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Applicdtions 

RESEARCH APPLIED TO 
NATIONAL NEEDS 

In fiscal year 1971, the NSF or- 
ganized the bulk of its problem-fo- 
cused research into a single set of 
program activities administered by 
a new Research Applications Direc- 
torate. Existing programs in Earth- 
quake Engineering, Weather Modi- 
fication, and Interdisciplinary 
Research Relevant to Problems of 
Our Society (IRRPOS) form the nu- 
cleus of the program of Research 
Applied to National Needs @ANN). 
Also administered by the Research 
Applications Directorate is the Of- 
fice of Intergovernmental Science 
Programs, now entering its third 
year. 

The Foundation has supported 
problem-oriented research for more 
than a decade. Programs such as 
Earthquake Engineering, Weather 
Modification and others have yield- 
ed considerable experience in the 

successful management of the8e ef- 
forts. The Foundation is now ap 
plying and building on this experi- 
ence with a significant part of its 
resources to encourage research tar- 
geted on objectives and foreseeable 
benefits. Through these programs 
the Foundation seeks to mobilize a 
portion of the nation‘s scientific 
talent and technological capability 
for resolving important problems of 
national concern. 

RANN is organized into four ma- 
jor program areas. The Division of 
Environmental Systems and Re- 
sources administers programs in the 
areas of regional environmental sys- 
terns, environmental aspects of trace 
contaminants, and weather modifi- 
cation. The Division of Social Sys- 
tems and Human Resources admin- 
isters programs in the areas of mu- 
nicipal operations and services, so- 
cial data and community structure, 
and methodologies for evaluating 
social programs. The Division of 
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soluble deposits of mercury to high- 
ly soluble, diffusible and toxic merc- 
ury compounds. 

As a result, (1) mercury contam- 
ination is much more widespread 
than expected; (2) its concentrations 
are higher than expected; (3) it is 
being concentrated still further in 
the food chains; (4) the toxicity of 
methyl mercury is many times great- 
er than inorganic mercury itself; and 
(5) the problem may be irreversible, 
since few data exist to develop a 
useful technology to neutralize the 
mercury already released. 

The work at Rochester, a series 
of coordinated interdisciplinary 
studies, is concerned with the dy- 
namics of mercury flow through 
man, including its chemical trans- 
formations and the effects it pro- 
duces. Specific experiments will 
evaluate conversions of inorganic 
mercury. to the more toxic methyl 
mercury in microorganisms, the se- 
lective action of mercury on the 
microecology of the intestine, the 
essential parameters that determine 
absorption, distribution, and excre- 
tion of methyl mercury from the 
body and its effects on the central 
nervous system, on the fetus and on 
the genetic apparatus. Means of re- 
ducing absorption and of increasing 
excretion of mercury will be exam- 
ined as potential therapeutic and 
preventive measures. The Food and 
Drug Administration is cooperating 
with the National Science Founda- 
tion in support of this effort both 
scientifically and financially. 

The National Hail 
Research Experiment 

A major portion of the weather 
modification program in fiscal year 
197 1 was directed toward strength- 
ening the effort on the National 
Hail Research Experiment which is 
being conducted in northeastern 
Colorado under the management of 
the National Center for Atmospher- 
ic Research. 

A field headquarters has now 
been established in Grover, &lo., 

Hail causes hundreds of millions of dollars worth of damage to crops and property every 
year in the United States. This field of corn near Julesburg, Colo., destroyed by a hail- 
storm in June 1970, illustrates the sort of destruction that hail can inflict on farmers 
of the Great Plains. (Photo NCAR) 

and airborne and ground elements 
of the field observing network were 
calibrated and tested in the field 
in preparation for the first full field 
operation in the summer of 1972. 
The objective of the experiment is 
to develop an understanding of the 
mechanisms of severe storms which 
generate damaging-sized hailstones, 
and then to devise modification 
techniques which will suppress their 
formation. A “protected area” of 
600 square miles has been extensive- 
ly instrumented to observe the ef- 
fects of silver iodide seeding upon 
hail formation. During the trial 
phase in 197 1, no aircraft-launched 
rocket seeding devices were de- 
ployed due to the need to complete 
further FAA qualification tests. 
However, pyrotechnic seeding de- 
vices were carried by small aircraft 
into critical updraft areas of the 
storms and ignited. A dual wave- 
length hail detection radar has been 
constructed jointly by the University 
of Chicago and the University oi 
Illinois and is now being tested in 
the vicinity of Urbana, Ill., before 

being installed in northeastern Col- 
orado. The radar is expected to be 
capable of differentiating between 
the echo received from a liquid 
water droplet or an ice particle in a 
cloud. The National Hail Research 
Experiment will involve the cooper- 
ation of seven universities in addi- 
tion to the participation of five Fed- 
eral agencies and the Colorado Air 
National Guard. 

SOCXAI, SYSTEMS AND 
HL?MAN RESOURCT’S 

The effort to develop an im- 
proved understanding of social sys- 
tems and social data is intended to 
increase our ability to deal with 
problems which affect the quality of 
our society. The research programs 
on municipal systems, evaluation 
methodology, and social data and 
community structure pursue the ob- 
jective of providing information 
and analysis of concrete and realistic 
policy alternatives available to State, 
local, and Federal officials. 

P 



/ 

60 NSF 197 1 ANNUAL REPORT 

Studies of the Municipal system 
of New York 

One of the problems of the indi- 
vidual in a municipal system who 
must make policy decisions is the 
availability of up-to-date informa- 
tion. The Urban Science and Engi- 
neering Program of the State Uni- 
versity of New York at Stony Brook 
has a program in which members of 
its faculty have been working closely 
with agencies of the New York City 
government. For instance, they have 
assisted a city agency in developing 
cost-effective means of scheduling 
sanitation crew work loads efficient- 
ly and to provide crews for peak 
collection periods while also giving 
workers the maximum number of 
S-day weekends and equitable work 
assignments. 

Carbon Monoxide in St. Louis 

A quite different form of infor- 
mation to serve decision-makers is 
being provided in the St. Louis area. 
Drawing on the diverse disciplines 
of sociology, mathematics, hematol- 
ogy, geography, systems engineering, 
and urban and regional planning, 
investigators from Southern Illinois 
University and the medical schools 
of St. Louis and Washington Uni- 
versities are collaborating in an ef- 
fort to develop a carbon monoxide 

dictive model of expected carboxy- 
hemoglobin levels under changing 
environmental conditions for use in 
national and local transportation 
planning. 

The Social Science Research 
Council and Evaluation 

Methodology 

The need for new methods to 
come to grips with the rapid pace 
of social change has led to another 
set of research activities. One of the 
more pervasive problems of social 
programs is the development of sat- 
isfactory methods for evaluating 
their effectiveness. The Social Sci- 
ence Research Council, with the 
encouragement of the President’s 
Science Advisor and the President’s 
Science Advisory Committee, is con- 
tinuing its work on the methodology 
of social experimentation. The 
council will concentrate on the 
scientific, managerial, and institu- 
tional aspects of carrying out and 
evaluating experimental studies. of 
social innovations. A core group of 
senior social scientists with special 
competence in methodology was as- 
sembled by the council for an ini- 
tial workshop during the summer of 
197 1 and, during the summer of 
1972, will submit a report for puh- 
lication. 

diffusion modkl to be used in trans- 
portation planning. The project also 
involves the cooperation of the St. 

Acquisition of New Data on 
Social Behavior 

Louis chapter of-the Red Cross, the 
St. Louis County Health Depart- 
men t, the Illinois Environmental 
Protection Agency, and the Depart- 
ment of Public Safety in the collec- 
tion and provision of data. In addi- 
tion, members of a black community 
group, Black Survival, will partici- 
pate in providing information to 
inner-city residents about the pur- 
poses and results of the project. Ma- 
jor aims are to determine the rela- 
tionships between carboxyhemoglo- 
bin in individuals and various per- 
sonal, environmental, and vehicular 
traffic factors, and to develop a pre- 

New methods are also being de- 
veloped to help study the impact on 
man of the environment he builds 
around him. An interdisciplinary 
group of architects, planners, and 
social scientists at Princeton Uni- 
versity is studying the effects of 
buildings and communities on per- 
sonal behavior, effectiveness, and 
satisfaction. This project’s goal is to 
define new criteria, concepts, and 
methods for assessing environmental 
effects on behavior. Research sites 
will include both a working and a 
living habitat and communities con- 
sisting of buildings designed by in- 

dividual architects as well as by com- 
munity planners and real estate de- 
velopers. The researchers expect to 
develop methods of analyzing and 
measuring the user’s perception of 
spatial environment, his reactions to 
it, and the satisfactions he draws 
from it. 

Consideration of both the need 
for more rigorous methods and the 
need for more complete information 
on the quality of life in the nation 
has led to a broad S-year grant to 
the University of Michigan. There 
the Institute for Social Research 
(ISR) is measuring and assessing 
changes in the socioeconomic status, 
living conditions, and attitudes of 
the population of the United States. 
The institute is collecting new data 
as well as preparing historical data 
to identify long-term changes. More- 
over, with strengthened technical 
and statistical resources, ISR is im- 
proving the quality of the social data 
they are making available. 

Social phenomena are complex, 
but research can contribute to ana- 
lyzing and eventually understanding 
the interaction of the many factors. 
A team of engineers, physicists, and 
social scientists at Brown University 
received an exploratory award for 
research on which to base an em- 
pirical test of an urban dynamics 
model developed by Jay Forrester. 
They intend to apply the model to 
the Providence area, to supply more 
detailed data than used in Dr. For- 
rester’s initial model, and to demon- 
strate to policy-makers and decision- 
makers how the model may be used 
for dealing with real problems. 

ADVANCED 
TECHNOLOGY 
APPLICATIONS 

This category of RANN projects 
involves the application of advanced 
scientific and engineering knowl- 
edge to major social, economic, and 
environmental problems. The ob- 
jectives of the program are to foster 
the development, augmentation, and 

i 



application of technologies that will 
aid in the solution of such problems. 

Work currently supported in- 
cludes elements of programs previ- 
ously under way elsewhere in the 
Foundation on research related to 
fire, energy studies, and earthquake 
engineering. 

Fire Research 

An important factor in determin- 
ing the relative safety of various ma- 
terials is to test the damage they 
will do to human skin under fire 
conditions. So many variables are in- 
volved that what is needed is a sys- 
tem that will allow actual experi- 
mentation using an analog of hu- 
man skin. A group at MIT, under 
the direction of Glenn Williams, 
has developed just such a simulant 
of skin for use in measuring the 
flammability characteristics and 
burn potential of fabrics. The simu- 
lant also serves as a tool to check 
the reliability of theoretical analy- 
ses which are being developed. The 
MIT project and another grant, for 
ignition studies, at Georgia Institute 
of Technology are part of a cooper- 
ative effort with the National Bu- 
reau of Standards which is directed 
at the problems associated with es- 
tablishing standards for fabric flam- 
mability. Three trade associations 
have provided funds for comple- 
mentary research in two nonaca- 
demic institutions-Factory Mutual 
Research Corporation and Gillette 
Research Institute. 

Earthquake Engineering 

The San Fernando earthquake of 
February 9, 1971, caused damage of 
nearly a billion dollars to buildings 
and facilities in the San Fernando 
Valley and in the Los Angeles metro- 
politan area. Because of the number 
of modern structures damaged and 
because of the unusually complete 
acceleration measurements ob- 
tained, this earthquake is of very 
great engineering significance and 
presents unparalleled opportunities 
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This structure at the University of California, Berkeley, is being used to subject full- 
or half-scale structures or structural components to the types of motions that actually 
occur during earthquakes. (Photo University of California, Berkeley) 

for research in all aspects of earth- 
quake engineering. 

In the past several years, new 
mathematical tools utilizing large- 
scale computing equipment have 
been developed to analyze the ef- 
fects of earthquakes on engineered 
structures. To verify these analytic 
tools, laboratory tests of model and 
full-scale structures, shaking tests of 
actual buildings, and studies of 
strong-motion responses of struc- 
tures subjected to actual earth- 
quakes have been undertaken. In 
addition, the magnitudes, frequen- 
cies, orientations, and durations of 
the forces resulting from earth- 
quakesmust be better known:There 
is much information that cannot be 
reconstructed by simply examining 
the damage. The San Fernando 
earthquake yielded 272 strong-mo- 
tion records; the instruments were 
mounted on dams, rocks, soils of sev- 
eral different characteristics, build- 
ing basements, and upper stories. 
These records are a vital link in the 
efforts of engineers to develop im- 
proved methods of design and anal- 
ysis. 

As a first step in recovering as 
much information as possible from 
this event, Caltech is processing and 
disseminating copies of the strong- 
motion records to researchers and 

engineers in the field. The second 
step is a series of detailed studies of 
engineering consequences by six uni- 
versities (Purdue, Caltech, UCLA, 
Berkeley, MIT, and Illinois). This 
collaborative program includes the 
following basic topics: (1) damage 
documentation studies-a systematic 
seismic risk analysis of the perform- 
ance of modern buildings; (2) struc- 
tural response to earthquake load- 
ing-an analytical and experimental 
investigation of critical damage ob- 
served in certain buildings as a re- 
sult of this earthquake; and (3) soil- 
foundation response to earthquake 
motion-the correlation of known 
soil motions and structural response. 

Prior to the San Fernando earth- 
quake, the National Information 
Service for Earthquake Engineering 
(NISEE) was established by concur- 
rent grants to the California Insti- 
tute of Technology and the Uni- 
versity of California, Berkeley. This 
is a program to collect, organize, and 
disseminate information. Basic col- 
lections are being strengthened and 
made more accessible to structural 
engineers, research workers, and 
building department officials. Cata- 
logs of such material will be issued, 
and facilities are being established 
for the rapid reproduction of ref- 
erence materials so that they can be 
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supplied at nominal charge. Caltech 
will concentrate on collecting and 
evaluating data ahout earthquake 
strong motions and on developing 
instruments to measure them, while 
Berkeley will be headquarters for 
computer methods for structural 
analysis, dynamic tests of soils and 
structures, and an abstract service 
for foreign and domestic literature. 

Energy Problems 

The activities of the energy re- 
sources program fall into two gen- 
eral classifications: (1) surveys and 
analyses of energy resources and re- 
search; and (2) support of specific 
research and development projects 
that will have direct impact on the 
energy problems of the nation. 

The first classification includes 
analysis of energy systems and tech- 
nology to determine their impact on 
the environment, inventories of en- 
ergy research, and identification of 
significant elements of energy eco- 
nomics and policy. One such project 
undertaken by the National Acad- 
emy of Engineering seeks to develop 
a mechanism for supporting the 
formulation of national energy 
policies. 

The second classification includes 
research projects on land use, power 
plant siting and power transmission, 
solar energy, and thermal energy 
storage. For instance, one of the 
great problems for electric power 
generating systems is the variability 
of demand for its product and the 
inability to stockpile it. One of the 
most obvious aspects of the problem 
is the summertime “brownout” pro- 
duced by too-heavy demands on the 
system by late-afternoon use of air 
conditioners. Manfred Altman’s 
group at the University of Pennsyl- 
vania has presented a technique, 
using salt hydrates that can “store 
coolness,” that may help alleviate 
the brownout problem. The salt hy- 
drates, or thermal energy storage 
material, can be cooled at night, 
when demand for power is low, and 
its coolness given up during the heat 

of late afternoon when demand is 
high, thereby helping to iron out the 
peaks in power demand. The Alt- 
man group has come up with a pro- 
totype air conditioner which not 
only evens out power demand, but 
-even though it must run 24 hours 
a day-uses 15 percent less power 
overall to produce the same amount 
of cooling. 

At the California Institute of 
Technology, the Environmental 
Quality Laboratory, under the direc- 
tion of Lester Lees, is mounting a 
concerted and sustained attack on 
critical environmental problems af- 
fecting modern society. Among their 
studies are investigations of power 
utilization and power-plant siting 
in relation to power needs, econom- 
ics, and environmental deteriora- 
tion. EQL’s power-plant siting 
study will investigate the possibili- 
ties of dispersing waste heat by re- 
mote siting of power plants, or by 
offshore, under-ocean, or under- 
ground siting. Their engineering 
and economic study will be inter- 
preted in the light of alternate pro- 
jections of the increase and distribu- 
tion of human populations in the 
affected area. Correlated studies by 
scientists will estimate how differ- 
ent populations would be affected 
under varying assumptions of en- 
ergy distribution. 

EXPLORATORY 
RESEARCH AND 
PROBLEM ASSESSMENT 

A critical concern for the overall 
RANN program is the identifica- 
tion of emerging national problems 
on which research is most needed 
and to which research can be effec- 
tively applied. 

The purpose of exploratory re- 
search and problem assessment is to 
examine the total context of societal 
problems and to identify the re- 
search opportunities which are criti- 
cal for dealing with them. Research 
on improved assessment and evalua- 
tion methodologies is encouraged, 

as is the development of effective or- 
ganizations and procedures for prob- 
lem-oriented interdisciplinary re- 
search. Innovative institutional 
groupings and joint arrangements 
between universities and both non- 
profit and commercial firms are 
of particular interest in this latter 
regard. 

Exploratory Research 

The Center for Policy Research in 
New York is examining both the 
technical features and social “rules” 
for use of cable television as a mass 
participatory technology system 
which would allow citizens to inter- 
act with public officials and with 
each other, An integrated social sci- 
ence-engineering team is undertak- 
ing a number of tasks, such as test- 
ing the effect of alternative uses of 
the system in reducing public apa- 
thy, alienation, and polarization, 
and on expanding opportunities for 
expressing new ideas and minority 
views. The Center is also investigat- 
ing the development and testing of 
random switching, instant polling, 
and use of telephone exchanges com- 
pared to CATV networks and other 
technological innovations, and com- 
paring of audio-only with audio- 
visual systems. 

Development Sciences, Inc., of 
East Sandwich, Mass., is exploring 
alternative pollution abatement 
techniques by locating recycling 
plants to convert pollutants into re- 
sources in an existing consumer-pro- 
ducer network. It is also looking for 
opportunities tosubstitute one proc- 
ess for another to reduce pollution 
or to enhance reuse potential. It 
will attempt to identify partners for 
a shared waste disposal system and 
a dumping strategy that would 
either return wastes to a natural eco- 
system or isolate them harmlessly. 
Alternatives for Government policy 
or industrial applications are being 
identified through computer scan- 
ning of a matrix of industries and 
chemical processes. 

The International Research and 
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Development Corporation of Wash- 
ington, D.C., has developed a theo- 
retical model to describe the flows 
of physical materials and energy 
throughout the U.S. economy and 
to and from the environment, tak- 
ing into account the actual physical 
and chemical transformations which 
occur. It is expected that this ana- 
lytical approach can aid various 
Government agencies in fulfilling 
the requirements of the National 
Environmental Policy Act of 1969, 
and to assist the Bureau of the Cen- 
sus in structuring the 1972 Census 
of Manufacturers. 

Problem Assessment 

An interdisciplinary team at the 
University of Oklahoma is perform- 
ing a technology assessment of off- 
shore oil operations. Projections of 
the technologies inherent in these 
operations will be made for 10 to 
15 years into the future, and assess- 
ments will concern a wide range of 
consequences-from legal-political 
to physical-biological. The results 
will point out and analyze alterna- 
tives available to implement policies 
for offshore oil facility management. 
The results will also be couched in 
the context of future national en- 
ergy needs. Barring unforeseen de- 
velopments, oil availability will play 
a large part in satisfying those needs 
over the next few decades. Past 
spillages and leakages illustrate the 
risks and costs inherent in the trans- 
portation of oil and in operation of 
offshore oil facilities. The analysis 
being undertaken should contribute 
to needed national and internation- 
al perspectives on this problem. 

Hittman Associates, Inc., of Co- 
lumbia, Md., is conducting an “Eval- 
uation of the Ecological, Resources 
and Socioeconomic Impacts of Ad- 
vanced Automotive Propulsion Sys- 
tems.” The objective is to define and 
evaluate the major ramifications of 
the transition from present internal 
combustion engine technology and 
practices to any of the potential al- 
ternatives. Transitional effects on 
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materials resources, environmental 
ecology, energy resource balance, 
and -the socioeconomy will be 
stressed. A systems analysis approach 
will enable evaluation of component 
and total effects of the transitions 
and comparison with present system 
baselines. Optimization trends will 
be identified and assessed as will the 
policy implications for pertinent 
areas of the public sector. 

INTERGOVERN- 
MENTAL 

SCIENCE PROGRAMS 
The Intergovernmental Science 

Programs assist State and local gov- 
ernments in strengthening their ca- 

pabilities to foster and support the 
development and use of scientific 
methods and technologies, and to 
discover and exploit ways of enhanc- 
ing the application of scientific 
methods and technologies by these 
levels of government as they deal 
with their critical needs. 

The Office of Intergovernmental 
Science Programs administers its 
functions in close coordination with 
the intergovernmental activities of 
the Federal Council for Science and 
Technology (FCST), and provides 
both the chairmanship and the ex- 
ecutive secretariat to the FCST’s 
Committee on Intergovernmental 
Science Relations. Close coordina- 
tion is also maintained with the Na- 
tional Governors’ Council on Sci- 
ence and Technology and with the 
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Science and Technology Commit- 
tees of the National Governors’ 
Conference and the National Legis- 
lative Conference. 

Seven conferences were conducted 
during the fiscal year on subjects re- 
lating to national, regional, State, 
and local concerns in the area of 
science and government. One, spon- 
sored by the Urban Institute, r-e- 
suited in a well-received publication 
on technology in the urban setting 
entitled The Struggle to Bring 
Technology to the Cities. The first 
survey of local government science 
and technology activities was carried 
out under the auspices of the Inter- 
national City Management Associa- 
tion. Three science and technology 
newsletters designed to enhance un- 
derstanding of developments in sci- 
ence and technology began publica- 
tion in fiscal year 1971. 

Technology forecasting is being 
supported through a grant to the 
Department of Planning and Eco- 
nomic Development of the State of 
Hawaii. Technology transfer in ur- 
ban settings is being studied by Abt 
Associates through the analysis of 
alternative models, and at the Uni- 
versity of North Dakota in a pro- 
gram designed to explore the utili- 
zation by State and local govern- 
ments of graduate-level and other 
research. Technology assessment 
techniques at the State level are 
being explored by the National 
Academy of Public Administration 

and the Western Interstate Nuclear 
Board, which will recommend opti- 
mum decision-making procedures 
in western State governments on in- 
dustrial Plowshare proposals. Stud- 
ies were also initiated concerning 
how scientific and technological ac- 
tivities might be integrated into 
existing systems of public services. 

The Citizens Conference on State 
Legislatures is planning a national 
demonstration project for the pro- 
fessional staffing of selected legisla- 
tive committees and a demonstra- 
tion grant was awarded to the 
Operations Research Center at the 
Massachusetts Institute of Technol- 
ogy for the investigation at the State 
level of new procedures designed to 
result in an effective citizen feed- 
back and citizen involvement system. 

A major area of emphasis was 
technology transfer and reconver- 
sion as they relate to aerospace and 
defense-based activities and prob- 
lems. Projects in this area involve 
such activities as the demonstration 
and evaluation of the potentials for 
placing scientists and engineers in 
local government positions through 
pilot projects in selected cities and 
counties in California, Alabama, and 
Missouri; the demonstration of the 
possibilities for technology develop- 
ment available through a State gov- 
ernment-based technology ex- 
change; and a study of the role that 
colleges of engineering should play 
in their regional environments. 
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