OF THE WEEK

A close look

at the outer planets

Scientists vying for shares of

NASA's space budget disagree about
this once-in-a-lifetime opportunity

Not many scientific investigations
are a once-in-a-lifetime shot. But such
is the case for a close look at all of
the outer planets of the solar system.

Once every 179 years, Jupiter, Sat-
urn, Uranus, Neptune and Pluto are
so aligned in their orbits around the
sun that one spacecraft, using the grav-
ity-assist of each planet, can fly by
three or four planets in one trip—a
situation that reduces the flight time
to Neptune, for cxample, from 30 to
12 years. This alignment will occur
between 1976 and 1979.

It would seem only natural, then,
that a nation which has sent men to
earth’s moon and unmanned spacecraft
by Mars and Venus would seize this
opportunity. But decisions of this kind
take years of preparation. Meanwhile,
scientists often change their support
from one program to another. Astron-
omers would like space telescopes and
observatories. Geologists and geophys-
icists want more lunar flights. The Na-
tional Aeronautics and Space Admin-
istration somehow has to get consen-
sus, advice and, hopefully, support,
from these groups.

As early as 1968, Nasa began
working on ToPs (Thermoelectric Outer
Planet Spacecraft), a craft that could
undertake a journey of 3 billion miles
through the asteroid belt to the farthest
planet, Pluto, 30 to 40 times farther
away from the sun than the earth. The
spacecraft could continue transmitting
information out to possibly 100 astro-
nomical units—perhaps beyond the
solar system. As it passes each planet, it
would transmit data from sensors about
the planet’s atmosphere, temperatures,
radio emission and various other char-
acteristics.

In June 1969, the National Academy
of Sciences recommended that NAsA
undertake flights to these planets; on
March 7, 1970, President Nixon en-
dorsed the “Grand Tour” (SN: 3/14/70,
p- 264). NasA began studying possible
combinations for such missions—three
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For the
Grand Tour,
the TOPS
spacecraft
must last 12
to 15 years
and be able
to transmit
over billions
of miles.

NASA

to five launches to swing by Jupiter,
Saturn and Pluto in one type of mis-
sion and by Jupiter, Uranus and Nep-
tune in another, plus some 11 of the
planets’ satellites, for a total of up to
27 encounters.

But this summer, the NAs Space
Science Board did a special study for
NasA at Woods Hole, Mass., on priori-
ties for space science in this decade.
What has emerged is not too unusual
for scientists—disagreement about what
NAsA should do with its limited budget.

Should NAsA undertake many small,
relatively inexpensive flights with sim-
ple Pioneer-type spacecraft, or a few
large ones with advanced systems? Is
a space telescope as important as a
Grand Tour or can they even be com-
pared? Should the planets first be stud-
ied by orbiters or by fly-bys?

“I think that the controversy centers
on the fact that it is difficult to choose
between good astronomy or good plan-
etary physics—programs of high merit
and interest which have support from
their own disciplines,” says Dr. Mi-
chael B. McElroy of Harvard Univer-
sity. “Each scientist feels his subject is
not getting enough money.” The cos-
mologists get turned on by observa-
tories and telescopes and the planetary
scientists, biologists and geophysicists
by the Grand Tour.

But a choice was made. Although
the NAs report of the summer study
will not be out until mid-February,
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Herbert Friedman of the U.S.
Naval Research Laboratory presented
in October a summary of the first
draft to the House Committee on Sci-

Dr.

ence and Astronautics. The draft
placed the Grand Tour not in the
budget alternatives listed as base or
intermediate, but in the one for high
level. The terminology is somewhat
misleading. Base priority was supposed
to reflect what the scientists wanted if
the budget for NasA’s Office of Space
Science and Applications remained at
a low level, although no figure is given.
Intermediate and high-level priorities
were supposed to be additions to the
base if the budget increased by 25 and
50 percent respectively.

At the base and intermediate levels
of funding the report ignores the
Grand Tour and places emphasis on
simple Pioneer-type or updated Pio-
neer-type spacecraft for Jupiter probes
and possibly a fly-by. The report,
which examined some 15 scientific
space disciplines, questioned the cost
and reliability of any Grand Tour or
of any spacecraft for such a journey.
“Scientists have traditionally been sus-
picious of the larger programs,” ex-
plains one scientist. “They think NasA
will neglect the smaller ones.”

“The draft submitted to Congress,”
says Dr. Bruce Murray, professor of
planetary science at the California In-
stitute of Technology, “is the opinion
of the executive board only, and does
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not represent a consensus among the
chairmen of the various disciplines. It
is stacked for space astronomy,” he
adds.

Unhappiness with the first draft does
not end there. “They laid out scientific
criteria by which to judge each pro-
gram, and then failed to apply the cri-
teria to the programs,” says Dr. Mur-
ray. Had they done that, he says, the
Grand Tour would have come out on
top. “Compared to the Mariner pro-
gram [fly-bys of Venus, Mercury and
Mars], the total data return from the
Grand Tour will be greater, the diver-
sity of the planets studied greater, and
our a priori ignorance is greater,” says
Dr. Murray.

The overriding philosophy of the
planetary panel that reported to the
executive board and to the over-all NAs
Space Science Board “was that the
outer planets should be studied much
the same way as the terrestrial planets
have been—with a broad brush ap-
proach,” says Dr. McElroy. This would
mean fly by, observe as much as pos-
sible and then later return to concen-
trate on the unusual, such as is planned
with the flights to orbit Mars in 1971
and the Viking Mars landers in 1976.
The cost for four Grand Tour flights
is estimated in 1970 dollars at about
$900 million, compared with the eight
Mariner fly-bys of Mars, Venus and
later Mercury, which cost about $130
million each.

This year debate will begin on the
President’s fiscal 1972 budget; it is
the first budget in which Nasa will
request funds for flights to the outer
planets. There is little doubt about
NAsA’s desire to do a Grand Tour, and
of the President’s support, but com-
promises may have to be made. These
may involve the number of flights
(maybe two or three instead of four
or five) and the type of spacecraft
(whether to go with ToPs, to alter it
to give it the additional ability to orbit
planets, or to begin study of simpler,
Pioneer-type spacecraft).

Some scientists and engineers believe
a spacecraft like the Tops will have to
be used. For the tour, a craft must
be able to function 15 years or more
and send back data from billions of
miles. The subsystems must be able
to handle data, identify and correct
problems automatically, relay and re-
ceive communications from earth, and
control spacecraft attitude as well as
monitor the planets. Caltech’s Jet Pro-
pulsion Laboratory has not only de-
veloped such a model but also built a
computer called STAR, for self-testing-
and-repairing (SN: 4/6/68, p. 322), to
go with it. The sTAR computer would
check each spacecraft system and sub-
system and also check itself out
through redundant systems and dis-
connect faulty monitoring units. a
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NEW STANDARDS

Another round on radiation

A little radiation is a dangerous
thing—at least when it comes to pro-
voking public policy debates. Whether a
little radiation is also dangerous to pub-
lic health is what the debate is about.

Up to now, United States Govern-
ment policy has been based on the as-
sumption that a little bit of man-made
radiation in addition to the natural
background that nobody can stop would
not present a grave threat to public
health and ought to be tolerated in view
of the benefits supposed to accrue from
the installations that produce it.

In the United States at present, the
maximum allowable average per cap-
ita dose of man-made radiation per
year is 170 millirems. Dosages to indi-
viduals working with radioactive sub-
stances are allowed to go a good deal
higher than that. Dosage for people
living near nuclear installations could
go as high as 500 millirems per year.

This policy has come under attack
in the last year or so, most especially
by Drs. John W. Gofman and Arthur
R. Tamplin of the Lawrence Radiation
Laboratory at Livermore, Calif. At first
they called for a 10-fold reduction of
the permitted maximum; now they say
no level is safe. (SN: 3/28/70, p. 311).

This week the National Council on
Radiation Protection and Measurements
(Ncrp) issued a series of recommenda-
tions for new radiation standards that
result, it says, from a 10-year review
of the field. The NCRP is a committee of
65 scientists chartered by Congress to
give advice to the Federal Government
in these matters.

The new NCRP recommendations do
not advise many significant changes
from previous standards. They simplify
and consolidate some of the items, espe-
cially those relating to permitted dos-
ages to specific organs. The general
population dose of 170 millirems per
capita per year remains the same. The
major change is the recommendation
that the radiography of pregnant women
amount to no more than 500 millirems
over the whole gestation period. There
had been no special regulation on this
before. (The dosage received by the
average nonpregnant person from diag-
nostic X-rays runs around 55 millirems
a year.)

The current NCRP report, says NCRP
President Dr. Lauriston S. Taylor, “is
in no way a response to current contro-
versies.” He stresses that the report was
essentially complete by April 1969, be-
fore Drs. Gofman and Tamplin began
to speak out.

Nevertheless there is something of a
controversy between the NCRP and Drs.
Gofman and Tamplin. The NcRp
spokesmen say that Drs. Gofman and

Tamplin have extrapolated from the
most frightening and not necessarily the
most accurate data. Of the NCRP rec-
ommendations Dr. Golman says: “Of
course they’d say that. They’re paid to
say that. I have no respect for the or-
ganization.” He accuses NCRP members
of having vested interests in the nuclear
industry.

Dr. Taylor replies to this criticism
by reading a breakdown of NCRP mem-
bership to show that 33 are in universi-
ties, 4 in government agencies and 12
in government contract laboratories, to
make 49 out of 65 who are presumably
not heavily invested in the future of
the nuclear industry. Yet the council’s
recommendations seem to be made with
the assumption that the nuclear indus-
try will continue, Drs. Gofman and
Tamplin would like to shut it down.

Both sides use the same data to reach
their opposite conclusions. One of the
points at issue is whether there is some
threshold dosage below which partic-
ular biological effects do not happen.
If there is such a threshold, then dos-
ages below it would not be dangerous
at all.

Those who oppose the threshold idea
believe that any dose is dangerous
although a higher dose is more danger-
ous than a lower one. This is called the
linear hypothesis because it consists of
extrapolating the data on biological
damage from doses in the hundreds of
rems to zero rems by drawing a straight
line.

Drs. Gofman and Tamplin believe
that recent data indicate the linear hypo-
thesis is true and that any amount of
radiation is dangerous. The NCRP says
that at the moment nobody knows
whether the linear or the threshold
hypothesis is true, but for safety’s sake
they are going by the linear too.

The NCRP says, therefore, that per-
missible maximum doses should be
lowered to the minimum practicable
amount. That means balancing the risk
of damage against the cost of shielding
and preventing escape of radioactive
substances.

Dr. Gofman rejects this as being for
the convenience of the polluters. He
sees SO many alternatives to nuclear
power—<clean fossil-fuel plants, geo-
thermal deposits, thermonuclear fusion
—that he doesn’t think the benefits of
fission-reactor plants justify any risk
at all.

Whether the recommendations of the
Ncrp will have any effect on Federal
policy remains to be seen. Dr. Taylor
says that in the past the Federal Radia-
tion Council, which had authority to
make rules in such matters, followed
NCRp recommendations fairly closely.
Now, however, the FRc is in the process
of being reorganized into the Environ-
mental Protection Agency, and Dr.
Taylor is not sure what will emerge. O
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