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Aug. 20, 1984 

Dr. George A Keyworth 
Presidental Science Adviser 
The White House 
Washington D.C. 

copies: Dr. Richard Turco, Dr. Owen Teon, Dr. Thomas Ackerman, 
Dr. James Pollack 

Ref: Nuclear Winter Theory 

Dear Dr. Keyworth: 

Even without "Nuclear Winter" a thermonuclear war would mean the 
death of society! Nuclear winter simply serves to place the excla
mation point at the end of the sentence. 

We have a plan that we hope you will review and comment on and that 
we believe if adopted would greatly reduce the risk of war. As we 
see it, peace can only be assured if the problems associated with 
thermonuclear stockpiles and future world energy can both be solved. 
Not only do we see the problems interconnected but we also see the 
solution equally interconnected and we believe that a new, bold 
approach is needed that addresses both problems. 

Our approach is therefore a way of providing the source of future 
world energy through country cooperation and with the fuel for this 
energy being the existing stockpiles of thermonuclear devices that 
are the true targets of any arms control/disarmament negotiations. 

We have so far received strong technical confirmation from the 
scientific community that the approach we are advocating is both 
technically sound and involves a minimum of risk. We are also aware 
that a major stumbling block to the adoption of the concept is the 
public's blind fear of thermonuclear devices and with most having the 
belief that if you don't talk about them, somehow they don't exist. 

What we believe must happen is a re-education of the public as to 
the benefits that can be derived from the vast potential energy of 
the existing devices as coupled to a disarmament program envolving 
country cooperation. Our present fear is thermonuclear devices 
exploding 10,000 ft. in the air but this fear disappears if the 
dev ices are exploded 10,000 ft. below the ground. Perhaps the public 
can be made to feel the same -- with the right PR. 

Presently broad range peace meetings are taking place in Geneva. 
Why not consider tabling the plan as presented for a possible joint 
study/feasibility project between the U~S. and Russia? 

Please feel free to contact us if you have any questions. 

• 
• Curtis 

1956 Ardmore Ave. 
Manhattan Beach, Calif. 90266 
(213) 545 6320 

~,{~ 
John Rangus 
Santa Monica, Calif. 



CORNELL UNIVERSITY 
Center /or Radiophysics and Space Research 

Telephone (607) 256-4971 

Mr. Dan L. Curtis 
1956 Ardmore 

SPACE SCIENCES BUILDING 

Ithaca, New York 14850 

Manhattan Beach, California 90266 

Dear Mr. Curtis: 

Laboratory for Planetary Studies 

June 13, 1974 

Thank you very much for your kind letter of May 23. 
I agree that we share some of the same th9ughts about ·the 
cosmos. I have read the writings of your grandfather and, 
as you know, he played a major role, in his debate with 
Harlow Shapley, in establishing the extragalactic nature 
of the spiral nebulae, and thereby in greatly expanding 
our vision of the universe. 

With best wishes, 

Cordially, 

~& 
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We (a small group of scientists and engineers) are trying to pro
mote a plan that we believe will lead to significant arms reduction 
combined with a virtually unlimited energy source for the world's 
future. While the emphasis in the plan is on the technical aspects 
of the energy production, as this is the cornerstone of the concept, 
our real goal is an attempt at world disarmament and with energy 
as secondary but as the "carrot" which we hope will induce world 
leaders to accept the coupled disarmament agreement. 

Our real fear is the world's continued excalation toward WW III. 
Our hope in our quest is the adoption of a plan that reduces both 
the existing stockpile of thermonuclear weapons on both sides, pro
vides an alternative use for them rather than our destruction and 
achieves a stable energy base for long term, peaceful co-existance. 

Right now we have an oil glut. But how long is that going to con
tinue? Once it is realized that the world's oil supplies are truly 
close to exhaustion (certainly in our children's lifetime), then 
world instability leading to panic and WW III (assuming it hasn•~ 
aiready happened by accident) is believed to be a very strong pos
sibility. It would seem that now is the time to make some plans for 
the future rather than let the future dictate to us. 

It is realized that the plan we are proposing is very controversial 
and would have to be thoroughly investigated before adoption. One 
criticism that has already been raised is that Russia would never 
agree to it (reasons not given by the critic). This criticism did 
raise an interesting point, however, in that, assuming Russia pro
posed it to us, what would our reply be to them? 

Before getting into ,:the plan proper, it might be worth while to 
give you some idea of where I come from besides being at the present 
time a senior staff engineer at Hughes Electro-Optics. Enclosed 
is an excerpt from ".American Scientist" on my grandfather, Dr. Heber 
D. Curtis, with whom I identify very closely. The "Great Debate" 
described was between the two £ormost astronomers of their time 
as to whether or not our galaxy was unique or simply was one of 
many. My grandfather argued correctly in the "Great Debate", against 
great opposition, that ours was only one of a vast number. To me, 
Heber~ position and contribution to knowledge were equivalent to 



country. He was initially passed over for 
. the chairs of physical chemistry and 
mineralogy in the Sorbonne and was 
defeated when he applied for membership 
of the Academie in 1902. He was however 
later admitted in 1905. The only reason he 
seems eventually to hnve been given a chair 
(in 1904) was that he had been offered a 
post in Geneva and -was seriously thinking 
of leaving France. Partly this mny have 
been because his political sympathies were 
very much to the left and because he was 
unwilling to participate in the science poli
cies of the Third Republic. 

Pierre Curie was possibly one of the first 
to suffer from radiation sickness. No 
attempts were made in the early days to 
restrict the levels of radiation received. He 
died accidentally in 1906 in rather strange 
circumstances - he slipped while cro~sing 
a Paris street, fell under a passing horse 
cab, and was kicked to death. . 

The Curies' daughter Irene Joliot-Curie 
carried on research in radioactivity and 
also received the Nobel Prize for work 
done with her husband Frederic. 

CURTIS, Heber Doust (b. June 27, 1872; 
Muskegon, Michigan; d. Jan. 9, 1942; Ann 
Arbor, Michigan) American astronomer. 

Curtis obtained his AB (1892) and AM 
(1893) from the University of Michigan, 
where he studied classics. He moved to 
California in 1894 where he became pro
fessor of Latin and Greek at Napa College. 
There his interest in astronomy was 
aroused and from 1897 to 1900 he was pro
fessor of mathematics and astronomy after 
the college merged with the University of 
the Pacific. After obtaining his PhD from 
the University of Virginia in 1902 he joined 
the staff of the Lick Observatory where he 
remained unti"l 1920 when he became 
director of the Allegheny Observatory of 
the University of Pittsburg. Finally, in 
1930 he was appointed director of the 
Univer.;ity of Michigan's observatory. 

Curtis's early work was concerned with 
the measurement of the radial velocities of 
the brighter stars. From 1910 however he ... 

• 
Cw(f;.., tt e b ~ 

was involved in r~arch on the nature of 

\ l 
'apiral nebulae' and _ecame convinced that 1 · 
these were isolate nt star 
!)'Stems. ln_J.917 he argued that the obser
ved brightness of novae found by him ana 
by George Ritchey on photographs of the 
nebulae indicated that the nebulae lay well 
tieyond our Galaxy. He also maintained 
ihat extremely bnght novae (later identi
fied as supernovae) could not be included 
with the novae as distance indicators. He 
estimated the Andromeda nebula to be 
500000 light-years away. 

Curtis's view was opposed by many, 
including Harlow Shapley who proposed 
that our Galaxy was 300 000 light-years in 

· diameter, far larger than previously 
assumed, and that the spiral nebulae were 
associated with the Galaxy. In 1920, at a 
meeting of the National Academy of Scien
ces, Curtis engaged in a famous debate 
with Shapley over the size of the Galaxy 
and the distance of the spiral nebulae. 
Owing to incomplete and incorrect 

· · evidence the matter was not settled until 
1924 when Edwin Hubble redetermined 
the distance of the Andromeda nebula and 
demonstrated that it lay well beyond the 
Galaxy. 

CURTIUS, Theodor (b. May 27, 1857; Duis
burg, now in West Germany; d. Feb. 8, 
1928; Heidelberg, now in West Germany) 
German organic chemist. 

Curtius gained his doctorate under 
Adolph Kolbe at Leipzig and later became 
professor at Kiel (1889), Bonn (1897), and 
Heidelberg (1898). Two reactions are 
named for Curtius; the first, discovered in 
1894, is a method for the conversion of an 
acid into an amine via the azide and 
urethane, and the second, discovered in 
1913, is a method of converting an azide 
into an isocyanate. Curtius also discovered 
diazoacetic ester, which was the first 
known aliphatic diazo compound (1883), 
hydrazine (1887), and hydrazoic acid 
(1890). 
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Copernicus and Galileo as they tried to convince their doubters 
that the sun did not revolve around the earth and that we were not 
the center of the universe. 

The plan for an almost unlimited source of world energy and a way 
of achieving arms reduction leading to disarmament and lasting 
peace without fear is really the succ~ssful adoption by world 
governments of three steps and with Step I as presented below. 
As Step I is probably the most difficult to grasp and to convince 
the public, world leaders and the technical community of, many 
words have been spent describing it and some of our counter ar-

. guments to commonly raised objections are included. This is where 
it is felt it would be more productive to have a face to face dis
cussion in order ~to present counter arguments at the time objections 
are raised. It is obviously impossible to address every objection 
to Step I, as well as Step II and III, in a letter presentation • 

STEP I 

As background, about 10 years ago Project PNE (peaceful nuclear 
explosions) was dropped from government funding as being too un
popular with various pressure groups in this country and because 
nothing much seemed to be happening with it. Russia, on the other 
hand, has been actively pursuing a PNE plan of their own. A re
cent article in DISCOVER magazine is enclosed with sections as 
marked discussing the demise of the U.S. PNE program as referred 
to in the article as Project Plowshare. 

While we agree that most· of the PNE applications in the U.S. and 
especially ground level excavations were ill advised,on~ program, 
in our opinion, should have been allowed to continue -- at least 
as a study. This application was the exploding of thermonuclear 
devices at great depths in theground .(8 to 10 thousand feet) as 
a means of storing the resultant heat so that it could be tapped 
at leisure to generate electrical power. In the final days of the 
program a report was written (see excerpts attached) describing in 
great detail both h·ow the project could be accomplished with min
imum technical risk and at a resultant power cost level comparable 
with 1970 oil prices. 

As discussed by phone with Mr. Burnham of Batelle Northwest, one of·· 
the principal authors and editors of the attached PNE 1550, the 
most serious problem leading to the demise of the project in 1973 
was that the tests that had been conducted as well as the future 
site of the geothermal power plant were and would be in territorial 
United States. 

This created a field day for certain pressure groups who argued 
that the ground shock waves caused by the undergramd blasts and 
the possibility of accidental radioactive gas venting to the sur
face was too high a price to pay for the power that could be gen
erated. And this was even before TMI. 
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Mr. Burnham agreed with our pos1tion that if the power generating 
site could be located someplace else than in the United States, 
much of the pressure group and public opposition would have abated. 
As part of their program Mr. Burnham said that he and others had 
toured the world looking for a more suitable site without success. 
They were handicapped, he admitted, by the ground rule requiring 
that the site must have both geothermally hot rock (to augment 
the energy released by the thermonuclear explosions) and be suf
ficient~y near large population centers to provide consumers for 
the power generated. 

He thought that our first innovation (Step I) was a good one as 
long as the economics checked out (which we believe they do). The 
cornerstone of our three step plan is that the power generation site 
be chosen to be at or near the most remotely located spot on Earth. 
Our choice for this spot is one of the very remote south pacific 
islands having a substantial geothermal activity at a depth of 8 to 
10 thousand feet. The site location could then be roughly 5000 miles 
from the nearest continent and perhaps 1000 miles from any substantial 
i s l and population. The exact site location, of course, would have to 
be negotiated by treaty and with other possibilities being th~ con
tinental shelf of Anartica or the volcanic islands of_ Iceland (see 
inclosed letter response to a DOE letter). Mr. Burnham agreed that 
it might have made a significant difference if such suggestions had 
been made at the time of the project's demise. He also agreed that 
t he major critical obj ections such as ground shock problems, under
ground water contamination and public hazards resulting from an 
accident would be virtually eliminated. He also thought that our 
s uggestion of placing the power generating plant on a floating barge 
at the site would significantly reduce their cost estimate planned 
for t he project in terms of aiminating the cost for dismantling the 
power plant in order to move it to a new geothermal location. His 
main negative comment was "How do you get the power to the consumer? 
You certainly can't string power lines either over or under 5000 
miles of ocean." The answer to this is our Step II to follow. 

One major technical criticism of Step I that has been raised (see 
DISCOVER article, page 230) is that thermonuclear explosions pro-
duc e an appreciable abount of tritium, which is radioactive with a 
half life of 12.3 years. For7.example, a one megaton thermonuclear 
explosion pDoduces about 2x10·1· curies of tritium. This is to be 
compared with a pr ojected atmospheric tritium release per year of 
1o·r curies in the year 2000 from projected world processing plant 
releases using present reprocessing technology (1973 symposium 
r eport, "Noble Gases" QD162-S2). As tritium is lighter than air, 
scientists are not overly concerned with this release as it wil l 
rapidly rise into the uppe r a t mosphere where it will harmlessly decay~ 
- - 7.. .l ,· o 

The main concern of world scientists at the symposium was the con
tinu ing build up of the isotope Krypton 85 which is also produced 
in nuclear power plants an1 vented from world fuel rod reprocessing 
plants at approximately 10 curies/yr (1970 rate) and with only a 
sl i 8gtly smaller half life than tritium (10.7 years instead of 12.3). 
As Kr is heavier than air, it accumulates in the atmosphere at sea 
l eve5. The concern of the world scientists is that the level now 
of~ Kr has increased at sea level about 1000 times between 1950 



and 1973 and it was predicted by numerous papers at the symposium 
that based upon projected world nuclear power plant operation (con
ventional) and using the existing fuel rod reprocessing technology, 
that by the year 2000 the level of 85.Kr will have reached 1000 pico
curies,M3. in th85world atmosphere. In contrast to the present 107 
curies/year of ~Kr being releasedA a one megaton thermonuclear 
device produces only 57 curies of o5~. 

Our solution to the present 85.Kr problem (as was · .. also suggested in 
PNE-1550) as well as to the present venting of the other non-conden
sible radioisotopes including tritium from fuel rod reprocessing 
plants would be the proposed thermonuclear cavity power station. In 
this approach, all non-condensible gases would be simply recycled 
from the steam power plant condenser back to the thermonuclear ·. cavity 
via a conventional compressor. At - the time the plant is floated on 
its::barge to a new geothermal site, the gases would be sealed off in 
the cavities and would be left to complete their radioactive decay. 

Therefore, environmentalists should welcome the proposed Step I as a 
cleane_r alternative to the present nuclear power plants with con
ventional reprocessing plant venting. -\ Step I provides nuclear energy 
without atmospheric polution. ' There i is, of course, always the pos
sibility of an accident such as occurred at Three Mile Island. But 
with TMI there is no place to dispose of ·the radioactive liquids and 
non-condensible radioactive gases resulting from the accident (the 
present predicament still facing the operators). With a thermo
nuclear cavity powerplant as outlined in PNE-1550, however, the 
cavity is always available as a dump site. Therefore, the only way 
any gas could be vented to the atmosphere is if a steam pressure 
line should rupture which would only allow a very small fraction of 
gas to escape. The bulk of the gas would always be safely contained 
underground • 

. A final argument is offerred in support of the implementation of 
Step I. There is only a finite amount of energy available on~:Earth 
and we are fast depleting the conventional forms. Except for nuclear 
energy, the non-fossile fuel forms can never produce more than a small 
fraction of the amount needed at even our present consumption level. 
Even fission nuclear energy including breeders is limited as the 
amount of fissionable U-235 will only last in the order of 100 years. 

The only real source for future energy, in our opinion, is thermo
nuclear as proposed in Step I. Having spent several years working 
on the dream of controlled fusion, I am extremely pessimistic about 

• its future. The amount of energy released in a thermonuclear ex
plosion, however, can be ~rom a hundred to a thousand and more times 
the energy available from the fission trigger. Multiplying this by 
another factor of 10 because of energy augmentation of geothermal 
rock means that the present supply of fissionable material would 
last from 1000 to 10,000 times as long if used as a thermonuclear 
trigger rather than in its present use in fission nuclear power plants. 
Instead of the start of the predicted energy starvation for the world 
in a hundred or so years, there could be an abundance of energy for 
the next 10,000 years. 



STEP II 

Step II is much simpler to grasp as it is simply the conversion at 
the remote island of electrical power as it is generated to stored 
energy in the form of hydrogen with a 70% energy conversion efficiency 
by direct electrical dissociation of sea water. The hydrogen would 
be liquified at small additional cost · (with an abundance of energy / 
present) · and transported by cryo-ship~*to ports of the world where 
1. t would be initially burned to again produce ·electricity for distri
bution using conventional power generating equipment converted to 
using hydrogen instead of oil. Eventually, it is assumed that a 
hydrogen economy would develop where car engines, etc. would operate 
on hydrogen as the present world oil supply is depleted. Excerpts 
from a 1975 book "The Hydrogen Economy" by Dr. J. O'M Bockris are 
included to show the practicality of the hydrogen approach as well 
as its advantages. Missing in the book was a good method by which 
the source of energy was going to be provided for the hydrogen 
economy. After reviewing the material, Dr. Bockris reply was that 
he thought our approach was "brilliant". 
ti See cryo-ship/hydrogen distribution cost estimate on last page of 
"The Hydrogen Economy" excerpSTEP III 

St ep III is again simple in concept but because it is primarily 
pol itical rather than technical, it is probably the most difficult 
to actually implement. Step III is no less than achieving a joint 
ef fort between the U.S. and Russia (with perhaps China as a partiq
ipant) in the development and implementation of Steps I and II . 
leading to the use of both nation's present stockpile of thermonu
clear devices on say an equal energy basis as the fuel for the im
pl ementation of the two steps. It is, of course, essential to the 
success of the total plan that Step I lead to the development of a 
world power plant rather than only for the use of a single country. 
It must be a joint effort. 

Ther e are, of course, many practical problems associated with the 
impl ementation of Step III but we feel all can be overcome through 
wo r l d government negotiations. And it should be obvious that if 
WW III is to be prevented in the future, some type of joint program 
bet ween the U.S. and Russia must be developed . that is connected with 
arms reduction. We simply feel that our proposed joint effort 
program, because it vses the promise of .virtually unlimiteq _energy as 
the car rot; has · a far better chance of success in l!ght of the present 
and continued intransigent position of both sides in terms of any 
type of ·a program envol ving a rms limi t a t i on or d isarmarament. We 
don't believe that any of the present thermonuclear devices will 
ever be peacefully dismantled and that the only way to eliminate 
them from the Earth is to provide another use other than our dis
truct ion. 

In conclusion, we are sure that you won't disagree that disarmament 
( a r ms reduction) is the most pressing issue of our times. Every 
a venue that has any possibility of reducing world tensions must be 
expl ored as the alternative is unthinkable. In view of this, we 
wi l l give up any amount of our time and u-se _every _IIl_eans at _our dis
posa l to this end. _w·e are;·- orc·ourse, hoping for ·your_~upport but 
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would appreciate any comments. 

If you have any specific questions, we would welcome them and do 
our best to supply an answer(s). 

We would also appreciate any names and addresses that you could 
provide of others who you believe might also like to receive a 
copy of this material. 

erely!_ £} 

an ~/4:'s' 
1956 Ardmore Ave. 
Manhattan Beach, Calif. 
(213) 545 6320 

I 

90266 
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1.0 SUMMARY 

This study explores th.e factors involved in using a novel energy 

. source -- the heat 1n the earth .-- to produce electric power •. In contrast 

to dr1111ng for naturally occurring steam~ · this co~cept aims toward extract- ! 
1ng heat d.1 rectly from a heat source composed of hot rock. ·· It ·does not .· 

rely on. a naturally occurring steam reservoir oy ·circulation system. 

The ·basis of the concept is the use of nuclear explosives ·to fracture 

·. large quantities of the hot rock. Heat would f;le extracted from the . 

· • , fractured region by piping water to· 1 t end creating stea~ ·th~t wo~l ~ b~ · ::·<. •·
0

· •· ·· ••• • \ .· • • • •• : 

.'. • . • • • • • • • • . • • • • • • '., • • •• •• • • • ••• • •• : ;. , • ~ .• . • • I 

</-,-... · _use~ to run a . turbine-generator _and produce elec~ri .ci t,r. · ·_.}h.e system .~<?~l~ i:t:.i~J::- : 
--.. - ... . .. _ • ' • : • • :.... . - • • • .•• • . - ·: , • • . • • • • , •• ,r · .. - -~:.it....,~i'1,f" 't'=:· • '.;:• •. 
:;.:,<\;.:.be _closed by recycling ~e condensed steam fro.m the power plant ~a.c~ to /:·.'..)~X;.i1~,;,.,·.: 
- ...... .. , ~-... •.: .·. _;._ ....... , .. ... ·• -·· ·.• • · • ••. • . • _. .••. · ... _- ,-;;. . ·· ~- :.. · ... _.__ .... .. . .._ - .•~ .· ..... - -. -- .-· .. : • .. 1-:-·• -: .'!' :.: r:: -.i," t,!·• .'l · .... 
~ ·-·:,_. :::-c. the fr4ctured region. · "\Jhe hot rock 1s expected to be ··deep ·enough $~ ;ha~_ ~~t1l}?l-~:~: · 
:=- ••• • • F • • • • • • • • • • •: ,• •. _ - • • ... •-:, - • • •' • : • • • •• •, -• ~ •~ • . • · •- :• y-.·:_ ;:"?.•;:;.• ... · • ~;.: 

·:.·_/ ·.··.·.even very large explosions cc1n be · contain.ed, and the ·closed design . ~f ~he .. :_i/ .. ~,.!'~r:.- ~.: 
. '~:\<. system --~11i .g.uard. aga,inst· t ,he rel~ase· ·of ·radioactivity ·t~ .·th~· e~viro~m~nt. ··~/:~.:,>~· ·~ ·_. 
- . · .. · .:.•.·. ~· . · .... .- - --~·.·. :-:: - - . . . ·.-. ·: .•~" "": :·..=-:: _ ... ':·,! _- ·.;: .. ·\~--'-~· --·~ .• _: _ : -~-- .· - -\ . : .· .--·-._-.. :-::_:--.>~:~.:L;:,:-:·.i~-- :_. . . 

_. . :· · .. · .- ' .·.:,_Numerous . locations of hot rock are ·expected west of the Continental ·. · /r·:: :·_-;·., 
:. ·.·. · .Div.ide, b~t the prospecting techniques for finding such locations have .. ~~;:::· . . ... . 

••• . • •• '• • •- • -•• ~- ••· "o O , __ .. .._ • 0 • :•--•• • .- .. ~• ..... : 0 ••.: , _. F .. ,-=.:. 
•. ": not yet ·been fully developed. ~: The ·energy 1n these heat sources, 1~ it · ·.:;•::.~ :·-- ·-. ·:•?;:.:·< · 

: . ;_. . . - . . . . . . . . _. - .. :--~ .. . . :. . •'. -· . . . . - . . . ' .. -·-: . . ·_ : . 

.-<. .- ·_ can be .efficiently recovered, is ·sufficient to produce a lar51e amount of · · · .. _._ ·_ 
·?\--~]: ele~trlc··.p~wer~ ·::·;lhe actual developinent ·of such ·a source depends on .. the ·.· .~;, /··\; > ·. · 
_..--•· · .. ·.'~·-=-. ·-::. -·\.• - :: .. ~·· -:":.: <·-· !·.,..·: -··?-••···-.·• ::..· ,.,. -.. '. , • • -· •.•. ~·· "·• .. ·-:•- .;:- · · -- ~-~,- -- -,·.;:-·. ·;. ·.--·-· ••.• ' - ".: -- . -. -:.~ . . ·:~· ::; r- :·:.-:·· · 
~::_,.; .-._-; cost of ·fracturing the ·source rock, ·the effic1ency"with which the heat can :·.- ·:<·: ·: 
f-.-· · .. . .-- -· - .: . - - • .. . -. ,• .. ·- ·. •·.. . . . • • . . ,;."• - ·, .. . - ·--- . - '··· .=-- -·;_:=_-.- .i: --·-

be extracted. and the quality of the steam that can be produced. --~ : ... ·, -
. - - . ~ 

. . . :-_ . . ' -. ~. . ..: . . . . - . . ' - - . - . . .. ·• ~. . .. . 

.·:· ··=.· ... This .study ·shows that _there 1s ·oo technical reason why electricity 

. cannot be produced from geothermdl heat sources with the aid• of nuclear . 

.exolos1ves, The study also identifies the problems involved and the areas 

1n which further research .is necessary before this method of producing 

elect~ic power can be demonstrated to be competitive with other methods of 

producing electr1c1ty. 

As the quantity of heat required to operate the 200 MW power plant 

ove r its 30-year lifetime 1s ldrge, a number of nuclear explosives will 

be require~. It is sho~n to be advantageous to fire the explosives 1n 

an· array so that the fractures produced by the explosions connect with 
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, 

one another. TMs w11 l increase _the eff1 c1ency of the heat extraction and 
will provide more fractured volume than would be the case if each explosive 

· were fired in isolation. 

·-.. 
.• . 
. t t 
i~t 
~·.: ;/.1,~ . 
1:.:r· .. ~ -: t (r ," 
,! :; .. : ; 
,:;i .. .. 

!~\~~:•\ 
•. ~• ••• l 

:ll:l:t ... .. 
i.tl\ ' 4 • • " 

The important factors jn detenn1n1ng the cost of fracturing hot rock ~1-~·· 
~tf,i! 

with explosive arrays ·are the number, d1c1meter 1 and depth o~ ·_the _emplace- ,:.~~ii;;-

: ... ~~~ -h~les, the wa!er-supply holes , ··and the steam.:extract1on holes·, ttie _ i~ff~ 
.·~ssocfated piping;· the yields, diameters, and costs of the· explosives; · ; ' .'..f{t~;} 
public ·safety; -th~ ·amount ~f fracturing and fracturi~f e~hancement; multiple-_ -.. (~t:4;/ 

. emplacement schemes; a~d th~ fina~cing charges •. Rough estimates of array ~ t ,.l:·. . . . . . - . ··•·•· - . •~ti:~ 
. . . -~--·.. _. costs have be~n made. · Some comb1nat1ons of. the above parameters hav~ total . _ _. ;_ .. i?..:..4f~; 

. . ·:. costs that ~re -comp~t1t1ve wfth oth~r metnods of producing -~lec.tr.ic po~e·~~ --~:~:. _._ .:.;.{~J \ ~:;{; 

:~-- ... :_otiler __ co~f_n~t1on~ a~ n~t as _~conomic. :Th_~ ~~nsfti~ity ~f_~he __ a~r~~ ~~:~·.\·):;h_{}~Air.~~i~: 
. \ \;:\r,:~Lt~0j :CP~~~f±!~:.f ~,\:~i~~•:/?tti·;>: { :{}/~.:f{t _lf ?)iV:tiJ:}~~;j ~~jJ§ 
·, /-:~ -:;)-, f i~ "deve 1 opl ri!I .. Va~l oU~. fixp 10$ l ve arrays ;_-~Is . studYj mp 1 oy(thr~~ • d) f jif :;{~YtttD: 
· ·-;--_.,_ ::·:~.: ferent _me,thods !'~. pro~e~ti~_9 the power ~la_nt __ ~~~inst __ tti~,. gr9~_nd -~~1~~~ ·/-;~r ~~/~/\{/,~~~ 
.. _··: __ · : produ~e~ _b:>' ~e explosion~. :.-The first, or __ re_~~r~nce, _~t~o~ _a_ssumes th~t _ ,·:_/ =:· :;.:'-: ~-~'t@-1 
~-> all the· explosions -necessary to support the ·power plant during its lifetime ·, _ .. _ ·· ; '.;. ·:"~~f. 

• . . c.. . •. ,.. . . . . ·. . . -. •. . . .• • . -• -'•!.< ._. 
, (:~-~-~1,11 be _deton_a~d _b:efon: _the_ pl __ ant is ~uilt. ··_ln __ this _~~s.~_• _no sei_smic p~o-_ :: ; ·- / .. _::_·: /i~f~ 

·· . _ · tect~on 1s needed. "The second method uses a hardened plant and allows - : · · .. ;: - --... :•t;).' . 
. - ·, _, a~rays· to _.be._ f1 red ~-v~ry , 10 years : ·,_ The .. th1 rd ~ethod use·~·-·a mobile plant . . : . :. -:.1;~( 
.. ·.·_: __ . • . .; _._ ... _ .·. -·- ... __ _. . .• . , · .. . _; .. , . ...• : . ' _. ..... _ . :, -.. .- :o . . -.-. - ·- .;,-:<;: .. • . . . . . . .. . . ~ -~ / •: 

- . \. _:<': ~ a~ can b_~:_·mc,_v·ed -~. s~f~ :-,d1~ tan_c~ a~ay fr.om __ f1.~--- ~~plo~.J,:~~;~r~-1":~~- . A wa~er: ._-·- \ · _ .· :: \ _:· :lt.# 
- ·-.~:- :_ ~ay and b~rge . were s tud~ed with -~1s end in mind. t} ~e P?~~~,,;~osts !or any -~ >_. :':· ::_ilflf 
As?,, ... "f _._._of these· methods may prove to be competf ti_v_e, 5 to 7 mills ·per kilowatt- · . . ;:1:;n 

. . . . . . . . . . . . 'r!.r- -'''IJ;. 
r1,, · · -~~. hour, .. under c;ertafn··cond1t1ons (see "Costs and Economic Analysis"). ·The -·_.- ;-;,-: .: .. ' ·r . . .. - .· . . - •;'., r.:,· 

~.,f J roob11e:plant method .. appears to have the ·most favor~ble .· power costs. ·/ ·:/ ' 

" ' J. :;., :· . The heat transfer 1s expected to be · adequate for extra~t1ng the heat, .. , 
· but the flow of fluids 1n the fractured region · fs a major uncertainty • . · 

Fur t her research on the extent and quality of the fracturing and the fluid 
f low in these fractures is ru:i::dt:~. 

System perfonnance and optimization are also analyzed in this report. 
A turbine design what w111 accept the w1de range of steam conditions 
caused by a cool 1ng fractured reg1 on 1 s presented. The optimum pipe s 1 zes 
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,. 
;):. i~• are ·selected to minize losses and expense. The main item influencing 

1~ plant operation and expense is the quality of the steam produced • . It 
l, ,. :i., · appears to be feasible to design a system that will completely contain . -f any radtDact1 v1_t.,y 1n the steam . 

t 

. •· 
I 

.f'·-_,::. -- ' . -_ . 
·• -~: .. :~::: ~: : : . .- .. 
. ...... . ... _., 
_ ,; ··. ; 

. . ·-· .. _-

. : _ · .. · 
~;. .. ·: :-!. . '. .-: 
·: =- ~ .. . __ . • . . 

. ' 

.. ·- . --: . .. . .. .. . : ... · ... 
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Figure 2.1. The Plowshare concept of 9eothennal-heat extraction 
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Figure 4.1. Cavity and chimney fonnation. . . .• 
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TADLE 2.11 

NATl;J_RAL RESOURCES WIIICII WILL EXHAUST BEFORE 2000 

. 15 - a- ••., ; ·. :- I • • 

T 7 'Ir ID - ? o . : .· . ... ::.' . · . . 
I • t "• • 

ltuour.,. 11:non Su1lc 
Global lnd•f 

lh1tm1' (yu) 

CH APTER 2 • .. ~. , .. ·r 
\ . . ... 

Projt<1td Eapo- Eapc,nen• 
R11t or nrn- 1i1I lndu 

Growth ('I ti1I C1ltul1ted 
per yurr lndr' Uoint 

Hiah A•. Low (JII) Fl•• l imn 

ICnown 
Rtmw1(yn) 

Coun1irt1 
or Artu 

trith 
lll1hr11 
Rturn1 

('JI, or 
World 
To111)' 

Prime 
Producrn 

(\\ or 
World 
Total)' 

Prime 
Con·,umrrt 

(t, or 
Wurld 
Tolll)1 

The Hydrogen Economy : ·. ;r_: .. ::··_:<·:· . .,··~: :~~ml~ t
1~~!~.,~·-.. 100 7.7 6.4 5.1 31 ss AustraliR(33) JRmaica(l9). US (42) 

Guinea(20) 
. ' . :. ~ ~~·.<<~~/.;:~·- . . t . • ' : : ~<;:·::· _;'/ ... 

: ·::.,-:'..,· · i•: ·.. Copper 308XI01 

. · ·:, . .'i • · · •• · tons 
COMPONENTS OF DOOM _, • : -,· , :; ·,. . ... ·.-

THE WELL-KNOWN graphs of Meadows and his collaborators' clearly indicate · ... . 
0 1 

· ·: · :/ \ '·'-", 
the occurrence or a Doom Decade• somewhere between 2020 and 2070. · · .. ~:., . •, ' . 0 d 353xro · ·: 11 4.1 4.1 3.4 9 
T b 

• . . , • -·:,.- ,, • .:·, · • •.· troy oi •· .-
hus, y such a time, polluttonal levels from fossil fuels will become · •,. · . ~: _, . · :. ·: ,. •. • . . .. :. ? 

.. 
· 36 5.8 4.6 3.4 21 48 

29 

unacceptable, even if massive research funds are deployed to reduce · /- >~·.::: ' :' ·; : · ·· ·' /! ·: \·· :~··•;.i-.-r ,· 
them. The growing CO2 concentration in the atmosphere from fossil :· · '· !'· · · ·: · Lead , 91XIO' . •. . 26 2.4 2.0 1.1 21 · 64 
fuel combustion and/or aerosol concentrations from such combustions . _: >-·/ :. · _.: :: • .\·.·-, · ton, , ·· ._ :_: , 
will have adverse climatic effects.2 Pollutants, such as NO, CO . and : ,i · · •.;":·'.-.(" . jft}·· ,· ·' 
SOz,willprovidesubstantialhealthhazards. ·. _- . .' .. _': ·_ ::-•. ;' ; • . ' ·:~·.:·.:·· · ·: 

Important resources, particularly some metals, will exhaust before 2000 _. · . . / . Mer- 3.34XI0' /:' 13 3.1 2.6 2.2 13 41 
(Table 2.1). 1 A fossil fuel economy, even if gasified coal is included, . i. .: . cury nuk, _ .. :.:-._. 
may not pass 2000, because of the exhaustion of economically minable : :,~:- · . , .. ::;:, ·-. ;-
coals1 (see Chapter 3). t . .. ·. .· . . , i , ' . .. _. _ . , . : .-·':>:··• ; .. • .. · Natural 1.1:Cx1011 :>31 5.54.73.9 22 49 

Meadows' work has been cnt1c1sed.4' For example, a detailed examlna• ... ::•···.:. · . · Gos cu.ft, . , . 
tion of the computer programs used ' reveals an error in one so that · .: '.~<~-; '. :· ' .. · P ,- / _' ." 
a modification of the dates for doom are set. But Meadows' work seems ·. ·. ~··::11::· _: •i ·.~ · 1 etro- 455xro . . ,,. 31 4.9 3.9 2.9 20 · 50 ,. , • .. , , • eum bbl1 • . .. _. 

'to contain an essential (and indeed self-obvious) truth: sufficient growth · _·,. · .:•,: ' .. : ··.' i · ·. .•A-~- ! 
of production would have a back reaction which would poison the surface -:-<~ 0 :' • -~ .. • • • .. · \ .'· • •• ' ;-:· ;-·

1 
· :- · 

on which it Jived. Meadows ti al.' have quantified this qualitatively ·./. ·. \:-:._ -: . ;_ ·:,;: Sliver . 5.5><to•.:/ i 16 4.0 2.7 1.5 13 42 
b • s 'tuat' n .·. · · ·· ··".-: · !· : : ,, ,, ., · · • , "' troy oi ; , : 0 VIOU SI JO • · ·. ' , r • , • ' , 1 °?• .- ':"" -'· ~- .... ,.•; ~ , • · ·: . -~j_~, • •' ' . •, •. : •f :,_ 1!~"•· · ' ·· , , i . ' · ·: ,·· 

Progress from the present to the situation where there Is lndepende·nce . , ;.' /:-;-,'/ -, ,.:_.?:,;:i';:ft.:·,}:,i , . .,:,.·,!•irfa ; ···: . . .'-.: · 
from fossil fuels will be bumpy, because the period of plenty (and hence ·.:. ":"':r•/ :: · :;L(t\,::.l:';: ~-}'!';J.r ._(,\'?.:-r -: ( •/ : ·• · 
cheapness) in these fuels has gone, and, poli!ical l~ue~ce, .! amounti~g \ ,',;~:;:/~.:: -.

1
• ~}) .,:nri\ :~:· 4.l><IO'):}\ 17 2.3 1.1 ·o 15 , 61 

to a degree of control over some policies 1n their chent states, will : •;;:~:·,11~:~ .-,··:'··:.;.:,;; s>..\: , lg ton, -~;,!,\ , :" . ... . 
• · 1 b d b th r h • 1 b k f · ·· ·l•• ,v, · 1 · ·" ·· • · · •· · , · · · · · increasing y e ~xecute y e possessors o t e rematn ng an o · _:-::,\ /? { .:r »-}:f---':·>•? ,.,i_:. k\":'.~ f,:f;/'·. -: 
fuel. Correspondingly, an attempt to save the situation by a changeover :'. ·, _..: '.' . .. . · .. _·.:.) ·. ·. ' -t -': .; ·-,:-- 1. ·, -· 
to a Latter Day Fossil Fuel Age. using ~oal to struggle through two, · · :/. ._ i\ · ,\ :. Tung- 2,9xio• _}.·; 40 2.9 2.5 2,1 21 12 
or three decades after 2000, would give many problems (Chapter 3). ·· · . . .. · .. ,,:- . · 11en . lb, ... ·:/:-"< .. 

Meadows' work proves that continuation of tht present kind of fossil . ~ : .:'. · i · .-, \· '. ····. · · · 
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f11tl-bastd and resource-consuming economy will bri,ng difficulties impos- : ·: -':.:' , Zinc 123xio• · / 23 3 sible to withstand in affluent countries before mid-century, However, • .. / "c· ' ton, , : .· 3• 2.9 2·5 11 50 US(27) Canada(23) US(26) 26 
Meadows' work implies that sufficiently nimble changes in technology · .' ·· . .- .' -:, . ···, · •. · Canada(20) USSR(! I) Japan(l3) 

• Doom decade mean• a 
per capita) undergoes an 
the decade. 

. . _ . _ : ... :. .. . . US(8) USSR(! I) 
. ·; ·· :• · ,. :· ':' : : -' :• , _,· •. . -: ' Source: US Bureau of Miner Mintr 

decade when~ negative trend (for example,. leuenlna rood ·:.'·:,; .:._: :.··. _· .. :- , Office, Washington, D.C., 1970• al FactJ and Probltm1, 1970, Oovernment Printina 
avera9e lowering of ten per cenl or more per year over ·;'.•.- .' ,_ .. . , ·: · ; . The number of years known global reserve .

11 
, ·: i ·'• . ,.: " , . ·-. · · · .''. . • . Calculated by dividing known rererves (colu~:•2, ':

st 
1
~1 current global consumption . 

. '· ' ' t, . . . . . . ·: ' . ; . (US Bureau o( Mines Mlntral Facts a d p bl Y e current annual consumption 
t 'Exhauu' means here 'pus through the maximum on 111 ·amount or production- _. :_i:;_-.. ··. , :::· •:.<_ •· The number of ye~r, known Job:I ' 0 

tmi, ~97o). . . · 
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{ y~ EXECUTIVE OFFICE OF THE PRESIDENT ~.I OF_!;ICE OF SCIENCE AND TECHNOLOGY POLICY 

VI~~ ;;~;·-;~~-D-~9 ~; 

Dear Edward: 

John Maddox took me to lunch and made me aware of your interest 
in -the "nuclear winter" business. He tells me that my letter 
which critiques the TTAPS and CST studies will appear in the 
same August issue as your paper. 

I only became aware of Sagan's activities last winter and wrote 
articles/letters to the Wall Street Journal and Science, and 
later to Nature and Foreign Affairs. 

Science has dragged its feet and seems to be unwilling to publish 
any critical letters on TTAPS. They have even claimed that my 
WSJ article may constitute prior publication! 

Foreign Affairs seems to be unenthusiastic about publishing my 
reply to Sagan's recent article. I make the following new points: 

1) A nuclear winter scenario would be worse for the USSR 
than for the US -- in a number of different ways; 

2) A nuclear winter scenario would tend to furthe~ decouple 
the tactical use of nuclear weapons from a large-scale 
strategic nuclear war. 

I would really be pleased to have your cormnents on any of these 
points -- even though I don't plan to do much more work on the 
nuclear winter phenomenon. 

I'm consulting for Jay Keyworth here. I am mainly concerned with 
acid rain and with the problems of cormnercial nuclear power. I'll 
have to let him know about my space interests so that I can get 
involved with him in anti-satellite matters and SDI ("Star Wars"). 

Best wishes, 

s. Fred Singer 

P.S. Effective September 1, I will be at George Mason University 
(Fairfax, VA 22030), on leave from the University of Virginia. 

Dr. Edward Teller 
Lawrence Livermore Laboratory 
University of California 
P. o. Box 808 
Livermore, California 94550 

cc: Dr. G. A. Keyworth 



June 4, 1984 

Dr. George A. Keyworth 
The White House 
~-Jashington D. C. 

Dear Dr. Keyworth : 

CHET ORLOFF 
3315 Northwest Savier Street 
Portland, Oregon 97210 

On behalf of our fellow Americans as well as others throughout the 
world, I want to extend personal gratitude to you for approving the 
study of the so-called "nuclear winter. 11 It was a politically bold 
and scientifically wise decision; from a humanitarian point of 
view, it was desperately needed. 

Your approval of the study was the first step. I hope you will 
encourage the President to invite, with vigor ·and all sincerity, 
every other nuclear nation to join us in this analysis. I respect
fully submit a persuasive argument from The Orego!!_ian of May 31 
which, I believe, reviews the logic behind such a move. As a 
scientist, you are in the best position to make the case for this 
multi-national effort. 

Thank you for your effective efforts so far. I wish you well on 
this project and trust you will do your utmost to provide the 
world with a valid, non-partisan study. 

' I ! .J \. l I 
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THURSDAY, MAY 31, 1984 

'Nuke winter' chills all 
Who will believe the results of the 

U.S. government's study to determine 
whether a nuclear war will produce a 
world climate disaster, a so-called "nu
clear winter?" If the study, already ap
proved by President Reagan's science 
adviser, George A. Keyworth, is to have 
maxiumum value in deterring a nuclear 
war, other nuclear nations, including the 
Soviet Union and China, must participate 
so they can verify the results for their 
own governments. 

The study would be greatly enhanced 
if the world's best scientific minds 
worked on the project, regardless of 
their national origins. This kind of coop
eration in itself could prove beneficial to 
peace efforts. 

It is everyone's world, and efforts to 
develop a sound scientific impact state
ment on the result~ of a nuclear war 
should be the business of all nations, of 
all peoples and of scientists everywhere. 

But, it must be asked, what if the 
study shows that nuclear war will not 
devastate the climate or make it impossi
ble to grow crops because of heavy 
clouds of nuclear materials blocking out 
the sunlight? Recent studies to the con
trary, llke all scientific work, are subject 
to further testing or refinements. Previ
ous work indicates that the argument 
would be only on the degree of environ
mental harm or the magnitude of a nu
clear disaster on all life forms. 

If the initial work is modified or 
shown to be unduly pessimistic, there is 
no risk that the findings would fail to 
show plant and animal life crippled from 

fallout and dust clouds that would block 
sunlight and change the climate to vary
ing degrees. 

If the Soviets and other nuclear
armed nations participate in the study, 
there would be a tremendous opportuni
ty to prove that nuclear wars are un
winnable and· that making a first strike 
would be counterproductive. 
. 'Reagan can scotch suspicions that 

the study is really aimed at finding that 
nuclear war is less damaging than 
thought, and thus is thinkable, by invit
ing a broad spectrum of world scientists 
to take part in the project, under Ameri
can leadership. 

The U.S. Oceanic and Atmospheric 
Administration, which will lead the pro
posed study involving several federal 
teams from other agencies, including 
those from the Livermore National Labo
ratory, might well take the initiative by 
inviting other nations to observe the 
work or participate in gathering facts 
from various parts of the world. 

It is sensible to use America's great 
computer capability to make the massive 
calculations, but much of the data could 
be gathered by foreign specialists. In 
fact, better information would be avail
able for the computers if it were collect
ed from many parts of the world where 
nuclear blast effects could be expected to 
damage the environment. 

Such a study, if coordinated over the 
next three years, might prove a major 
deterrent to war by producing the ulti
mate environmental impact statement. 



Dr. Georae A. Keyworth 
THE WHITE HOUSE 
1600 Pennsylvania Avenue 
Washington, D. C. 

--
-



THE WHITE HOUSE 

WASHINGTON 

December 20, 1984 

MEMORANDUM FOR MAJOR GENERAL WILLIAM W. HOOVER 
Assistant Secretary for 

SUBJECT: 

Defense Programs, Department of 
Energy 

Funding for the National "Nuclear 
Winter" Research Program 

There is an initiative within the Administration to 
establish a formal "Nuclear Winter" research program 
which I support. I want to state my view that the 
appropriate source of the additional funding needed for 
this program effort is Defense Programs (DP}. ~ The 
research program addresses a sensitive national iifs-ue - · 
and is a necessary adjunct to the nuclear weapons work 
for which you have responsibility. 

I had asked Ralph DeVries to discuss the funding issue 
with you and he informs me that you have requested further 
information on the research program. Therefore, I have 
instructed my staff to brief you in early January. 

Your support is needed in this national effort to insure 
that the appropriate scientific research is carried out 
in this key area. You should also be aware that there is 
an initiative in the NSC and 0MB that calls for DOE 
funding for this effort. 

h 
G. A. Keyworth -- . •--

Science Advisor to the Presideni 

- : _ ... -



THE WHITE HOUSE 

WASHING T ON 

December 20, 1984 

MEMORANDUM FOR MR. ERICH BLOCH 

SUBJECT: 

Director, National Science Foundation 

Management of the National Nuclear Winter 
Res~arch Program 

•Nuclear Winter• has become a sensitive national issue. 
The recent report from the National Academy of Sciences 
adds fuel to the fire surrounding the controversy of 
the nuclear winter phenomenon. I believe you are aware 
of, the National Climate Project Office's (NCPO) report 
which proposes a comprehensive National research program. 
This ·-wational Program will give us the necessary answers 
to deal with the nuclear winter issue intelligently. 

The management of the National Program is crucial to its 
success. The administrative requirements are important 
but attention must also be paid to perceptions of -~ Et:....:.:. -
scientific community. The conduct of the research and -----
the relationships with DoD, DOE and the Administration will 
be carefully scrutinized. Because of the delicate nature 
of this managerial challenge, NSF is the appropriate 
organization to make the National Program a success. I 
would like to see NSF take overall responsibility for the 
conduct of the program and establish an interagency (DoD 
end OOE) program office with NCAR (Bill Bess) as the 
science manager .. 

NSF would be responsible for coordinating the research 
recommended by the NCPO report with the ongoing programs 
of DoD and .OOE to £orm these efforts into a cohesive 
National Program. With your agreement, we can establish 
a charter as I have discussed .abov~=., and st29:rt the ball 
rolling in early January 1985. ~he funding~ ssue should 
be settled shortly. 

--=-- .· : ... ---- . --
Please· call me- t>r Dr.· Maurice Roesch, my Assistant Directoi:":·
for Defense Programs to discuss the details of what we have 
to do. Thank you for your support. 

fr 
G. A. Reyworth 

Science Advisor to the President 

... ___ .. . 
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Carl Sagan 
SUBJEC1 : 

EXECUTIVE OFFICE OF THE PRESIDENT 
OFFICE OF SCIENCE AND TECHNOLOGY POLICY 

DATED: 
November 6, 1984 

Nuclear Winter, Biological study and the Ecological soci~ty are 
the . topics discussed in the letter. 

RECEIVED: 
NOV 2 0 RECD 

ACTION BY: 

Executive Director/dlw 

~FORMATION COPIES TO: 

-Lynch 

,. __ _ 

JSPENSE DATE: 
December 10, 1984 

iMARKS: FOR APPHOPRIATE ACTION 

Please indicate action taken below and include date of action. 
If written correspondence was sent, please attach a copy. 

( ) ~ritten correspondence. 

( ) Telecon. 

( } Action -transferred ·to 

. ( J No action necessary. 

( ) Other 

. -· - . . 

- . 

- - - -

I 
i 
I! 



Dear Dr. Sagan: 

THE WHITE HOUSE 

WASHINGTON 

December 20, 1984 

Thank you for your letter concerning the conduct of 
parallel nuclear winter studies and the management 
scheme for an associated biological study. As you 
well know, there are many policy and science implica
tions that must be dealt with on the nuclear winter 
issue. The initial thrust of our effort must be to 
answer the basic science questions in order to reduce 
the uncertainties in our knowledge of how the climatic 
mechanisms work. These answers will give us the 
tools to analyze the potential biological, chemical 
and toxicological aspects of nuclear winter. As 
much as I would like to do the studies in parallel 
because of the time urgency, it is much more prudent 
to ensure that the base step, the climatic res·earch-i, -- -
is done properly. It becomes the foundation for all 
that follows. Using your example of electrical 
current, a p--ara-llel course may yield a shorter time; · 
but it splits your resources and each part may not 
receive adequate attention. The proposed research 
program calls for a periodic review of the results 
so that appropriate action may be taken. I think 
you will agree that it is absolutely necessary to 
finally put to rest the wide ranging estimates that 
abound in the nuclear winter literature. · 

The National Academy of Sciences has just published 
the results - of their study on The Effects on the 
Atmosphere of a Major Nuclear Exchange. Their recom
mendations underscores the need for reducing the 
uncertainties in the basic understanding 6f the 
underlying climate mechanisms so that meaningful 
analyses can be - ~one. Let me assure you that I feel · 
that the p6lfcy and biological issues are important, 
but the basic atmospheric science has to be done first. 
Thank you again for your comments and recommendations. 
I am always interested in your observations and 
suggestions. 

-- .-c::. :_· 

· -. - ·· -· 
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In regard to your comment on a joint US/Soviet Mars 
mission, I am willing to discuss that subject with 
you at some future time. 

Sincerely, 

~~~ 
G. A. Keyworth 

Science Advisor to the President 

Professor Carl Sagan 
Cornell University 
Ithaca, New York 14853-0355 

, ___ _ 

---- --



CORNELL UNI,7ERSITY 

Center for Radiophysics and Space Research 
S PACE S CIENCES BUILDING 

Ithaca, N ew York 148 53 • 0 355 

Telephone ( 607) 256-4971 6 November 1984 Laboratory for Planetary Studies_ 

Dr. George A. Keyworth 
Science Advisor to the President 
The White House 
Washington, DC 

Dear Dr. Keyworth: 

Thank you for your letter of October 9th. Studies of the policy 
implications of could be parameterized in the same way 
that the physical and biological studies are parameterized: Let the 
uncertainties vary over their plausible range, and see what policy 
implications emerge for the various parameter choices. This is already 
the procedure being pursued by Department of Defense studies, and does 
not involve prejudging anything. The advantage of carrying out:t~e -
climatological, the biological, and the policy implications in 
parallel, with uncertain values parameterized, rather than in series 
is the time-urgency of some of the possible implications for policy 
and doctrine. (As in electrical circuitry, the net resistance is 
larger when the resistors are in series than in parallel.) We agree 
that a study of the biological consequences of various Nuclear Winter 
outcomes could be important for biology even apart from the "practical" 
nuclear war implications. I suggest that something similar is true 
of a parameterized study on Nuclear Winter implications for policy 
and doctrine. 

On the question of how to proceed with a parallel biological 
study, t · ·would ~rg.e that a scientific drafting group be organized · 

. .. 

for the biological investigations somewhat similarly to the NOAA-led 
interagency drafting group for the climatological effects. There 
is, however, the difficult question of what is the appropriate 
organizing entity. The Department of Agriculture surely should be 
involved, but probably does not have the needed breadth of 



Dr. George A. Keyworth 
6 November 1984 
page 2 

expertise. This is probably also true for the National Institutes 

of Health, say, or the National Institute of Medicine. The American -

Institute of Biologi.cal Sciences and the Ecological Society of 

America bring very important skills, but are not even quasi-governmental 

organizations. The that seems to me appropriate 
such a a ·of the 

Cordi ally, 

P.S. I hope to have a chance sometime to chat with_you on a totally 

different matter -- a joint U.S./Soviet mission to Mars with a 
bum.an crew as .a major national objective, for some future time 

when the· United States and the Soviet Union wish to demonstrate 

their ability to work together on behalf of the human species. 

CS/np 
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Dear Dr. Sagan: 

THE WHITE HOUSE 

WASHINGTON 

October 9, 1984 

Thank you for your letter concerning both the public 
reactions to the study of nuclear winter phenomena 
(i.e., Turner's editorial), and for the need to better 
articulate such a study's purpose and direction. I'm 
afraid that 1 too must admit a ~ertain level of 
frustration with head-in-the-sand philosophies such 
as - that recommended by Reverend Turner. Too many 

-- · -< =-
. .. ·- , -.. ·-- - -- -

people fail to realize that decisionmakers have 
necessarily become inured, and therefore tend to move 
very cautiously, on recommendations based upon doomsday 
predictions, regardless of how well initially documented. 

As a result, I always find a "we don't need to )tnow 
anymore." attitude to be counter productive. If ---
decisionma~ers are to act, they need broadly based 
expert consensas which has fully explored the problem, 
time to internalize the results, and at least some 
semblance of practical alternatives from which to 
choose. 

Because of the central role of climatology in any 
nuclear winter· discussion, NOAA has offered to begin 
an independent preliminary assessment of · the issues. 
They intend to report their initial findings and 
recommend the context and content of any follow-on 
national program in time for a well planned start 
subsequent to the 1985 fiscal year. To this extent 
I belie~e it would therefore b~ ~drastically premature 
to preface such a recommendation with discussion of . 
its implications on doctrine and policy. Right or 
wron·g-, · such _ discussions would have to be the result • 
of the ac"tual findings of any meaningful research · 
effort. To do so earlier would not only be tilting -
at windmills, but might actually have an adverse 
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effect by appearing to prejudge study findings mucn 
like the Reverend Turner has done. I think you and I 
would agr~~ that any such perception could have a 
very deleterious effect on what could otherwise be an 
extremely important piece of work. Your recommendation 
that a parallel study concerning the ecological 
effects of macro-changes in weather patterns might, 
however, have much broader utility than just the 
implications of global winter. I would accordingly 
lean toward experimental/analytical parameters which 
include, but are not necessarily limited by, preliminary 
nuclear winter boundary conditions. Such a broader 
effort could, as you suggest, be carried out - independently 
of what could otherwise become a very controversial 
climatological study and be of benefit regardless of 
the results of that study. I would therefore be very 
much interested in hearing your suggestions along this 
line. 

Sincerely, 

~M~ 
G. A. Keyworth 

Science Advisor to the President 

Professor Carl Sagan 
Cornell University 
Ithaca, New York 14853-0355 
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BASELINE TARGETING 

HARDENED TARGETS (GROUND BURSTS) 

TARGETS IN OR NEAR MAJOR CITIES 

OTHER 

-1-

1500 MT 

1500 MT 

3500 MT 



BASELINE LOADINGS 

NOx ENTERING STRATOSPHERE 

DUST ENTERING STRATOSPHERE 

SUBMICRON SMOKE 

- 2-

20TG 

15TG 

180TG 

RANGE 

(8-30TG) 

(10-24TG) 

(20-650TG) 



ILLUSTRATIVE UNCERTAINTIES 

FUEL IMPACTED (20 CAUCM2
) 

(URBAN FUEL PER UNIT 
AREA X AREA IMPACTED) 

COr.1PLETENESS OF COMBUSTION 

SMOKE GENERATION 

SMOKE SURVIVING PLUME SCAVENGING 
(DRY COAGULATION AND MOISTURE 
CONDENSATION) 

-3-

FACTOR OF 2 

FACTOR OF 2 

FACTOR OF 3 

FACTOR OF 3 



SMOKE DESERVES MAJOR ATTENTION 

MORE OF IT THAN DUST. 

LARGER ABSORPTION COEFFICIENT FOR SOLAR 
RADIATION BUT NOT FOR INFRARED. 

GREATEST UNCERTAINTIES IN AMOUNT. 

-4-
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SURFACE AVERAGE TEMPERATURE DECREASES 

MODEL SEASON REGION AT t1,2 

1-0 Yr. Av. 30°-70° 31 76 

1-0 Yr. Av. 0-90° 21 51 

1-0 Yr. Av. 0-90° 15 26 
(Fast Rain) 

GCM: 3-0 Summer 30°-60° 26 

GCM: 3-0 Spring 30°-60° 17 

-7-



CONCLUSIONS 

(1) THE UNCERTAINTIES THAT PERVADE THE 
QUANTITATIVE ASSESSMENT OF THE ATMOSPHERIC 
EFFECTS OF A NUCLEAR EXCHANGE ARE SO 
NUMEROUS AND SO LARGE THAT NO DEFINITIVE 
DESCRIPTION OF THOSE EFFECTS IS POSSIBLE AT THIS 
TIME. NEVERTHELESS: 

-8-
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(2) THE MODEL CALCULATIONS THAT CAN BE MADE 
SUGGEST TEMPERATURE CHANGES OF A SIZE THAT 
COULD HAVE DEVASTATING CONSEQUENCES. THIS 
POSSIBILITY CANNOT AND MUST NOT BE 
IGNORED. THEREFORE: 

-9-



(3) IT IS INCUMBENT ON AGENCIES HAVING RESOURCES 
THAT CAN BE ALLOCATED TO SUCH MATTERS AND ON 
APPROPRIATE MEMBERS OF THE SCIENTIFIC AND 
TECHNOLOGICAL COMMUNITY TO SUPPORT AND 
CONDUCT INVESTIGATIONS THAT C.N NARROW MANY 
OF THE UNCERTAINTIES. ONLY IN THIS WAY CAN WE 

. APPROACH A POSTURE FROM WHICH A MORE 
DEFINITIVE _ASSESSMENT CAN BE MADE. 

-10-



November 29, 1904 

Nuclear Winter Research Program 
Management Options 

A national research program for assessing the climatic effects of 
nuclear war has been moving toward completion. 

o Developrnen.t of the progr-am has primarily 
involved representatives from OSTP, 0MB, 
and the National Climate Program 
Office (NCPO), which is part of NOAA. 

o Current plans call for public announcement 
of a government program during the week of 
January 14, 1985. 

The major thrust of this effort is to apply available scientific 
data and expertise toward improving our understanding of the 
environmental consequences of nuclear war. The "nuclear winter" 
hypothesis -- which has attracted considerable public 
attention -- advances the view that widespread layers of smoke 
and dust in the atmosphere, following a ~eries of nuclear 
explosions, would alter our climate and produce a prolonged 
period of colder than normal temperatures. 

o Scientific evidence does not exist to 
either support or reject this hypothesis. 

o Anti-nuclear groups have, however, 
embraced the concept and the Soviet Union 
has used it for propaganda purposes. 

The implications of this issue for the development of our defense 
and foreign policy positions argue for undertaking a concentrated 
scientific effort to reduce the level of speculation associated 
with this issue. There is a general consensus within the 
planning group as to the type of research work which needs to be 
done. There is also supposedly 0MB concurrence on funding of 
about $4.0 million, to be handled through the DOD appropriation. 
However, there has not been a high level policy or political 
decision made as to whether or not to implement this program. 

If a decision is made to proceed, it is critical, given the 
nature of the issue, that the program be conducted by a 
scientfically reputable organi~ation -- free as much as possible 
from government involvent and influence. The current draft plan 
implies that the program would be implemented by DoD and DOE, 
but, in fact the management structure for coordinating th~ 
program has not been defined. 
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The Na tiohal Science Foundation (NSF) meets this criteria and 
could prov ide the civilian agency leadership necessary for a n 
effort of this complexity. The NSF, established in 1950, ha s a 
broad charter directed at increasing scientific knowledge and 
supporting national science policy planning. The National 
Science Foundation is authorized to: 

"initiate and support basic scientific research and 
programs to strengthen scientific research potent i al 
.•• in the mathematical, physical, medical, biological, 
engineering, social and other sciences; 

... to initiate and support specific activities in 
connection with matters relating to international 
cooperation, national security, and the effects of 
scientific applications upon society ... ; and 

When so directed by the President, ... to 
support, ..• applied scientific research relevant to 
national problems invol v ing the public inte r e st". 1J 

The nuclear issue clearly fits within the Foundation's mandate . 
Moreover, NSF has at its disposal the resources and mechan i sms 
already in place for processing the various r e search proposals 
that will make up the program. 

o NSF has strong, well established contacts 
with the scientific community and is a 
nationally and internationally recogniz e d 
institution. 

o In FY 1985, NSF has a budget of $97 million 
for atmospheric sciences R&D. It a lso has 
a funding base in the biological s ci e nces, 
which the pl~nning group has identifi e d 
as an area of research that will ultimate ly 
need to be incorporated in the program. 
NSF also supports a strong program in 
physical sciences (e.g. high energy physics). 

One of NSF's research centers, the National Ce nte r for 
Atmosphe r ic Research (NCAR), has as part of its mandate 
understanding climatic change and initiating, a nd c a rrying out 
" ..• atmosphe ric research that requires long-term, coope rative 
e f f orts among s ci e ntists a t NCAR a n d at uni versit les a nd 
gove rnment laboratories." y 
y 42 USCA 1862, National Science Foundation Act o f 1950, a s 

amended. 
y National Atmospheric Sci e nces Progra m, FY 19 7 8-1981; FC CS ET 

Report, July 1982. 
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1 
o NCAR has an FY 1985 operating budget 

of $45 million and a staff of scientists 
capable of conducting long-term atmospheric 
research. 

o NCAR has been involved in the development 
of general circulation models of the earth, 
which are the key to understanding climate 
sensitivity to changes in external energy 
input or chemical composition (e.g. increases 
in hydrocarbons). 

o In FY'85, NCAR will be acquiring an 
advanced Class VII vector computer to 
assist atmospheric researchers. 

Because the credibility of this research effort is so critical, 
OSTP and the planning group have tended to, understandably, shy 
away from placing DoD/DOE in a direct toie dealing with the 
public and scientific community. 

NCPO has suggested that it serve in this role, administering -
through a proposed scientific projects office -- the coordination 
of the program. OSTP staff have been supportive of NCPO an~ have 
encouraged their involvement in managing the research program. 

Since its establishment, in 1978, NCPO has primarily served in a 
coordinating role pulling together the national climate 
activities and representing the U.S. in international meetings on 
world-wide climate research efforts. NCPO hai also been 
responsible for preparing a five year plan (updated 
bi-annually) and required annual reports to the Congress. The 
Offic~ has a relatively small budget ($1.1 million and 9 
positions), about half of which goes toward grants to support 

.university research. 

While NCPO has been instrumental in developing the draft nuclear 
research plan, it does not necessarily follow that this office 
should . be placed in the role of managing a major research effort. 

o NCPO does not have the staff or the 
experience to manage a program of 
this size and complexity. NCPO does 
not have operational program 
responsibilities. 
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o NCPO involvement in this effort would 
seriously detract from its ab ility 
to coordinate objectively other ongoing 
Federal climate research activities. 
It is important that NCPO's neutral 
position be maintained if it is to 
continue to be an effective coordinator 
on the national level and perceived as 
an unbiased spokesperson in inter
national circles. 

o While NCPO is recognized by t h e scientific 
community, it does not hav e a ny established 
public credibility,°"which ultimately will 
be critical in the acceptance of research 
findings. 

Further, an NCPO lead for this effort would inappropriately draw 
NOAA and the Department of Commerce into t he nuclear issue, which 
could not only impact the agency's programs , but would directly 
involve this De partment in an area whe r e it has no particular 
scientific expertise or public credi a bility . 

Understanding the nuclear winter problem, a ccording to the draft 
plan, "is embedded in more general probl ems of und e rsta nding fi / e 
phe nomenology, atmosphe ric chemistry, me soscale and global 
circulation, and cloud dynamics". NSF and NCAR have been deeply 
involved in the support and conduct of research in all of these 
areas, and as such should assume the lead in this program. 

* * * · 

A briefing is scheduled for Friday, November 30, 1984, with 
Dr. Keyworth, OSTP, to review the d r aft plan and to discuss the 
management issue. As the plan currently sta nds it does not 
provide a clear statement of how the proposed funds would be 
utilized or managed. There are also serious concerns regarding 
NCPO's involvement in the program, wh ich would shift its 
traditional role from one of coordination to operational program 
management. Further, the drafting commit tee, despite recognition 
that 0 MB will probably only go along with a $ 4 million program, 
still feels that an appropriate level o f e ffo r t would b e a the 
$15 millio~ level. 

Before any program is finalized and announce d by OSTP, there 
sho uld be p r oper con s ulation with the inv o lve d Departments at a 
policy level _to first determine if the Admi n istration wants to 
proce ed with~ prog ram of this type. Those discussions should 
also result in a cleare r delineation o f program manag eme nt 
responsibilities and funding levels. 
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R&D budget authority for general ·science 
[Dollars in millions] 

Total .. ~ ............................ . 

National Science Foundation ....... • . •• ... 

Mathematical and physical sciences . .- ... 
Astronomical, atmospheric, earth 

and ocean sciences ................... · 
Biological, behavioral, and social 

sciences ............................ . 
Engineering ........................... . 
U.S. Antarctic program ................ . 
Science and engineering education ..... . 
Scientific, technological, and 

international affairs ............... . 
Special foreign currency ......... . .... . 
Program development and management . . .. . 
Adjustment for carryovers ............. . 

Department of En ergy ................... . . 

High energy physics ................... . 
Nuclear physics ....................... . 
General science program direction ..... . 

19~3 
actual 

1984 1985 
estimate estimate 

$1,502 $1, 717 $1,942 
------------------------------------------------------------

1., D5b J.,23.8 J ., 4J4 

------------------------------308 365 423 

289 337 377 
' 

200 231 260 
106 125 152 

81 94 107 
1 7 8 

43 46 52 
3 3 3 

32 31 33 
-5 

------------------------------------------------------------
446 

326 
119 

1 

479 

343 
134 

2 

528 

382 
145 

2 

SOURCE: Federal R&D Funding by Budget 
Fiscal Years 1983-85 
Division of Science Resources 
National Science Foundation 

Functi-on 

Studies 

March 1984 
NSF 84-316 44 



The astronomical, atmospheric, earth and ocean sciences (AAEO) 
activity is proposed for an increase of 12 percent--$40 million higher 
than in 1984. Support for astronomical sciences, up 17 percent or $13 
million, provides funds for university research project support grants 
and for five National Astronomy Centers. Astronomy project support in 
the 1985 budget emphasizes astronomical instrumentation and detectors, 
theory and data analysis, digital detectors for telescopes, and 
computational facilities. Funds are also provided for studies of Comet 
Hall ey, laboratory astrophysics, infrared astronomy and support of 
grou nd-based observatories at universiti es. Support for the development 
of a u~que submillimeter-wave radio facility, initiated in 1984, will 
continue in 1985. The f ive Natio nal Astronomy Centers provide a variety 
of~optical, infrared, radio and other spec , a11zed instrumentation, on a 

·competitive basis, to scientists throughout the nation and abroad. 
Additional funds proposed for the National Radio Astronomy Observatory 
reflect initiation of development of the Very Long Baseline Array radio 
astronomy facility. 

Atmospheric sciences are scheduled to grow 9 percent in 1985--an $8 
million increase. The four areas designat ed to significant growth in 1984 
continues to be emphasized in 1985. These areas are instrument and 
research equipment acquisition, mid-latitude storm research, global 
tropospheric chemistry, and climate studies emphasizing the interaction 
between the atmosphere and the oceans. The other major component of the 
atmospheric sciences activity, the National Center for Atmospheric 
Research (NCAR), emphasizes the development of an Advanced Vector 
Computer (AVC) system. This computer is expected to have greatly increased 
central memory and speed compared to the current NCAR mainframe computers. 
The AVC system strengthens current research efforts requiring large-scale 
computing in atmospheric and ocean sciences. 

The earth sciences program grows 17 percent, or $7 million, in the 
1985 budget. In addition to proposing increases in areas where instru
mentation needs are critical, research areas to be emphasized include 
planning, site selection, and preliminary studies for a possible program 
of scientific drilli ng 011 the continents as well as projects in lithospheric 
seismology, a global digital seismograph array , and laboratory studies of 
geological materials. Also, support is proposed for research on ancient 
asteroid impacts and their possible influence on the mass extinctions of 
life forms as seen in the fossil record, the tectronic and thermal history 
of sedimentary basins, the structures and properties of rocks and minerals 
at the pressures and temperatures of earth's interior, and volcanoes and 
their historical patterns of eruption. 

Ocean sciences are scheduled for growth of 10 percent, or $11 million 
in 1985. In the area of ocea n sciences research support considerable 
attention is given to instrumentation improvements in all areas supported. 
In addition, increases in submarine geology and geophysics will support 
submersible research on the evolution of the oceanic crust, the chemistry 
at hydrothermal events, and the microbiology of vent organisms. 

SOURCE: Federal R&D Funding by Budget Function 
Fiscal Years 1983-85 
Division of Science Resources Studies 
National S 8ence Foundation 
March 1984 
NSF 84-316 



R&D budget authority for astronomical, atmospheric, earth, and ocean scien~es 
[Dollars in millions] 

Total ............................... . 

Astronomical sciences ............... . ... . 

Astronomy project support ............ · .. 
National Astronomy and Ionosphere 

Center .................... .. . . ..... . . 
Kitt Peak National Observatory 

Cerro Tololo Inter-~~erican 
Observatory 

National Solar Observatory .......... . 
National Radio Astronomy Observatory .. . 

Atmospheric sciences ................... . . 

Atmospheric sciences project support .. . 
Nati~nal Center for Atmospheric 

Research ............................ . 
Upper Atmospheric . Research Facil i ties .. 

Earth sciences ......... . ................ . 
Ocean sciences ..................... ... .. . 

Ocean sc iences research suppJrt . ... . .. . 
Jceanographic facil i ties and support . . . 
Ocean dril l ing program .. . ..... .. ...... . 

Arctic research ............... . ......... . 
Progr~ development and management ... . .. . 

1983 1984 1985 
actual estimate estimate 

$289 $337 $377 
------------------------------------------------------------

63 

22 

5 

20 
16 

78 

28 

6 

24 
21 

91 

29 

6 

25 
31 

------------------------------------------------------------
75 

40 

32 
3 

89 

46 

40 
3 

97 

49 

45 
4 

------------------------------------------------------------
35 

102 

50 
31 
21 

42 
114 

55 
33 
26 

49 
125 

61 
36 
28 

------------------------------------------------------------
6 
8 

7 
8 

8 
8 

---------------------------------------------------------------------------

SOURCE: Federal R&D Funding by Budget Function 
Fiscal Years 1983-85 
Division of Science Resources Studies 
National Science Foundation 
March 1984 
NSF 84-316 
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ilw N ,ll i ()11,1 / .\< i , ·111 <' I ou11<1.1t ion (NSF) 11rom11/1 •., th<' prugn•1.1 uf sci1•111 , , Jnd 
<'ngin<•cring through thC' support of resl'arch and education programs. lt.1 m.ijor 
emµhas,~ is on high quality, science-driven research, the search for improved 
understanding of the fundamental laws of nature upon which our future well-beinJ; 
as a nation depends. The National Science Foundation also supports applied 
resea rch in severa l areas. Its educational programs are aimed at ensuring increasing 
understanding of science al all educational levels and an adequate supply of 
scientists and engineers to meet our country's needs. 

The purposes of the National Science 
Foundation are: to increase the Nation 's 
base of sc ientific knowledge and 
strengthen its ability to conduct research 
in all areas of science and engineering; to 
develop and help implement science 
educat ion programs that can better 
prepare the Nation for meeting the 
chal lenges of the decades ahead; and to 
promote internati onal cooperation 
through sdence. In its role as a leading 
FPderal supportPr of sc ience, NSF also 
has an important role in national science 
poli cy planning. 

The Nationa l Sc ience Foundation was 
established by the National Science 
Foundation All of 1950 (64 Stat. 149; 42 
U.5.C. 18b 1-1875 ), as amended, and 
was given addi tional authority by the 
National Defense Education Act of 1958 
(72 Stat. 1601 ; 42 U.5.C. 1876-1879) 
and the Science and Technology Equal 
Opportunities Act (94 Stat. 3010; 42 
U.5.C. 1885- 1885dl. Reorganization 
Plan No. 1 of 1977 transferred to the 
Foundation certain reporting functions of 
the Office of Science and Technology 
Policy under the National Science and 
T echr:iology Policy, Organization, and 
Priorities Act of 1976 (90 Stat. 459; 42 
U .S.C. 6601). 

The Foundation consists of the 
National Science Board, which is 
composed of 24 part-time members and 
the Director ex officio. Members are 
appointed by the President, with the 
advice and consent of the U.S. $enate, 
for 6-year terms . They are selected 
because of thei r distinguished service in 
science, medicine, engineering, 
agriculture, education, public affairs; 
resea rch management, ~r industry. They 
are chosen in such a way as to be ' 
representative of the sc ientific leadership 
in all are<1s oi the Nation. 

The NSF Act assigns policymaking 
functions to the National Science Board 
and the administration of the Foundation 
10 the Director. The policies of the Board 
on support of science and development 
of scientific personnel are generally 
implemented throughout the various 
programs of the Foundation . The act also 
provides for the appointment of a 
Deputy Director and four Assistant 
Direc tors, subject lo Senate confirmation. 

Activities 

The Nationa l Sc ience Foundation initiates 
and supports fundamental, long-term, 
sc ience-driven research in all the 
sc ientifi c and engineering disciplines. This 
support is made through grants, 
contracts, and other agreements awarded 
to universities, university consortia, 
nonprofit, and other re~earch 
organizations. Most of this research is 

t direc ted to the resolution of scientific 
.! questions concerning fundamental life 

processes, natural laws and phenomena, 
fundamental processes influencing the 
human environment and the forces 
impacting on people as members of 
society as ·well as on the behavior of 

,societv._~ 
The NSF encourages cooperative 

efforts by universities, industries, and 
government, and promotes the 
application of research and development 
for better products and services that 
improve the quality of life, create 
employment opportunities, stimulate 
economic growth, and increase 
producti vity and foreign trade. 

The Foundation supports major 
national and international science 
programs, including the U.S. Antarctic 
Program, Ocean Drilling Programs, and 
others. 

SOURCE: The United .States Government Manual 1983/84 

"up~H•rl 1, .• :, \ 1·n . d1111lo 'I . c , .i .'•.:• · 

11 .1111>11, rl l 1·111,-r, \\IH·ll ' l,11gl · Lil rl ilH ", ,· , 

rn .1dl0 ,iv.i il,1lill· for till' u~e of qu,rl,11, ·d 
\Cil'nli~b . ,\mong lhl· cenl<•rs ~uppor 1, ·ti 
by the Found,1tion are the Nation.ii 
Center for Atmospheric Research, the 
Kitt Peak National Observatory, the 
Cerro Tololo Inter-American 
Observatory, Sacramento Peak 
Observatory, the National Astronomy 
and Ionosphere Center, the National 
Radio Astronomy Observatory, and the 
Very Large Array (VLA) Radio Astronomy 
Observatory, the largest facility of its 
kind. 

The Foundation's science and 
engineering education activities includes 
the graduate fellowships program, the 
minority graduate fellowships pro.gram, 
the NATO postdoctoral fellowships 
program, and travel grants to NATO 
advanced stud y institutes. 

The Foundation also support s resea rch 
aimed at formulating science policy 
through ana lys is of ex isting and emerging 
national issues that have significa nt 
scientific and techno logica l content. It 
defines options and supplies analysis 
directed toward enhancing the 
contribution of science and techno logy 
to national goals. 

The NSF develops and disseminate~ 
information relating to the Nation 's 
available human and financ ial resources 
for scientific and technological activities. 
Programs in information science and 
technology support basic and applied 
research leading to timely and 
resourceful use of information, especially 
by the scientific and technological . 
enterprise. · 

International programs, including' 
cooperative scientific research activitib, 
support the exchange of American and 
foreign scientists and engineers, the 
execution of jointl'y designed researcH 
projects, participation in the activities of 
international science organizations, ar\d 
travel to international conferences. 
Support is also provided for the 
translation of foreign scientific and 
technical literature. 

The National Science Baaed presents 
annually the Alan T. Waterman Award to 
an outstanding young sdentist for support 
of research and study. This award 

,, : , ,, , l11-:, I ·,11 ,(JIJI) i()f . \ ' ' l',\r•. 

, · , , • . , •,11 l 1, ,111, I , 1ucl1 ,II till' i11 ~1iiui'io r, '.>i f• 
1111 · ,1,,.rrdl't '· ~ 1 lloil t'. From 1i·111 e lo time, 
1 ill' Bo.rrd ,dso rn,1kes the honorary 
V,urnev.i r 13u~h Award to a person who, 
through public servi ce activities in 
sc ience and technology, has made an 
outstanding contribution toward the 
welfare of mankind and the Nation . The 
two awards together are designed to 
encourage individuals to seek to achieve 
the Nation's objectives in scientific and 
engineering research and education. 

The NSF also provides support for the 
President's Committee on the National 
Medal of Science. 

Sources of Information 

Grants Individuals or organizations 
who plan to submit grant proposals 
should refer to the NSF Guide to 
Programs and appropriate program 
brochures and announcements which 
may be obtained as indica ted in the 
reference to publications, below. 

Beginning graduate and minority 
graduate students wishing to apply for 
fellowships should contact the Office of 
Sc ientific and Engineering Personnel and 
Education. Phone, 202-357-7536. 
Contracts The Foundation publicizes 
contracting and subcontracting 
opportunities in the Commerce Business 
Daily and other appropriate publications. 

Organizations seeking to undertake 
contract work for the Foundation may 
contact the Division of Grants and 
Contracts. Phone, 202-357-7880. 
Small Business The Office of Small 
Business Research and Development in 
the Foundation provides information on 
opportunities for NSF support to small 
businesses with strong research 
capabilities in science and technology. 
Phone, 202-357-7464. 

The Office of Small and Disadvantaged 
Business Utilization oversees NSF 
compliance with the provisions of the 
Small Business Act and Small Business 
Investment Act of 1958, as amended (92 
Stat. 1757; 15 U.S.C. 683). 
Publications The National Science 
Board assesses the status and health of 
science and its various disciplines, 



5-32 THE BUDGET FO~l FISCAL YEAR 1985 

GENERAL SCIENCE, SPACE, AND TECHNOLOGY 

Federal investments in general science and space programs are 
needed to ensure the future technoiogical strength of the Nation . 

The continued growth of scientific knowledge through basic re
search, the development of new technology, and the training of 
scientists and engineers are vital to sustained economic growth, to 
enhanced national security, and to continued improvement in the 
quality of life. 

Most of the Federal investment in science and technology is 
reflected in research and development programs included in other 
budget functions that serve specific agency missions, such as 
health, defense, energy, and agriculture. The programs in this 
function have the goal of generally helping to ensure U.S. strength 
and leadership in science and space technology in the broad nation
al inte~est. Included are all the programs of the National Science 
Foundation, the space programs of the National Aeronautics and 
Space Administration, and the general science programs of the 
Department of Energy. Proposed budget authority for the programs 
in this function is $9.1 billion in 1985, an increase of 5.9% over 
1984. 

Common to the programs in this function is the support of basic 
research, accounting for more than one-third of the overall Federal 
funding for such research . Departments and agencies in other func
tions, chiefly the Department of Agriculture and the National In
stitutes of Health, provide the major share of support of basic 
research in the agricultural and life sciences. But the programs in 
this function are the primary source of funding for the physical 
and engineering sciences and account for some 80% of the total 
Federal support for these disciplines. The balance is provided 
mainly through programs of the Department of Defense. 

In 1985, the Federal investment in basic research through pro
grams in this function is projected to grow by about 16%. This 
increase, together with those in other functions, reflects the high 
priority that this administration continues to give to the support of 

LD basic research. It gives further recognition to the understanding 
g; that the private sector lacks sufficient incentives to make adequat!' 
,.-. investments in such research to serve the broad national interest. 
>
l.J.. General science and basic research.-This part of the function 

covers all the programs of the National Science Foundation and 
the general science programs of the Department of Energy in high 
energy and nuclear physics. Budget authority of $2.3 billion i~ 
proposed for these programs in 1985, a 15% increase over l\l~-1. 

.. 
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NATIONAL NEED: INCREASING BASIC SCIENTIFIC KNOWLEDGE AND USE OF SPACE 

(functional code 250. in millions of dollais1 
··-- ---· -- --- --- ---

Major missions and prngrams 
1983 1984 1985 1986 
actual estimate estimate estimate 

' BUDGET AUTHORITY 

General science and basic research: 
National Science Foundation programs ............................................. 1,104 1,326 1,507 1,570 
Department of Energy general science programs ....... . .. . ... -- ..... 534 638 746 755 

Subtotal, general science and basic research .. ... _ 1,638 1,965 2,253 2,326 

Space research and technology: 
Space flight.. .... ...... .................. ....... ... . .. . .... . .. . 4,085 4,048 3,821 4,001 
Space science, applications, and technology ............. ....... . ............. 1,596 1.735 2,019 2,242 
Supporting space activities ........... ......... .. .. .. ...... . ... ... ............... 647 808 964 934 

Subtotal. space research and technology .... .. .. . . · ·· ···• · ·· ··· ··• · 6,328 6,591 6,804 7,177 

Total, budget authority ..... , .. .......... . . ...... .. .... .. ... . ... , 7,966 8,555 9,057 9,503 

OUTLAYS 
I 
' General science and basic research: 

National Science Foundation programs .. .. ...... : 1,055 1,242 1,457 1,525 
Department of Energy general science programs .......... 589 621 684 761 ... .. .... I -- -

Subtotal, general science and basic research .... .. ... _ .. . j 1,644 1,864 2,1 41 2,286 

I --- -

Space research and technology: 
Space flight... ............ .. ............... . ..... ........ ........ 4,053 4,091 3,884 3,998 
Space science, applications, and technology ............ ........... .. ... .. 1,486 1,590 1,899 2,127 
Supporting space activities ......................... .. .. .. . ... .. .. .. 562 746 894 939 

Subtotal, space research and technology . . .. .. .. .... .. ............. 6,101 6,427 6,677 7,064 
-

Total, outlays .. .................. ..... .. ... ..... .. ................................ ... 7,745 8;291 8,818 9,350 
- -

ADDEN DUM 

Off-budget Federal entity: 
Federal Financing Bank: 

Supporting space activities: 
Budget authority .. ................................... ..... ....... ... ............... 189 1,079 ·······•-··· ·•··•····•··· 
Outlays ............................... .. ...................................... ..... _ 189 131 .... ..... .... - 7 

1987 
estimate 

1,636 
800 

2,437 

4,323 
2,330 

930 

7,583 

10,020 

1,588 
794 

2,383 -

4,190 
2,279 

938 

7,407 

9,790 

.. .... ..... 
- 86 

search in all fields of science and engineering. The NSF's broad
based research programs complement the more specialized support 
of basic research by agencies in other functions, such as the De
partment of Defense and the National lnstit4tes of Health, and 
helps to ensure balanced Fedetal support across the major scientif
ic disciplines. 

The 1985 budget includes $LS billion in proposed budget authori
ty for NSF, $181 million or 14% above 1984. Within this amount, 
the support of basic research will increase by 13%. 

The principal increase, $112 million in 1985, will be for addition
al support of basic research at academic institutions through 
nroiect i:rrants. Within this inc1'ease, further emphasis will be given 
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lo stn:ngtlwning support for the physical and engineering sciences 
and to I.he improvement of university research instrumentation 
across all disciplines. 

The proposed budget for NSF places special emphasis on increas
ing the access of academic scientists in all scientific fields to the 
most advanced computers as research tools. As part of this effort, 
the Foundation plans to extend and expand in 1985 its effort begun 
in 1984 to provide blocks of time on supercomputers located at 
existing centers and to increase funding for networks and local I 

.. user support. A related but separate proposal is to provide for an 

I
. advanced vector computer at the National Center for Atmospheric 
Research to serve the special needs of researchers in the atmos
pheric and ocean sciences. In addition to increased support for 
engineering research through traditional project grants, the 1985 
budget includes $10 million in budget authority to initiate a pro-
gram Qf support for centers for cross-disciplinar~- research in engi
neering at universities. This program will support specialized in
strumeritation and experiments by groups of researchers and stu
dents across the engineering disciplines. 

The budget also provides for the construction of a sophisticated 
instrument to further advance radio astronomy, the very long base
line array radiotelescope. 

In addition, an increase is prov ided for the U.S. Antarctic pro
gram, managed by NSF, to assure the necessary logistical support 
for Antartic research programs and thus maintain an active and 
influential U.S. scientific presence in that region. 

The budget also includes $76 million in budget authority to con
tinue to develop innovative teaching materials and to improve the 
instructional capabilities of the Nation 's science and mathematics 
teachers. These funds are intended to complement the efforts of 
State and local governments and the private sector. Additional 
Federal assiaj;ance to help allevia te the shortage of qualified math
ematics and science teachers is included in the education, train
ing, employment, and social services function under the Depart
ment of Education. 

Department of Energy general science programs.-The general sci
mce programs of the Department of Energy (DOE) continue to 
mpport basic research in nuclear and high energy physics initiated 
rnder the Atomic Energy Commission. The goal of this research is 
o achieve a comprehensive understanding of the basic constituents 
,f matter and energy and the forces that govern their interact ion . 
3udget authority of $746 million is requested for support of these 
,rograms in 1985, $108 million above 1984. 

This increase includes an additional $48 million for the operation 
f particle physics accelerator facilities supported by DOE. Thi!
mou nt \\'ill large ly co \·e r cost increases over Hl84. 

I 

l 
! 

I' 
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The increase al so µrnvidL•,-; ail ,Hld itional $-10 million in l!l85 for 
severa l on-going or nl'w resea rch l'acilities. Included in high energy 
physics are funds to continue constrnction of the Stanford linear 
collider. In nuclear physics, additional support is planned to com
plete the upgrading of accelerntor facilities at the University of 
Washington and at Yale University, and to undertake an upgrad
ing of existing accelerators at the Brookhaven National Labora
tory . The budget also includes 1111 ii:icrease to finance planning for 
the construction of an advanced nuclear physics electron facility 
sponsored by the Southeastern University Research Association at 
Newport News, Virginia. 

Funds to complete the construction of the Tevatron II upgrade at 
the Fermilab accelerator, and funds to continue the Tevatron I 
modifications at Fermilab are also provided for at about the 1984 
leve l. 

The budget proposes $20 million in budget authority to continue 
funding preliminary research and development activities for the 
design of a possible . next generntion of high-energy' particle accel
erators. 

Space research and tec/11wlogy. - This part of the function covers 
the space-rela.ted activities of the National Aeronautics and Space 
Administration (NASA). For 1985, the administration is proposing 
to continue a vigorous program of space science, applications, and 
technology development. It is also committed to providing the re
sources necessary to continue progress towards making the space 
shuttle fully operational and cost-effective in providing routine 
access to space. Budget authority of $6.8 billion is proposed for 
these programs in 1985, an increase of $213 million over 1984. New 
activities for 1985 include the definition and design of a space 
station. 

The budget levels proposed fot 1985 and later years reflect econo
mies from management reform efforts now under way or planned. 
In NASA, efficiency improvements in administrative support serv
ices will reduce budget authority and outlays over $7 million in 
1985. 

Space /1ight.-The space flight programs of NASA help sustain 
and improve the Nation's ability to supply space transportation 
services. These programs include the development, production, and 
operation of the four-orbiter space shuttle fleet; research activities 
using the shuttle-borne Spacelab; development and procurement of 
the upper stage vehicles to carry shuttle-launched payloads into 
high-Earth orbit; and cooperative projects with other nations. 

Budget authority of $3.8 billion is proposed for the space flight 
program . This includes $150 tnillion in budget authority for a 
program to define and design a space station. Planned for launch 



SACRAMENTO PEAK OBSERVATORY 

The Sacramento Peak Ohscr,;1t11n ,,i'1 , • \ , • C' • ! ., ·, 

National Science Foundation.,, ,, rcr ., :C'll ,r.d ,,. _ .. ,., ~c d ., .. ,:~· 
con tract by the Association ,if l n1·,cr"t1c, r,, r l<c,c., r,h :1· 

Astronomy. Inc . [AU RA ). The ,,r,,cn.11.in rr•""tc, ,,, 1., r 
astronomers in the· United State, Jnd .1r>r,,,1d "'il h tclc,.:,,rc, ,Ind 

auxiliary equipment of the hi~he,t ~u.il11, i, ,r ,,,IJr rc,c.ir.:h . 111 
addition the observatory staff undcrtak~ rt"'<.,r,h. 1n ,,,llahnrat1,111 
with colleagues at uni versities. ,ir1 a numl>cr nf l;1q1c-~alc prohlems 
that have an astro physica l llr ~enrh, ~1,;tl .:nntc:r.t. 

The observatory is situated in the Sacramento Mountains of 
south-central New Mexico at an clc\'ation of9.200 feet. Because of 
the exccllent daytime and nighttime sc..-cing and specialized equipment 
such as the Solar Vacuum Tower Telescope. the observatory is 
well-s uited for studies that demand the highest obtainable spatial 
resolution on the sun. In addition. the observatory is one of two 
within the United States that are able to observe the solar corona, 
with specialized equipment, outside of a total eclipse. 

The SPO supports research on several fundamental solar processes 
that in0uence the interplanetary medium, the magnetosphere . the 
ionosphere, and possibly, the troposphere of the earth. In addition . 
the observatory provides the scientific community with synortic 
data and specialized solar data that are needed for studit:s or tht: 
terrestrial atmosphere. 

Coronal holes are monitored continuously at SPO with a differential 
photo-electric photomett:r at the coude focus or the I 6-inch 
coronagraph . The techniqut: used at SPO detects coronal hole, a t 
their t:astern limb passage and so gives fo recas ters a st: ve1H.lay 
warning of possible geomagnetic storms. Da il y observa ti ons of 
active regions. sunspots. and nares an: also su rplied to va ri ous 
georhysica l data centers an d. through them. to a wide circle or 
users in the atmospheric sciences community. 

A spt:eial so lar atlas was prepared recently at SPO for the benefit 
of the aeronomy com munity. The atlas gives the spectrum of 
integrated sunlight on a well-calibrated intensity scale and with 
high spectral resolution. Such information is essential for studies of 
the chemistry of the upper atmosphere. 

POLAR RESEARCH 

The National Science Foundation's Atmospheric Sciences Program 
in the polar regions is supported by the Division of Polar Programs. 
Basic support for projects in both the Antarctic and the Arctic is 
provided by DPP through grant programs in Meteorology. Up per 
Atmospheric Physics, Glaciol<;,>gy, and Ocean Sciences. The rrogram is 
directed toward understanding meteorological processes in the 
polar regions . the climatic history of glaciers, the role of the/\ rct ic 
sea ice in global weather and climate. and so lar terrestrial rt:lationshirs . 

Upper Atmospheric Physics 

The Uppe r Atmospheric Physics Program supports a varicty ul' 
studies aimed at improving our understanding of the Eart h's upper 
atmosphere, its near- and farspace environment, and ho w the su n 
affects these regions. These studies include measurements of aurora. 
cosmic radiation, geomagnetic activity, very low frequency wave 
phenomena. electric fields, solar particle precipitation. changes in 
the ionosphere, and atmosphere-ionosphere-magnetosphere coupling. 

Most of the Upper Atmospheric Physics projects are conducted 
al Siple Station , Antarctica (76°S, 84°W) which is ideally located 
for studies of the plasmapause region of the magnetosphere . A 
unique VLF facifo)(. locat~d. aLS.iple is used to conduct active and 

~AK 1-rY /8-81 July 1982 

.,,, 1~.111o,11' ,,i thc pl.1S111ar;1usc . .-\ \ 'L I· transmitter ,,ith 
, .. , ;,,11 .: d1p,,1c .1111..:1111;1 .1 1 Sirlc is used in a varicty nr 

:, , .. , .,, '"'''" 111,,dc, tn injc-:t \'I.I : "a,·cs ,lf known charactcristi-:s 
·11:, , :h, ,11.1~ r.1c1,,srtw1c. Ohscn·a tions Llfthc Siple transmission are 
111.1 dc· .1t K,1hcr, al. Canada. the magnetic conjugate point of Siph:. 
I II t hc I 1JXO-X I scason such observations wt:re also made wi:h 
r,11.:kct and balloon-borne instruments launched from Siple. These 
,tudics contributt: to the objectives of the International Mag
rlt!losrheric Study [I MS). 

Meteorology 

South Pole Station, located on the relatively Oat, featureless 
Antarctic Plateau, is an excellent facility for studying the role of the 
antarctic ice sheet in the global atmospheric circulation. Projects at 
the South Pol!! include comprehensive studies of the structure of 
the boundary laye r, the tropospheric circulation, and the ice crystal 
preeipitaion process. Background levt.:ls of natural and artificial 
atmospheric constituents are measured as rart of the Global 
Monitoring l'or Clima tic Cha nge [GMCC) rrogram. Specific activities 
at thc South Pole includt: studics of thc therma l radiation budget. 
the cn-:rg~ halancc at the ai r/ ice interface. trace metals and halogens in 
thc troposp hcrc. , uhmicron rarticulat<.: matter in the stra tosph<.:re . 
and the urigin ul' ice crystals . Thc dc,·clnp 111c111 of katabatie winds 
is bL:ing st udicd along a chain ul' autnmatcd w<.:ather sta ti ons in land 
l'ro111 thc 1:rL:nch coasta l sta ti,,n . 

,\11 1nstrun1cntcd. ski-L:quippL:d. 1·our t.:nginc turboprop LC-I JOI< 
;1 in.:ral't ht.:-:an1L: avai lahle 1·or usL: hy gcorhysical and atmosrheric 
rL:scarc hL:rs in I 1!7X . Thc aircraft is J'ittcd with systems for dire-:l and 
rcnwtc at111osphcri-: scnsing and is ca rablc of making radio cclw 
soundi ngs in icc. o,·crh<.:ad apcrturcs allow the installati on or air 
samp lers. rad iomt.:lers o r camcras . l'ifty data channels ca11 he 
rceurdt:d -:onti nu ous ly l'o r pt:riuds ur to t.:ight hours. The a1rcra11 
has becn used J'or trans-Pacific air samr ling proliles, aerosol trajcl'l1lr, 
studics. a nd n::molt.: scns ing missio ns. 

Rcst.:arch rrojc-:ts in ar-:tit.: 111ctcorology include studics uf 111, 
radiatiunal and rhysical charactcristics of tht: quasi-pt.:rm a11t.:1H 
stratus cloud covt: r. tundra acr,1sols. and the structur<.: u1· th e 

planet ary boundary layer. 

NATIONAL CENTER FOR ATMOSPHERIC 
RESEARCH 

~C:\ R ·s mandatt: is to servc as a focal point for understan di11g 
the intt.:rlucking chemical. rhysical. and dynamical processcs ofthc 
atmnsp hcrc. rarticularly whcre com mitmcnts of scit: ntist s a11d 
tc -:l111ical rcsu un.:t.:s ovcr cxtended periods nl' time are r<.:qu ircd. 
\\ ' ithin this mandate. CA R has two missions: 

• T,1 i11itia tt.: . c,1o rdi11alt.: . .ind car ry out atmospheric rest.: arc: h 
that rt.:quircs lung-term. -:,>Llpcrativt.: effo rts among s<.:ientis ts 
al NC .-\ Rand al univcrsitics and governmcnt laboraturic, . 

• Tll provide and develop 1·aci lities a11d related services l'or thc 
at1111,sphcri, n;sca rL:h ,0111111unity. 

Rcscard1 al NC ,\R is directcd toward the following long-ran!;!<: 
Phicctives: 

• Tu cxtend thc ra ngc and quality or wca ther prediction l'rorn 
the prescnt limits ur two days to about one wt:ek; 

• to imrrove understanding or climatic trends and their causes : 

• to increase knowledge or those aspects of severe sto rms that 
wi ll improve prediction and warning capability and evalua
tions of possibilities for modifications : 

SOURCE: National Atmospheric Sciences Program 
Fiscal Year 1978-1981 

Federal Coordinating Council 
for Science, Engineering and 
Technology 
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• to better understand solar processes and their influences on 
the interplanetary medium and the earth's atmosphere; 

• to determine trends and influences on air quality. 

Range and Quality of Prediction 

The use of com puter models of the atmosphere has brought the 
goal of achieving accurate short-to-medium-range weather forecasts 
much closer. Such numerical models are based on the laws governing 
atmospheric motions . Predictions are carried out by solving a set of 
time dependent mathematical equations. The results or such 
ca lculations, in addition to observed data from the atmosphere, ar..: 
used to study the atmosphe re and its predictability . 

until a few years ago, considerable at tenti on and effort was 
Jevoted to th.e d.ev..eJo~nl of JU1me,1c.a~ t ec-h-,,i'tJ1:l'C'S-i.e .. 10 

improving the accuracy of approximate numerica l methods and to 
increasi ng their effective spatial resolution . More recently, it has 
been found that models based on entirely different numerical 
methods (and with similar, but not identical, formulations of the 
physics) suffered from the same characteristic types of error-notably, 
an inability to predict correctly the very large scales of motion. 
Suspec ting that there may be some defect in the basic formulation 
,,f all current physical models, NCAR scientists concentrated more 
i.: tTort on unde rstandi ng basic physical mechanisms and on making 
li ner distinctions between various cha racteristic types of motion 
and the way in which they interact. 

:\ direct outgrowth or this change in emphasis has been the 
di.: velopmen t and application of the so-ca lled nonlinear normal-
111ndc initial ization (NLNMl], a procedure for ex tr acti ng the 
1111:terorologically important components of motion from a oomplete 
,ct of initial data an d for excluding the non meteorol ogical ''. noise ." 
This method immediately established a previously missing connection 
bet ween the dynamics of the prediction model and the problem of 
prescribing the correct initial conditions for the prediction model. 
.'\s important by-products, the application of the NLNMI has also 
provided a powerful means of diagnosing the behavior of the 
models. as well as a sound basis for the theory of meteorological 
,ibsi:rvi ng systems. 

Climate 

Much of the climate research has focused on the development of 
a more realistic and less costly general circulation model to be used 
for studies of the climate's sensitivity to changes in external energy. 
input or chemical composition. The third in a series of increa~ingly 
detailed models incorporates improved treatments of cloud-radiation 
feedback, surface physics, hydrologic cycle, sea ice, ocean circulation, 
and air-sea interactions. Using less detailed interim models of the 
energy-balance type, NCAR has investigated long-term average 
temperature changes that might result from the CO, released as a 
by-product of increased burning of fossil fuels. It has been found 
that the time required for the oceans [one oft he main reservoirs for 
CO,) to reach diffusive equilibrium is about 20 years, so there is a 
co rrespondingly long lag time between equilibrium response and 
an impulsive increase of CO, content. This, in turn, drastically 
affects our estimates of short-term response. 

I\ crucial factor for determining i.:limate and dimate diange is 
the state of the oceans-their temperature, circulation, an d ice 
cover. Accordingly, separate but rehted studies of the oceanic 
fai.:turs in climate.: have bcen undertaken, i.:oni.:e11trau11g un thi.: rule.: 
of mesoscale eddies and other'feuJur·es of the ocea n circulation that 
alTect heal and sa linity transport. The mesoscale .:¢dies, vort ii.:cs 
some lt:ns of kilometers in diameter that are ap·parently shed from 

SOURCE: SAR 1-FY 78-81 July 1982 
National Atmospheric Sciences 
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meanders in the unstable northern reaches of the ulf Stream, arc 
being investigated by a combination of theoretical studies, numericiJ 
modeling, and field observation . Although these features are small, 
they contain an unexpectedly large amount of kinetic energy and 
may have an important effect on oceanic transport. 

I 
Severe Storms 

The "whole cloud" approach to convective storms and precipitation 
is being utilized to study the most important of the many cloud 
microphysical and dynamical interactions. Field studies employing 
multiple in sit u and rem.ate probes including Doppler radar and 
aircraft may be expected to contribute to the ability to predict the 
nature and amount of precipitation from convective clouds, evaluate 
the po ssi bilities of intentional modifi-cation • .anrl.esw.naJ.t: the 
magnitude of man 's impact o n weat•fre·r and climate through 
inadve rtent cloud modification. 

During FY 1978-80, analysis of data collected during the National 
Hail Research Experiment field seasons was completed . Plans for a 
new field program to address major problems of precipitation 
physics in FY 1981 , the "Cooperati~e Convective Precipitation 
Experiment" (CCOPE], have been prepared in cooperation with 
the Water and Power Resources Service, Department of Interior. 

Studies of the dynamics of large convective storms have been 
i::xtended through the Severe Environmental Storms and Mesoscale , 
Experiment (Project SESAME], a multi-agency observational 
program that has provided a wealth of special observations and 
Dop pli::r radar data during periods of intensi: thunderstorm ac-

_tivity over the so uthern and southwestern United States. Parallel 
experiments with numerical models of idealized storms have been 
successful in predicting the "splitting" of large storms into a 
dipole structurt: . 

A major change of emphasis has bcen tht:: gradual phasing ou t of 
1 d'forts in subsynoplii.:-sca lc data ana lysis an d modcling, and the 

strengthening of planetary boundary-layer s_tudies. An understanding 
or the.: structure of boundary layi:rs is essential in simulating the 
effects of vertical heat , moisture , and momentum exchange in 
numerical rlj!Odels of the large-scale circulation of the atmosphere . 

Solar Processes/ Influence on the Interplanetary Medium 

Research in this area consists of:three major components: 

• The investigati~~ of the sources of non-radiative energy 
responsible for heating the outer so lar atmosphere and the 
role magnetic fields play in determining so lar atmospheric 
structure and the now of energy. This c:ffort is coupled with 
interpretive analyses of observations in order to understand 
the steady energy and mass balances of the sola r atmosphere . 
Work in this area involves the development and use of new 
observational techniqut:s, including sa tellite-borne inslru· 
ments, and research in radiative transfer, magnc:tohydro
uynamics anti lluitl tlynamii.:s. 

• The development of a realistic understanding of the processes 
responsible: for the i.:orona and solar wind, their structure, and 
evolution . Activity in this area is pursued on a variety of levels 

_ induding ihl! theory ofhasii.: proi.:csses rcsponsiblc for the now 
of the solar wind and its interaction with the magnetic field, 
and observations with both gro und-based and sa tellite-bo rne 
sup histicatcd instru111cnts . 

• A new i.:oordinated program tn undt:rstand further areas of 
so lar va riability on timt: si.:a lcs nr months to 10• yea rs, includ
ing va riations in so lar radiation. magnetic fit:lds and particles. 

Federal Coordinating Council 
Program for Science, Engineering and 
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.lstronomical, Atmospheric, Earth, and Ocean Sciences: 

$373, 5 million +13.1 percent 

The programs of the AAEO Directorate also are slated for 
1ncreases designed to provide for growth above inflation. 
The AAEO budget is up overall by 13. 1 percent, with increases 
rrom 8. 1 percent for the Arctic Research Program to 19.4 per
cent for the Astronomical Sciences. During the past five 
years the AAEO budget has increased in constant dollars by 
2G.2 percent, with both the Earth and Ocean Sciences 
~eceiving real increases of 36 percent over the period. 

31 ological, Behavioral, and Social Sciences: 

$253. 1 million +12.6 percent 

All of the programs of the BBS Directorate receive in
~reases greater than an inflationary adjustment. These in
: reases are in a range from 8.2 percent for Information 
Sc ience and Technology to 14.0 percent for Physiology, 
Cellular and Molecular Biology. 

When examined in constant dollars for the past five 
years, quite another picture emerges. The Biology, Biotic 
Systems and Resources programs have grown by more than 17 
percent since FY 1980. 

Despite recent increases, however, the Social and Eco
nomic Sciences remain at a level nearly 50 percent below 
the FY 1980 level, measured in constant dollars. Clearly 
these programs have not recovered from the severe cuts 
imposed by the administrati--o n 's first budget. This 
undoubtedly will generate continuing pressure from these 
fields for resto rations to former levels either by add-ons or 
by congressionally mandated reallocations from the more 
favored disciplines. The Behavioral and Neural Sciences also 
remain almost 3 percent below the FY 1980 level in real 
terms, and th e Informat i on Science and Technology program is 
more than 14 percent below the FY 1980 level. 

U.S. Antarctic Program: 

$115. 1 million +12.4 percent 

A total increase of $12.6 million is requested. Of this 

SOURCE: AAAS Report IX: 
Research & Development 
FY 1985 
Intersociety Working Group 
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§ 1862. Functions 

lnltlntlon nnll "41tJ11•nrt ut Mtudif"'~ 11nd 1tro,:-ru111s: ,,u•holnrHhlltM: 
,·urrf"nt rf'glMtt•r of "''lf"'ntlflt• und t~<-h11l.-ul ltf'rMonnrl 

1 a l The Fuundation is authorized a nd directed-

' 1 1 to initiate a11d suppo r t ba si<: scientifi<: research and pro
.,_,-rams to :-;trerwthen scient ific n•s0arch potential and scie rn:l' edu 
eation prog-rams at all levels in tht• mathematica l. phys ical. medi
cal. biological. e ngim·ering, socia l. and other sciences . by making 
l'Ontrads or other arrangements r including grants. loans. and oth
l'I' forms of assi :~ta r1 n· ) to support such scit•ntific and ed ucational 
acti\·itit•s a nd to appraise the impact of research upon indu stria l 
d1·Yelopn!l'r1t and upo n the general welfan•: 

r 2 ) to a\\'ard. a s pro,·ided in section l Rli!l of this titlL·. scholar
ships and graduate fello \\·s hips in the m athema t ical. physical. medi
rnl. hiolo)!ical. engint•ering, social. a nd other sciences : 

r :1 , to foste r thl' interchange of scient i fie informati on among 
scientists in the U ni ted States and foreign r·ountries; 

< .\) to fo :,tcr and support the J,·\·elopment a nd u;;e of computer 
and othl'r sc:ientific methods and technologil'S. primarily for re
~ea:·d1 and education in the scif.'lllTS; 

( ii J to ern luate the s tatus and nl'eds of t h l' n1rious sciences as 
l'\'idc!ll:e.J.l by programs, projects, a nd studies undertaken by age11-
c it•s of tl1 l • Federa l c;o\·L•rnment. b~· indi\·idual s, and by public and 
pri\'ate research groups, employing- b,v grant or c:ontract s uch con
sulting ser\'i t:es a::; it may del'm necessary for the purpose of s uch 
enduations; and tu take into cons id l'ra t io n t he result::; of such 
l'\·aluations 111 corrtlati11g the resL•arch and educationa l programs 
undertaken or suppurted by the Foundation with programs, proj-
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ects, and studies undertaken by agencies of the Federa! , ; 
ment, by individuals , and by public and private resea l'ch : · 

( 6 ) t o maintain a current register of sc ientific and :
personnel , and in other ways to provide a central clea r :: .. ·: 
for the collection, interpretation, and analysis of dat ,t 
availability of, and the cu rrent and projected need for . "'- .· : · 
and technical resources in the United S tates , and to pr,_,. 
source of information for policy formulation b_y other ag1.·:: 
the Federal Government; and 

( 7 ) to initiate and maintain a program for the determ :: . 
of the total amount of money for scientific research. ir.L: 
money allocated for the construction of the facilities whe rei :·. 
research is conducted, received by each educational institut i,, :. 
appropriate nonprofit organization in the United States , by : : . 
contract, or other arrangement from agencies of the Federal •. 
ernment, and to report annually thereon to the President ar: ,: · 
Congress . 

Contract.~. grnntH, lonn11, etc., tor "clcntltlc ncth·ltleH; tlnnnclng or p r 11~r :, · , 

(b) The Foundation is authorized to initiate and support ~r -, 
scientific activities in connection with matters relating to intern,,: . 
al cooperation , national sec urity, and the effects of scientific apT:. 
tions upon society by making contracts or othe r a rrangements , ir. c: . 
ing grants, loans. and other forms of assistance J for the cond t:c'. 
such acti\'ities. When initiated or supported pursuant to req t.-.--· 
made by any other F ederal department or agency, including the o:·:·. 
of Technology Assessment, such activities s hall be financed -.\· r. 
ever feasib le from funds transferred to the Foundation by th t: 
questing offic ial as pro\·ided in sectio n 1873 ( g ) of this title, an ci :. : 
such activities shall be undass ifi ed and shall be identified h~- · · 
Foundation as be ing undertaken at the request of t he appropriate c : . 
cial. 

1'clentltlc re,..-orch pro~rnmH nt ucndf'mic 1111d oth,•r non11rotlt lnHtltutl 11n• : 
upplled ><Clf'ntltlc reNenreh 11rogrnm>< h,· l'reHiclentlnl ,llrccth·p; em• 

ployment of con><ultlnK" ,.,.r,·1t•1•,o; ,•oordlnntlon ot nl'th·ltleH 

(c l In add ition to the authority contained in s ubsections (ai .... . 

( bJ of this section, t he Foundati on is authorizl'd to initiate an d.- ·.;· 
port scientific research. incltiding- applied research, at academic :,: .. 
other nonprofit institution::; . VVhen so directed by the President . ::. 
Fou ndation is furt he r aut hori zed to support. th rough other approp r:
a te organizations. app lied scie nti fic research rele\·ant to national prL: · 
!ems im·olvi ng t he public interest. In exen'i s inir th , authority cor:

ta ined in t his subsection. the Fot1ndation may empl o_v by ).{rant or co:.
tract s uch consu lting- se n ·ices as it deems necessary, and shall coori ii
nate and correlate its acti\'itil'S with respect to any s11ch problem 1rit~ 
other agencies of the Fedel'al (;u\·prnme11t undertaki ng- s imilar pro· 
grams in th-at fie ld. 
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Ch. 16 NATIONAL SCIENCE FOUNDATION 42 § 1862 

l'ro,notlun ur hn"'h' rt"Ht•nrt•h nnd eduentlo11 in ,;clenceH 

1 d l Thl' Board and thl' Dirvctor shall recommend and encourage the 
pursuit of national policies for the promotion of basic: research and 
education in the sc-iences. 

ll11l1111ri111' or r,•,u•ur,•h 111111 educntlounl ucth·1t1t•11 111 11ch•nce1< 

1e 1 111 eXl'rcising thv authority and discharging the functions re-
1'..e.l,rc.J -ID in .tb.L· Jorcg-oing sul,sections. it shall be an objective of the 
foundation to strengthen rvscarch and education in the sciences, in
cl 11d111g- inckpl'ndent rcsc•areh hy indi\·iduals, throughout the 1.]nited 
Statl's, w1d to a\·oid undue toneentration of such research and educa
tion. 

.-\111111111 r,•11ort to Pre11ldent und Co11grc11" 

\ f I The Foundation shall render an annual report to the President 
ior subm ission on or hefore the 15th day of April of each year to the 
Congress . summarizing the acti\·ities of the Foundation and making 
such recommendations as it may deem appropriate. Such report shall 
inc:lude information as to the acquisition and disposition by the Foun
dation of any patents and patent rights . 

)Ia_\. lU. 19fiU. e. 171. ~ 3, 64 Stat. 149 ; July 11, 1958, Pub.L. 85-510, 
, 1, 72 Stat. :15;~: Sept. 8. 1959, Pub.L. 86-232. ~ 1. 73 Stat. 467 ; July 
18, 1%8. Puo.L. !l0-407. ~ 1, 82 Stat. :-160; Aug. 10, 1972, Pub .L. 92-
372. ~ o. 8ti Stat. 528: Oct. 1:l. 1972. Puo.L. 92-484, § l0 (b), 86 Stat. 
802; Apr. 21. 197(i. I'ub.L. !!4-273, § 11 (3). 90 Stat. 378; Aug. 15, 
1977. Pub.L. 95-99. ~ 14fa). 91 Stat. 835. 

Historical Note 

111611 .\m.-ndnu-nl. ( n )(ll. 
!,.-.-!~• ... 111i.-..1i11111 •d ":1 11 ,d1,ip1 •1i,•, ," fnr ",1 ,u• 1'11! 1.I.. no-H)i n•dp:-:iJ,!11atetl f11r111er xuh~e<'. 
ur' lht• 1d1jp1 ·11 , ·1•s". (:I)(:!) :i:-: !:lt(l ). and added Sflt'i:11 S('i· 

1!1 ♦ 6 :\11H'nclnu-11t. !-i.11h:-:1•1 ·. {f l. !'1111.L. 
!1-}-:!7:J ,111, , .. 1i1 1111•d ",\pril" fur ·· J:11111:ir .,· ··. 

nr;2 .\11wntlmt•11t~. :-,:.111t:--t•c ·. fa Ii I). 
l'uh . l. . n::-:ri:: add0d th <1' s11pp11rl 11f S('i
flU1 ·, · <'d1!1 •afio11 pr111 .. ''t':11111"- :ii all IP\' l'ls to 

tJlf• f11nl'ti11ns of !ht• F111111dal11111 :ind :-:11lt

:-l11 11 1, •d " .,wiP1tlifi1· ;1nd Pcl11t·:11io11al :idi\'i 
t ifls" fur .. ,c •i f"'III ifi1· ad h ·it iP s··. 

Suh:--1-1 ·. !l,1. 1111!1.I. . :1:!-1.,1 atldt.'d pro 

n~1 ,,n -.. :p 1fll11ri1.i111,.!' llit1 J-'011nd:ition to i11-
itiH lf · and .... uppol'I :·q H"l'ifit · :--1•iflntifit· Ht'· 

ti\· i1if1s i 11 1·0 111tP<·t inn with 111:trll'I':-. relar 
in:: tn 1h1 1 l'ffl't'l:-0: of sc-it •IJlifif- :1pplit·:t
:ii 111;-. 11111111 :-.iwit•tr , awl :-.11i,slillllt1d 111·11,·j . 

--i 11 11-. l'Plali11J.: 111 tliP iui11:11i1111 ur su pport 
jl tll', 11:1111 Ii- l'l''JIIPSI S of :wfirili e:-: l1y 1111~· 

olhPI' 1-'l'd t• t·al dt •p:irt111, •11 1 111' :i,.:t'nt·~· . i11 -

l'l ttdi11.a: t hP ( lffi1 ·t• o( Tt1chn1d11g-r Asses:-. -

11l('Ut, for prori:-.i1111 s rt'i:tli 11g- !11 tilt• jui1i 

:1rion or s11p p11rt 1111r:-.11an1 '" rPqllt•s ls of 
:tc-t h·i1it>:-: h,· tilt' ~et•rpt:11·,· of ~lllffl Ill' 

Se,:-rc•IUr)· 0(
0 

!>(•fens,• . . 

l'IH't'I'- l11 f ht' f' lllllll l'l"Htf'cl list 111' S('ieru·t•s . 

1-· .,r1111 •r s 11J,s,.,- _ 1al(ll redesiJ?nnletl (di. 

S11t,s,., ·. 1a1r:.:1 . !'11lo . l.. !l0-107 redesig-
1w1 .. t1 fornH'I' s11l,sp1 •. (11)(41 11s (11) (:.!). 

:i11d addf'd "wial sden,·ex to thP en11111er -
11 I Pd I isl of s!'iE' IH'PS. Fonner su h~e,· . 
tal(:.!I retlesi1rna1 .. t1 (n)(l) . 

S11l,sp1 •. 1111131. l'uh.L. 00-407 rC'desil-(· 
11:t1Pd forn1pr suhsec. \a)(ri) ns (11)(3). 
l•0 or111Pr s11l,si•, ·- (a)(31 re<lesil-(nate<I ( I, ). 

!'-111,s<•, ·. tall-II. 1'1111 . L . !l0-407 utl<led 
s 11i,sc•c. i:111-11 . For111PI' s ui, sf'c . 111)(4) rp 
d1 •s i,:11al#1tl t :t I I:.! I . 

S11los1•c . 1a11;,1 . !'1111 .L. !1(1-lOi rl'desig-
11alf'tl f11rn1Pr s 11lo,(•1·. (n)(ti) n~ (11)(:i) . 

u11t1 111·11,·itlfl-tl for lh~ Prnp lo yment of ,·on

s11l1i 11.i: s(~n·icC's . l,r ,crnut or 1·ontrnel. t<, 
;1:-:sisl i11 t h('I p\·u luation nf tltf" st:itus a nti 
11t•Pds uf I he , ·a ;·i 1111s sl'ienct•s tt:-. e,· iclen('ed 
lo)· th,· ]lrui:ra111s and studies undertaken 
I, ,\· a,:e ll l'ie~ of tile ,:c"·ernn1ent, h~- intli 
, · ,duuls . n ntl loi· puhli<: and pri\·ate re-
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Ch. 16 NATIONAL SCIENCE FOUNDATION 42 § 1862 
.. ,,1t:1 nre Foundation a:-: prn,·idf'd h~· :-:11<')1 

1,,: [this d1a p1t• rl . part II ,.f Hr.,ri:1111iz:,
: .,1n Pinn ~1111il1t'r :! 11( l !lti:!. and J:po r 
.. . n1za ri,111 1'!1111 :\'11111h r rNi :-, of l !m;. [~Pt 
~·: . in ..-\ppt •11dix 111 Tiflf' ,ii . Frn111 HIid 

-~·""" t ll r da11• of tll ,\ t'llac·t111f't1l o( tlli :-: 

_; . , , [J ul)· 11' , l!H.~J. part II ., f Hrn ri:ani 
=·: :io n Plan ~11111ht'rt1d :! of l!>U~. :ind 
::~ .. r~nuir.al i on l'lnn :'\t11t1hf'rf'd :i of 1!)(._i, 
, ·. :ill he of 110 f., r, ·r ·"" Pffe!'I; hut noth 
:. : in this Ac•f s hall :tltf'r or affN·t 1111r 

•: :~ n:,:fpr ~ 11( fu rn ·t iu11:-: 111:tdf' lly purt I of 
. ·:rh Re11rµ-unizati1111 l'lau ~11mhPred :! of 

t:mt rg"f"n<·, · l'rt•1u1rt'1lnPNS Fnnf'tions. 

:·., r assis: 11111 Pn t 11f c·P rtain f' ltl f' f'-!' fl flc •y prr 
·:! redne:-: :-: f11nc·1iu11:-: to flu • Pirl' t' tor of 
· ·,&- ~ationul ~t.:il'llt't-' Foundation. i,,;fl(' 

:•a rts J. ~3 . and 30 nf Ex.I •rd . :-,;., , 11400. 
,, r. 28, lOtiO . 3·! F. H. 17ii67 . sl't nut ns II 

_.-,r~ under sect ion 2202 of th,• .\Jlfl<' ll tlix 
Title liO. \Ya r a nd Xntional llefenst•. 

!n,·P~tii:-ation of N .. .- ,1 tor 1;eo1>h.,·~ical 
Jn i,,titutt- in Tt•rritory of Hawaii. At't 

A11.c . 1. 1n;,t;. , . . ,t.r,. i O ~lal. H~:.! . OirP• ·tPd 
thP :-.: ational ~•·it11u-e Fo11ntlation to 1·on
d111 ·t an i11,·f•sti1,.rntin11 info tilt' nePd for 
:i nd tllf' fp:1:-;ihilil .,· and 11 :-,; f'f11J11 ps:-: of a 
g'pophr :-. it·:tl i n sti llllf• )nc ·a l t.> cl ill th+• TPrri

lnr.v of lla,,·:iii. :inti 111 rf'porl tlit1 n ~~ ull s 
of it s in,·psti.catin11 s. to,i:-etll er with ii :,; 
rpt ·o111111(•11clat ion s h usPd t hereo11 , to tile 
( ·onJ!TPss 1111t la I f' r t llau uinf' rnctBt ll :-. aft · 
rr Aul,!. 1. l!lii(i. 

Lt•,.:-ish1tivr llistor,·. For h_a gislativ(' 
hi st or )' and purp.,,p <tf Al't ~la )' HI. l!l::;o, 
sPe rn,,o 1 · .~.(' .,d e < '<> Ill-! . ~ervil.'e, p. :?:?fill. 
Srt• , also, !'ult.I, . Su-;iltl, 10!">8 l.J.l',.Cnde 
C1101,:. nnd Adru .:S:Pws. p. 301:! ; l''uh.l •. 
,'if .... ~3~. 1!l;W l 1.S.('11dl' ('oni: . and Adm. 
:S:l'ws, p. 2:!-11 ; l'ult . l.. !10--107 . lllt ►'i !'.~. 
( '., d,• C11111,!. a nd A,1111 . :S:ews. p. :!GH ; 
l'nh. L. !12-l~ . J!Ji:! 1·. s .Code Coni:. and 
Acl111 .:'\'ews . p. 3!)6~ ; l'ult . L. 04- 273, ]076 
LS.Code C11 111,:. and Ad111 .:S:rws, JI . li90 ; 
Puh.L. 05-00, l97i U.S.Code Cong. and 
Act111.;'\'. pw s. p. l;iilO. 

t;XECUTIVJ,; ORDt;R NO . IO,i!!I 

lllar. 17, JOitt , l!J l•'.H. HOO, as a 111 1'nded hr Ex.Orcl.:S:o .1080i , j G(h) , 
~lnr. 13. 10::iO, 24 F.R. 1800 

All:IUXISTRATIO :X OF SCIE:'\TIFI C llESEAitCII 

,~tion I. Thi' ,\' at ionul ~,·il' ll <'e F"illl
.:.i ion (hPrflinnftt•r re ft- rretl to a :-: lhP 

· .. undat ion ) , hull fron, time to time ret· 
:,i me nd to I hP Pres ident poli!' i<'s fnr the 

ni::encie,. and to st ud)' area, of husi ,· r e 
se11 rl'11 whe re i:ups o r undesiruhle m·er
lappinl-! of s upport 11111r ex is t . an<l shnll 
reeo111111en!I lo the head s o f ni::en<·iPs t"on -

~uniot iou aud ~upport of liai-;ic · r esea r e h 1·e rninJ.: the s upport ,:ivPn to hasi1· r e
J ,l ellm·a tion in the st·ie n,·e,. in<·lu<lini: sea rc h . 
-iicie~ with r e:-: pt•t·t to f11r11ishinµ- g-uid

:wP 1owar,1 dcfiniu,.: th£' rPspo1u.:ihiJities 
-: the Federal Gon•r11111ent in the <:0 11-
:·:,·c :.1 nd support of has it· st' iPntifi <.' r c
·-,Hf'il. 

-""" tt<·. :!. TIit' Fo11ndati11n s hall t·ontinuf' 
make c·u111 prP ll e u :•d\' P !--t tHlit-s anti rPt'• 

·.1mendntions rei:ardilll-! the ;,,uion ·, sd
:.:ifi c· resen rl'h rffor1 and if s· res .. url'es 
: <<"ienrifi, , :l<'ti ,·itie s. inl'ludini: fn c ili 
"' and "cient ifit- prrsonnel, and it s fore-

·- a lile sdentitic nee,ls . with partie ular 
·renriu n to t he extent of the FPderal 
.. ,rprnment 's ncth·it ies and the resultini: 

-'.fP<·ts upon trained sd e ntifi,· perso nne l. 
::. n1aki 111,: , ud1 st udies , the Founclation 
··.:iJ! rnn kP full 11 :-.e of exi ::,t. inJ.! :-;011rc·e~ of 

: 11 r tnatin 11 und r csca rc•II fut'iliti es w it hin 
·· Federa l (;m•ernrnent. 

'<"<·. :i. The Foun<lat ion. in n,ncert 
·t, Pal'11 Ft>deral al,!t'll<')' con,·erned . 

· .:di re,· iew t he ha si ,· si·ientifi,· resean•h 
-.. .,rnms a nd ul't h ·ities of t l11• F ede ral 
---rernrn cn t in order. a 111onl-! "titer pur-
... es. to furru11l:1tc m ct ho(l:-; for s tre u,cth 

:.: 1111 the ad111ini,1 ration of s uch pro
: ·:w1s un<l ncth·ities hr the re s pnnsihle 

s .. , .. 4. As n11w or her eaf ter authorized 
or permitt ed lly law. the f'nunflntion 
s hull ltc- inc·reus in1,:l)' responsihle for pro
vi<lini: Sll[l)IOrt h)' the Fe<IPrnl f: O \'Pfll · 

111e nt for g eucral -purpose husk reseureh 
through l'<>ntrnl'ts a n<l i:rants. The t·on
duct nn<I s upport h)' other J,'ederal ngen 
<'iei-: of ha ~it- r eseu r <"h in ureas whiC'h nre 
c losc lr r e latecl 111 their mi ss ions is re, ·oir
nized as important and des irahle. espe
cially in response to c urrent nntinnul 
needs , nnd s hall t"ontinue. 

i.ec. r,. The Foundation, in t·o n s ultation 
with edu<·ntional institutions. the heads 
11f Federal ui::enl'ie, , nn,I the Commission
er of Education 11f the He par t m ent nt 
Hralth. Edtl<'ntion. and W e lfare, s hnll 
s tu<i)' t he effeets upon edt1l'ational insti 
tutions 11f Federal poli<'ies 1111<1 a dminis
t ra tio n nf ,·ontruet, nnd i:rants for scien 
tifi c resenr c h a nti development. and s hall 
rC'<'"m111en<\ poli<'ies a nti pr,wedurps whil'l1 
will prom otP t lw nttainrnent of general 
IUlti o nal reseurd1 ohjet·tives and reulizu -
1 io n of I h e r e:-tcurc h n e d ~ of F e d r u l 

agencies whil e sufei::1111rdi11g the s trength 
an<l i111lependence of t he :'sn tit•n·s institu 
tions of learning. 
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42 § 1862 PUBLrC HEALTH AND WELFAitE Ch. lfi 

See. ti. The hf':td 11t end, 1-° f'der:, l 11i:en-
1·r engaJ?e<l in scientifi<' rPs!'ar, ·h , hall 
mnke "ertnin thnt pfff,1•th·e PXt-)<•11f"i\'t-". or 
gnnizntinoul. uncl fb,{1 •11I pra1 ·ri1 ·P:-. t1x1,r 111 
P.nsurp (H) thnt the l•'ound:ition is 1•11u

sulted o n poli1·i1•:-. 1·on1·erninl,! thP :-: 11pp11 rt 
of hnsi,· re:-:earf'11 , ( 11 ) t hat uppro,·pd :-.t ·i • 
e ntific rP~Carl'h pro,:r:i m:-. 1•011d 111 · 1 Pd t,r 
the nieen1•y are reviewf' d t·n nt i1111n11~ly in 
orde r to preserve prinritiPs in r~:-warc ·il 
efforts ntHl to adjust p r11~ra111R ro tnf'Pf 

~hang-ing- 1·o ntli1 inns without i111p11 :-.i 1t J! 
unnecessary addPtl hnrdf'ns on h11d,::rt.u.rr 

and other re:-.our,•p~ ◄◄ 'i t11u1 applit•d l'P 

~r.elt :1n,1 ctevelopmf"nt shu II lip 11nd1 1r
takPn with s nffit ·iP nt 1·11nsid~ r :1 • i,t11 of I ti,• 
11nderly i 11g- ltusit• rPsP:tr1'!1 and :,;: 1u-h orll.-r 

fnr·to r s as rP. ln ti ,·e 11 r.i:f'n,-y . ;1r11jet't ,·osf :,;: , 
und a,·ailuhilit.r 11f 111:tnpnwPr and fa,:ili 

ties. a nd ( rl ) 1hnt . snhjP,·t '" rnn,idrr:1 
tinn!'i o f spc•11ritr nn,t :1ppli,•nldP iaw. adP ~ 

quate 1lissPmi nnt i11 11 s hnll ht> ma<l,• within 
the F e dernl 1:,,,·ern111Pnt of rflpnrt:-: nu thP 
nature and prn,L!rf"ss of rt':-.ear1· h projt'c ·t:-. 

ns 1111 a i<l to t hP efficit>nrr :i nrt e1·11nomr 
of the , ,,·prnll FedPra l si·ie111 ifi,· re, .. :11·•· h 
progrnm . 

Sec. '7. l•'pd e ral ai:Pn<"ie:-: supporti0.1,!' 11r 
e ngaging in s t'ientifi<' rP.sP:1rf'i1 sh11ll, wi1h 
t he us~istnnt·P o( the Fn11rul :1tion . ('111qwr 

ate in an pffort t o i111pro\"P rlu• 11u•thod;,,; 
of l'la~:,,;ifit·ntinn und repnrtitt,C' 11( :-,:4• ir1u 1f . 
ic rPseurch prnjt.'(•ts and n<·th·itifls , :-: 11hj p , ·1 

to the rPq11ire111~nt s i, f s P1·11 rity o( inf,•r • 
murinn . 

SN·. X. Tu fndlitntc I ht• pffi, ·il~n, 11:,,;,, .. r 
scientific· re:-;:eur1 •h r.q1tip111 t•nt a nd r:11·i li. 

tieH held ily 1-·prter:i I 111:en,·ies : 

(a) 11te he11t1 .. r e111'11 ,11 .. h :ii:1· 11, ·y "" 

gaged in s,·i1?n tif i<' r,~sPnr, ·h :,,; hall . In th,• 

t'Xlt'lll pr;11•ri, ·;1hlt• . 11rw11 11r:1J.:,• :ind f :11 ·1/j . 

ta r, , 1111, s h:irinL"' wirl 1 11fL.- r FPd ••r:ll ·1l!f'fl . 
1·il's of 111:ij111• , ·q 11 q 111u •: ;1 :1 11d f:1, · ili1 i t• ,: 
:i nd 

1111 a F 1•d1•r.1I :11,.!'1 · 1w \ · , /1 :11 1 111•11, · 11 ri • 111 •\\' 

111:l jn r Pq11ip llll'fll 11r f ;1t ·i 1i l jp , (nf' , , · i t •Ul i( . 

if' rP-.;1•:11·1 ·ii ,, 111·1111--1• :-- 11flf.\' :ir'r,• r 1:1k1111!' 

:--11i1:1tt1 ,, :-. 1 .. ,, .... , ,. :1:-- 1· .. rr :1i11 r l1 :11 ''"' 111•1 •d 

1·a111111f 111' 111t •1 :1111• •111:11 .. 1,• f r11 111 1•, 1;-.1 i 11L: 

l ll\' 1•rtl nf'if• :-. , , r f :11 · 1 f ii i f •-.; , 1( i i.,.. 1 •\\ ll , •I' 1( 

111 h,•r :I J.!1 •111 ·i1· :-. 

~1 ·ipuf ifi1· Ht1 :-: , •:1rd1 

:-- 11 :1 /1 l :ik1 • flf'1 •, •, :.. :1r y 

1•;11 ·/J l·' ••d t1r:1 I ; t L.." f' flt •., · 

;ltltl I 11•\' l'l11JHll l•llf 

-. 1,,p-.. , .. .. 11,11n• 1 h:c r 

Pll~a:,:Pd dir(•l'll .v i11 

., 1•11•11 1 ifi ,· l' l' :--.-:ir, ·1 1 1:-. l; ,,1,1 i 111'nri 111•1I 1,( :-- •:· 

h •1·11 •d 111ajnr 1•11111111111•111 :1 11d f :1,· llil 1, ,, 
wtii, · li 1·11111,t -.. ,•n·,, lh l' n, •l'd :-- , ,f ;11111•,, l li:111 

11111• : 1 L.."l'fl1 •,·. 1-'.; w ll Ft•d,•r:i I :I L" " II•· .,· p11 , . 

:-.,•:--..;in&: ... 11,·li , , , 111ip1111•111 :11td r: 1, ·1 1i 1 11- , 

:-. hall 111 ai 111:1111 ; tJ •pr11 pl'lal+• r ,,, ... r,1 , ' " ;1 ... . 

. ,isr 1.rh 1•r :1J,!Pr1,·11•, i 11 ar r; 111l.." 1IIL." :·,, 1· : l1 ,•1r 
j111111 11:,,;p 11r "\1·/i:1 11L:1• 

~,•1· . !!. Tllf• l11":1d , ,, f 1 ti, , ;·.,,1wl'I :\ +' 

J~.,,~ .. r:il :1t.:1•111 •1<-..., •~11:i i l 11,:11..• · ... 11f'/1 r,• p 11rt , 

t ·o1u•l'rt1111L!' ; 11 · 1 1\· i1i,•, \ \ ll ld11 1!1 1• 1,11n· 1, •,\· 

o f r id:-- ,1r d ,·r :1, 111 :1y 111 • n •qt1 1r, ·d : ,, 111,, 
l' l'P~i dPlll . 

:-,,,,, . . 10 . Tl11 • .\' a1111 11 :1 I :--: , • i • • fl ( ' t' 1·' 1111 11d a -

1i1111 :-- li; 1II p1"11\· 1d1• IP:id .. r ~h1p i n 11t .. , ·fft••· · 
1i\· p ,· 1111r1li11:11 11111 11f 11 11• -. 1·: 1•1111r'i1 · 111(1,r 

111111 inn a, ·r h · 11 i1• , ,,f 1111 • F, ·d1• 1':1 I 1 ;,1,·1·1'11 • 

lllf'III w i l l , :1 d t•\\ ' !H i 11q,f'u \ ' l lll." th•• ;! \' ild · 

:iliil i tr a11d cl L-..:-. .. 111111 :,111111 .. ( .. , · 1,• 111 1r'11· 111 
f11r11rnf inll 

all' w11l1 ;111 d a :-- ,is1 rhj' \':i1i,ot 1:1/ :.:, •11 •11, ·,, 

Fo11ndati1111 111 lhl' JH •rt11ri11 :111, ·1• ,d 1 l11~ 

f11111·ti1111 . !11 rh,• 1•,t1•111 1•1•r 111 ll l••rl t,,· l:1w 

.\hol illn11 of .. •· ••••r :tl ( ' ,,1111, · d ror :--1·i.- nr, • 

lllHI Tt••·hnolol{.\' , l' 11t..l. !H :!" ~ Til l •· I\', 
* ill'.! . . \ l :1 ,· 11 1:171\. !llt Sia ! 17:.! . 111•11 n d1 •d 

1/i:11 " Tl11 • l '1•1l1•r:1l 1·,, 11111 ,I f , ,r -..: , w11,, • 

HIid T1 ••·l11111 ln i: .~· ,·,tal , l i_•. lwd p11r :-. 11 :1111 lo 

J•:x •••·11 1 h·,, 11ro1 .. r ., · .. 10,oi . >l:t r I" !'.1:,:1 . 

::1 1-' . I:. 1,n1. a, ' llllt'lllli•d 1, ., . l-'., 1•1·111 •n· 
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