interface, 

apparently in response to mono-

directional volume contraction. With buri-

al of about 21 meters, sediment contrac-

tion becomes radial, and a hexagonal pat-

Figure 4. Map view from 3-D seismic 

data, illustrating large-scale polygons in 

strata below the ocean, offshore Norway. 

This image spans 6 kilometers. Image 

credit: Stuevold et al., 2003, in Geol. Soc. 

London Sp. Publ. 216, 263-281. Image 

reprinted by permission of the Geological 

Society. 

Figure 5. These giant polygons in south-

ern Utopia are between 4 and 20 kilome-

ters across. This view is a mosaic of day-

time infrared images captured by the 

Thermal Emission Imaging System 

(THEMIS) on NASAôs Mars Odyssey or-

biter. Image credit: NASA/ASU/USGS.  
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of tectonic setting that allows formation of 

the giant polygons on Earth.  

In addition, both the Earth and Mar-

tian giant polygons appear to involve set-

tings where fine-grained sediment accu-

mulated rapidly. The terrestrial features 

occur exclusively in fine-grained sedi-

ments, and rapid deposition has been im-

plicated in several occurrences. On Mars, 

it is generally thought that catastrophic 

outflow floods would have resulted in 

massive amounts of rapidly deposited 

sediment in northern Chryse and southern 

Acidalia, and recent research has suggest-

ed that the most distal and therefore, the 

most fine-grained sediments deposited by 

those floods would accumulate in south-

ern Acidalia Planitiaða region coincident 

with the giant polygons. 

Finally, there is the common associa-

tion of the terrestrial giant polygons with 

features associated with fluid expulsion, 

such as mud volcanoes (Figure 6) and 

pockmarks. On Mars, there may be fea-

tures analogous to mud volcanoes in some 

of the areas of giant polygons, as masses 

of bright, circular mounds in southern 

Acidalia (Figure 3) have most recently 

been compared to mud volcanoes. Mud 

volcanoes are sedimentary diapirs that rise 

through the subsurface in a slurry of fluid 

and fine-grained sediment, as a result of 

overpressure in rapidly compacting ba-

sins. In Acidalia, approximately 40,000 of 

these mud volcano-like mounds have been 

(Continued from page 17) 
 

This may explain the differences between 

the features of Acidalia and Utopia. 

 

IMPLICATIONS FOR AN OCEAN 

The fundamental question of whether 

an ocean ever existed on Mars remains 

controversial. Many researchers have pro-

posed that major bodies of water once 

existed on Mars in the northern plains. 

This interpretation has been drawn from 

landforms suggestive of ancient shore-

lines, and the distribution of valley net-

works (presumed to be ancient rivers) in 

the highlands that are consistent with, and 

may even require, a major source of water 

in the northern lowlands. More recently, a 

network of channels just north of the di-

chotomy that separates the northern and 

southern plains has been re-interpreted as 

a delta that flowed into standing water. In 

addition, data obtained with the radar 
(Continued on page 19) 

estimated to occur and their distribution 

overlaps that of the giant polygons (Figure 

7). While the distribution of the mounds is 

broader than that mapped for the giant 

polygons (from older Viking data), both 

sets of features are centered in southern 

Acidalia, and both are restricted to areas 

predicted to have accumulations of fine-

grained sediment. 

Utopia is different in that many fewer 

mounds have been noted there, and some 

of them may be pingos (diapiric mounds 

of ice). Nevertheless, while both mud 

volcanoes and large-scale polygons on 

Earth require fine-grained sediments and 

compaction of thick accumulations of 

sediments, the formation requirements for 

the giant polygons and mud volcanoes can 

be distinct in detail. Accordingly, the two 

sets of features are not necessarily co-

incident. They may overlap in some areas, 

but in others they can be adjacent to one 

another or each may occur in isolation. 

Figure 7. Based on MOLA data, this map of Marsô Chryse and Acidalia regions indi-

cates elevations aboveï1,600 meters in red-browns and elevations below -4900 meters 

in and pinkish purples. The red dashed line shows the extent of recently mapped mud 

volcano-like mounds. The thin black line in Acidalia shows the area where giant poly-

gons were mapped by other authors previously using older Viking data. Newer CTX 

and HiRISE data reveal giant polygons beyond the originally mapped area. Image 

credit: Oehler/NASA/USGS.  

Figure 6. Mud volcanoes - commonly as-

sociated with fluid expulsion - often ap-

pear with terrestrial polygons. These cold 

ñmud potsò were photographed in north-

ern California. The one at the right is 

about 10 centimeters high and 18 centi-

meters wide. Similar features, such as the 

bright mounds in Figure 3, occur with 

some of the giant polygons on Mars. Im-

age credit: Wikipedia/Creative Commons. 
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sounder (MARSIS) on the European 

Space Agencyôs Mars Express have been 

interpreted to suggest that massive, sub-

surface ground ice ñinterior to previously 

proposed shorelinesò may be the remnant 

of an ancient northern ocean. The compar-

ison of Martian giant polygons to subsea 

features on Earth is supportive of these 

ideas.  

 

CONTINUING CONTROVERSY 

But more work needs to be done. 

Some question the interpretation of land-

forms as shorelines and others who have 

modeled Marsô ancient climate wonder if 

the planet was ever warm enough to sup-

port a major body of liquid water for any 

length of time. Work continues on climate 

models, and research scientists who have 

studied potential shorelines are refining 

their work with the higher resolution or-

bital image data that are now available. 

Maps are being constructed to look for 

evidence of equipotential surfaces 

(potential indicators of ancient sea levels) 

in the possible shoreline features. In addi-

tion, crustal deformations due to sediment 

accumulation or the weight of volcanics 

introduced in the Tharsis region 

(southwest of Chryse Planitia) are being 

considered to assess deviations from hori-

zontality in potential shoreline features. 

The newer, higher resolution data are also 

being used to fine-tune our understanding 

of the spatial occurrences of the giant pol-

ygons and mounds. Initial results suggest 

that densely occurring mounds and giant 

polygons in Acidalia as well as the giant 

polygons in Utopia all occur below eleva-

tions of -4000 to -4100 meters. This range 

is close to previously proposed levels sug-

gested to be ancient shorelines and possi-

ble equipotential surfaces and, according-

ly, work is continuing to determine 

whether the distributions of giant poly-

gons and mounds may reflect past water 

levels.  

 

WHAT IF é 

The possibility that Mars once hosted 

a major ocean is of great importance, not 

only to understanding the climate history 

(Continued from page 18) 
 

Dr. Oehler works as a geologist in the 

Astromaterials Research and Explora-

tion Science Directorate (ARES) at 

Johnson Space Center where she is con-

centrating on assessing potential-

ly habitable regions on Mars.  She was 

recently awarded the 2012 Distinguished 

Alumni Award from the University of 

California at Los Angeles (UCLA), and 

she is currently a member of the Mars 

Science Laboratory Mission (MSL Curi-

osity Rover) Science Team.  She lives in 

Houston with her husband, John Oehler, 

who has just published his second novel, 

Papyrus: A Thriller (available via Ama-

zon), an award-winning book about a 

secret message discovered on an ancient 

papyrus.  Papyrus has garnered excellent 

reviews and has been likened by Kirkus 

Reviews to The Da Vinci Code. 

of the Red Planet, but also to our evalua-

tion of habitable regions on Mars. If the 

northern plains were the site of a major 

body of water, then habitats there may 

have supported life for relatively long 

periods. And when conditions deteriorated 

as the climate became colder and drier 

and the atmosphere thinned (allowing 

more destructive radiation to reach the 

planet), potential life that had thrived on 

the surface could have moved into the 

protection of the subsurface. There, life 

may have been able to persist within sedi-

ment pores, as occurs in the vast commu-

nities of endolithic organisms known to 

inhabit spaces with rocks of the Earthôs 

subsurface. These would be the areas 

marked by the giant polygons.  

Moreover, if the analogy to the subsea 

polygons on Earth is correct, then the gi-

ant polygons on Mars not only would rep-

resent sites of long-lasting liquid water, 

but they also would imply locales of fine-

grained sediment accumulation and burial 

ï both of which would enhance preserva-

tion of potential geochemical fossils. 

Thus, in the search for possible evidence 

of past life on the Mars, the giant poly-

gons in the northern plains may point the 

way to prime areas for future exploration.  

ððððððððððððððððð 

For more detail and references about these 

polygons, their interpretations, and ideas 

about an ocean on Mars, see the follow-

ing: 

Oehler, D. Z., Allen, C. C. (2012). Giant 

Polygons and Mounds in the Lowlands of 

Mars: Signatures of an Ancient Ocean? 

Astrobiology 12 (6), 601-615. 

ððððððððððððððððð 

This Horizons article is adapted from an 

article which first appeared as the  cover 

story Polygons on Mars for the 2013 Vol-

ume 33 Number 3 issue of the Planetary 

Report, the magazine of the Planetary 

Society.  

ððððððððððððððððð 

http://www.aiaahouston.org/
http://www.amazon.com/Papyrus-A-Thriller-John-Oehler/dp/1479221635
http://online.liebertpub.com/doi/pdfplus/10.1089/ast.2011.0803
http://online.liebertpub.com/doi/pdfplus/10.1089/ast.2011.0803
http://online.liebertpub.com/doi/pdfplus/10.1089/ast.2011.0803
http://www.planetary.org/explore/the-planetary-report/tpr-2013-3-polygons-on-mars.html
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the serendipitous science: responding to 

the truly unexpected. Humans could also 

deploy in situ resource utilization (ISRU) 

experiments. 

Dr. Neal said that we need to re-learn 

how to take humans to the Moon and 

back, and start taking small steps in learn-

ing how to live on the Moon. He offered 

what he called the ñthree Eôsò as ad-

vantages humans can provide, and as 

things that need to be taken into account 

when planning for human missions: Effi-

ciency, Exploration, and Economics. 

William McKinnon spoke on 

ñRemarkable Recent Discoveries in Lunar 

Science, and the Scientific Rationale for 

New Human Expeditions.ò Dr. McKinnon 

is a scientific advisor to Golden Spike. He 

was chosen in part because, as he de-

scribed it, although he is in the planetary 

science field, he is not directly involved in 

lunar studies, and thus is viewed by the 

company as more objective. He reminded 

us that the Moon is key to understanding 

the solar system, as well as understanding 

the Moon itself. One new discovery is that 

there is a lot more mercury in lunar polar 

volatiles than was expected prior to the 

Lunar Reconnaissance Orbiter (LRO) 

mission. He also reported that the age for 

the Imbrium basin impact is now estimat-

ed to be 3.91 billion years. 

Alan Stern was the final speaker 

Thursday morning. He began by making 

comparisons between Golden Spike and 

the New Horizons mission, another enter-

prise which he helped start. He then said 

that the company has so far identified 

three potential markets: nations (they have 

identified twenty to thirty nations that 

have the means and might potentially be 

interested), corporations, and wealthy 

tourists. 

Dr. Stern described Golden Spikeôs 

mission plan. They intend to use: (1) ex-

isting expendable launch vehicles 

(ELVôs), modified as needed; (2) an Earth 

orbital capsule modified and adapted for a 

lunar mission; and (3) a new lander and 

(Continued on page 21) 

the Constellation program for putting hu-

mans on the Moon could not be done with 

the resources it had been given. Their 

decision was to change the direction for 

the US human spaceflight program and 

put an end to the Constellation program. 

Alan Stern looked at the situation and 

asked himself, ñNow what?ò He came up 

with the beginning of the Golden Spike 

concept. 

In August of 2010, a small meeting was 

held in Telluride, Colorado, to sound out 

the idea, and judge if it had enough merit 

to pursue. This was followed by a 10-

week study in August through October of 

2010. The Golden Spike Company was 

then formed. Mr. Griffin offered the news 

note that Jim Lovell has recently joined. 

This is newsworthy because Mr. Lovell, 

like some other Apollo astronauts, was 

initially opposed to the idea. 

So, what has been happening for the 

last three years? The people in the compa-

ny have been doing their homework. They 

have been refining architectures and doing 

studies of systems requirements and 

modes of development. They have also 

briefed various people. They have deliber-

ately stayed under the radar. Not secret, 

just quiet. Some people in the company 

had observed previous space ventures 

make bold public announcements too 

soon, then falter. They wished to avoid 

that fate. 

Today, they have -  

- Completed a business plan. 

- Successfully identified more funding 

sources, investors, and customers. 

- Published an architecture description. 

Griffin closed by noting that a new 

domain, commercial human space travel, 

has opened. 

Dr. Clive Neal of Notre Dame ad-

dressed the question of why we need to go 

to the Moon with humans. One reason is 

for science. This includes sample return, 

deploying experiments, making observa-

tions, geologic field mapping, and seren-

dipitous science. Could not this be done 

with unmanned probes? He mentioned 

that Steve Squyres, who has managed the 

Mars Exploration Rovers, has stated that a 

trained human field geologist could do in 

hours or days what took the MERs 

months. And one thing no robot can do is 

Short Report from the Golden Spike Workshop 
LARRY JAY FRIESEN 

The Golden Spike Company held a 2-

day workshop October 3 and 4 of this year 

(2013). The workshop was hosted by the 

Lunar and Planetary Institute (LPI) at 

their facility in Houston, Texas. 

The Golden Spike Company was 

founded by planetary scientist Dr. Alan 

Stern. Alan Stern was at one time head of 

NASAôs Science Mission Directorate, and 

is presently Principal Investigator for the 

New Horizons mission, on its way out to 

investigate Pluto and the Kuiper Belt. Dr. 

Stern is President and CEO of Golden 

Spike. Chairman of the Board for the 

company is Gerry Griffin, known to many 

in the Houston community for his distin-

guished career at Johnson Space Center, 

including a period when he was Director 

of JSC. 

The Golden Spike Companyôs objective 

is to get humans back to the Moon using 

private funding. I have previously report-

ed on Golden Spikeôs plans, and how they 

expect to make money at it, based on a 

presentation Alan Stern made about Gold-

en Spike at the 2013 Lunar and Planetary 

Science Conference in March. 

Golden Spikeôs purpose for the October 

3-4 workshop was to seek input from the 

lunar and planetary science community. 

Golden Spikeôs business plan is to devel-

op a low cost transportation system capa-

ble of taking human crews to the lunar 

surface and returning them to Earth. They 

would then sell rides to nations or compa-

nies who want a mission to the Moon. The 

crews of these missions would, among 

other activities, collect lunar samples and 

deploy experiment packages. Golden 

Spike wanted to learn from the planetary 

scientists attending what sort of planning, 

training, and so forth they would recom-

mend to Golden Spikeôs customers, to 

maximize the scientific return for those 

customers who intend to do science. 

Dr. Steven Mackwell, Director of LPI, 

opened the workshop by welcoming those 

attending and discussing the context for 

the meeting. 

Gerry Griffin gave the second presenta-

tion Thursday morning, October 3. He 

described how the Golden Spike concept 

and company got started in 2010. The 

Obama Administration had looked at the 

Augustine Report and its conclusion that 

http://www.aiaahouston.org/
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new EVA suits. The current plan is to use 

four launches in salvos of two. Each salvo 

will be of one Atlas and one Falcon 9. 

Their plan has been published in AIAAôs 

Journal of Spacecraft and Rockets. If the 

Falcon Heavy becomes available, Golden 

Spike can change the scenario to do eve-

rything with two launches. Another archi-

tecture would involve two uprated ver-

sions of the Atlas. 

Northrop Grumman has devised a 

lightweight lunar lander concept. United 

Launch Alliance (ULA) has developed a 

competing version. Northrop calls theirs 

the ñPumpkin.ò 

Dr. Stern mentioned some of the flight 

systems milestones that lie ahead for 

Golden Spike. He also discussed some 

future capabilities Golden Spike might 

develop if it is successful in its initial mis-

sions. Those future capabilities include 

longer stay times, far side exploration 

(current plans are for missions to the near 

side of the Moon only), and a rover for the 

crew. 

Dr. Sternôs talk was followed by a 

discussion period and then a lunch break. 

On Thursday afternoon, Dr. David 

Kring of NASA Johnson Space Center 

spoke on ñLanding Site Options for Short-

Duration EVA Human Exploration and 

Sample Return Opportunities.ò Dr. Kring 

suggested that for short-duration missions, 

(Continued from page 20) 
 

craters, rocks, and excessive slopes. 

Thursday afternoon finished with a 

panel discussion. Panel members included 

Gary Lofgren of NASA-JSC, Clive Neal 

of Notre Dame, and Samuel Lawrence of 

Arizona State University. Much of the 

discussion centered on the need for two 

things, training for the people who go and 

curation. A point was made that curation 

really starts with mission planning and 

equipment selection. Someone on the pan-

el raised the question: are all seismic in-

struments alike? If we wish to set up a 

seismic network for the Moon, it would 

help a great deal in data interpretation, if 

all the seismic instruments respond in the 

same way to the same inputs. Everyone 

was reminded that the scientific commu-

nity cannot impose conditions upon Gold-

en Spikeôs paying customers. However, 

scientists can say that if the customers 

genuinely wish to contribute to the scien-

tific understanding of the Moon, here are 

some things they need to consider. 

Thursday also included a poster ses-

sion. I regret I did not take notes on all the 

posters, but here are a few examples 

whose topics I found interesting: 

H. Fink showed examples of raised 

relief maps of the Moon. 

D. M. Hooper et al. presented a poster 

on ñLunar Reconnaissance and Site Char-

acteristics of the Marius Hills Skylight.ò 

R. R. Chau and A. A. Mardon had a 

poster on ñLunar Caving and Lava 

Tubes.ò 

P. J. Stooke had a poster titled ñIna-

Like Young Volcanic Structures as Gold-

en Spike Sites.ò 

On Thursday evening, Alan Stern and 

Gerry Griffin made a public presentation 

about Golden Spike at LPI. 

On Friday morning, October 4, Dr. 

Steven Mackwell began by summarizing 

thoughts from day 1. He observed that 

there had been a lot of focus on sample 

collection and network deployment. 

R. Jaumann then spoke on A Dedicat-

ed Small Exploration Orbiter (S-LEO) 

and Mobile Payload Element. The orbiter 

would carry scientific instruments and 

also act as a far side communication relay. 

The goal would be to map resources. Jau-

mann suggested that volatiles may be the 

most important resource. He listed the 

instruments and what they measure, but 

stated that the payload is not finalized. He 

also discussed orbits around the Moon 

(Continued on page 22) 

as Golden Spikeôs proposed flights would 

be, geologically simple sites might be 

preferable. Limitations on duration and 

number (probably two) of EVAôs would 

likely limit how many parts of a more 

complex site astronauts could explore. He 

pointed out that the missions Golden 

Spike is proposing would be very similar 

to Apollo H class missions. Apollo 12 and 

14 are examples of these. 

C. K Shearer spoke on ñHuman Sam-

ple Return on the Moon: A Science, Ex-

ploration, and Technology View from the 

Apollo Program to the Future.ò He listed 

some topics that can be addressed by sam-

ple return. These include: (a) planetary 

differentiation, both timing and causes; 

(b) the origin and distribution of volatile 

sources; (c) the bombardment history of 

the Moon and inner solar system. All of 

these require global sampling of the 

Moon. He raised the question: what in-

struments might be useful for ñhigh grad-

ingò samples? 

Dr. Pat McGovern et al. spoke on 

ñLunar Nearside Olivine Exposures as 

Targets for Human Exploration.ò 

Lawrence, Robinson, and Joliffe made 

a presentation remotely, by telecon, due to 

travel restrictions caused by the govern-

ment shutdown. Their presentation was on 

ñHigh Priority Locations for Nearside 

Lunar Sortie Missions.ò They used data 

from the LRO extended mission to aid 

identification of sites of interest. Their 

candidates include Mons Hansteen, Gru-

ithuison Domes, Lassell Massif, Mairan 

T, Marius Hills, Mare Ruemker, Hor-

tensius, the cones Isis and Osiris, young 

basalts directly south of Aristarchus, 

Lichtenberg, Copernicus, Aristarchus (the 

crater and some pyroclastic deposits near 

it are treated as separate targets), and Sul-

picius Gallus. 

Gruener and Lawrence spoke on ñA 

Nearside Lunar Geophysical Network 

with Benefits.ò They are trying to identify 

lunar surface locations which, in combina-

tion, would give good coverage for a seis-

mic network. 

Stininger et al. presented a method for 

getting precision landing on the Moon 

using lidar hazard avoidance and terrain 

relative navigation (TRN). Their system 

starts from a parking orbit around the 

Moon using a global map for navigation. 

It has a crater identification algorithm and 

a crater avoidance algorithm. It is de-

signed to detect and avoid discontinuities, 

http://www.aiaahouston.org/
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think the training of flight and ground 

crews has to take that long, since both 

astronauts and ground crew members had 

many other duties besides training during 

Apollo, but a significant investment in 

training time will be needed. 

From his Desert Rats experience, Ep-

pler sees safety as the biggest operational 

issue. Voice recognition does not work 

well; the field environment is very noisy, 

especially when wearing pressure suits. 

The Apollo 14 cart turned out to be more 

a liability than a help, and wheels were 

the main problem. To provide an effective 

cart for future Moon walkers, it would be 

necessary to redesign the wheels for diffi-

cult terrain; for example, soft terrain 

around a crater. 

Nagihara et al. discussed heat flow 

probes for human lunar missions. They 

have a compact, modular design in mind. 

They propose that drilling a hole for a 

heat flow probe needs to be done robot-

ically, based on Jack Schmittôs experience 

on the lunar surface, and his comments. 

Theyôve developed a pneumatically based 

system to do this task. They discussed 

what they see as their systemôs ad-

vantages. 

Zacny et al. presented on ñPast, Pre-

sent, and Future Drilling Technologies 

Enabling Lunar Exploration.ò This was a 

more general look at drilling than Nagiha-

ra et al.ôs paper. They reminded us that 

drill extraction was a problem on Apollo 

15. If we wish to extract water at the lunar 

poles, it will likely be in the form of ice or 

icy soil. They explained that drilling into 

icy soil on Earth is like drilling into con-

crete. You need to use a rotary or percus-

sion drill. They have performed some 

experiments to try to learn if it is feasible 

to extract water from icy soil at the drill 

site, rather than transporting extracted 

material to a central location. Manipulat-

ing a drill core after getting one can be a 

problem. 

Lucey et al. spoke of achieving ten 

meter resolution of thermal infrared spec-

troscopy and thermophysical properties 

from lunar orbit. The Moon Mineralogy 

Mapper (M-cubed or M3) aboard the 

Chandrayan-1 spacecraft gave 140 meter 

resolution. They think that instruments 

comparable to some now aboard space-

craft in Mars orbit could achieve the reso-

lution they seek. 

Dr. T. S. Lee of Korea spoke about an 

International Space Exploration Research 

being considered. The mobile payload 

element would be a lander with a small 

rover to sample volatiles outside the con-

tamination zone of the landerôs rocket 

plume. 

De Rosa et al. presented their paper 

via telecon. They discussed landing preci-

sion requirements and goals. A spacecraft 

needs hazard detection and avoidance in 

real time. Technologies related to this are 

under development in Europe. Their plan 

is to use optical relative and absolute nav-

igation. Their relative navigation system 

has been field tested; their absolute navi-

gation system has been lab tested. 

Abercromby et al. presented a paper 

on Multi-Mission Space Exploration Ve-

hicle (MMSEV). This is intended to be an 

EVA and robotics work system for multi-

ple destinations. It is a standard cabin that 

can be kitted with various front ends and 

back ends for various applications and 

destinations; for example, as a rover for 

the lunar surface. They propose a mission 

mode that would use two rovers, with two 

crew members each. However, if one rov-

er breaks down, all four crew members 

can get home in the other. Their design 

has great windows, to enable good obser-

vation from inside. This would minimize 

the occasions when crew would need to 

go EVA. Their rovers can dock to each 

other, and each has four suit ports. They 

also have external manipulator attach-

ments. 

In a talk added to the schedule, Geor-

giana Kramer discussed lunar swirls, and 

why they are an important landing target. 

Clive Neal made a presentation on 

behalf of Dean Eppler, a NASA employee 

who was unable to be present. Epplerôs 

paper discussed science operations on the 

lunar surface. Eppler considered both the 

experience of the Apollo astronauts and 

the annual NASA-JSC ñDesert Ratsò op-

erations where people field test equipment 

and operational methods proposed for 

lunar or Mars surface operations, in which 

he is a regular participant. He concluded 

that to conduct effective science opera-

tions on the Moon, crew members need 

training in both geology and field commu-

nications. He noted that it took a mini-

mum of two years for each Apollo group 

to work as a team. ñApollo groupò did not 

just mean the flight crew; it included the 

support team on Earth. Eppler does not 

(Continued from page 21) 
 

Institute (ISERI). His group has an objec-

tive of making a landing pad for a space-

port on the Moon. He discussed their ap-

proach to doing so. It will be important to 

store water, especially if people manage 

to produce any on the Moon. He thinks 

this could be done with concrete under the 

surface. His group has made prototypes of 

lunar concrete with no sand and no water. 

They use volcanic ash, with enzymes or 

polymer as binders. Korea has plans to 

send a lunar orbiter and a lunar lander by 

2020. Dr. Leeôs group has also made a 

habitat for four from soil, using a 3D 

printer. 

William McKinnon and Steven Mack-

well presented a summary and findings 

from the workshop. 

Alan Stern was the final speaker of the 

workshop. He noted that he had not seen 

any ñgiggle factorò among the scientists 

attending the workshop, and not at other 

occasions where he has discussed the 

Golden Spike project. People are taking it 

seriously. Dr. Stern intents to assimilate 

what he has learned from the workshop, 

and use that information to help build 

enthusiasm. He will also continue to solic-

it inputs from those interested in the pro-

ject. 

Dr. Stern also mentioned future aspira-

tions. Golden Spike intends to use the 

income stream from their missions to fund 

development of next-generation space-

craft, landers, equipment, etc., to enable 

longer stay times on the Moon, and per-

haps a greater breadth of lunar surface 

activities. In other words, if Golden Spike 

is successful, their initial mission scenario 

will only be the first step for future human 

activities on the Moon. 

[Image credits for this article: the Golden 

Spike Company media downloads, where 

the Moon walker on the preceding page is 

labeled a Spikonaut.]  
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In our May 2011 issue we started 

our series ñEAA/AIAA profiles in 

general and experimental avia-

tionò with Lance Borden, who is 

rebuilding his Inland Sport air-

plane, an aircraft manufactured 

by his grandfatherôs 1929 - 1932 

company. The second in this se-

ries was a profile of Paul F. Dye. 

The third profile will appear as 

soon as possible. This series was 

suggested by Richard Sessions of 

EAA Chapter 12. 

The Experimental Aircraft Association (EAA) 
Chapter 12 (Houston) 

Ideas for a meeting? Contact Richard at rtsessions[at]earthlink.net, Chapter 12 web site: 

www.eaa12.org. Another email contact: eaachapt12[at]gmail.com. As of April 13, 2012, EAA 

Chapter 12 is meeting on the first Tuesday of month, based on the calendar on the web site.  

Experimental Aircraft Association (EAA) web site: www.eaa.org 

Scheduled/Preliminary Chapter 12 Event/Meeting Ideas and Recurring Events: 

1st Saturday of each month ï La Grange TX BBQ Fly-In, Fayette Regional (3T5) 

1st Saturdays ï Waco/Macgregor TX (KPWG), Far East Side of Field, Chap 59, Pancake 

Breakfast with all the goodies 8-10 AM, Dale Breedlove, jdbvmt[at]netscape.com 

2nd Saturdays ï Conroe TX Chapter 302 10 AM Lone Star Builderôs Ctr, Lone Star Executive 

2nd Saturdays ï Lufkin TX Fajita Fly-In (LFK) 

2nd Saturdays ï New Braunfels TX Pancake Fly-In 

3rd Saturdays ï Wings & Wheels, 1941 Air Terminal Museum, Hobby Airport, Houston TX 

3rd Saturdays ï Jasper TX BBQ Lunch Fly-In (JAS) 

3rd Saturdays ï Tyler TX Breakfast Fly-In, 8-11, Pounds Field (TYR) 

4th Saturdays ï Denton TX Tex-Mex Fly-In 

4th Saturdays ï Leesville LA Lunch Fly-In (L39) 

4th Saturdays ï Shreveport LA Lunch Fly-In (DTN) 

Last Saturdays ï Denton Fly-In 11AM-2 PM (KDTO) 

The EAAôs Chapter 12, located at Ellington 

Field in Houston, Texas, is an organization 

that promotes all forms of recreational avia-

tion. The organization includes interest in 

homebuilt, experimental, antique and classic, 

warbirds, aerobatic aircraft, ultra lights, heli-

copters and commercially manufactured air-

craft and the associated technologies. 

 

This organization brings people together 

with an interest in recreational aviation, fa-

cilitating social interaction and information 

sharing between aviation enthusiasts. Many 

of the services that EAA offers provide valu-

able support resources for those that wish to 

develop and improve various skills related 

to aircraft construction and restoration, pi-

loting, aviation safety and aviation educa-

tion. 

Every individual and organization with an 

interest in aviation and aviation technology 

is encouraged to participate. (EAA member-

ship is not required, but encouraged.) Meet-

ings are generally from 6:30 PM to 9:00 PM 

at Ellington Field in Houston Texas. We 

welcome everyone. Come as you are and 

bring a guest; we are an all-aviation friendly 

organization! 

 

Mission  

Above and below: From Dave and 

Avril Forsterôs website, their  

F1 Rocket Kit Plane. Source: pro-

jects web page on the EAA Chap-

ter 12 website. 

[Two issues ago we featured Dave and Avril Forsterôs SeaRey on page 15. That link 

leads to a low resolution Horizons PDF file, 8 MB, 62 pages.] 

http://www.aiaahouston.org/
http://www.gofundme.com/AndysArmy
http://www.aiaahouston.org/Horizons/Newsletter_2011_08.pdf
mailto:rtsessions@earthlink.net
http://www.eaa12.org/
mailto:eaachapt12@gmail.com
http://www.eaa.org/
mailto:jdbvmt@netscape.com
https://sites.google.com/site/daveandavril10/home
https://sites.google.com/site/daveandavril10/home/f1rocket
http://www.eaa12.org/projects.htm
http://www.aiaahouston.org/Horizons/Horizons_2013_07_and_08_low_resolution.pdf
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in different countries work in orbit. This 

requires an unprecedented level of tech-

nical and industrial coordination. It is esti-

mated that the ISS program provides work 

for 100,000 people on the ground! In this 

sense, the ISS paves the way for future 

crewed exploration projects with several 

countries working together.  For example, 

current plans have NASA sending astro-

nauts to an asteroid. NASAôs human 

space program later targets Mars and oth-

er destinations such as the Moon, La-

grange points, and the Martian moons.   

Permanently inhabited by two or three 

people since October 30, 2000, the ISS 

moved to a crew of six on May 29, 2009. 

This was Expedition 20. 

On November 15, 2013, we have now 

reached Expedition 38. Under current 

agreements, the ISS will remain opera-

tional until at least 2020. 

(Continued on page 25) 

not have been possible. This robotic arm 

is also used to capture the cargo ships H-II 

Transfer Vehicle (HTV, from Japan), 

Dragon (from SpaceX), and Cygnus (from 

Orbital Sciences Corporation). Two other 

cargo spacecraft, Progress (from Russia) 

and the Automated Transfer Vehicle 

(ATV, from ESA), dock automatically. It 

should be noted that the Russian modules 

Zarya and Zvezda are ñdescendantsò of 

the equivalent modules from the famous 

Mir space station. (A Mir technical replica 

can be visited at the Cit® de l'Espace in 

Toulouse.)  

In addition to its scientific aspect, the ISS 

is also an excellent example of successful 

international cooperation in space; com-

plex modules and facilities manufactured 

The Fifteenth Anniversary of the International Space Station 
OLIVIER SANGUY, WWW.ENJOYSPACE.COM (LA CIT£ DE LôESPACE) 

The first International Space Station (ISS) 

element, the Russian module Zarya, was 

launched on November 20, 1998. The ISS 

now weighs 419 tons, is home to six astro-

nauts, and involves the USA, Russia, Eu-

rope, Canada and Japan. It is the largest 

structure assembled in orbit. 

Fifteen years ago on November 20, 1998, 

a Russian Proton rocket took off from the 

Baikonur cosmodrome in Kazakhstan.  It 

successfully placed the Russian module 

Zarya into orbit, the first element of the 

future International Space Station (ISS), a 

program that involves the United States, 

Russia, Europe, Canada and Japan and 

their respective space agencies (NASA, 

Roscosmos, ESA, CSA and JAXA). 

Today, the space station is the largest or-

biting complex ever assembled, weighing 

in at 419 tons, and capable of permanently 

accommodating six astronauts and many 

scientific experiments that would be im-

possible to perform on Earth.   

The ISS is primarily a scientific laborato-

ry in orbit. The United States, Europe and 

Japan each have a laboratory module. 

(The largest one belongs to Japan.) As for 

Canada, it supplied the robotic arm Cana-

darm 2. Without this, ISS assembly would 

Above: The International Space Station (ISS) today: the largest structure ever assem-

bled in orbit. A genuine ñschoolò for future manned exploration projects. Image credit: 

NASA 

Above: Launch of the Russian Proton 

rocket that carried Zarya, the first module 

of the International Space Station on No-

vember 15, 1998. Image credit: NASA.  

Above: The Zarya module in orbit in 

1998, the first element of the ISS. Image 

credit: NASA.  

Adapted from the article in  

www.enjoyspace.com 

http://www.aiaahouston.org/
http://www.enjoyspace.com/
http://www.enjoyspace.com/en/news/15-years-of-the-international-space-station
http://www.enjoyspace.com
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spacecraft is the only means of transport 

available to the astronauts. 

However, the United States of America 
Since NASA's space shuttle program end-

ed in 2011, the Russian three-seater Soyuz 

(Continued from page 24) 
 

hopes to have a new crewed spacecraft 

from the private sector as early as 2017. 

NASA is now supporting private manu-

facturers so that they can develop crewed 

spacecraft to be used by 

NASA under a service pro-

vision agreement. This time 

the new spacecraft will not 

be used to transport freight, 

but astronauts! By privatiz-

ing the crew transportation 

service to the ISS, NASA 

hopes to save money while 

boosting a new business 

sector.  

(Continued on page 26) 

Left and on the next page: 

To celebrate fifteen years of 

the ISS, NASA produced a 

visual containing the most 

significant facts and figures. 

[The website 

www.enjoyspace.com trans-

lated this NASA document 

into French. Since AIAA 

Houston Section has a 

French sister section since 

2007 (3AF MP), Horizons 

presents this figure using its 

French translation: some-

thing different for our Amer-

ican audience.] 

 

http://www.aiaahouston.org/
http://www.enjoyspace.com
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The ISS is already a remarkable achieve-

ment as we celebrate its 15th anniversary. 

(Continued from page 25) 
 

The ISS is also a step into a bright future 

for the impulse of humanity to travel to 

the stars. 

Additional contributors for this article:  

Philippe Mairet, 3AF MP and  

Douglas Yazell, Horizons Editor.  

http://www.aiaahouston.org/

















































