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T
he construction site in space that is for the next six years the Inter-

national Space Station is nothing if not ambitious. Writers have an

array of superlatives they can choose from to describe the program:

it is by far the most complex in-orbit project ever attempted and ar-

guably one of the biggest engineering endeavors of any kind. More than 100

separate elements weighing 455,000 kilograms (over a million pounds) on Earth

will be linked together during the assembly operation, making it the most mas-

sive thing in orbit: it will have the equivalent of two 747 jetliners’ worth of labo-

ratory and living space. The job will need 45 flights by U.S. shuttles and Russian

rockets, and over 50 more launches will take up supplies, crew and fuel to main-

tain the station in its orbit. Contributions come from 16 countries, making it the

most cosmopolitan space program. Hooking the pieces together will take at least

1,700 hours of space walks, many more than have been made during the entire

history of space exploration to date. Robotic arms and hands will be required,

and free-flying robotic “eyes” might be employed for inspection flights. 

But one remarkable aspect of the project received little attention during the hoopla

surrounding the successful launch and mating of the first two components late last

year. With construction work on the station well under way in its orbit 400 kilome-

ters (250 miles) up, the final configuration of the edifice is not yet settled. Indeed, it

could look very different from current artists’ impressions.

In large part, the changes are the result of pressure that Congress has put on the

National Aeronautics and Space Administration to reduce the program’s near-total

reliance on Russia as a provider of essential station components and rocket launches.
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The U.S. and its 
international partners

are finally building 
a space station, 

even as they
continue to argue

about the blueprints
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INTERNATIONAL SPACE STATION
will include more than 100 components from 16 countries. The U.S. will

contribute a laboratory, a habitation module and the station’s primary 
solar-power arrays. Russia had planned to provide additional laboratories, but
those contributions are now in doubt. The European Space Agency and Japan
will build their own research modules. When complete, the station will stretch

more than 100 meters across and weigh nearly 500 tons (inset at top).
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Concern has focused especially on the

Russian Service Module, which is sched-

uled to provide living quarters, life sup-

port, propulsion, navigation and commu-

nications for the station during the early

years of assembly. The Service Module

will, if all goes well, be the next major

component in orbit after the Zarya tug

and Unity Connecting Module that are

now flying.

But all has not been going well with

construction of the Service Module at the

Khrunichev State Research and Produc-

tion Space Center in Moscow. Originally

scheduled for completion in April 1998,

the module has been a victim of Russia’s

financial crisis. Work on the module,

which was originally to be part of a Rus-

sian space station, started as long ago as

1985, long before Russia joined the Inter-

national Space Station. Yet the unit is

now not expected to be completed until

this summer. Russia’s failure to finish the

component in time is the main reason the

start of station assembly was delayed

from 1997 until late 1998. Without the

propulsion provided by the Service Mod-

ule, the station as originally envisaged

would be incapable of staying in orbit

for more than 500 days. Friction with the

sparse air molecules in low-Earth orbit

would gradually cause it to lose altitude. 

NASA has had to employ creative ac-

counting techniques to justify sending

the Russian Space Agency ever mounting

sums to complete the module. Last year

it gave the Russians an extra $60 million

(the official explanation was that these

funds would purchase additional stow-

age space and experiment time for the

U.S. during the construction phase). But

NASA has acknowledged that over the

next four years it will most likely have to

send a further $600 million to ensure the

completion of other modules. Many

Russian space workers have not been

paid for months. 

The Price of Progress

This $660-million contribution is in

addition to $728 million NASA has

already paid the Russians between 1994

and 1998 for space station work and the

joint flights on the Russian space station

Mir, according to the Congressional Re-

search Service. Although having Russia in

the program was originally intended to

save money, NASA now admits that it has

actually added about $1 billion to the sta-

tion’s cost. NASA has had to work hard to

secure from the Russians an agreement

that they will shut down the Mir space

station this summer, despite opposition

from Russian nationalists. Keeping Mir

alive could drain Russian resources from

the international station, NASA fears.

Not that cost overruns are restricted

to Russia. NASA figures indicate that U.S.

construction costs are running 30 per-

cent over projections, and an indepen-

dent commission headed by Jay Chabrow,

a former TRW executive, estimated that

the overrun will reach 42 percent. NASA

has irked scientists who had planned to

run experiments on the station by trans-

ferring some $460 million from science

accounts to help meet U.S. construction

costs. The station’s expense, including

the cost of shuttle flights, is now likely to

exceed $40 billion, and it has become

“an albatross around the agency’s neck,”

in the view of space policy expert Marcia

S. Smith of the Congressional Research

Service.  The General Accounting Office

puts the total cost of the program at

$95.6 billion. 

All these estimates assume nothing ma-

jor goes wrong during assembly. The

British magazine New Scientist has de-

cided, on the basis of a statistical analysis

of risks, that there is a 73.6 percent chance

of at least one catastrophic failure that

would result in the loss of station hard-

ware during one of the U.S. or Russian

assembly launches. 

While the costs of keeping Russia as a

partner have been growing, its planned

contributions have declined. Russian

officials have announced a “core pro-

gram” on the space station that no longer

includes a science power platform, two re-

search laboratories and a life-support

module. Russia is discussing constructing

one laboratory with Ukraine—but “we

don’t see much design and de-

velopment work” on the life-

support module, says W.

Michael Hawes, Sr., senior en-

gineer for the space station.

Hawes says the changing de-

sign has now made the Russian

life-support module redun-

dant. The status of other Rus-

sian components is unclear.

Perhaps more worrying, Rus-

sia is unlikely to be able to sup-
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SERVICE MODULE,
designed to provide living
quarters and propulsion for the
International Space Station, is
shown under construction at
the Khrunichev State Research
and Production Space Center
in Moscow. Russia’s failure to
complete the module on
schedule has delayed the as-
sembly of the space station
and prompted U.S. officials to
redesign the station to reduce
their reliance on Russia.
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ply the seven Progress and two

Soyuz refueling and crew rota-

tion flights each year that it

had undertaken to do: con-

gressional overseers now think

five such flights each year is

more realistic. 

To satisfy Congress’s de-

mands for a backup plan,

NASA has quietly been chang-

ing the assembly sequence

and designing and modifying

hardware to reduce its vulnerability. The

first of these late-arriving additions is a

$156-million Interim Control Module,

which is now nearing completion at the

Naval Research Laboratory. The module

is a modified version of a previously clas-

sified upper-stage rocket, and it could by

itself provide attitude control and re-

boost for the station for a year or two.

NASA also modified Zarya (which the

U.S. owns) prior to launch to improve its

station boosting and control capabilities.  

The European Space Agency has agreed

to provide propellant for the Service Mod-

ule, according to Daniel Hedin of NASA’s

space development office. And NASA is

now also planning to modify all its space

shuttles to increase their capacity to boost

the station. The fix should mean the station

needs only about 30 Progress refueling

boosts instead of the baseline number of

53, according to Hedin. Moreover, NASA

does not rule out launching the Interim

Control Module sometime in 2000 even if

the Service Module does launch this year,

because it would provide insurance against

a future shortage of Progress rockets.

The Interim Control Module will not

be the only addition to the station under-

taken because of Russia’s crippling bud-

get problems. NASA is now also negotiat-

ing with Boeing to build a U.S. propul-

sion module, at an expected cost of $350

million. It would eliminate the need for

about half of the currently scheduled

Progress resupply flights and offer a per-

manent solution in the event that the Ser-

vice Module never arrives. 

Other aspects of the station are almost

as fluid. No final decisions have yet been

made on provisions for returning crew to

Earth in the event of some emergency. In

the early construction phase that role

will be played by a Soyuz spacecraft at-

tached to the station. A Soyuz, however,

can transport only three astronauts, and

the station’s final scheduled crew num-

bers seven. The U.S. is planning to build a

larger Crew Return Vehicle capable of

bringing home all the permanent crew,

but it will most likely not be ready until

2003 at the earliest, and the station will

probably have a crew of more than three

before then. NASA is considering buying

one or more Soyuz vehicles to provide an

interim emergency return capability.

In any event, the U.S. crew return vehi-

cle’s final form is still undecided. The cur-

rent design, based on the X-38 experi-

mental craft, offers only nine hours of life

support. NASA and the European Space

Agency are discussing modifications to

the design that would turn it into a trans-

fer vehicle that could be launched on an

Ariane rocket.

Even the basic design of the main

American habitation module is still up

for grabs. Engineers at the NASA Johnson

Space Center have proposed an inflatable

structure known as TransHab as a sub-

stitute for the aluminum habitation mod-

ule in the present design. TransHab would

have a hard composite core surrounded

by Kevlar and foam layers for micromete-

orite protection. Its main selling point is

that it might serve to test a mode of con-

struction that could, because of its low

mass, be advantageous in future crewed

moon or Mars expeditions. 

But the station’s value as a test bed for

a future crewed mission to Mars can be

questioned. The most important physical

hazards facing such a crew are likely to

be loss of bone mass, which seems to be

a common result of prolonged weight-

lessness, and radiation from solar storms.

Yet a vehicle designed to go to Mars

could easily be furnished with artificial

gravity, by separating it into two con-

nected sections and slowly spinning

them, says Ivan Bekey, a former head of

advanced concepts at NASA. Further-

more, the station’s orbit is too low to ex-

perience the full fury of solar storms. An

earlier design would have tested five in-

novative space technologies, including a

high-voltage power transmission system

and solar-thermal power generation.

They, however, were dropped from the

final scheme, Bekey notes.

The International Space Station is prin-

cipally a foreign-policy enterprise. And as

such it may be a success. Thousands of

Russian scientists and engineers who with-

out the American bailout might have gone

to well-paying jobs designing weapons

for rogue states are now still at work on

peaceful systems. Politicians and officials

and technical experts in countries through-

out the world have had the opportunity

to collaborate and link their destinies in

an organizationally demanding endeavor.

Perhaps the value of that return cannot

be measured in dollars. 
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FIRST PIECES
of the International Space

Station—the Unity node 
(far right) built by the U.S. and

the Zarya module built by Russia
—were linked by the crew of

the space shuttle Endeavour in
December 1998. A total of 
36 shuttle flights and nine

Russian launches will be
required to complete the assem-

bly of the station by 2005.
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