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Background

Thetarget Satellite, known to the public as USA 193, was launched on 13 December
2006 on a Deltall (7920-10). Based on images taken by an amateur satellite observer,
John Locker, the satellite is about 4 to 5 meterslong. (See Figure 1 for an image of the
satellite Locker used to determineitslength.) The satellite was originally put into a
nearly circular orbit with an apogee of 376 km and a perigee of 354 km. At that altitude,
the atmospheric drag would have still acted on the satellite and, if nothing was done—as
in fact nothing was—it would decay in less than 620 days depending on solar activity.
Other amateurs, who use their ham radio sets to follow satellites from their transmissions,
report that USA-193 stopped transmitting about 1.7 days after reaching orbit. Thisis
consistent with media reports that the satellite entered a “safe mode” but controllers were
unable to reestablish communications with it.
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Figure 1. John Locker took thisimage of USA 193 on 18 September 2007.*

There have been various reports about the amount of hydrazine onboard. Some have
placed the amount at one ton, while others have placed it at 1000 Ibs (i.e. half aton).
Depending on which is correct, the size of the hydrazine tank would be between 1 and 1.2
m in diameter (most of the volume of a sphereis at the outer radius). So the tank
occupies between 20% and 30% of the length of the satellite.

USA 193 isnow in alow Earth orbit with an inclination of 58.5° and, currently, has an
altitude (using the orbital parameters found by various amateur satellite observers) of 288

! See John Locker's website at http://mysite.wanadoo-members.co.uk/satcom _transits/USA 193Sepbw.jpg
accessed on 16 February 2008.




km (180 miles).? Theinclination means that, when it reenters the Earth’ s atmosphere, it
can only hit points on the Earth’s surface with latitudes between +58.5°; roughly between
the northern tip of Denmark and everywhere north of the Antarctic circle. Few people
livein the regions that are safe, partly because they make up less than 10% of the Earth’s
surface and partly because they are so inhospitable.
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Figure 2. Thisfigure shows the regions over which the satellite USA-193 passes. Regions above +58.5°
latitude are not in danger of being hit by the satellite even if it is not shot down. However, aimost al of the
world’' s population livesin the region between those | atitudes.

There are approximately 6.7 billion people living on the Earth for an average population
density of 45 people per square kilometer of land surface area (which makes up about
30% of the Earth’s surface or approximately 33% of the surface area between +58.5°
latitude). The Pentagon has reported that they expect the area contaminated by a fully
loaded hydrazine tank, if it reached the Earth’ s surface intact, to be 30 yards (27 meters)
inradius. Taking into account the probability of crashing on land and the average density
of people, we can expect 7% chance of killing asingle individua (average casualty
would be 0.07 people) somewhere on the Earth assuming that the tank lands intact—and
that isabigif. Thisis, of course, based on an average population density and an urban
area can have considerably higher densities. For instance New Delhi has 7,758 people in
asquare kilometer. If the satellite crashed down there, an average causality count would
be 37 people. Of course, urban areas make up only avery small fraction of the Earth so
the chances of hitting an urban center are very small. For instance, thereisonly alin ten
million chance that it will hit New Delhi.

NASA has arequirement on its controlled reentries that there be a1 in 10,000 chance of
killing somebody on the Earth. If the chances of the hydrazine tank surviving the reentry
are greater than roughly 1 in 1,000 than then this uncontrolled decent does not satisfy
NASA’srequirements and it can be argued that other measures should be taken. On the

2 Thisis based on orbital parameters determined by amateur observers for 9 February 2008. The satelliteis
quickly decaying and is probably in a much lower orbit by now.



other hand, there are certainly political considerations that would argue against that. It
could be argued, for instance, that it increases the legitimacy of China’'s ASAT test on 11
January 2007. Legitimating any kinetic kill anti-satellite weapon increases the chances
that a space war might actually be fought; creating tremendous swarms of debris that
could, as some experts on space debris argue, cause a catastrophic chain reaction that
would put so much junk in space that it would be impossible to orbit a satellite for
thousands of years. That would be a humanitarian disaster considering the benefits
humanity derives from space such as warning of ruinous floods and aiding in the relief of
tsunami victims.

The I nter ceptor

The Pentagon has announced that it will use its Standard Missile 111 (SM-3, see Figure 3)
to shoot down the satellite when its orbit has decayed to an altitude of 130 miles (roughly
210 km, at which point it would have between one and six dayslife left before it reenters
the atmosphere) and they predict that will be sometime in the first week of March. The
Pentagon also reports that the collision will take place with a closing speed of 22,000
mph (9.83 km/s). Since the satellite will have picked up speed asits orbit decays, it will
have an orbital speed of 7.538 km/s, relative to the Earth’s surface, at the time of the
collision.

Using the parameters for the SM-3 missile that have been culled® from various
government sources, the trgjectory of the interceptor can be calculated. One of the
important results of these calculationsis that the SM-3 will not be using its “third stage”
onboard the LEAP interceptor. Using the third stage would drive the closing speed much
higher than the planned 9.8 km/s. These parameters, for use in simulating the SM-3
missile’, are givenin Table 1.

Table 1. Parameters used for simulating the SM-3 ASAT weapon.

Stage 1 Stage 2a° Stage 2b°
Burn time (sec) 6 6 36
Stage mass, empty (kg) | 195 0
Stage mass, full (kg) 780.13 160 350
Specific Impulse (s) 260 270 270
Stage diameter (m) 0.34 0.34 0.34

% Theodore Postol, personal communication.

* For instance, these can be directly used in GUI_missileFlyout, by Geoffrey Forden, and is available for
free download at http://mit.edu/stgs/downl oads.html

® | have broken the second stage down into two segments, one (listed here as 2a) is a very high thrust
booster section while the other section of stage 2 is alower thrust sustainer section.
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Figure 3. Overview of the Standard Missile 3, Block 1. Source: U.S. Missile Defense Agency, 13
September 2006.

The LEAP interceptor has been used in thirteen attempted interceptions with eleven of
them successful. However, al of these have been against targets with much lower
relative speeds (an educated guess would place the closing speeds for al the interceptions
below 6 km/s and perhaps considerably lower for most of them.) Higher closing speeds
imply that both the accel erations required to intercept the target and the changesin
velocity are greater than they would be for lower closing speeds. It also implies that the
required corrections have to be more accurately made than would be required for alower
closing speed interception. All these considerations make the satellite interception much
more stressing than the previous tests that have been done with the SM-3.

The Interception

Current reports indicate that the first interception attempt will take place somewhere in
the Pacific, perhaps on Thursday, 21 February 2008. When it does, the United States will
station an Aegis cruiser somewhere aong the ground track of the satellite, which it will
know by extrapolating the orbit from previous observations. It will, of course, be making
measurements on the satellite’ s position with various radars and optical tracking devices
both on the surface of the Earth and in space. (The US currently has a single satellite, the
MSX, with an optical detector—known as the SBV or Space-Based Visible—for tracking
satellites though there have been proposals for increasing the number.) Shortly before
Chinese ASAT test on January 11, 2007, the US made at least six observations of its
target satellite’ s position.

The satellite track and the ssmulated trgjectory of the interceptor are shown in Figure 4.

A detailed view of the interceptor’ strack isshown in Figure 5. Twenty second intervals
for the trgjectory are shown as circles along the trgjectory to indicate its flight. The entire
interceptor flight last just less than six minutes and reaches a maximum altitude of 254
km. The engagement has been chosen so that at the collision the interceptor is on the
downward portion of itstrgjectory. Asaconseguence, it occurs about 750 km (ground



