STILL A DRAFT AS OF 12/09/03

Decenber 9, 2003
COMMVENTS ON BOOST- PHASE | NTERCEPT

Richard L. Garwin
Council on Foreign Relations

This piece sumarizes the comments | nade at the National Defense University
"Def ense Horizons" session of 08/14/03. What is new and hel pful is the very

i npressive report of the Anerican Physical Society study of boost-phase
intercept (BPl), ably sunmarized here by Fred Lanb.® The technical analysis is
first-rate; it shows not only the influence of experts but also the nmerit of a
study group which critically evaluates the individual contributions.

| agree with the technical anal yses, which go far beyond those | was able to
make in past years, when | introduced the option of BPI in the context of
protection against threats from North Korea, Iran, or lrag.? However, | do not
agree with many of the strategic judgnents, which have been nmade on the basis
of these technical assessnents. Sone of these judgnents are found in the
Report, others in the Anerican Physical Society Press Release, and still nore
sinmplistic judgnents in the Press commentary on the Report.

In particular, | believe that the Report’s technical anal yses bear out the

ef fecti veness of surface-based BPlI against |iquid-fueled mssiles |aunched
from North Korea against the United States. They al so support the

ef fecti veness of surface-based BPlI against |iquid-fueled |ICBMs | aunched from
Iraq against the United States-- a non-problemfrom 2003 on. And they allow

al so substantial effectiveness of surface-based BPI against |iquid-fueled

| CBVMs | aunched fromlran. None of this could be inferred fromPress reports or
fromthe APS Press Rel ease

In particular I will discuss here the inplications of the APS BPlI Study G oup
results in the followi ng categories:

1. Short tineline for tactical decision

2. Interceptor launch m ght be m staken for offensive | CBM

3. Successful BPI does not destroy BWbonblets or possibly disable a nuclear
war head. I n any case, plutonium my be dispersed. The payload may fall short

on the Aleutians or in Europe.

4. BPl is ultinmately ineffective against 100-s fast-burn booster, or even
agai nst a 150-s solid-fuel ICBMfromlran

'“Report of the APS Study Group on Boost-Phase Intercept Systems For National Missile Defense,”
http://www.aps.org/public_affairs/popa/reports/nmd03.html

*Cooperative Ballistic Missile Defense,” by R.L. Garwin, presented at testate Department Secretary’s Open Forum
on National Missile Defense Against Biological and Nuclear Weapons, November 18, 1999.
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5. Space-based interceptors are inferior to surface basing for North Korea and
probably for Iran

SHORT TI MELI NE FOR TACTI CAL DECI SI ON

The Study states, "A systemwith 6.5-knis interceptors based in either of
these | ocations could provide a decision tinme of about 30 seconds." | believe
and have always witten that there should be no tactical hunman decision
Therefore there is no tinme needed for this. None. Zero.

It is very inportant to define the systemand the rul es of engagenent. Al of
this review and design should be done in the nbst responsi bl e and coherent
fashion. But once done, it needs to be incorporated into the system and not
second- guessed at the nonent of use.

This is particularly feasible in that there are very limted regrets to a
wrong decision to engage in BPlI. In contrast, in case of nuclear response to a
nucl ear attack on U.S. ICBMsilos, the regrets could have been the destruction
of Soviet society and the resultant destruction of U S. society and nuch of
the rest of the world.

In the case of BPlI, the interceptors are physically incapable of destroying
anyt hi ng except a boosting missile outside the atnbsphere. And the system
shoul d be arranged so that those relatively few states with a capability of
detecting the launch of an interceptor will understand in advance that this is
evidently not an attack on their territory.

So renpve any tinme for tactical |aunch decision and any criticismof BP
because it does not allow “sufficient tinme for decision.”

| NTERCEPTOR LAUNCH M GHT BE M STAKEN FCR OFFENSI VE | CBM LAUNCH

It should be arranged well in advance of systemoperability that the |aunch of
interceptors be reported within seconds to an appropriate body of the United
Nations, to NATO, to Russia and China.

Any state (particularly those w thout worldw de | aunch detection capabilities—
such as China) could at any nonent assunme that sone real nuclear-arnmed | CBM
has been fired at them Wy would they have nore concern when a sea- based
interceptor off North Korea was announced by the United States to have been
fired against a North Korean mssile | aunch?

Such an announcenent would help China interpret what mght be visible to them
within sonme minutes-- such as the reentry of debris into the atnosphere over
their territory. And, in fact, it would be helpful to conmunicate as well the
estimated i nmpact area of first and second stage boosters.
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SUCCESSFUL BPI DCES NOT' DESTROY BW BOVBLETS OR POSSI BLY DI SABLE A NUCLEAR
WARHEAD.

I ndeed, the npbst successful BPI would disable a nucl ear warhead, but the

pl ut oni um m ght very well be dispersed on reentry. O the high explosive m ght
detonate at the tinme of intercept either with a resultant nucl ear expl osion
(for weapons which are not one-point safe) or with the conversion of the
plutoniumto fragments or dust wi th subsequent reentry.

The report remarks (as | did in Ref. 2) "the payload may fall short on the
Al eutians (for a launch from North Korea against the United States) or in
Europe (for a launch fromlran against the United States)." Indeed it nay.

But nations go to great length to achieve the capability to dissem nate BW
agents in the proper place and in the proper form or to detonate nuclear
expl osi ves where the target is, and not at a randompoint. If the shortfal
shoul d occur elsewhere in the United States other than the intended city
target, or at an average point in Europe other than the intended U S. city
target, the density of population is typically one percent that of the target
area, and detailed studies have shown that for a nucl ear explosion in Europe,
on the average sone 1300 people would die.

G ven the objective of Iran or North Korea in | aunching an | CBM agai nst the
United States, the likelihood that it will instead kill 1300 people in Europe
in a non-target area’® would strongly inhibit the desire to |launch. So instead
of 99% protection, this could well be 100% protection

It is argued that Europeans woul d oppose a U. S. nissile defense deploynent if
were likely that a mssile, once |aunched, would have a shortfall in Europe.
This woul d be shortsighted fromthe point of view of the internationa
conmunity, and woul d have to be counted as a great failure of diplonacy on the
part of the United States, given the argunents | have sketched above.

If there were sone benefit to Iran or North Korea in |aunching a weapon, which
woul d detonate in Europe, or in Japan or in some other country rather than in
the United States, it would be far sinpler for those countries to do that.
They woul d not need missiles of ICBMrange, and the possibility of boost-phase
i ntercept would be nuch reduced. They could even target a city in Europe or
Japan, rather than accept only a possibility of successful explosion possibly
at a random point in these countries.

BPI IS ULTI MATELY | NEFFECTI VE AGAI NST A 100-S FAST- BURN BOOSTER, OR EVEN
AGAI NST A 150-S SOLI D- FUEL | CBM FROM | RAN.

This was one of ny principal argunments agai nst the depl oynent of the so-called
Star Wars system (nore formally, the Strategic Defense Initiative) against the
Soviet Union in the nid-1980s. Edward Tell er and col | eagues at Livernore
Nat i onal Laboratory were advocating that we build a nucl ear-weapon- punped x-
ray laser to counter Soviet missiles in their boost phase; because these U S

3 A participant at the NDU session quoted the result of a government study to the effect that the explosion of a
nuclear warhead at a random point in Europe would kill an average of 1300 people.
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i nterceptors bearing the nucl ear expl osives woul d be ground-based, presumably
on US. soil, it would be necessary for themto be fired on warning of Soviet
| CBM | aunch.

The x-ray | aser warheads woul d then need to be propelled sufficiently high
during the I CBM boost time so that the x-ray beamwould clear the rimof the
Earth on their way to the |1 CBM booster. But the nomnal | CBM burn tine could
be shortened from 250 s to, say, 100 s with about a 5% ncrease in overal
system cost with the technology then available to the Soviet Union. As a
result the x-ray laser interceptor would need not only to shorten its burn
time, but also to increase its ultinate speed, so that it would get to pretty
nmuch the sane altitude (or higher, actually) in this shorter tine. Indeed, it
woul d need to achieve a speed sone 2.5 tinmes as great as the noninal speed it
had.

G ven the | aws of rocket propul sion, by which a doubling of final speed
SQUARES the ratio of |launch nass to payl oad, an interceptor which had a | aunch
mass 100 tines the 1-ton payload and so weighed in at 100 tons gross | aunch
overal |l weight, would now weigh in at 30,000 tons. This would be totally

i nconcei vabl e.

So | amnot skeptical of the possibility to reduce the ICBMburn tine to 100 s,
if necessary. But that was for the Soviet Union (or the United States) with
highly mature technology in the 1980s and it is not about to happen for North
Korea or Iran. If they stop working on liquid-fuel ICBMor nornmal solid-fue
ICBMwith 170-250-s burn time, to build instead a 100-s (or 150-s) burn-tine
solid, we will have gained several years of protection w thout ever having
built a BPlI system

The point is that nothing is forever-- offensive or defensive. And regines are
not forever, either. There are real prospects that Iran will rejoin the
conmunity of nations in five years or ten years.

SPACE- BASED | NTERCEPTCORS ARE | NFERI OR TO SURFACE- BASI NG FOR NORTH KOREA AND
PROBABLY FOR | RAN.

In this contention | agree with the analysis of the APS Conmittee on Boost -
Phase I ntercept, and provide sone of nmy own sinple calculations presented at a
wor kshop at Stanford University, October 2002, in which the APS BPlI team were
active participants. To begin, note that a KKV in its orbit is no nore useful
than a KKV stationary on the ground. Gven the launch of an ICBM a given KKV
closest to that site at the tine of potential intercept mght be alerted to
the launch, but unless it had "divert capability" it could do nothing. And if
it has only a small divert capability, it could reach out only a snal

di stance fromits orbital path. Mre quantitatively, the tine required to
conmand and initiate burn of a KKV orbital divert rocket may be assuned to be
the same as that to initiate launch of a surface-based interceptor. Call T,
the tine required to detect and assess an | CBM | aunch

In the tinme remaining before burnout of the ICBM a KKV nust reach the
trajectory of the ICBMand collide with it. This is sonmewhat nore difficult
than for the surface-based interceptor, because in addition to the divert
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velocity the SBI has its orbital velocity, so there is less tinme for the
engagenment and nore acceleration required to achieve a successful intercept.

To counter a single |launch, the nunmber of KKVs in the constellation varies
inversely as the square of the divert distance in the available tine, and thus
inversely as the square of the divert velocity. Al though the nunber goes down
as the divert velocity increases, the nass of propellant for a particular
interceptor to achieve higher divert velocity grows exponentially, as
indicated in the previous anal yses.

The SBI can have a |arger divert acceleration than the |aunch accel eration of
a surface-based interceptor, since there is neither air resistance nor heating
fromthe atnosphere. So it is reasonable to take accelerations of 20 or 30 g--
0.2 to 0.3 knisecond-squar ed

A very substantial elenment of the cost of an SBI constellation is the cost of
[ aunch. This is nuch reduced for KKVs of small mass, and to nove toward the
sublime fromthe ridiculous (or perhaps vice-versa) | assune in sone

calcul ations a KKV mass of 4 kg, as proposed at times by the Livernore group

Alternatively, | take a bare KKV mass of 22 kg, which is nore in line with the
APS St udy.
In order to reduce the nunber of paraneters, | take a launch cost to LEO of

$22, 000 per kg of nass entering orbit.

Finally, | standardi ze on what has been established to be a near optinmm
(reach-out speed + divert speed) for SBls of 6 km's."*

If the entire surface of the Earth needed to be covered with equa

ef fecti veness, the constellation would need to be uniformover 500 nillion sq
km of surface. On the other hand, if the threat is concentrated near the

| atitude of North Korea, for instance, the orbits can be so arranged as to
have their northern turning points at simlar latitude, thus saving about a
factor 3.1 (nore generally, "f") in area required to be covered.?®

The results are shown in the appended Table with the followi ng paraneters:
ICBM burn tinme TB = 250 s; delay tine (time to launch) TD = 65 s; reach-out
speed V = 6 km's; interceptor acceleration A = 0.2 km's; cost of the KKV, CKV
$0.4 mllion; launch cost, CL $0.022 million/kg; equivalent |Isp (specific

i mpul se) for the rocket (including conpensation for structure and staging, C
2.85 km's or 285 s; radius of the Earth, R=6 Mn nmass of the kill vehicle,
MKV = 4 or 22 kg; orbital nunbers required (inverse concentration factor), f
1/3.1

The results are tabulated for ICBM burn tinmes of 250 or 170 s; for tinme-to-
| aunch of 65 or 100 s; for on-orbit accelerations of 0.1, 0.2, and 0.3 knfs2;
and for kill-vehicle masses of 4 and 22 kg.

*Two-stage SBIs optimize near 4 km/s according to Roger Speed. **RLG will find reference.**
> “How many Orbiting Lasers For Boost-Phase Intercept,” by R.L. Garwin, Nature, Vol. 315, pp. 286-290, May 23,
1985.
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Interceptor nunbers then range from44 to 807, the nunbers being |arger for
the | ower acceleration interceptor and the shorter |1 CBM boost tine. And the
cost for a constellation, which would allow a single interceptor to be fired
at a single launch, is shown in the third colum, ranging from%$50 nillion to
$3.40 billion.

The mass on orbit of the constellation is shown in the fourth colum and
ranges from1l.5 tons to 145 tons for these assunptions. However, no defense
would fire a single interceptor at a threatening | CBM

Furthernore, the mass on orbit nust include not only the ultinmate kill vehicle
and its rocket, but also a "life jacket" to provide the solar energy, radio
recei ving system and housekeeping for years on orbit. This is assuned to
nmultiply the on-orbit mass by a factor two. And finally, such a system woul d
have to handl e simultaneous | aunches of several ICBMs in a given area. W
assune here five ICBVMs, with four interceptors dispatched per 1CBM I aunch
detected. The product of these three factors (interceptors per |aunch

si mul taneous cluster |aunches; and a factor two for a life jacket) result in
the factor 40 shown in Columm 5, and systemcosts ranging from$2 billion to
$136 billion.

For exanple, if one assunes that North Korea could well achieve a 170-s burn
time mssile and that 65 seconds are required for tinme to launch a KKV, then a
22 kg interceptor with 20 g (0.2 km's® acceleration would dictate

40 x 159 = 6360 intercepts, at a constellation cost of sone $28 billion

In conparing such a systemw th surface-based interceptors agai nst North Korea,
one woul d need for conparability to have sone 20 surface-based interceptors
ready to fire. Each interceptor would cost sonewhat |ess than one of the KKVs
on orbit, since it would need to have approxi mately the same propul sion speed,
but woul d not be assessed the additional $22,000/ kg cost of launch to orbit.

So in an appl es-to-appl es conparison, the cost for the interceptor conponent
of a surface-based system agai nst North Korea would be smaller by a ratio of
300 than is the case for space-based interceptors.

For al nost 20 years | have pointed out that the Livernore proposal for very
snmal | KKVs woul d be highly beneficial to ground-based and air-1aunched
interceptors, and the decision to enploy themin these roles would be nuch

easi er to make. Acconpanying the reduced nass was a set of ingenious

i mprovenents, which promse nuch |ower cost, as well. Sone of these were
proven in the successful moon and asteroid probe, Clenentine. If a 4-kg KKV
could be achieved, interceptors fitting the Navy's vertical |aunch system (VLS)
woul d i ndeed appear possible. But it is nore straightforward in any case to
allow a retrofit of surplus nerchant ships to carry large vertical |aunch
tubes for the large interceptors currently required.

Add to the handi caps of space basing that SBls woul d need to plunge to nake
their intercepts in case of a fast-burn booster, adding to the required divert
speed.

The APS Report asserts that "Single or multiple warheads or nmunitions could
al so be deployed while the final stage is still in powered flight" as if this
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were a conplication to BPI. But so far as | can see it is irrelevant. If the
booster cuts off when it has reached the desired velocity and position, and
the warhead is |ater deployed, this provides no nore nor |ess opportunity for
intercept in powered flight than if the warhead were separated while the
booster was still thrusting. This adds nothing to the analysis, and it is

m sl eadi ng to suggest that previous anal yses, not havi ng consi dered depl oyi ng
war heads in powered flight, thereby are wong or, for this reason, optimstic.

The Report assunes that it will take ten years to deploy a surface-based BPI
In fact, it may take forever to deploy one, but this need not be the case. If
one rigorously elimnates portions of the systemthat would be nice to have
but are not strictly necessary, and if one defines the interfaces early,

t hereby rendering the systemless than opti nrum but nore readily achi evabl e,
one should be able to cut the time fromdecision to deploynent to four years
or less. To do this would require a hard-driving executive in the nmold of BGen
Leslie R Goves, of Manhattan Project fane.

Despite nmy high regard for the technical analysis of the Study, | am

di stressed by the broad-brush disdain for previous anal yses. For instance, the
Report chastises earlier presentations for assuning that the rocket in boost
phase is "slowy nmoving" and sonehow an easier target. Evidently, by the tine
of intercept the rocket is nmoving alnost at full speed. I, for one, never
assuned that the target was "slowy noving." | have noted in other contexts
that there would be an opportunity for tiny, covertly depl oyed boost-phase
interceptors fired froma distance of a fewtens of kmto intercept a slowy
novi ng rocket, but that is not what | considered in Ref. 2, for instance.

Simlarly, incriticizing as inpractically small the interceptors proposed for
BPI by previous analysts, the APS Study Group gives the inpression that the

i nterceptor proposed by Ted Postol and nyself is in this class. |Indeed, we
have fromthe beginning indicated that we could not fit our interceptor in the
Vertical Launch Systemstandard in the U S. Navy, and that the interceptor we
proposed woul d wei gh about 14 tons-- sinmlar to the md-course interceptor

pl anned for National Mssile Defense. Qur interceptor (Ref. 2, for instance)
is assuned capable of 6.5 km's with a gross |aunch wei ght of 14 tons (conpared
with a simlar APS 6.5 knis interceptor 1-4 of 17 tons).

Conpar abl e technol ogy used for a 10 km's interceptor would have a growth in

| aunch mass by e |In this case, AVis 3.5 kmls, and g tines Isp is the
exhaust velocity of the rocket or 2.8 knmis. The exponential is 3.49, so that a
17-ton interceptor at 6.5 kmi's would grow to 59 tons at 10 kni's. The Study
shows an interceptor of "65.6 tons™ for 10 knfs-- normal growth fromthe
additional velocity and not primarily from atnospheric drag.

THE ROLE OF RADAR TRACKI NG I N BP

The Report (Sec. 10.2, pp. 173 ff) does an excellent job on estinated radar
cross sections and the performance of radars in detecting and tracking liquid
and solid-fuel 1CBMs. As shown by Table 10.3, THAAD Perfornmance Requirenents
for |1 CBM Searches, the Theater Hi gh-Altitude Air Defense radar with its power-
aperture product of 324 kW2 nore than neets the 53-60 kWi requirement for

® Report p.53, interceptor I-5
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detecting and tracking either a liquid or solid-fuel ICBMat a standoff of 800
kmfromthe launch site. THAAD is air transportable and could al so be nounted
on a stabilized platformon a ship

The consequence of assuming that the radar is based at | east 800 kmfromthe

l aunch site is that the horizon at the radar site blocks view of the
trajectory until the mssile has reached altitude h= L2/2Re = 50 km (L is the
di stance fromthe radar.) This corresponds to tines of 80-100 s after |aunch
But the text also notes (p. 183), “All the radars discussed here could achi eve
detections early enough to provide the initial warning of an ICBM | aunch, if
they could operate within about 300 km of the I1CBM I aunch site.” For |CBM

l aunch fromany point in North Korea, a range bel ow 300 km coul d be achi eved
by radars in South Korea and on two ships off the East Coast of North Korea.
The radar and the interceptors need not be based at the sane |ocations.

The radar horizon at 300 kmdistance is 7 km above sea | evel, corresponding to
an |CBM (L) flight time of 42 s froma |launcher at sea |l evel and sonewhat
shorter tines fromlaunch sites at altitude. Hence the radar can be the
primary sensor, providing nore fly-out tine for the interceptor. Note that
terrain in the region of the |launch site does not mask the trajectory, so |ong
as the radar has a clear view of its own horizon

The APS study does a good job on the performance of radar at a range of 800 or
1000 kmfromthe launch site, but it gives no conpelling reason why the radar
could not be deployed at 300-400 km range.

CONCLUSI ON

The American Physical Society BPI Study is an excellent analysis of the limts
of BPI. By definition, a defensive systemfails beyond its Iimt, and that has
been the |l esson | earned by some commentators. But one doesn't need a study to
teach this lesson; it is a tautol ogy.

The Study al so shows that boost phase intercept against currently projected
liquid-fueled ICBMs | aunched from North Korea is feasible, in support of the
anal yses Ted Postol and | have put forth. No anbunt of detailed analysis as to
the tine for tactical decision is necessary if tactical decision has been
elimnated by design. No detailed analysis of the size and capability of
mssiles fitting the Vertical Launch Systemis necessary if the commtnent is
to use an interceptor based in a special-purpose refitted nerchant ship, or

| aunched fromthe ground just outside North Korean territory. The Study is

i ndeed extrenely helpful in validating the utility of laser ranging in the

i ntercept, and nurerous other analyses. | amgrateful to the authors and to
the American Physical Society for this major and w dely accessible
contribution to our understanding.

RLG j ah: 3232CBPI 1: 082003CBPI 2
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MASSES AND COSTS FROM WHICH TO SCALE SBI SYSTEMS

Using Greg Canavan’s model of 10/29/02, with cost in
$ as “C” and masses in kg as “M” we have

Cint — Ckv + 1\/IKVGV/Ve X Claunch
(Claunch 01 Cp 18 the cost per kg; ¢ = gXISp).
Nint = f x (4®Re’/®Ro%), where Ro is “reach-out”
Ro=V X (Tboost - Tdelay - V/ 221),
F =1/3.1, 1s the concentration factor.

From 1992 Defense Acquisition Board (DAB),
Cxv = $0.4 million; Mgy = 4 kg.
Someresults: Tg Tp V A Cxyv C. C Rg Mgy f

Eg,25 65 6 02 04 0.022 2.85 6E6 4 1/3.1

Tz Tp A Mgy | Nt Cost ($B) | Mass (t) | Cost x
40

250 65 0.2 4 44 0.05 1.5 $B 2
250 65 0.2 27 44 0.20 8.1 8
170 100 0.2 4 426 0.48 14 20
170 100 0.2 22 426 1.90 77 76
170 100 0.1 22 807 3.40 145 136
170 65 0.2 22 159 0.70 29 28
170 65 0.3 22 143 0.63 26 25
170 65 0.3 55 143 1.48 65 59
170 30 0.3 55 76 0.79 34 32

Costs and masses must be multiplied by number of simultaneous launches and by KKV/launch—
e.g., 20 =2x10. And also by mass growth factor to include the life jacket—another factor 2: last
column in Table.

R.L. Garwin Masses and Costs of Space-based KKV systems
October 30 2002 as presented at Stanford CISAC session on boost-phase intercept) 1030COST
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