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FOREWORD

'"".... Within the borders of our urban centers can be
found ithe most impressive achievements of man's
skill and the highest expressions of man's spirit, as
well as the worst examples of degradation and cruelty
and misery tc be found in inodern America. ..."

President Lyndon B. Johnson
""The Problems and Future of
The Central City and Its
Suburbs!

This statement from President Johnson's message to Congress on
March 2, 1965, summarizes the paradox of the"modern American
city—the widening gap between developing technology and its appli-
cation to urban living., It also speaks of the imperative need to make
man's knowledge the instrument of his efforts to solve the problems
‘of his urban environment, It is axiomatic to this paradox that many
cities face problems of an unprecendented nature and severity, De-
termining solutions to these problems requires a greater under-
standing of the nature of technology, cities, and man. NASA's
efforts to discover and examine means to apply the technologies
resulting from its acrospace programs to the solution of critical
problems of cities is a decisive step toward obtaining such an
understanding.

Programs to improve urban technology, however, must first identify
current and future city problems before realistic and feasible areas
of application can be determined, The purpose of this study was,
first, to identify and isclate specific critical city pioblems amenable
to technological solutions and, second, to determine and suggest
technologies resulting from past and current NASA programs which
can be applied to the solution of the identified problems.

FREC‘.EDING PAGE ELANK NUT HumeD.



ke

RM 6 "MP-53

No t . npt was made to identify all the major and critical problems
of irban communities or to research and determine all areas of
apr:ication of NASA aerospace technologies to the problems identi-
fied in the study. Instead, the study focused on the major problems
deserving immediate attention. Of necessity, and principally be-
~ause of the size of the study, the NASA technologies investigated
were broad in scope, and suggested applications are concerned with
t:.e use of these broad technological areas.

Four individual concept papers (by members of the Professional
Staff of General Electric, TEMPO) are appended to this réport as
exampies of areas where programs could be initiated immediately
to aid in the resolution of serious urban problems through the appli-
cation of NASA technologies. These concept papers discuss the
technologies required as well as the type and size of programs that
would be involved in their application.

iv
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SECTION 1

INTROPUCTION

Cities throughout rthe nation are experiencing sewere grewing pains
as Amervica evelves from an overwhelmingly ruczl to a 1 emphati-
cally urbar. society. Undirected or rnisdirected growth has created
problems of all types in the nation's cities, and today there is
unanimous agreement that & severe urban crisis exists. When
viewed in the context L1 future growth the crisis takes on an
appalling sense ot urgency. By the year 2000 over 80 percen. ot
Americans will be living in the large cities and suburbs of the
naticn. By latest census figures and U.S. population projections
this rmeans that of 339 million Americans by the vexr 2000, more
than 260 million will be crowded into urcen areas. Today, of 195
million Americans, about 127 million are living ard working in
urban communities. Thus, in 35 years thes: cities will have to
provide for 133 million more people.

President Johnson reflected the feelings of many, including scholars,
officials, city planners, and laymen in his March 2, 1965 message
to Congress when he expressed this sense of urgency: '"For this is
truly ae time of decision for the American city. . . In the remain-
der of this century urban popalation will double, city land will

.. double, and we will have to bui'd in our cities as much as all that

“we have built sirce the first colonist arrived on these shores, Itis

as if we had 40 years to rebuild the enrtiie urdan United States.” Thus,
among t..e most ce~tain events »f the next uncertain century none
appears more necessary and imminent than the building of vast new
cities and the revitalizing of old urban communities,

It is an accepted fact that the dynamic movement and power of
modern scientific technology offer challenging opportunities for
solving many of the problems posed by the growth ana Jlecay of
cities and for modifying the structure and proccsses of urban-life.
It is also recognized, however, that the bless:ings can become
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mixed as the mcdern cities that techuology requires and helps us to
build enc?unter n~ protlems and needs that take on a new urgency.

To achieve a realistic balance between benefits which technology can
provide and techrological solutione to critical city problems demands
as muck systematic analysis and application of scientific and
engineering skill as NASA's effort tc place a man on the moon. As
Car] Stover* has stated, ""The claim that defense or space research
and development will yield improvements in urban living is valid
only to the limited extent that 211 advances in science and technology
add to ti.e general stove of inforration and skill from which
alternative applications can be drawn. If those applications are to
be fourd 2nd made effective, they must be purstved with the same
intensive ingenuity demonstrated in the defense and space efforts. "

Ecological studies of cities are contributing much to the understand-
ing of the totzl urban system. Tbe ecological approach views the
city as a complex living organism whose many functions and
process=s are intricately entwined with interrelated environments.
As a result, research concerning the ecology of cities has done
muck to identify critical problems of urban communities and to
discern large-scale trends and tendencies which can lead to changes
in urban life and urbar environments. These identified problems
and trends are the subject matter for a mounting volume of
literature calling for action tc determine and develop feasible
solutions. The research reported herein was undertaken to
determine and suggest some specific technological solutions to
major city problems which have become critical in many of the
urban communitiest of the nation.

The opportunities for technological solutions to critical probiems of
the city are, to a large extent,cuependent ugon what is feasible with
past, present and predictable technologies. Therefore, an analysis
and evaluation must be made of the currently available technology
inventory and the important technological trends “hat might furnish
new capabilities for application to city problems. Feasibility of

*Carl Stover, '""Tecknology for Cities," Speech delivered at the 49th
Annual Conference of the International City Managers' Association,
October, 1963,

TAlthough some of the proble:ns identified in tae study are common
to all cities, an urban communily, for purposes of this study, is
considered to be one having a population of 100,000 and over.
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each technological solution must then be examined, through further
research, from the standpoint of the ohysical, social, economic, and
political environments,

Figure 1 ic an evaluative matrix relating the major (ecological) cat-
egories and subcat:gories of critical city problems to the major cat-
egories of NASA technologies. The classifications used for the
technologies correspond to that used by NASA in thei - publication
and bibliographic systems. The matrix is designed to summarize
and classify the critical city problems identified in the study, and
discussed in this report, and to present these problems in a frame-
work of opportunities for applying technological solutions using
NASA -developed technologies, Reference to NASA technologies
applicable to each ''problem/“echnology' category, represented by
the cells of the matrix, occurs throughout the rcport.

The critical city problems under cach major category are identified
in the appropriate section of this report through discuzsicns of the
background. nature, and impact of each problem. Suggested tech-
nological solutions are discussed and related to appropriate INASA
technologies such as methodologies, analytical techniques, research,
systems development, equipment development, testing techniques,
and management capabilities. No attempt was made, in preparing
the matrix or in the discussions, to cover the complete spectrum of
critical city problems or applicable technologies. These are left
as tasks for a more comprehensive research effort for which this
study can serve as a guide and useful starting point.
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SECTION 2
CONCLUSIONS AND RECOMMENDATIONS

The results of the study presented in this report will serve to
clarify the manner in which NASA-developed technology can be used
to help existing cities to improve their physical, social and
cconomic environments by resolving some of the more immediate
and critical problems in these environments and to aid in the
planning and development of new urban communities,

In general, this study has shown that NASA can contribute to the
solution of urban community problems through the application and
transfer of technologies from a wide segment of its technological
inventory. Thirty-two broad technology categories applicable to
twenty-five critical problem areas identified in the study were analyzed
for potentiality of technological solutions. Within each of the five broad
problem categories a variety of technological contributions to solutions
of specific city problems were determined and those offering greatest
potential for immediate application were selecced for discussion in
Sections 3 to 7 of this report.

CONCLUSIONS

1. The evaluative matrix of problem/technology areas (Section
1, Figure 1) indicates the NASA technology categories with the
greatest potential for application to the solution of critical city
problems identified in the study.

(2) The five NASA technology areas with the highest
potential ranking (indicated by a number between 1 and 25)
are:

(1) computers, including the information sciences (24)

(2) electronics, including electronic systems and
equipment (24)

(3) auxiliary systems including control, monitor-
ing and life support equipment (23)
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(4) methodologies and analytical techniques for
research, planning ard management (22)

(5) public information services, including educa-
tion, publications and promotion (21).

(b) Critical city problems identified as the most amenable
to technological solutions (indicated by potentizil rankings
between 1 to 32) are those of:

(1) the urban physical environment including air
pollution (27), transportation (23), and waste
disposal (23)

(2) urban public health including environmental
health hazards {28) and accidents and safety (24)

(3) urban community security including commer-
cial and community security (17)

(4) the urban economic environment including
attraction and retention of business and industry (21)

(5) the urban social environment including housing
and urban renewal (16). _

2. NASA's methodologies and anlytical techniques such as
systems analysis, operations research and management plan-
ning can offer many contributions to solutions of major city
problems. Problems such as the movement of people and things,
the protection cf people from hazards, illness and disease, pro-
viding adequate security measures, and the creation of a climate
in which mixed ethnic groups with varying degrees of affluence
can live together are examples of complex problems requiring

a systems approach and the talents of interdisciplinary teams
for their effective solution.

3. NASA's work in the fields of remote sensing and the telemetex-
ing of sensed data to a control station or a system of receiving
stations is of great significance in contributing to sclutions of

urban problems. Many of the solutions to the problems of

cities will require remote sensing and viewing and rapid and
accurate transmission of information to control and monitoring
centers. Examples of feasible applications are remote instrumenta-
tion for the location of troubles in water and gas mains and

sewers, and for maintaining communications with city employecs
sent into hazardous arzas during fires and riots.
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4. NASA's computer, information storage and retrieval and
allied experience represent another signif.cant technological
area. NASA's contributions in this area can be of great value,
since many city problems require inexpensive, reliable, smali,
ligtrweight and rapid computer capabilities for their resolution.

5. The area of public information and education represents an
area where a NASA-developed competence can result in a
sizeable contribution. Obtaining popular and social acceptance

of change is one of the most difficult tasks facing those concerned
with the soluticn of city problems; programs to effectively com-
municate with the public concerning constructive solutions to
problems will be of significant value.

6. NASA's technological developments in electronics and
electronic equipment is another important area of contribution.
Advances in this category offer great potential for the improvement
and cost reduction of existing systems and equipment and for

the development of new systems for police and fire protection,
hospitals and medical facilities and educational facilities.

7. The NASA technology area of auxiliary systems offers
potential for solu.ion to city problems in all the five major
problem categories identified in the study. Feasible applications
range from telemetry systems for monitoring hospital patients'
physiological responses and data gathering to a plasma gun system
which provides an economical means of coating many common
materials to extend their useful applications and increase their
durability.

8. An incidental finding of the study was the need for expanded
research in the ecology of cities and the processes of the total
urban system. Analyses and mathematical models of urban
processes need to be enlarged and improved. Urban research
of this type can contribute greatly to the identification of city
problems and to discerning large-scale trends and tendencies
which may have significant impact in the urban system. It also
became apparent during the study that technology transfer from
the aerospace field is a complex and poorly understood process
requiring more research before its influence is determined.
Future research in this area should concern itself with the
mechanisms of technology transfer and effective means to promote
transfer.
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RECOMMENDAT!IONS

At the 1965 United Statzs Conference of Mayors, Vice President Hubert
Humphrey expressed the urgency of sceking technological solutions

to city problems in these statements from his address: ''We have huge
industries in America in which specialists ai.d scientists design and
figure out total systems, weapon svstems, structures of defense.

One of these days—and I think the days are here—" e ought to take
some of that brain power, that confidence, and start to f:ed information
into the computers, just as we do on industrial problems and management
problems, and come up with some answers for our cities. We need

not just a place in which you shove people, crcwd them in, but a place
in which man blends with his environment and environment blends

with the man. This requires research and development in our areas.

I don't know what the full answer is, but something can be done and
needs to be done. "

The research reported herein was an attempt to find some of these
answers and the following recommendations are submitted for con-
sideration as programs of constructive action:

1. It is recommended that a three-pronged assault be launched
against the critical city preblemes identified in this study and that
it be structured as follows:

(a) The first prong would consist of many small-scale
studies {from 5 to 10 man-months each) to determine
solutions tc segments of larger proklems requiring a systems
approach. Examples cf such studies include the development
of simulatinn equipment to stimulate, challenge, and train
teenagers who are potential delinquents; automatic equipment
to perform routine hospital ard medical laboratory tests;

and more effective instructional materials and equipment

for teaching all types of students.

{(b) The second prong would have as its objective the
solution of larger-scale city problems requiring the
systems approach and project funds amounting to hundreds
of thousands of dollars. This would entail the application
of techniques such as systems analysis to such problems
as the municipal police system (see Appendix Aj, the urban
community medical system (see Appendix C), air and water
polluticn and waste disposal (see Appendix B), and the
cominunity transportation needs.
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{c) The third prong would be aimed at testing the entire
community as a system and would be concerned with the
design and constr::ction of a new city. 'The studv and
design programs comprising this type of project would
cost millions of dollars, but the cost of the construction
phase to the government would be minimized by the avail-
ability of private capital, the sources of which could be
determined during the study programs.

It is recommended that projects be undertaken through this

three-pronged attack on city problems because:

(a) Immediate action is necessary tohalt a deteriorating
situation

(b) Smali-scale projects are necessary for immediate applica-
tion to existing cities because the larger the project the

more difficult it will be to fit the solution into an existing
environment

(c) Complete systemns studies are required for the ..ew
communities being planned and icr the new cities that
must be built

{d) A complete new city must be designed as an integral
project if all of modern techinology is to be made available
to it and if the c.ties of the future are ic be free of the
problems that are critical in existing cities.
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TECHNOLOG!'CAL SOLUTIONS TO PROBLEMS OF
THE URBAN PHYSICAL ENVIRONMENT

PERSPECTIVE

he physical environment of an urban community profoundly influ-
exces and conditions the lives of its residents. It affects many
aspects of city life through its 1uliabitants' immediate perception
and daily use of it. Deficiencies in the physical environment cecn-
tribute to the monumental and notorious urban problems and ure
largely responsible for making cities less than satisfying as places
in which to live and work. Mamj cities are too noisy, too ugly, too
confusing, with air unplecasant to breathe and the sensatiorns ex-
perienced from the environment go beyond the limits of coinfcrt or
even tolerance.

It is possible to shape the character and processes of much of the
physical environment of urban communities, The population exvlo-
sion provides the need and technology provides the means, The
basic torces which determine the distribution of population in any
nation—technological, economic, social, and political=also pro-
duce the urban pattern of living and contribute to the complexity of
problems of the urban physical environment. These forces led
urban commniunities to absorb 80 percent of the total population in-
crease of the United States during tne first half of this century and
will be the impetue for about 70 percent of the population to be
living in urban areas by 1970.

A body of knowledge is accumulating from research into the ccolégy
of cities which wili provide a better understaading of urban problems
in areas such as housing, transportation, water and air pollution,
waste disposal, urban decay and lard use and their interface with
the urban physical environment, This knowledge is necessary to
guide city planning, renewal and huilding programs a2nd to make it
po3ssible to understand the processes and pressures a. work in the
urban environmsnt. The greater our understanding of the urban

14
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environment, the greater the chance that we will be effective in
our efforts to improve the zity.

Starting with the results of ecological research as the data base, a
more systematic understanding of the urban environment and tech-
nology's revelance to it can be obtained. From this understanding,
and through analyses of problems of the physical environrnent,
particular areas i technological transfer and application can be
determined. The problems of the urban physical environment se-
lected for discussion in this section are representative of the more
critical problems facing urban communities throughout the Unitec
States.

The problems of the urban physical environment amenable to tech-
nological solution and selected for discussion in this report are
representative of the more critical problems facing urban comrnun-
ities today. For purposes of discussion they are classified under
the following problem categories:

e Transportation

" e Water Supply and Pollution
¢ Air Pollution
® Waste Disposal

e Housing, Facilities and Services

TRANSPGRTATION

The complexities involved in matching our rapidly-advancing
technology to the changing needs and wants of society are great in
every sphere of human activity, but perhaps nowhere more chal-.
lenging than in the field of transportation. This is partly due to the
cnormous size of the transportation business-—a hundred billion
dollar industry that pervades every phase of our economy. It
amounts to about twenty percent of our gross national product and
censumes about forty-five percent of our total energy production.
The fact that transportation systems and facilities spread cut across
city, state and national boundaries, and include a multiplicity of
interacting and competing businesses adds to the difficulties. Ob-
solescant equipment, business organization, labor practices, and
government institutions, subsidies, regulations, and tax structures
further complicate transportation problems.

12
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The most difficult, and at the same time, the most basic challenge
facing the nation's urban communities is the task associated with
providing and maintaining a transportation framework within which
modern transportation networks can efficiently and economically
move people, merchandise, materials, and food under desirable and
acceptable conditions within the metropolitan areas and between
urban and rural areas. This {ramework must also provide for inter-
actions with national and international networks to permit the
unhindered flow of people and things.

An interwoven network of transportation systems now exists, but
conditions such as rapidly increasing numbers of trucks and auto-
mobi’es, increasing urban sprawl. declining public transit services,
burgeoning numbers of travellers and inadequate technologies are
interfering with its efficient operation. These inefficiencies are
reflected in congestion on freeways and urban streets, decreased
quality of rail passenger service, overloading of airports, and the
comnplete failure of some systems during adverse weather conditions.

It is risky to even attempt to predict the future of urban transporta-
tion because it is a vital function that is deeply enmeshed in uncon-
trollable variables such as emotional reactions, opinions and
attitudes, and vested interests. It is also subject to constant analy-
sis by the public, researcher in the field and pseudo experts, and
to political pressures exerted by individual citizens, small groups
and powerful lobbies.

In many parts oi the United States well-planned and extensive state
highway systems have made vehicular type of transport the domi-
rant transpcrtation mode. For example, motor vehicles operating
on the California highway system have contributed significantly to
California's explosive growth. The role played by this highway
system cannot be expected to diminish in the forcseeable future.
However, the explosive growth has created weaknesses in the very
system that made it possible. For the most part these weaknesses
are associated with the downtown or urban distribution of pecple and
things. Ways of attacking these weaknesses are proposed continu-
ally. Usually, they are rail dependent systems.

Rapid transit systems, inter-urban routes and subways were effec-
tive solutions to the transportation problems existing from the turn
of the century until the early 1930s. However, widespread accept-
ance, availability and attainability of the automobile resulted in what

13
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has become known as "'urban sprawl.' Planless sprawl of urban
communities is constantly increasing the distance peoplz must travel
to get where they want to go. It is becoming increasingly evident
that rapid transit and urban sprawl are incompatible because the
latter has come to mean expensive long transit lines and low passen-
ger densities. Future systems must provide speciaiized transporta-
tion for individuals, not crowds. For example, a sophistir ‘ed
study of California's {ransportation problems might indicate a need
for a high-speed railroad from San Francisco to Sacramentc, a
hydrofoil from tne San Francisco airport to tie Embarcadero and a
Carveyor system around downtown Qakland.

People have become accustomed to and enjoy the freedom of move-
ment. choice and schedule perrmnitted by the automobile and this will
make them resist returning to rapid transit. The citizens ot
California, probably more than the residents of any other state, are
accustomed to freedom of choice in their travel. Their choices are
related to time of departure, route traveled and fellow travelers. It
‘would be difficult to get them to accept a transportation mode where
they sacrificed this freedom. Therefore, any long-range plans for
the development of other transportation modes should consider the
choices and preferences of the traveler.

One of the basic needs to which technology must respond in the next
several decades is for a radical improvement in personal trans-
portation in metropolitan areas. By 1980 it is estimated that ninety
percent of our population will live in cities, and the present inade-
quate rail, bus and auto systems will long since have outlived their
usefulness This presents a major challenge that requires bold new
technological advances. The city of tomorrow will be as depend nt
upon automatic transportation systems in the horizontal plane as
today's modern skyscrapers are depenient upon their automatic
elevator systems in the vertical plane.

City planners can meet urban living needs only by carefully integra-
ting adequate transportation facilities into civic plans, just as
architects now integrate elevator systems into building designs. New
standards of safety, convenience, ccifort, speed, and esthetics
must be set by systems development engineers woarking closely with
civic planners, architects, and transportation agencies.
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The need for a more sophisticated systems approach to the many-
faceted problems of transportation 1s obvious to every traveler who
has whisked halfway across the conrtinent by jet air transport, only
to find the time he has saved is consumed at both ends of his journey
by the inadequate ground transportation between the urkan airport
and his destination in the citv. The supersonic ‘ransport will bring
rew problems and enlarge existing ones. One of these problams is
the lack of adequate land transportation systems to serve ai ports.
Not one of the major cities of the nation has a fully coordinated link
between the main lines of air travel and the myriad systems sup-
porting it Private automobiles, taxis, trucks, buses. trains,
helicopters, and {reder airlines are independent units. delivering
passengers and treight to and from air terminals on a helter-skelter
basis This problem is further compounded by local traffic problems
and the necessity for building larger airports to handie larger-density
air traffic further away from central city areas.

The coming of the supersonic jet will certairly force a transporta-
tion revolution during the next 5 to 15 years unless traffic congestion
forces it earlier. NASA's plarning methodologies and analytical
techniques can be applied to this critical problem of making faster
air traver compatible with more efficient local travel. Operations
analysis and systems ergineering are methodologies that can be
brought to bear on the preblem, permitting it to be studied as a

total system in all of its complex facets to arrive at aiternative
technological solutions amenable to the objectives of the urban
centers, the publi , and the transportation systems invelved. NASA
can also make a substantial cortribution to the solution of the urban
transportation problem by making it possible for its systems man-
agement ard svstems engireering personnel to apply their talents to
the problem in cooperative programs with other federal and local
government agencies

The air traveler's plight is nc diiferent from that of a luad of freight
being trans-shipped from ship to dock o truck 1o warehouse to
train to truck to—with lengthy delays and paper handling all along
the way. Another needed tecarological solution involves the auto-
mation of freight handling. Much is being accomplished now with
modular containers, roll-on, roll-oif shipping containers. piggy-
back trains and autornated warehouases. but it is apparent that much
more has to be done to make the handling of freight more efficient
NASA can make a sizeable zontribution to this applicatior area
through the transfer of its data processirg and program control
skills to this phase of the problem.
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Transportation requirements for the movement of things are less
dependeni upon emotion, percsonal attitudes and subjective prefer-
ences thar transportation activities related to the movement of
people. The movement of things, however, is complicated by vested
interests and a myriad of obsolete federal regulations and restric-
tion Present transportation networks are based largely upon the
intermixed rovement of people and things utilizing all modes. The
future may bring with it a stronger trend in favor of the separation
of modes fcr the transportation of people and things. Evidence in
support of this can be seen in the increasing use of pipelines for the
movement of things. The interference of modes for the aelivery of
things with the modes for the movement of people on city streets
will be a powerful force contributing to this trend.

The one unanimous conclusion of those who seek to remedy the ills
of transportation is that no real progress will be made until present
research efforts cease to concentrate on the improvements of the
vehicles of transportation and instead concentrate on the organic
functions of the systern. Transportation, too, is a complex systems
problem requiring the application of many technologies and the co-
ordinated efforts of people of many disciplines. Again, NASA's
systems management capabilities probably regresent the source of
the greatest contribution that NASA can make to the transportation
probiems of the nation's cities. Certainly, specific technologies
can and will make large contributions toward the development of
solutions to these problems. but the ability to analyze this complex
problern, to break it into its component parts and to structure
technological solutions to specific problems can be a major contri-
bution to be made by NASA.

New modes of travel will be required for the transportation of things
and for the movement of people. Perhaps a major breakthrough
might be the development of a mode that szrves {cr the movement

of people during the rush hours and for the movement of things
during off hours. Another breakthrough should come about through
the development of 2 mode that permits the destination-to-destination
movement of things and people without requiring that the transporta-
tion mode be changed. Perhaps, computer control of a transporter
system would permit this flexibility. Perhaps, new prime movers,
air bearings, linear motors, will also make contributions to the
technology of these new systems.
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The transportation problems of urban communities will not be
solved by high-speed vehicles. They will begin to be solved when
the automobile is removed. The physical size of the automobile,
coupled with the concepts that each individual must own one and that
the vehicle is a status symbol, causes more space to be consumed
for individual transportation than cities can afford. The taxi is a
move away from these concepts, but a society that can't afford a
motormman in a 10-car rapid transit train cannot a2fford to pay for a
driver in each two or four passenger vehicle.

Therefore, new concepts must be developed, and the public must be
educated to accept ther... NASA has the communications and public
relations expertise to accomplish this educational task. NASA's
laudable and successful efforts in educating the American people
with respect to space programs and in stimulating their interest in
the programs is a striking example of good communications
oriented to the public. The public information services provided by
NASA should be evaluated on the basis of effective programs and
procedures which may be applicable to similar large-scale public-
education programs, such as urban transportation.

Batteries that are being developed for NASA can be used as power
sources for individual ""electric vehicles' in urban centers. The
electric transporter concept may contribute to the alieviation of
arban traffic congestion resulting from too many large automobiles.
These electric vehicles could be owned by the city, a private utility
or a taxicab company. Logistic studies could be performed to de-
termine the orti.uum number of vehicles required for the best
service. In such an arrangement the vehicles could be operated

by passengers who would either pay-by-the-ride or lease by the
month or year. A lease would cover the use of any of the vehicles
and not a specific onre.

NASA technologies relevant to reliability and maintainability design
and quality assurance which have contributed to the lengthening of
spacecraft lifetimes from a few weeks to over a year can be trans-
ferred readily, through the engineering and scientific community,
for the development of urban transportation vehicles and systems
capable of operating without maintenance orrepair for periods of
many months and even years.

WATER SUPPLY AND POLLUTION

As the popuiation of the United States continues its rapid growth,
preservation of the ecological balance between man and his environ-
ment will become more precarious as we rear the end of this century.
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Except for some arid sectors in the western states, fresh water
has almost always been abundant in the United States. Occasionally
there have been dry periods which have led to short durations of
water use restriction, but on the whole, this has been unusual.
Yet, today., and tor the next 30 to 40 years, there is and could be
a serious water shortage in various sectors of the country unless
prompt and effective measures are taken towards conservation,
towards protection of purity, and towards the development of new
water supplies. Pollution is the greatest threat to our water sup-
plies. This 78 due both to industrialization and to population
growth and the constant dumping of industrial wastes and raw
sewage into streams and rivers.

With the continued spread of urbanization extendiag the size and
population of our cities, a rigorous effort is needed to counter
pollution and to compensate for drought. Estimates projecied for
1975 anticipate that water usage will amount to about 40 percent of
the nation's average daily retained precipitation. This could result
in an insufferable inbalance in regionai location of population and
industry. In some sectors of the country, drought has recently be-
come a real threat. An exten. :d drcught is a hazard that can inter-
fere with the refilling of reserveirs, streams and rivers. Polluted
waters may become stagnant and breeding sources for disease
carriers.

Septic tanks are still being installed at the rate of some 250, 000
per year. Estimates also show that some 450, 000 each year fail in
operation and necessitate major repairs. Overloaded drainage
fields can pollute welis as well as nearby streams. Another home
sewage dispnsal factor that may result in problems is the tying of
25 to 30 percent of new residential construction irto existing sewer
lines. In this case, there is the danger of overloading sewer line
systems; in the former case, there is the potential health hazard
associated with the continuing installation of septic tanks and
cesspools.

Processes are needed to remove poisonous chemicals and othexr
troublesome materials from industrial wastes before they are emp-
tied into our rivers, or methods must be developed to neutralize or
otherwise make them innocuouse.

In 1900 the volume of municipal wastes reaching streams was

equivalent to the raw untreated sewage from 24 million people. By
1959 this had grown to the equivalent of sewage from 75 million
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people If this trend 1s not reversed by 1980, it will reach the
equivalent of 150 million people. Present day sewage treatment
plants for the most part are obsolete. They were designed to handle
the loads and wastes as much as 40 yeare ago. Most waste respon-
sible for water poliution is oxygen demanding. Appropriate treat-
ment of industrial, as well as human. waste for removal of
oxygen-demanding pollutants prior to disposal into a water system
could alieviate much pollution. Research and development is
needed to develop new processes capable of treating effluent streams
before effluents reach and pollute the larger streams and rivers
into which they {low and to design better treatment facilities. If
this is not done, it will be necessary to reprocess and redistribute
treated, polluted river water. The latter is a psychological prob-
lem to people in light of their attitudes and beliefs about using re-
processed pciluted water

The water problem should be approached with a flexible outlook—to
include consideration of individual home treatment, subdivision or
community treatment, and city-wide treatment. A systems approach
to water requirements is needed because of the complexity of the
problem and the wide variety of products offered to the market.

This has resulted in the lack of any integrated water industry and
consequently a meager and uncoordinated industry approach to
research and development, since different companies are concerned
with different segments of the industry and with the manufacture of
different products. An integrated approach to true water manage-
ment is needed to harndle the water cycle from fresh water to re-use.

Planned re-use of waste water coula doubtlessly alleviate and
probably remove the threat of a water shortage from most areas of
the United States For example, the largest single use (40%) of
water in the home cccurs in bathrooms. Simple recycling of water
for water closets could go a long way toward alleviating many
shortages.

A demonstration desalinization program is only a partial solution

to the forthcoming water problem. Due to recent technological
development, the cost of desalting sea water is decreasing: accord-
ing to statistics of the U.S. Department of the Interior in 1952 the
conversion cost was $4.00 per 1000 gallons of sea water at lowest-
cost plants compared with present cost of $1.00 per 1000 gallons.
Desalinization costs of $1.00 per 1000 gallons are much too high

for agricultural use, however. and the cost of moving water pre-
cludes the possibility of pumping fresh water very long distances
from seaside desalinization plants.
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With the application of newly-developed technologies it is estimated
that the conversion cost will eventually decrease to 25 ccnts per

1000 gallons. In the United States, natural fresh water costs in-
dividual consumers from 25 cents to 45 cents per 1000 gallons.
Farmers cannot afford to pay rnore than 5 cents per 1000 gallons for
irrigation water, although the cost ¢f desalted sea water will be-
come more nearly competitive witn natural fresh water. Within a
decade, the President has predicted, desalting of water '"will be the
cheapest and in some cases the only way to obtain new water supplies
in many areas of the nation."

Inlaad cities with brackish—or slightly salted—water supplies wiil
benefit from many desalitiization developments, but additional pro-
gress is needed to bring down the costs of smaller scale plants
(with capacities below 10 million gallons a day) to convert brackish
water The Department of the Interior has estimated that as many
as 1000 cities in the nation may be forced to convert brackish or
saline water for drinking purposes within the next decade.

Many types of businesses. from builders to suppliers'.; of construc-
tion materials and parts will be involved 'in the water desalinization
programs. Major industries, including steel, copper, concrete,
chemicals, and electrical equipment, will be affected. Pipelines

will be needed to bring sea water to desalters and carry water to
customers. NASA research and development in waste iiquid pro-
cessing, corrosion, fluid flow, and flow and pressure instrumenrtation
can contribute to the development, design and reduction of the cost

of systems and equipment for desalinization plants.

An effective wate:r management program could alleviate the water
supply problems of the nation to a large degree. For some obscure
reason. however, water management is not a politically acceptable
solution to the nroblern. Therefore, it is reasonable to expect the
search for technological solutions to continue. Thie represents an
ovoportunity for NASA to apply its aerospace technologies to a
problem with high probability for immediate payoff.

NASA studies of metal corroding Lacteria are relevant to the devel-
opment of equipment for improved municipal water and sewage
systems An understanding of metal corroding bacteria could con-
tribute to longer service life and less maintenance costs for equip-
ment used in water and sewage systems.
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NASA -supported and developed technologies can also contribute to
the development of solutions to many other problem: of water supply
and polluticr. Some of the solutions which could be sought might
include: (1) reclamation and re-use of waste through a sequence o1
treatment, evaporation and condensation; (2) recycling atmospheric
gases similar to a space capsule system, which could produce
water by dehumidification; (3) more widespread utilizatior of fuel
cells which produce water as a by-product, and (4) the development
of more sensitive detectors for locating new water sources These
detectors could be based on NASA senscr developments.

NASA -supported studies have successfully produced devices capable
of processing human waste and recovering potable water. This 1s
technically feasible today but could doubtlessly require several
years before the economic feasibility for large scale commercial
applicatior could be demonstrated. Other projects have been suc-
cessful in eliminating noxious and toxic agents from enclosed
atmospheric systems. Utilizing the fuel cell as a source of water
represents an interesting solution if attainable. It is attractive as
a closed power and water generation system for the individual
home. Fuel cells which might be technically and economically
suitable for this application are still in the early development
stages. Much work on catalysts and/or electrode reactions still
must be done. The Gemini program demonstrated that the engi-
neering can be done.

Automated techniques based on a system of controlled water distri-
bution in association with preferred treatment n.zasures can utilize
NASA-developed computer, rernote sensing and monitoring device
capabilities. Thus, where waste can be adequately treated either
for industry or the home, a closed cycling system is feasible. with
a marked decrease in demand for new water.

WASTE DISPOSAL

Waste disposal and treatrnent of sewage has become a major city
problem requiring immediate solution. * Today, as in the past, the
solid wastes of cities are burned, stored, buried in the ground in

“See Apperndix B.
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the "city durnp" or macerated in the sink and discharged into tie
local sewer system, and drowned in the occan either before or after
being treated at the sewage treatment plant

With burning, the air is polluted; with burying, valuable land is
taken out of use and underground water may be polluted; discharg-
ing waste into the ocean or rivers pollutes recreational areas and
fresh water supplies

The use of incinerators, a worthy development, is not a fool-proof
solution, because they cannot burn all materials and because unde-
sirable secondary etfects arise, including intense temperatiures
from some packaging materials which disrupt incineratcr opera-
tions, and because the volume of solid waste is constantly increas-
ing and incinerator installations rapidly become ton small.

An ever-increasing pcpulation, with each individual producing about
5 pounds of waste per day, bodes ill for the future of our cities even
now taced with tne problem of finding more effective solutions for
the disposal of waste. A recent study of the waste management
problem in California revesied that within 25 years the mmounting
problems of waste disposal will increase to the multibillion dollar
level. Sewage wastes, the study report shows, are expected io
increase two-and-one half times that of 1965 and municipal solid
wastes nearly fourfold.

One technological link to this prublem would be through NASA's
work related to on-board waste disposal for spacecraft. This
work, based on a recycling procedure which utilizes human
waste and which produces poteble water with a surprisingly
small amount of solid residuial, also considers the other facets
of the problem such as reducing by-product solid wastes from
packages. The =2pplicability of these approaches for the reduc-
wuon of volume u: waste products in densely populated areas
should be explored. The technological challenge would not be
a difficult one. The difficult task would be associated with
getting people to change habits of long standing. NASA's exper-
ience in training astronauts should accelerate psycholcgical
acceptance of the proposed solutions.
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Another solid waste problem amenable to technological solution :s
the disposal of scrap. Junked cars provided about 5 miilion tons
of scrap in 1964 and the ra‘lroads more than - mili'oan tons, About
one-third of the 30 million ton annual crop ¢f unprepared scrap
comes from manufacturing plants as the left-overs of the products
they fabricate. Other sources are damolition projects, ship-
breakers, farms, detinning and tin shredding operations, and the
scrap from public utilities and government agencies. Scrap is now
a valuable by-product for factories and the scrap cisposa!l facilities
of jocal nrocessors are important to them and the cities where they
are located. Many urban planners and urpar renewal experts are
acknowledging the need for scrap processing services in cities,

Tne scrap industry has special:7..d -~ :ipment for handling large
quantities and varieties of scrap. ' - includes balers, presses,
hydraulic guillotine shears, automated shredders, hammer inills,
fragmentizers, and rock crushers. NASA's technolgies can make
substantial contributions to the design improvements in this exist-
ing equipment and to the development of new systems, methods and
equipment foi scrap disposal in urban communities. The technol-
ogy areas of machine element design and processes and structural
mechanics are especially applicable to this problem.

NASA's techniques of system amnalysis can alsc be applied to the

7 iems of waste disposal and pollution. One such systems
upproach is dcscribed in Appendix B of this report wherein water,
air, and land pollution are examined as related problems in the
urban physical environment. Increasing population, i1ndusirial
growth, and a rapidly expanding technology are also contributing to
critical problems of gaseous wastes and pollutiou of land, wat. s
and the atmosphere. Even lakes, such as Lake Erie, and the
immense oceans are beginn'ng to react to the wastes that are
increasingly poured into them.

Until recently, the disposal of waste was treated as a setr of sepa-
rate problems. Sewage waste was one, trash and garbage a second,
and atmospheric wastes a third. But as these problems grew in
size and complexity it became apparent that solid waste dispusdl is
closely linked to that of fluid waste, and both, to a degree, can
affect atmospheric wastes. An integrated approach to waste n.an-
agement by meahs of systems analy is would consist of combining
the problems of fluid and solid wastes with thcse of air, land, and
‘~#ater pollution as discussed in Apsendix B.
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AIR POLLUTION

The growth of industrialized society ias created an atmospheric
environment which is hazardous to life and health and destructive
to property. Air pollution costs the nation billions of dollars each
year and, though visible to most urban residents, it has been, unt1l
recently, one of the most ignorel major problems of this century,
even though tifty years ago, Dr. Charles Steinmetz predicted the
seriousness of the air pollution problem which confronts us today.
(See Figure 3, Section 8.) With another 25 million people moving
into urban areas by 1970, air pollution will be a frequent occurence
and it may become a problem of calamitous proportions. It is
essential, therefore, that our current knowledge be taken out of the
research laboratory and feasible technology applied without delay to
the majos sources of air pollution,

It has been estimated that each day American auto vehicles purrp
into the atmosphere about 250,000 toas of hydrocarbons, and

10,000 tons of nitrogen oxides, major ingredients of noxious smog.
Industrial pollution is another majcr source of atmospheric con-
tamination. Recent studies by the Indiana and Illinois boards of
health revealed that 10,000 tons of solid matter and over 7000 tons
of gaseous matter were being discharged into the atmosphere daily
over the Chicago metropolitan area. Today in Chicago, which has
been monitoring air pollution since 1928, the average monthly dust-
fall of particulate matter comes to 43 tons per square mile as com-
pared to 15 to 20 tons common to rnany suburbs.

An often-used cost estimate of property damage due to air pollution
is 365 per capita per year, which represents a national cost of over
$11 billion annually. This figure refers only to property deterio-
ration and maintenance,

Another important adverse effect of air pollution relates to local
weather phenomena. Pollutants in the atmosghere can decrease
ultraviolet ligh. penetratior, reduce illumination, and increase the
frequency and density of fog and cloudiness, thereby creating

truffic hazards on the highway as well as around airports. On the
ntuer hand, weather has an important influence on the distribution
of air pollution. Thermal inversions, in which warm air overlays
cool, oftun trap pollutants in toxic concentrations, causing illness
a.d death .of urban residents. The hazards to urban public health
resultng from air pollution are discusced in Section 6 of this report.
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Only recently has an understanding been evelving of the chemico-
physical mechanisms involved in air poilution. Approximately 90
percent of our urban population lives in areas with air pollution
problems. Few cities are immune. Estimates show that all 212
communities (Standard Metropolitan Areas) with a population
greater than 50,000 have air pollution probsems; some 40 percent
of the smaller commu.ities (2500-5000) also have like problems,
In total, about 6000 U.S. .ommunities are affected in varying
degrees by air pollution. The current estimates of economic
damage to the nation by air pollution, ranging from 4 to 11 billion
dollars annually, cover all kinds of damage from livestock to cor-
rosion to reduction of property values.

Air pollution does not originate from a single source but rather
from a multitude of sources, all man-made. The internal com-
bustion engines of cars and trucks, the energy sources of many
industries, heat sources for homes and offices all consume fuel
and discharge incompietelv consumed fuel residues into the atmos-
phere, creating the air pollution. The fuel consumed determa:nes
the character of the irritants. With the presence of certain local
conditions of climate, the polluted conditions may remain static or
increase in severity. '

Polluted air is detrimental to people, plants, and materials. It
poses a serious economic problem by requiring clean-room tech-
nology in various industrial activities and forcing corrosion con-
trol. Fog, for example, is found to be twice as prevalent in
polluted urban atmospheres in contrast with its occurrence in
clean air, thus contributing to delays or hazards in air
transportation.

A continuation of these conditicns without solution may ultimately
affect the climate, geology, and economic balance of the entire
earth by the end of the century. Not only can we visualize changes
in meteorology, atmospheric. chemistry and photochemistry and
their infiuences on plant life including food products, but also the
effects of breathing polluted air »n the increased susceptibility of
city dwellers to lung cancer, emnphyzema. bronchitis, and asthma,
as well as the more acute non-srecific upper respiratory diseases
and pneumonia, Further, mary of the older inhabitants who suffer
with cardio-respiratory insufficiency find their breathing difficult,
and with heavier concentrations of pollutants, sometimes exper-
ience a fatal inability to breathe at all. Evidence is accumulating
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which links air pollution to increased mortality from cardio-
respiratory causes and increased susceptibility to respiratory
disease,

An extensive effort was initiated by Congress in 1963 (The U. S.
Clean Air Act) authorizing HEW to spend 95 million dollars through
1967 in research and development to control air pollution. One cf
the major contributions which can follow from NASA technolegy is
the application of a systems-oriented approach to air pollution con-
trol with the development of a definitive set of air-quality criteria.
Obviously there are numerous technical and social difficulties to be
overcome in attaining these goals and in translating them into effec-
tive community control measures, *

Industrial contributors t> air pollution can be controlled through
ordinances, zs the smelters were. Taxes can also be used as a
weapon. Although, a good deal of air pollution arises from internal
combustion powered vehicles, the entire American economy is vit-
ally emmeshed with the use of these vehicles both for a major portion
of our national trarsportation network and with the production of
these vehicles and associared auxiliary equipment such as tires,
batteries, and gasoline. Thsrefore, the pollution problem associ-
ated with the internal combustior engine cannot be resolved as
easily as the pollution problem associated with obnoxious materials
coming out of factory stacks.

The air pollution component contributed by the internal combustion
engine ‘can be removed to a large extent by electrifying urban trans-
portation as much as possible. NASA's technological developments
and capabilities in the field of batteries, fuel cells and other .space
power systems could be of great value in assisting in the develon-
ment of suitable urban electric individual transportenﬁ.T <Greau
improvements in fuel cells and in zinc-air batteries would lend
much impetus to the development of more sophisticated electric
vehicles. It is also conceivable that some of NASA' s work in the
development of moon travel vehicles could also be applicable to
electric urban vehicles,

A rich source of raw hydrocarbons is the gasoline service station.
Each and every time an auto or truck is refueléd, copious guantities

*See Appendix B,
TSee Appendix D.
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of hydrocarbons are released intc the atmosphere. NASA's work
in fueling O> rockets or boosters should offer some contributions to
the developrnent of leak-prcof gasoline service hoses. Similarly,
NASA experience with rocket engines might be \he source of knowl-
edge for more effective and less expensive afterburners which can
eliminate the undesirable hydrocarbons exhausted by car engines.

One application immediately transferable {: um NASA-supported
work can be found in the utilization of various gaseous sensors such
as gas chromatography. One of the vital considerations relative to
air pollution ts the protection of humans from excessive concentra-
tions of "smog'" and NASA deve'opments with sensors and detect:ons
agents should prove very valuable in early detection of unusual con-
centrations of contaminants and in permitting the issuance of timely
warnings cf dangerous conditions.

NASA improvements and developrnents in the field of artificial
atmospheres can be effectivelv utilized for creating clean atmos-
pheric euvironments within buildings. Extension of this concept
from space ships and space living quarters indicates that it should
be possible to provide atmospheres for entire cities.*

There does not appear to be any realistic solution, at present, to
the elimination of air pollution from cities as a result of any single
NASA -developed technology. However, there are indications that
combinations of NASA capabilities could lead to an alleviation of the
problem. For example, approaching this problem as a complex
systems problem, requiring the complete cooperation of the civilian
segment of the population, would permit great strides to be made.

People could be encouraged to heat and work with electricity, to
travel in electric vehicles and to electrify their industries. This
would require much sophisticated information dissemination and
public education to overcome vested interests and habits. It would
require much good engineering work to design fossil-fuel generating
plants for remote locations with extra high voltage transmission
lines bringing large blocks of power into urban areas. Much creative
work would be required to make the transition to an all-electric
urban environment as economically attractive as possible, NASA has
the systems engineering and management capabilities and the public
information and education experience to structure the problem,

*See Appendix D,
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d«termine solutions, and prepare and implement a plan leading to
th.e solution of the problem.

It is beccming imperative that research in all major aspects of air
pollution be expanded and accele-ated. Areas where NASA research
and technologies cen make substantial contributions to overall
research in air pollu.ion include: BIOLOGY —Determining the
mechanism of absorption of gases and particulates by vegetation;
CHEMISTRY —evaluating new industrial processes for future
sources of contamination, development of methods for recovering
lazge-volume chemical effluents, and effecting carbon monoxide
removal from the atmosphere; ENGINEERING—controlling motor
vehicle exhausi gases and smoke-reducing precipitators for indus-
trial ckimneys and stacks; MEDICINE — study of the chronic effects
of pollutarts on organisms and determining the relationship between
contamination and respiratory diseases; METEOROLCOGY —relating
emission concentrations to weather phenomena; PHYSICS—discov-
ering the synergistic effects of vapor-particle systems; determining
principles of deposition, retention, and transfer cf gaseous and
particulate contaminants; and applying fundamental particle dyna-
mics to inertial separation, filtration, and electrostatic properties
of particulates.

New industrial processes must be evaluated to determine their
potential contamination hazard, especially in view of today' s rapid
technological advances. NASA's techniques for accurate testing of
equipment over long periods of time should contribute to this need,
as well as NASA-developed gas sensing and monitoring devices.

Basic knowledge is needed on the principles of deposition, retention,
and transfer of gaseous and particulate contaminants. The results
of NASA's research in the atmospheric sciences and artificial
environments for human survival show promise of contributing to
this knowledge.

More must be iearned about the determination of fundamental par-
ticle dynamics as applied to inertial separation, filtraticn, and
electrostatic properties of particies. NASA's research and devel-
opnient activities in artificial environments and human factors
should be searched for applicable research which can expand our
knowledge in these areas.
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Considerable work remains to be done in developing methods for
recovering large-volume chemical effluents and intermediate con-
centrations of odorous gases. With further research on the mech-
anism of carbon monoxide removal from the atmosphere, an effec-
tive device can be developed for the control of motor vehicle exhaust
gases. NASA's chemical and chemical engineering research results
may provide unique contributions to this required research.

Results of atmospheric sciences programns conducted by NASA to
obtain detailed knowledge of atmospheric properties and the iono-
tphere und its variation can contribute to the improvement of
weather prediction methods 1n and around urban are:s. Another
impertant application area for the results of such programs, com-
bined with early warning communications, is the forewarning of
natural physical phenomena associated with flocods, cyclones, tcr-
redoes, hurricanes, and extended periods of drought. Stud, pro-
grams to implement the transfer of NASA atmospheric sciences
technologies can be conducted through the Weather Bureau, Office
of Civil Defense, and local urban area disaster offices using R&D
capabilities and facilities of Jocal aerospace industries.

HOUSING, FACILITIES AND SERVICES

The mass flight of people, retailing, business, industry, and other
urban functions into the countryside has created the pheromenon of
the spreading, sprawling metropolis. In some highly urbanized
areas. such as on the East Coast, the result has been the growing
together of metropolitan irn.luence areas into an amorphous and dis-
orderly pattern, which has given birth to the new term "'megapolis."

Dissatisfaction with the new spread-out pattern is beginning to set
in. Sprawl cannot be continued indefinitely. Communications
become overtaxed. public improvemer:s cannot keep pace with the
tremendous costs that sprawl involves, and, most important of all,
we are running out of oae national resource that is irreplaceable,
that can neither be manufactured nor imported, namely, land. The
flight to the countryside bhas effectively destroyed much of the land-
scape, and wany feel now that surburbia is a place which offers
neither the advantages of the city nor those of the country.

Victor Gruen has stated that during the last few years, some coun-

terforces against suburban living have arisen and a trend back to
the city has become apparent. This has spurrad new interest in the
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fate of the central city as well as an increasing awareness of its
problems and the desire tc do something about them. This trend is
of great importance, since the most troublesome aspects of the
urban crisis express themselves in the central cores of the metro-
politan areas.

With very few exceptions, city cores are stagnating, and statistics
registering the number of visitors entering the city cores as
workers, shoppers, or participants in urban activities show a
steady and increasingly downward trend. People who can afford to
do so eat and sleep outside the urban center and beyond the imagi-
nary line that separates city from suburbs. They use the auto as a
method of avoiding dirt, noise and taxes,

In many regions of the nation the flight of the taxpayers to suburbia
has bankrupted tbe big city, making it difficult if not impossible,
to provide the pubiic facilities and services thzi city dwellers need.
In many large cities of the nation residents }.1ve to endure bad
iwousing, inadequate municipal services, ob ete neighwvorhoods,
inadequate schools, a lack of recreational z . cult ral racilities,
and a dismal environment.

Approa ches to the problem of the central city have nct aiways been
thoughtfully evaluated as the magnitude of the problem requires.
Too frequently, although inadvertently, actions have been taken to
aid one part of the nation or one segment of the population which
have resulted in irreparable damage to the central cities. ZFor
example, suburban sprawl and urban decay have not come about
solely 23 a result of a {ree choice in a free enterprise mairket, The
choice was influenced by federal housing subsidies, which, purport-
ing to be neutral, have in fact subsidized low-density, middle-
income living in the suburbs and have thereby financed the flight of
the middle-income population (almost a wholly Caucasian group)
from the central city., The Federal road building program has also
played a large role in this orocess. It ha: made it easy for the
suburban-dwelling middle class breadwinners to commute to their
jobs in the city; it has made it convenient for industry to move out
of the city, and has displaced people to make room for highways in
the city, often contributing to the creation of slums.

Gutside the cities, the mistakes committed in tne métropolitan

areas are being repeated. Along the highways commercial and
residental properties stretch for miles in disorderly sprawl. There
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is little sense of community in the suburbs, but rather the negation
of what the city is supposedl to be, Ugly strips of gas stations,
billboards, used-car lots . ad beer paricrs are producing new siums
faster than the central city can eradicate the old. As one philoso-
pher, Lewis Mumford, has put it, ''"American pecnle are becoming
the victims of urban jam and suburban jelly."

The health of the central city and its ability to attract new residents
and new businesses and industry depends on adequate public facili-
ties and services and the economic, social, and cultural strength

of its central business district. The city's ability to meet its obli-
gations toward safety, security, housing. health, and education of
its people is directly dependent on the tax revenue which it must
obtain to a significant degree from the densely built-up central core.
The central city and its environs still remain as the only parts of
the metropolitan area that can properly support the cultural facili-
ties and services dependent upon a metropolitan, areawide clientele.
It will take many of the attributes connected with the concept of free
enterprice—daring, imagination, creativity, the willingness to take
risk-—coupled with a working partnership of federal and local gov-
ernments and business to implement feasible solutions to the prob-
lems posed by urban de

Grouped among the problems to which NASA technologies can con-
tribute solutions are those in the areas of public housing, municipal
services and facilities, Kxplosive urban growth has created prob-
lems and frictions in the expansion of physical facilities. urban
services, and housing, The provision of public urban services will
assume crisis proportions in many urban communities during the
1970s. Luther Gulickhas.notedtthat the provision of urban services
requires the investment of about $1100 per capita. With an antici-
pated increase of 30 million persons in urban areas, this means an
additicnal investment of $33 billion for services.

If the cities are to encourage builders to build the millions of hous-
ing units which are required in growing urban areas at a price the
people can afford to pay, new techniques and new materials must be
developed. NASA technologies can contribute substantially to the
development of suc* rechniques and materials.

Problem areas to which NASA research and technologies can be
applied to alleviate the prublems of urban decay, housing
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development, and the continued provision of urban services and

facilities include:

32

Data Processing Assistance to Trial Courts

An "Information Utility'' for the Centralization of
Community Records

An Information Center for Law Enfcrcement
Police Identification and Intelligence System

Hospital Information System to Store and Retrieve
Patient Data

Urban Data Management Systems
Metropolitan Data Bank for Urban Research
Urban Data Management Systems

Computer Time-Sharing Systems for Public
Administrators

Computer-Planned Residential anc Business Zoning
Systems

Improved Materials for Construction of Stadia and
Auditoriums

Underground Installation of Utilities

Human Factors Applications to Design of Cultural
Facilities

Improved and Less Expensive Construction Materials

and Methods for Housing and Urban Facilities.



SECTION 4

TECHNOLOG!CAL SOLUTIONS TO PRCBLEMS OF
THE URBAN SOCIAL ENVIRONMENT

PERSPECTIVE

Throughout the ccurse ¢f U.S. history there has been a ccntinuous
trend toward population concentratiorn in urban communities, When
the first census was taken 1n 1790 theie were oniy 24 urban areas,
containing only 5 percent cf the nation's populatic... The 1960 census
showed that about 120 millicn persons, 68 percent of the population,
lived in urban areas. By 1970, abcut 70 percent of the population
will live in urban communities. This means that as many people
will be in cities in 1970 as there were in the entire Unitcd States in
1950 —about 15C million.

Explosive population growth in itzelf ir.creases the tempo of sccial
change, with increased frictions, strains, and requirements for
perscnal and social adjustments and, when considered with other
measures of urban growth, expanding population becomes a critical
indicatcr of impending crisis in the urban social environment.
Juvenile delinquency and adult crime, school drop-outs and unem-
ployment, the spread of slums and the cost of welfare, are all re-
lated to the increase in urban populaticns. The social and economic
costs cf these problem areas tc the urban community as a whole are
enormcus,

The problems cf the urban social environment posed by the expanding
pepulaticn of cities constitute the most severe of the chalienges fcr
technological solutior. Urban services such as education, sanita-
ticn, public health, recreation, and fire and police protection are
certain to require expansion and improvement to keep pace with the
changing demands and needs. Failure to respond to these needs and
demands will have severe effects upon the social patterns and proc-
esses of urban life,

fn contrast to their utilization in space and defense programs,
science and technology are app...d in a more indirect fashicn to
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prcblems of the urban social environment. Although technolcgical
sc.utions can be applied to these prcblems, most of their benefits
can only be realized thrcugh the'r implementation in federal, state,
and municipal government prograrns, and through the rescurces and
talent provided by private interests and humanitarian organizations,
it skouid be recognized that an untapped reservoir of technology of
great prcporticns may exist for determining applicable solutions 1o
urban sccial problems, but that additicnal research is required into
the multiplicity of factors serving as aids or barriers to its effective
utilizaticn, The effcrts of the NASA space program can serve as a
catalyst, however, tc .nctivate and guide lccal governments in de-
termining technological sclutions tc urban social problems, sinuiilar
to the efforts cf industry tc utilize technological spincffs to develop

commercial products. g

The following problems cf the urban social environment chosen for
discussicn in this report are representative of the more critical
problems currently faced by the naticn's cities. They are, in large
measure, the problems of Americaa society itself, but for purpose=
cf discussion are limited to the aspects concerni. - bar
ccmmunities:

® Juvenile Delinquency

® Race Relations and Deprivation
® Slums and Urban Renewal

® Unemployment and Welfare

® Education and Schcol Systems

JUVENILE DELINQUENCY

Juverile delinquency 1s cne cf the most shameful prcblems of the
Un:ted States., In 2 nation with the world’s highest standard of living,
with ore cf the world’'s finest pieces of real estate, with every type
of recreaticnal activity available, with the world's finest educational
systems, ard witk well-rounded lccal and national athletic programs,
the incidence rate amcng teenagers of crimes cf violence, of sense-
less attacks on other citizens and of lesser crimes is increasing.
Fifty percent of the people arrested for serious crimes in 1964 were
under 18 accnrding to recent FBI statistics.

‘E.E, Furash, Jr., '"Businessmen Qeview the Space Effort, "

Harvard Business Revisw, Sentember~October, 1963.
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Many theories attempting to explain this behavior have been oftered
and many more can be expected, Actually, it is doub’ful that any one
thecrv 1s correct. The behavior of teenagers is related (o their en-
vircnmeni. It1s a functicn of a variety of variables:

1. The extent that the school and their teachers challenge
teenagers

.. The success with which a degree of responsibility has been
instilled within them

3. The amount of their energy that is consumed by physical
activity

4, The degree to which their interests are held by books,
movies, hobbies and other sirmilar interests

5. The influence exerted on them by bright, but warped
contemporaries

6. The extent to which they are influenced by misdirected
homage jaid to gangsters, heodlums, ruffians and the like
through the various entertainment media.

Even if the delinquency rates rernain the same, the volume of
juvenile delinquency is expected to increase by 44 percent before
1970, due to an increase in the size of the age group alone.

The sclutions to the juvenile delinquency problem are complex and
point {0 many needs. These include: effective ways to assure the
instillation of accepted moral values into teenagers; teachers who
can recognize ¢-uadents who are not being challenged and who will
strive to challenge them; opportunities and activities which will con -
vince teenagers that it will be possible ior them to attain their
aspirations or, at ieast, that it wculd be worth their while to place
themselves cn the proper path to attempt to achieve these; and sports
and other physical acti sities for all children and not for just the few
whe mauke the foctball, basketball, and baseball teams,

Realistic simulation equipment to be useu both to train teenagers for
developing employrnent skills as well as play skills, and 'to develop
deeper interests and to stimulate them more are also needed. Active
ity programs covering many different functions and creating moti-
vation and interest in the activities can dispel a great deal of the
negative behavior and lead to mo-e acceptable cutcomes. The use

of simulaticn devices themselves will not resolve the juvenile
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The devices that could be developed are almost endless in variety.
A sathing ssmmulator could be developed tor inland, lakeless areas,
ana 3t could be indours or out Skiing can te sirmulated with plast-c
snow. Golf can be symulated, amd at least three xinulators are now

on the market.

Gccupations alloi_cén be-simualated. Auto repair, welding and other

sinilar skills are now learned by doing; but sur .eaching methods
seldom provide for simulating profes<ional (medical, legal, engi-
neering) actlivity at the lowrr educational levels where teenagers are -
buing experted to develop an interest in life-time careers.

Iimproved kits arc being designed fcr more effective instruction in
astronomy, m2thematics. and the scveral phvsical and naturai
scivaces, Simular kits should be forthcoming during the next sev-
eral years not only 1n the sciences, but in the social sciences and

the humanit:es. With these kits will come improved instructional
techniques and materials, leading in many cases 10 self-instructional

techniques for use by delinquents in detention homes.

NAS’ s"hn'\lm,.e_s can contribute to other developments such as:

‘¥, System planning concepts and techniques, with associated
Vequip‘ment develhpments for récreational systems’

& Jlmpru\aed educational matcerials, represcenwe 1 by kits,
“video tapes, films, technica! manuals, an-d programmed
"~ macerials for rehabilitation of delinquent children
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RACE RELATIONS AND DEPRIVATION

The prublems of race reiations and manority -groap ieprivati n,
scgregation and integration, are complex problems of the rhan
scaial environment and admiat of no easy solution.  Thear probierms
are always, in part, the result of the desiren of people of Like kind -
that .53 « { Like culture, religion, language, ornigin, or race-—wanting
to live t. gether, as well 18 the result of pressures fr<un the outwide,
Enclaves cf immigrants are still visible throughout the nation's
cities. In fact, American society has been characierized as a part-
integrated and a part-plural social order,

Some immigrants and minority groups have fled the segregated
areas in which they first lived to become reaidentially integrated,
but others by choice have continued to live in still visible and meas-
urable enclaves, The complex character of the problems involved
is emphasized, perhaps, by the consideration that while some
minority grocups, such as the Negro, are at present trying to flce
segregation, other groups on the American scene are striving to
prevent integration. It is probably true that in urban cormnmunities
of the United States evidences of both integrated and segregated
living will persist for many generations, partly due to the persistent.
pattern of immigrants from minority groups gathering together f{cr
mutual advantage. The test of whether such living patteins are
compatible with our nation's democratic order and the urban sccial
environment may lis not in the disappearance of segregated living

" but rather in the ability of a pecple to live either in integrated or
segregated patterns, in accordance with their preference.

The effort of minority groups to escape segregation will be increas-

ingly apparent in future years through increased pressure for '‘open
occupancy' and through the increased penetration of cutlying sub~

urban aceas, Open occupancy, without adequate provisions to assure S
" that tenants and landlords maintain high physicai and occupancy

standar.ds, could lead to an accelerated deterioration of the open

occupancy area. This could hasten the flight < { residents from
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central cities to suburbs and could 1nadvertently increase the segre-
gation of the manority groups by leaving them the sole possessors of
a blhighted central city, NASA's techrologies can make substantial
cuontribution to the maintenance of the physical plant through transfer
of the results of 11s programs 1n sanitation of space vehicles and
through dev=slopment of street and building cleaning ey. nment for
cities based upon he principles of its lunar excursion and anthro-
morphous maclanes,

The inovement of the white populations to suburban areas and the
concentration of Negro populaticns in the central city have intensified
the residential segregation of the races in recent years. This pat-
tern of urban gevgraphy and residence has bred antagoniam within
the city which gives every indication of heightening the differences in
8ociai siatus unless there is a change in the segregational trends of
housing. Further, since 1945 the Negro pcopulation has been in-
creasing at a substantially faster rate than the whites in this country,
and i1n about 10 years, if these rates continue, it will exceed the
white population in many of the larger cities of the nation,

If minority groups remain barred from suburban communities and
higaly integrated in central cities, the ch- racter of urban America
will be profoundly and adversely altered in its economic, political,
and social aspects, Planned ''new cities'' are seen as one solution
to this problem, ’

A new city would serve as a framework within which solutions to
these urban social problems°could be tested. For example, it could
serve 25 a means for alleviating discriminatory housing practices in
suburban America. It would offer a way of accelerating the rehabili-
tation and redevelopment of a city's blighted areas, It would offer a
framework within which new taxing concepts would be tried,-i.e.,

- raise taxes as property is neglected, lower them as improvements
are made, and fight land speculation by taxing undeveloped land.

The new city concept can also serve as an opportunity to break the
vicious circle ¢f poverty and lack of opportunity in which hundreds

of thousands of disadvantaged persons in most of our mature metro-
politan areas find themselves locked. It may well be that once this
vicious circle in the old urban area is broken and seleccted individuals
find themselves in a new and yet unknown environment, the hereto-
fore hopeless vision of the future will dissipate and a group of pro-
ductive individuals will emerge, willing to take their places in
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scciety, This new ('ty must be mure responsive te the rea; arban
problems than develcper-piarned new towns appear tc be,

All the technological develcpments of recent years can be 'yucorpoe-
rated intc a new city. This v uld perm-t bridging the gap that has
develcped between cities and technclcgy. Corncepts te be incerne -
rated could include:

l. Informaticn Utility
s, Commun:ty Medical Systems
3. A Mcdern Pclice System

4. A Complete Waste Management and Ccntrol System,

The new city concept would initiaily require substantial injections of
public {prcbably Federai) an2 foundation iunds in order to make it
viable and responsive however, when concrete results become
apparent, the private and !ccal government sectors can be expected
to take over,

Planning this new city couid be a monumental and challenging svs-
tems task that could eventually compete with NASA fcr the services
of the top talents within the United States., NASA's systems manage-
ment and engineering capabilities would be indispensable in a project
of this nature and magnitude,

Amcng the many serviceable developments prcduced by NASA, either
directly or thrcugh stimulatior of industry and university laboratory,
are many rew materials which can be adapted fcr construction pur-
poses. These materials irclude metals, plastics, and other syn-
thetics, as weli-as bonded combinations of metals and synthetics.
Their utility in aerospace vehicles indicates their ability to withstand
severe rigors and to provide needed insulation against the ravages of
weather extremes and to retair their appearance with age. The:se
new materials can serve a8 a new scurce of building material which
could mean-rew building techniques, new economies, and new build-
ing codes, New codes would require a coordinated and compr=hen- .
sive educational program to convince the building crafts unions ard
city personnel that they are desirable and beneficial., NASA has
demonstrated competence in disseminating 'his type of public
information and could assist in planning the program that would
formulate and evaluate the building ccodes.

39
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Many of the new gynthetics could algo be used for repair of old struc-
tures within reasonable cost limitations, thus providing a new facade
to old buildings and perhaps inducing both owners and residents to
clean up the building interiors, The new materials are longer-
lasting and more attractive, and they could be used to demonstrate
longer maintenance-{ree behavior than the materials currently used,

Some of the older designs and less efficient equipments used for
heating might soon be disp!aced by recent NASA developments, such
as banks of solar cells with improved battery systems for energy
storage. These developments will be able to function without cig=
charging raw hydrocarbon into the atmosphere or producing soot to
blacken buildings, streets, and furnishings,

Appendix D discusses other technological approaches to implementing
the new city concept which could contribute to the solution of tae
social problems of race and deprivation,

SLUMS AND URBAN FSNEWAL

In broad definitive terms urban renewal involves the clearance or
rehahiditation of slum cr blighted areas, o~ deteriorating or Jeter-
iorated areas. Through it such areas are replanned so that they can
be used in the best interests of the central city by demolitior of
structures that cannot or should not e retained, and' the: provision
of building sites for moderr: business areas and industrial fecilities.
Urban renewal also has a social dimension in the urban environment
since it also covers rehousing of families that are displacecl by site
operations.

Urban renewal provides for the installation of streets, sewers,
water mains, schools, playgrounds, sidewalks, and the many other
<crvices and facilities that contribute to a useful and productive
aocial environment. It is based on the belief that slums anad blight
2are self-perpetuating and contagious. Urban renewal, as practiced,
has not been eminently successful, partly because most urban re-
newal planning projects were too expensive to be afforded by the
people and small ccmmercial businesses displaced by urbax renewal
projects,

Slums generally result from a random combination of factors such
as inadequate and aging housing, neglect on the part of the residents,
neglect on the part of city officials;, and neglect on the part of
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property owners. Slurns 1n cities are growing faster than they can
be removed. Even in New Ycrk City, which has had the largest
slum clearance and rebuilding program of any city in the United
States, the rate of deterioration c¢f housing units has been as great
as the rate at which new housing has been constructed. New luxury
apavtment buildings ccnstructed since the end of Werld War Il have
noc prevented the exodus cf the middle-income white families to the
suburbs. It was thought that after upper-income families moved
into these expensive apartments, people in the next lower income
Jevel would move into the apartments vacated. Instead, the vacated
apartments were converted fcr occupancy by lower-income people.
This conversion consisted ot breaking the residential units into
smaller units, thus making it possible to rent to more families,

. vielding the landlord more income. Since each umt rented for less

money, the landlords were not inclined to maintain the property as
carefully, and the units gradually deteriorated in appearance, This
prompted more middie-income families to move to the suburbs.
This population shift raised the economic burden of the city because
more people had to be served by schools, hospitals, and trans-
portation, but the pecple were less able to pay for these services,
Landlords made more money on their property due to the increased
rentals, but the taxes they paid remained unchanged.

The movement of whites to suburban areas and the concentration of
Negroes and other minority groups in the central city will be inten-
sified during the next fifteen years if present trends continue,

The total of new housing units constructed is vastly insufficient,
especially insofar as inexpensive housing is concerned. Recent
statistics of the National Association of Homebuilders show the
following:

1. In order to accommodate the yearly added number of new
householders alone, 1,200,000 units are needed’

2, To replace housiang units destroyed by demolition in the.
process of highway or other construction, 300,000 new housing
units are needed yearly

3. in order to reolace that portion of the 52,000,000 existing
housing units which falls .nto disrepair or is outmoded (on the
assumption that the average lifetime of these units is fifty
years), -1 million new units a year are needed
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4. In order to overcome the presently existing short supply
of housing which manifests itself in overcrowding, 500,000
units a year are required,

Thus in order to keep abreast of demand, it is necessary, to construct
3,000,000 housing units per year during the next decade. This is
exactly donble the figure which the housing industry provided in 1959.

The general shortage is complicated by the unevenness of the supply
in various price brackets. Oversupply of high-priced housing units
in certain communities contrasts sharply with the serious under-
supply of medium and low-priced housing. It can safely be assumed
that nearly the entire gap between the total demand for 3,000,00C
units a year and the actual supply of 1,300,000 is attributable to
shortages in the low-cost and medium-cost field.

As long as the housing demand of urban residents is not adequatzsly
met and in proportion to the needs of various economic groups,
efforts to clear or prevent slums will be unsuccessful. Thus the
problem areas of slums, urban renewal, and housing for urban
residents pres- nt challenging opportunities on a vast scale for the
application of cchnological soluticns, Opportunities for application
of NASA -developed technologies to the solution of these problems
include:

1. NASA studies of urban growth such as the one sponsoered
unde: grant contract NASA NgG ~508 concerned with urban
growth as it relates to the Florida counties adjacent to Cape
Kennedy

2. Mothodologms and analytical techniques related to long-
range planning such as developed under Coniract NAS7 - 100
which can be used to assist planners in more effective planning .
of urban renewal and hovsing prbgram.s ,

3. Development oi improved and less costly methods of build-
ing construction, especially in ‘the areas reqmrmg large invest-
_ ments for labor and machinery

. 4, Development of improved, economical, and long -la.stmg
inaterials for low and medium-cost housing units, mcludmg
economical methods of manufacturing such materials

LR Develonment oi mathods and” matenals whmh can be

v 1mp1ementad to increase the life of housing units and to. keep ' -

- them from getting mto acute states of dxs:epair R
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6. Develcpment of multi-purpcse construction machinery and
apparatus for the building of residentia! housing units

7. Assisting in the formulaticn of adequate and effective
training schocls to teach modern methods of the construction
arts and crafts,

UNEMPLOYMENT AND WELFARE

Migration to the cities has already imposed heavy burdens on the
welfare activities of the cities concerned. With many of these
migrants poorly educated and trained, opportunities for employment
at a wage adequate for a decent life are becoming extremely rare.
Welfare payments often are more substantial than many of the
migrants have ever exper.enced in income. This tends to encourage
them to remain on welfare reolls., In some cities a generation of
children is evolving for which the welfare agency is the normal and
accepted source of income.

Many disadvantages accrue to minority groups in addition to poor
housing. These include high rates of unemployment, low levels of
education and training, the necessity to compete with the more
highly educated and better trained people for jobs, and the bias
frequently found in many communities. Members of minority groups
are often relegated to the menial jobs where skill requirements are
low and the opportunity to improve job status is often lacking. Other
disadvantages involve transportation to and from employment. As
the whites and industries move out into the suburbs and countryside,
Negroes, as well as cther minorities in the city center, lacking an
automobile and without. adequate public transportation,do not have
the mobility required to compete for and hold jobs.

The migration to the cities of rural Negroes, Southern whites, and
, Puerto Ricarns has already imposed heavy tax burdens on the city.
- In 1959, for example, New York City spent $50,000,000 for remedial
B ‘ pregrams for iis Puerto Rican newcomers. This was more than the
city -speni on all its parks! hbranes. zoos, and museums during
that year. ,

.The pwture one obtainsg in progectmg these facts can be described as
a group of low-density regional settlements in which industry and
the white population are spread out over the countryside, witha

” ‘concentrated Nagrc occupancy at thg center of the city, The city's
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tax base will be diminished by the flight of industry and its affluent
citizens; its expenses will increase to care for its immigrants. A
large number of the center-city residents will commute to jobs in
the suburbs while many of the suburban whites will continue to travel
to jobs in the central business district, They will demand good
roads.but, by keeping themselves cff the tax rolls of the central city,
will not be responsible for paying for the facilities they demand.

The inability of the automobile and the expressways to handle the
traffic, the changing character of the city occupied jointly by a
financial and business community and segregated minority group
populations, the problems associated with financing public services
for a migrant population in the face of disappearing industry and lost
taxes are:all' reasons for not allowing present trends to continue.

Ancther facet of the welfare and unemploymenc problem concerns the
increase in the aged population unable to subsist on meager incomes
in urban communities, Froblems that affect human beings of all
ages are found to occur more often or with greater intensity among
older individuals. In the economic area these problems concern
employment opportunity, income rnaintenance, cost of housing, and
medical care, The emotional and physical well-being of older people
is often thieatened by occurreuce of chronic diseases and the mcunt-
ing requirements of inedical care. Modern medical scie ..e¢ can
provide help to the elderly, but thé individual older person's oppor-
tunities in the area of heaith and medical care are inseparable from
his economic problems. The recently instituted "'medicare program"
for the aged will alleviate this latter condition by serving two major
groups of older people: those receiving public welfare assistance,
and those with some, but limited, financial resources of their own.

To combat the problems of depletion of welfare funds and to remedy
partially the problem of unemployment of minority groups and the
aged in urban communities, constructive programs of revitalizing
cities must'be implemented. The nation's cities will recover their
vitality as they are continually restructured in the image and con-
ditions of our times, A new climate and new opportunities for
investmen: and development ars needed and can be created tarough
the recognition that !'self-help' programs can alsc be.carried out in
the private sector of the nation's economy, In many areas of many

cities the investment potential is s0 great and so apparent that -
-privaie enterprise will do the job without assistance, altho gl at ~

present such cases are the exception rather than the rule. N g
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The challenges and opportunities for private investment can be found
1in providing scrvices in life preservation and extension, in hife
enrichment and in convenience and leisure, Another force in con-
tinuous operation that will provide new investment and business
opportunities to absorb the unemployed is innovation. To channel
this force successfully, however, the problems which require
innovation. must be identified. The private sector of urban life can
calil upon research organizations and universities for assistance,
and the innovators, entrepreneurs, and risk-taking financial insti-
tutions can develop programs to determine technologies which can
be applied to the solution of the problems identified.

NASA's centers for the study and de relopment of means to transfer
its technologies to commercial and --iustrial applications (such as
established at Indiana University and Pittsburgh University) will
play an important role in assisting private and business investors to
generate requisite innovations. These innovations will create whole
new industries, businesses, and new social and economic forces
which could change the national ecoromy and drastically reduce the
need for welfare and vnemployment programs.

Businesses and industries may be encouraged to invest in training
institutes of their own in the style of youth and vocational training
organizations operated by the Federal government to meet their own
specific demands. A key element in the process of technology
transfer is the effective flow of technical information, The fullest
utilization of the technological by-products of space programs will
flow from an effective information system. NASA's publications
dissemination program should prove of value in this regard if it is
extended to include universities, vocational, and trade schoole.

~ Many opportunities for new products and services will accrue from.

- the transfer of NASA's technologies, through its publications and
technical briefs, to the interested private sectors of the urban com-
munities. The potential for the resulting innovations to create jobs
which will contribute to the alleviation of the problems of welfare
and unemployment will then be limited only by the zeal, imagination,.
and technical - capabilities of the innovators and entrepren«ura;

“ IS Pa.rker ‘has stated that "the transfer of technology, rather
than products. will be by far the most impﬂrtant{or some time to -

. e ,,

#J, S. Parker, Geneul Electric Company. “Space Technology s o .
Potential For Industry, '* Fourth National Conference on the Peace- o T
ful Uses ol’ Space, Bo-ton, M&yf -1964. ‘ , v
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(pIme the areas of new methods, new design approaches, and new
producuon cechniques offer promising transfers to 1ndustry and
1nnovatorsg,

EDUCATION AND SCHOCL SYSTEMS

The mmost recent statistics released bv the U.S. Office of Education
show that there are 54.2 million students comprising nearly 28 per-
cent of the U.S. population. Elementary enrollments account for
55.9 million, 12.% mallion are in secondary schools, and 5. } miliion
‘are 1n unmiversities, colleges and professional schools. Not since
the Depression of the early thirties have educational developments of
the nation's schools been so greatly affected by social and economaic
dcevelopments. This is particularly true of city schools, which are
affected by the financial support and the racial, economic and popu-
lation shift forces.

The next few years will severely test the progress of new develop-
ments in school systems and the extent of their impact on educational
practice. It has become apparent that cities did not keep up with
school growtn needs and gradually fell into an educational deficit.
Today schools are working to overcome this deficit to keep up with
rapid changes facing all schools and to operate their schools in a
tighter budgetary climate. ’ '

Some problems of city school systemrs of special concern today are:
(1) The increase in the numbers of pupils; (2) decreases in financial

su.pport; {3) school dropouts and young adult unemployment; (4) labor |

organizations of school employees; (8) rapid changes in school cur-
riculum, and (6) adjustments to new methods, systems, and
materials for teaching. None of the foregoing are realiy new prob-
lerns, but because of a variety of conditions ‘hey each press for
immediate attention and their magnitude in terms of the numbers of
pupils affected makes them eapecially crucial. . .

Problems associated with handling increased enrollment -and prc -
"viding adequate and effective facilities will accelerate the need for
changes in methods and systems of instruction. The opportunity for
the application of NASA -developed technologies wil! be greatest-in
thcse areas. NASA technologies will find a vlace in the .evelciment
2r impravement of instructional television, language teaching
laboratories, teaching .nuchines, prograrnmed instruction devices,.
viguzl aids to education, acoustical training aids, newer approcches
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-his .different tastes, motivaticn and interests. As a result there are,
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e teaching mat. rnmiat.Cs and the sdiviios, Hew texis, new testing
methecas and systems, autemdated ibrar.es, computers as instrac -
tioral tcols, schocl simuiatice vehocles, desigrn of contindous proc-
ess schec!s, comeruter-based instruct.. n i the humanities, computer
applications tc me-ica: instructicr, audio-lL.ageal systems and
equipmert for language teaching and correction ». speech impedi-
ments, infcimaticr and uata systems for maintaining and retrieving
schco and pupit receres, cerntralizea corgputer facilities for
university resezrtr .n the scierces, time-sharing computer systems
for interccnnect:cn between cthier ccninuters throughout the country,
and video tepe J.raries c1 lectures, concerts, and school activities
for viewsing by students as means ¢t <indy and enjovment.

. many large urbar. ccmmurat:es there has becen a noticeahle de-
crease in the quality ¢{ schocl instruction ir recent years. This
has been especially true in the area of the central city, partly
because ¢f the changirg patterr of scheool pcpulation and partly S
because of the shifting of better teachers to the suburban communi-

tics. The middie class white families, disturued by the increasing -~ = . -
discrder and misbehavior created in cvércrowded schools and o o
classrooms, have fled to the cutskirts. Teachers, also of middle- st
class origin, have done the same. Further, the heightening of A
racial groupings and the influx cf pover ., stricken people from thc _
rural parts of the ccuntry have contributea tc the decay of the cen- . B
tral city and a ccrnseguert lowering of the quality of education +- ¥ S
numbers of chi'dren in schocls increas.d, wkile available funds - =
could nct keep up with the grcowth cf student population. o '

in ecucating children durirg their ezvlier years of schociing, there L
has been a feeding of the same siandard curriculum to aii, notwith-/ o

standing individual difierences, interests, motivatiors, or capa- - . .
bilities. And, mcre often thar not, edacational methods and teck- T
niques have failed to reccgnize the existence of the individual, with . e :

{l} juvemle delinquerts, {2} underachievers, and (3) dropomc.

’r. the ecoromic world, ‘ha :ndividual receives recognition: his '
needs, tastes, and desires are appealed to on that basis and ".u
responds as an irdividual in his purchases, Ccornaindy he can bs
“lassified in one of several categcriesan his habits, likes ard dis-
likes, 'etc., but studerts aren’t so ciassified and so treatcd. Simi-. -
, iar comzdervxon shculd he given to uducaua.., partcularly durfmg '

]
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the lower grades in order to make education mure appealing and to
meet individual needs and capabilities. The perpetuation of nine-
teerth cen‘tury thinking in educational methods is totally unwarranted
today.

Space activity developed during the past 7-8 years has produced a
profound impact on education and the extension of knowledgs, The
exposure of our children, thrnugh radic and television, to ideas,
processes, and world-wide on-the-spot events directly resultant
from space activities have stimulated widespread interest on the part
of all children of ail ages in education, new lechnology and science.
The scientific and technological developments fostered by the space
program have become part and parcel of the eiucational content at
all levels of schooling. Every child now has a feeling for space and
has a better background for developing a realistic undergtanding of
the universe as a system, the place of planets and especially the
earth within this system.

Space activities have enhanced the application of closed circuit and
open circuit television as an educational technique by means cof the
extraordinary content made available. Video tapes, as well as other
records of on-the-sp8tevents;are valuable supplements t¢ the books
available within libraries which are fast becoming automated.

Communication satellites are now used as way stations in the trans-
mission of knowledge and events from one continent tc another.
When the communication satellite system is expwended, it will be
possikle to trausmit cultural information directly into the school-
room without undergoing the warmed-over processing required pre-
viously when programs where transposed via language or other
visual media.

The availability of this knowledge directly will pvovide a better under-
standing of the values and hehaviors of other cultures, encouraging
the learning of specific attitudes, ideas and behavicrs, while at the
same time discouraging other attitudes, which represented stereo-
types, frequently of doubt, ignorance, tradition, and other dubious
origins,

Space activities have given increased value and acceptance to the
teaching (and learning) of various subjects which prev_ously were
considered somewhat exotic and of limited interest. Wkere scieace
and technology lost their attractions to youth, there is a reawakening
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at all levels, attracting new inter:st in technology. Further, new
fields cf science and technology have widened, attracting more
interested persons reaty for careers in ths 3¢ ficlus An additional
item of value has been ‘he dernand ard institution of higher stand-
ards, especially at the secondary school level, wit" expanding
oprnortunities for gifted children insofar as intellectual development
is ~oncerned.

At the college and university levels, the advent \f space develop-
ments has led to an increased need for highly traincd scientiscs and
technologists oi all kinds. As 2 result, NASA :as been issuing
scholarships, grants, fellowships and research ccntracts, many oi
which are directed to the tra ning of studenis in a variety of pro-
fessional discipiin~s. One addiiional factor has been the tremendous
stimulus given by NASA to interdisciplinary education, principally
required by the criticel demar~d for plenning in the space sciences
and space t.avel programs. Graduate programs are just beginning
at various locations in interdisciplinary sciences, Equipments and
teaching devices are in demand for classroom and laboratery in
order to meet new educational requireme«nts, In fact, many NASA
personnel are teaching on a part-timne basis to asasistl in aeveloping
new graduates and in designing the new equirmeat and devices
needed,

Methods and techniques developed in conneciion with space activities
have introduced NAsA-tvpe systern concepts to =ducation which are
leading to improved scheduling and related administrative activities
scon to be more widelv adopted in a variety of educational systems
and inctitutions. With increas~=qd sophistication and the greater
availability of equipments and trained persounnel ia the near future,
these appiications will be universally accepted and used,

Although programnmed mater.als were initiated prior to the break-
through in space developments«, the impact upon prograrmmed
materials due to space activities was extreme, This resulted ina
tremendous boost in the development of programmed materials,
which today are beginning tn prcve mere effective than many tra-
ditional muterizle for teaching and learning purposes, NASA can
contribuce in this area by helping to encourage the use of these
advanced teaching meth>ds and by publicizing the use of these within
its own areas of interest,
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Ingenuity applied to tne design and development of synthetic training
devices eseential for familiarization training of astronauts and
maintenance technicians is being applied to the development of
training devices and kits for introduction in the various levels of
education,

Space programs have shown the futility -of lacking specific skills,
whether these be in terms of professional and technical skills, or in
terms of the several vocational trades. With many sophisticated
equipment systeme and the associated growth of automation, un-
skilled and semi-skilled workers find it necessary to upgrade their
skills and knowledge in order to maintain employability. Cources
of study for expansion of knowledge and developing, improving, and
upgrading skillc are being initiated throughout the nation to meet the
demands c¢f many workers. Technical skills and professional re-
quirements, sc highly demanded space programs, are fostering
educational and training prograr.. .t the secondary school and
university extension levels,

Scientists and engineers have had to add bc*h new knowledge and
understanding of new methods to their capabilities in order to func-
tion in the space program. Profescional and technical skills have
had to be modified in order thzi their utility could be transferable
to space activities. Special courses have been started and will be
continued with instruction by knowledgeable individuals under NASA
contracts or in NASA employ, in order to add to the capability of
scientists and engineers. Thiz program will be needed for a num-
ber of years, especially as new knowledge of space is being gath-
ered, for new technical developments in man's conqyuest of space.

Adult education courses dealing with the new problems of undeveloped
countries and familiarization with foreign cultures are receiving
impetus and new interest throughout the country., The use of com-
raunication satellites for intercontinental telecasts has broadened

the interests of people in international activities. Thus cultural
interests have broadened with a special heightening cf concern for

the needs, assets, and way of life of other cultures and communities,

In fact, for many_ these acdult education ccurses may aiso prove a
means fo.r stimulating commercial interests and ties in the expan-~
sion of international rrade., Economic development can be expanded
when businessmen have a better understanding of the culture of the
nation with which they propose to dc busiress. The information
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being conveyed to them —first by inte~contineatal telecasts. then by
adult educational courses-—is fully instructional on the needs of other
nations and the means for dealing with them.

The technical and professional requirements demanded by NASA
space programs, especially at the skilled trade levels plus thie
requirements for increasing numbers of highly skilled maintenance
technicians of all types created by the adoption of automrated tech-
niques and equipments, has not onlv had adverse effect through the
displacement of workers with lesser skills, but also has created an
advantage Ly gencrating demansris for many workers with higher
levels of skills. There are extreme shortages in the number of
highly skilled craftsmer, and there is need for training in these
skills. There are also increasi. ; demands for trained service
workers and the expansion of gervice needs.

These demands have led to renewed interest in the trade or voca-
tional schools in order to develop persons wi.h the needed skills for
business and industry. Up to now, ithe pressure has been in educa-
tior, emphasizing the importance and values of college and university
educations. This view, however, led to neglect of a large portion of
the population, many of whom could not qualify for highe: education
and for whom the scliools were proving inadequate, Therefore, w.th
government support, new funds and life are being pumpecd into the
trade schools, craftsmer. are being developed, and the technological
economy will again be able to move on. This developmsnt will ne
needed for the next five or more years tc build up a suitable capa-
bility and the several crzitsman levels,

In order that the skilled craftsmen be properly trained and developed
and service workers he able (o develop their needed skills, it will
alsc be essential that trainees be able to perform the various basic
reading, writing, 2nd computing skills in order to attain employ-
ability, Programs of support have been initiated via the Department
of Labor (MDTA) and the Off.ce of Economic Opportunity to provide
the opportunity for people to complete their basic education. These
programs, of course, also have the salutary effect of cbviuting the
several local and Federal welfare programs, at lezst in principle,
and hopefully in practice. Those who become employable as a result
of the combination of education and training to which they are ex.
poced, will be able to leave the welfure rolls.
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Any municipality (or institution) contemplating the need to progress
is dependent upon the modernization, not only of its plant and
enviicnus, but also of its pcople. Technology has put a great increase
of requirements upon the educational demands of municipal em-
ployees. Municipalities have a history of stodginess and tradition,

as well as a reluctance to increase tax rates and modernize their
procedures unless forced into these practices. However, moderni-
zation can be attained only as municipal employees are educated to
new developmnents, new procedures, and new concepts t¢ improve
their performance in their jobs.

NASA can help to advance these various programs by hiring gradu-
ates of the various training programs and advertising their action.
They can also disseminate to the various educational activities
krowledge of teaching methods and instructional techniques used by
the agency in its employee improvement programs.
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TECHNOLOGICAL SOLUTIONS TO PROBLEMS OF
THE URBAN ECONOMIC ENVIRONMENT

PERSPECTIVE

Tre most troublesome aspects of urban crises express themselves
in the central cores of cities, With very few exceptions these cores
are stagnating, and statistics registering the number of visitors
entering the city cores as vorkers, shoppzrs, or participants in
urban activities show a steady and increasinfly downward trend.
Such conditions threaten the vitality and function of arban comrnuni-
ties, As President Johnson recently stated: ''To save the vitality
of our cities, we must make continted progress in eliminating slums, -
in rehabilitating historic neighborhoods, in providing for the humane
relocation of people displaced by urhan renewal, in restoring the
economic base of our communities, and in revitalizing our central
areas. "

Peopie have long banded together because they found that any task.
whether it be to obtain protection from wild beasts and human
ernemies or the making and exchanging of goods, could be better
accomplished by a coramon effort.. They formed cities because
mran is a gregarious animal looking for sociability and ease of
human communication, As technology and industry developed and
as agriculture needed less land and manpower, cities started to
increase in number and population.

The mass flight of businesy, industry, and other urban functions-
into the countryside has created the phenomenor of spreading,
sprawling n:ctropolis, which many scholars and city planners have
attributed to a variety of causes ranging from land use patterns
and taxation to inadequate facilities and city administration. It is
an established fact, however, that its effects are far-reaching in
the physical and social environments of cities and become
especially critical in the urban economic environment.
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Victor Gruen has predicted that over the next ten years local
private enterprise will take the initiative in the ec-nomic revitali-
zation of cities; that the task will be carried on in partnership with
10¢ government; and that it w!ll be stimulated by technological
advances and implemented by the business and industrial organiza-
tions in communities through the establishment of new businesees
risking investments in innovations. For (his prediction to be
realized, the effectiveness of government agencies:.concerned with
city planning must be improved. Land use and tax policies must
be re-evaluated to revitalize the economic clirnate of urban
communities, Procedures must be established to aitract new
business and industry., Finally, economies and efficiencies mu~xt
be introduced at all levels of administration.

Critical problem areas in the urban economic environment which
have been identified as amenable to technological solutions for
purposes of this study are as follows:

® (City Administration

® Operation of Municipal Facilities

® Retention and Attraction of Business and Industry
® Land use Patterns and Policy

® Urban Pianning

CITY ADMINISTRATION

The operations of municipalitiee and municipal government have
increased in complexity in all directions. The many transactions
which require official recording demand accuracy, and the
information searches and legal processes must be accelerated to
avoid unnecessary delays. Further, the patterns of city growth,
with steady increases in the urban populations,, place greater
burdens on the city governments in the demands and costs of
administrative functions,

There are some overlapping relationships, but each specific urban
problera contributes its unique difficulties and attracts its unique
special interest groups. Municipal administrators face their
greatest challenge in requirements for programs for actior in this
complicated area of relationships. The critical question for
consideration thus becomes: Is the administracive apparatus of
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municipalities adequate for the appiicav.on of modern sciencee and
technical skill to the critical problems of the modern city? It
would seem logical to agsume that administrative mechanisms
designed for the minereenth ceaturv will never be ade juate for tre
purpose of erabling cities to solve tLeir twentieth century problems
with twentietl. century means. The complexity of administrative
relationships is the heart of the problem of implementing many
corrective action programs. The methodo'rgies and techniques
identified with the management sciences, ke information sciences,
and economic ar.alysis which have beern used in NASA's large-scale
programs hold a good potentia)l for modernizing the administrative
apparatus of the city,

The basic information essential to the admirnistrative functions of a
city is an ever-expanding mountain oi records. Altkough much of
the basic information is reclatively invariant over long periods of
time, a history develops as each trarsaction occurs, ard various
minor additions or subtractions are made from: time to time., None-
theless, the actual transactions and processirg of these actions are
recurring affairs with their frequency increasing each year,

For example, land recordings, tax assessment actions, school
records, h-alth and sanitation records. personr.el and payroll
records, .nsnection records. police records and operations, and
other municipal functions produce daily, weekly and other regularly
recurring frequent actions. Instances have already proven the
utility of computerized systems whick. permit orgarizing the various
records into suitzable data banks to facilitate th.e needed bandling,
processing, storing, ard retrieving of information. The data bank
concept needs associsted with a largs computer require NASA's
tremendous inforwation khandling. classificatior, storage and
retrieval know -row for incorporating several record systems intu
one computer, NASA's work in the field of data storage density and
kigh speed retri:val is of particulaz intecrcst here, Tkis capability
has been gaining widespread application af other levels of govern-
mert functioring =nd should be utilized more at the municipal
government luvel. The technology has beer. demonstrated and row
requires only modifications and software 1o permat its being applied
to the data bank problem.

Communication systems today include the telepkornc, telegraph

radio, television and public add:r=ss sye:ems witk 3 capability for
two-way commuracatiors, Ir general, these various comumunicaticn
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mcdes have been operzted as independent systems and rarely have
been organized into nt.vork fashion to serve a municipality, Effec-
tive communications provide one of tl:e inajor keys to successful
administration. These ccmmunication eystems involve, in addition
to the messafes comraunicated by people, equipment with the ability
to trace automatically hy means of remote sensore, i. e., locating
leaks in municipal sewer systems, and to genera.e signals convey-
ing information relative to the size and location of the :rcutle,

Such signals may be generated by fires, by unexpected brezks in
water or gas mains, or by other emergencies that can be sensed
and transmitted to a centrul display conscle where the type, location
or criticality of the event can be displayed. NASA's remote sensing
work could lead directly to capabilities of this nature.

In some cities, mobile tw¢ ~-way radios are now utilized by patrolmen
nn beatss this gives them 2 response capability similar to that of
police car patrol. Fire engines and ambulances can also have

radio communication installations and sometimea do, but these are
exceptions ratuer than the rule. The police officer who leaves his
patrol car is out of contact with headquarters; the fireman who

goes into th<z burning building is out of contact with the chief and his
fellows. The leaky water or gas main is not detected until a subway
is flooded or a home explodes.

School systems, more concerned with records and the transmissior
of informatiorn between people and from stored rec.rds to people,
are behind in the application of current communications capabilities.
Closed-circuit TV is used for teaching, yet closed-circuit TV to
scan and transmit records on demand of school teachers or
administrators docs not exist, nor is there a system that permits
students to interact with TV lecturers. The technology required is
generally available partially as a resu.t of NASA developments.
Feasibility demonstrations must be conducted.

Another area of concern to city administrators is that involving

the municipal courts and their concern with city crdinances, regula-
tiong, and enabling legislation. Law and legal decisions are
generally based on precedent or on enabling legislation, yet Listory
has frequently shown the existence of conflicting laws and ordinances
which have oiten been overlooked. The law, precedence, legal
conflict, and legislaticn have scarcely benefitted from modern
techniques and developments. There is strong dependence upon the
old-fashioned procedure of library search by the individual. This
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is a definite hindraace to the workings of justice because it is 2

alow and costly operation. C(orrputer app.ication to the classifica-

tion, storage, and retrieval of the laws, legal actions, and previous

cases offers arother sensible solution to the modernization of a - :
"municipal government activity by the applicatinn of NASA technology. - .
Computerization can at leaust relieve, if not eliminate, the long

delaye and waiting lists for civil and criminal actions. Muych of the

time devoted tc library search and retrieval of pertinent precedents

by attorneys and their law clerks ~an be reallocated to other facets

of the legal process, allowiny funds to Le used more effectively in

exploiting legal procedures under the law.

Cities need the fiscal capability to invest in the new svstems and
new equipments, Operations have expanded throughoui municipal
functions and costs hav: risen accordingly. As a result, taxez
have also risen. The monies for capital investment must te sought
elsewhere —from Federal or state government sources and internal
revenue producing sources. Until suck funds become available, the
improvement picture will be delayed and the opportuniiies for thore
efficient city administration eitl.er lost or postpored. NASA can
contribute to this problem area by financing etudies to develop
procedures that will permit the application of NASA-developed
techniques, such as CAST, to this problem aveax in a general way so
that the ultimate cost to cities is reduced by the develcpment caost.

OPERATION OF MUNICIPAL FAC!LITIES

The non-revenue producing facilities in sn urban comniunity usually
consist of: , : '

1. Sewage disposai plants ‘
2, Parks and other free recreation‘alr facilities
3. City equipment maintenance fé.cilitiu
4. City street departments
5. Welfare and social service depirtments
6. Polica deparimentl and jails

o

7. Fire departments.

NASA tecanologies can contribute to the attractivenéess ndfﬁﬁ’.\_-
ciency of these facilities. For example, sewage ¢ispossl-plants
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now in existence are laigely based on both antiquated sewage
generation requirernents and sewage treatment technology. New
sewage treatment proceises, tailored to today's wastes and utilizing
modern technology, should be developed.

Water supply, sewage tr:atment, air pcllution, garhage and refuse
disposal are probleme in every city and demand better solutions.
Since they are interrelatec¢, they are amenable to solution through
a systems approach. At present, there is no integrated approach
to handling the water cycle, solid waste disposal or air pollution,
and garbag: -nd trash collection trucks continue to ply the city
streets.

Since adequate water to supply the requirements oi some large
cities (such as New York) is becoming more critical, planned re-use
of wastewater should be studied as a method to eliminate or fore-
stall emergencies related to water shortages. Approximately 40%
of total 1 csidential water consumption is utilized in the bathroom:;

if this water can be treated and re-used at minimurmn expense, great
savings could be realized. In the develepment of future communi-
ties, the available water, Lrimar- and secondary systems, waste-
water treatment, wastewater reclamation plants, and water re-use,
irrigation, and fire protection requi:ements need adequate systems
plirning to obtain a better water cycle system.

Therefore, the approach to handling wastewater should be flexible
enough to economically cope with any situation: individual home
treatment, sub-division treatmrent, and city treatment.

Garbage can be eliminated by discharging foed waste into the sewer
after grinding it up in a food waste disposer. [t is entirely plausible
that a macerator could accept all solids sxc~pt bottles and cans,
shred them, and dispose of them in thz waste water if conventionai
gravity type sewer lines were replaced by pumped pressure lines.

A sewage disposal plant could be cesigned tn sepzrate these solids
and then process them separately.

An interesting trend developing in the area of municipal facilities
is {-e sale by one community to another of services ranging from
police protection to dog catching. In addition to the financial gains
involved, these arrangements enable small communities to take
advantage of the more extensive service facilities of their bigger
neighbors. A recent survey by the International City Managers'
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Asscciation of 1007 United States cities showed they had 1168
contracts to purchase services from cother governmental units. in

most cagses services are provided by fairly large cities to smaller
municivalities and, sometimes, to entire counties.

The city of Riverside, Caliiornia, for example, runs the county
library system for Riv.rside County. I os Angeles County sel's
50 different services to 76 cities, several of which buy over 4
services each. TLe county is the largeet purveyor of governinent
services in the nation, and last July it had 1553 contracts in force
as compared to 1278 in 19¢1,

Officials of mary small communities regard iniergovernmental
contracting as an opportunity to offer their citizens the featuras of

2 larger city whiie staving off the threat of annexaticn. As this
public facilities contractirg continues, new management problems
will emerge whick wiil require the use of computers and information
systems to resolve. NASA technclogies in the computer, inform. -
tion and communication sciences can make a meaningful

contributior to the solution of management problems in this area.

Almost all American cities are currently operating revenue-
producing facilities. For many, these businesses consist of
services that private operators cannot operate at a profit or
services that residents expect a city to provide for a fee. These
facilities consist of operations such as:

1. Airports
2. Transpcrtation Systems
a) Rail rapid transit
b) Bus systems
3. Concessions at Parks, Beaches, etc.
4. Stadia

5. Museums, Concert Halls and other facilities for
performing arts

6. Municipal Utilities
a) Water

b) Power ard light.

59



RM 65TMP-53

The problems encountered in the < peration of these facilities and
scrvices for the most part ar= amenable to solutions by NASA
technologies in systems engineering and management technigques.

RETENTION AND ATTRACTICN OF BUSINESS AND INDUSTRY

A serious problem facing many American cities is the retention and
attraction of business and industry. Cities today are beset with the
protlems of urban sprawl. In some instances the central city has
Seen nearl, abandoned and the municipal bonndaries obliterated as
peop'e, jobs, and indusiry move into the outlying areas beyond. If
thiz r—eans that the city itself is growing, then there will be no
problem, bu* the city's tax rolls are shrirking, and its supply of
reasonably priced industrial land has disappeared. The city
government is v'taily concerned w:th those occurrences where its
tox base is affectec us business and people leave its environs. This
pattern c¢f beh. vior leads to a vicious cycle: as business and
residents flee to the outlying secters, depleting the tax rolls of the
central city, tax rates for those who remain must be increased to
meet the regirements of municipal government. An increase in
taxatior. stimulates a new wave of migration which launches a
sccond cycle.

The centrzl city cannot live with~ut adequate sourcea of revenue.
Thus, it must attract affluent businesses and industrics and resi-
dents within its borders to maintain a reasonable tax base for
revenue. The city must be in a pocition to create a climate that
will not only retain business and industrial establishments w:‘hin
its borders but will be able to att~act new industry, provide a
basis for growth and loox forward to a developing pro:perity.

The city's basic problem can only be solved through long-range
planning, utilizing the methods and techniques of systems analysis
and operations research which are used in NASA's space programs.
The potential expansion and directions of growth of the city's
economic hase through exploitation of special assets and attributes,
such as new uses for natural resources, ports development, and
central city facilities present new probiems requiring the weighing
of alternative solutions in allocating the city's assets.
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ind :stry looks 1or many specific at.ributes in a community when
consid=ring location of a site. These inclace:

1. Adequac; of services and physical fzacii-iies

2. Sound and fair governmental managenent and fiscal
policy

3. A healthy commmunity climate including cu'tuial attra. uions,
a2 cooperative force and an understanding popuiac<.

Tte techniques of manayement contro!l and planning and thc improve-
ments in system analysis and operacious research used by NASA
provide an excellent methnZclogy for municipal planning. A com-
prehensive long-c2rm approach is indispensable for an orderly and
methodical pian for a city's economic development. Such planning
should utilize the best talents available in thke cominunitv from
t.siness, industry, educaticn, and the various civic agencies.

Witk the collective erfforts of 2 municipalicy concentrated o. its
tuture economic growth, it is ther more likely t}at the city's
resources, both physical and human, and its vaiious services and
amenities can be devzloped as attractive assets along with ideally-
iocated industrial and business facilities, attractive residentia;
communities, suitable public transwortation capabilities, and
reasonable tax rates.

Work that NASA has already done as well as work now underway for
NASA carn be valuable to cities seeking to attract new industry or to
retain their existing industry. The hundreds of new systems and
equipmeris that have been deveioped hy NASA in the naticnal space
prograr represent a large source of new opportunities for industry.
Citie.  officials could operate a program to distribute NASA
technical literature (such as NASA "Technical Eriefs'") te intcrested
bur  ssmen to help them to find new processes and products for
their businesscs. A local agency reporting to the mayor or city
manzager ccuid be formed to review these documents for new product
opportunities that local entrepreneurs could use to start new
businesses,

LANEC USE PATTERNS AND POLICY

Crucial amceng the problems affecting tae urban economic environ-
mernt is the layout of the spatial pattern for growth, It is in the
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designation of land uses within the areas subject to its control that
local government makes its most far-reaching determinations of
the shape and density of the emerging city, of the pattern of traffic
that will ~csult, the businesses andindustries that will be attracted,
and the services that must be provided,

A citv can be visualized as an aggregation of contiguous property
sites, each devoted to a particular purpose, and each generating a
more or less regular flow of trips carrying goods and persons to
and from that site. The establishment of a pattern of land vses for
the growing parts of cities thus establishes the main outlines of the
transporiition network required to serve this flow of people and
things. TLis anproach to land use results in the transport network
being derived fiom a preconceived land use pattern established on
the basis of partial criteria such as the apparent necessity for
certain kinds o! industry to occupy particular sites or the peculiar
suitability of a topographical feature for some other kind of
installation. Many ciiy planners believe that the community should
use as its primary criterion the implications of land patte as on
public outlays for recads and transportation services which the land
use pattern will entail. This criterion offers a potentially objective
measure of the public interest and one that involves consideration
of the urban area as a whole.

NASA's capabilities in system analysis, cost effectiveness, and
systems effectiveness, coupled with industry's capabilities in
resource allocation techniques and eccnomic analysis, can contrib-
ute to the approach and methods by which land use-transportation-
studies are conducted. Techniques of mission analysis and long-
range planning of alternative soluiious for decisicn-making can also
make contributions to the required research. Finally, NASA's
technology in the computsr and information sciences can ve applied
to the proplem in stracturing data bases and criteria considerations
for pclicies concerning land use pattern and urban zoning.

URBAN PLANNING

Urban p.anmag, to be effective, must have a goal. It rnust have
hefore it an image nf what it wants to achieve, even if the fulfillment
of that image may seem far removed, or never completely attain-
able. The ''city of vomorrow' is essentially the image used in
urban planning, The city of tomorrow in the planners' sense of the
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term is a place where mil.ions can live and work and rest, each ir
his own fashion; a place where each kas a choice between solitude or
sociability; a place which allows us to fulfill our nseds in chkildhood,
youth, and matur:ty, old age, ir illness, in health, in varying moods,
in all the seasons, at any time of day or night. It is most of zll a
place of variety and diversity offering exciting areas full of vitality
and glamour, challenge ard inspiratior.

In the social realm, the city of tomorrow offers peace and relaxatinn
in our homes, in parks, and in natural surroundin_s. It oifers
opportunity for the exercise of the body and tke mind. It offers a
free choice of the surroundings in which ore wistes to live.
independent of color, race, creed, nationality or economic fortunes,
a choice which ca~ be made on the basis of personal likes, of cne's
age and occupation, and the number ard age of one's children.

in the realm of technology, the city of tomorrow is a place in which
all urban functions run smoothly and noiselessly, out of sirht and
kearing; in which no! only wires and cables, water ~nd sewage lines,
railroads and rapid trarsit, but all forms of velticular traific are
removed from consciousness. In the city of tornorrow it should e
easy and convenient to get from “ome to work or to sckrool ¢xr to
places of cultural and spiritual errichment without the sacrilice of
the prized possession of free time: one will similarly be abic to
reach places of unspoiled countryside ard recreational facilicies
ronveniently and swiftly.

It becomes obvious from tr.e consideration of these needs, require-
ments, and desires for the city of tomorrow tkat the task of urban
planring takes on a monumental reepor:.sibility. Many urban
planners are turning to the computer and iniormation sciences to
discover means to cope witr. the variety and number of criteria that
must be considered in tasks of urban planrirg. Economic pressure
from business and industry is being b~ougkt to bear on tre urban
planner to improve the economic climate of the central city.
Private citizens are also becoming aware of te interrelationsh.p
between urban planning and city taxes, vaoicing dissatisfactions with
the manner in which urban planning is now conducted.

NASA's contribution to the techrological solution of the problems
involved in urban planning are essentially the same as for the
problems of land use discussed in tke previous section. Irn addition.
NASA can contribute greatly in the area of applying tke tectriques
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of mathematical modeling to the phases of urhan ptanning requiring
rigorous quantitative treatment to determine alternative solutions
to urban problems. Such techniques are briefiy discussed in
Section 8 of this report.
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TECHNOLOGICAL SOLUTIOMNS TO PROBLEMS OF
PUBLIC HEALTH IN URRAN COMMUNITIES

PERSPECTIVE

Once more public attention is focused upon the health problems of
American cities. Large concentrations of pecple always present
special difficulties; but in periods of rapii growth and change,
urban health problems multiply and become critical. The urban
environment of today presents infinitely more risks to life and
health than in the past, due to increased water anc air pollution
and new pollutants whoseeffects arc still relatively unknown. The
sources of pollution are {1r more numerous and irclude manufac-
turing and commerical establishments; homes, hospitals and other
public buildings; and some 70 million mobile sources —chiefly
automotive vehicies,

The man-made environments —in the form of chemical ard radio-
active wastes —underlie the high costs of municipal waste treatment
and public water systems. The most effective systems today
cannot remove entirciy the many new cheraicals in use. These
substances interfere with treatment systems and show up down-
stream in another city's water supply. Little is knowr. about the
effects which even minute amcunts of these substances in public
water supplies may have over a long period on the Lealth of an
urban population;

In atmospheric pollution, the natural environment usually presenis
difficulties impossible to overcome, as in Los Angeles with its
periodic smog weather. But again, the technical problems of air
pollution arise primarily, as in water pollution, from man-made
wastea, At the present time advanced technology is not being used
in these fields to the extent that would ensure greater protection of
human life and better conservation of these basic natural resources.
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Noise and vibration comprisc another new risk to urban health,.
Little is knownr about this risk to the general population and only

a little more about noise and vibration as a health hazard ir cettain
occupations.

In such an environment of mechanical and chemical efficiency,
accidents take on new dimensions in number, variety, and severity.
Explosions, confiagrations, accidental poisonings, mishaps in
handling powered equipment, not new in themselves, assume new
proporticns ir urban communifies. Accidents involving automotive
vehicles within the city limits, however, outrank other single types
in number and severity.

The development of community services and facilities for the
prevention of :llness and care of the sick is8 a major health problem
in metropolitan arcas throughout the country. Prominent among

the specific factors in ihis health problem are: the high prevalence
of chronic diseas: and severe injuries; the increasing numbe- of
aged persons in che population; and the growing complexity and costs
of personzal health services and facilities. In metropolitan areas,
the develorinent of hospital and raedical facilities is often frustrated
by drastic nopulation shifts. Urban redevelopment and the
construciton of highways leave many city hospitals high and dry.
Hoa=snital »lanning in urban areas thus assumes new dimensions in
both .coje and depth. It is becoming imperative that some means
oe found to ensure orderly development and rehabilitation of needed
facilities, without mut'.ally destructive competiiion for the
community's financial resources.

Newly develuped and improved technologies developed by NASA can
contribute to the solutions of urban health proolems in many and
varied arcas. The discussions which follow are concerned with
the following urban health problems amenable to technological
solution.

® Environmental Health Hazards

® Accidents and Public Safety

® ]lilnesses and Infectious Disecases
® Hospiitals and Medical Facilities

® Urban Public Health Departments
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ENVIRONMENTAL HEALTH HAZARDS

The unpianned and uncoordinated industrial expansion during the
nineteenth and early twentieth centuries followed by periods of
gr<at population growth resulted in the widespread pollution of vur
streams and rivers 2nd inuie recently in the pollution of the air we
must breathe, Water pollution and air pollution are not new
problems. Ir. October. 1948, ir Denora, Pennsylvania, 14 pecple
di~ad ir two days from a heavy SO, concentration in the air.
Actually, 40 percent of the 14,000 residents became ill, For years.
sntil legislaticr forced smelters to recover the SO, , the areas for
miles around the smelters were completely devoid of plant life,
Ornre these recovery processes were forced upon the ore producer-,
tk<y found that they could not economically afford not to recover
these gases,

Processes must be developed either to recover industrial wastes
now emptied into our rivers or to reuse or otherwise maoake these
wastes inrocuous. Thecse steps must be required by law. In 1900,
municipal wastes reaching streams was equivalent to the raw
untreated sewage from 24 million people. By 1959 this had grown
to the equivaliert of 75 million people, and by 1980, it will grow to
the equivalent of 150 million people.

One of the most complex problems associated with the recovery of
polluted water is the paychological block that people have rorcern-
g rceprocessed sewage. Theretore development efforts must e
concrnirited on the task of developing processes to treat eifluent
streams ard =ivers 1ir. order to avoid the problem of having to
reprocess and distribute polluted river water. Present day instailed
sewage ireztment plants for the most part are obsolete, since they
were desigred to nandle the loads and wastes of 40 years ago.
Lattle or no development work has been conducted in this area.
Trerefore, a major water pollution need is the developmert of
waste treatment processes 10 remove more of the contaminates
tran is now possible and, if possible, to do this more economically
and at a low enough initial capital cost to make the processes
readily affcrdable by all urban communities.

NASA can contribute to this problem area through the application of
several of (e technology areas it has developed or advanced.
Discussicns pertinent to the application of NASA-developed teck -
rnologies ir the areas of air, water, and land pcliution and to solid
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and liquid waste dispcsal are presented in Section 3 of this report,
From an ecological viewpoint these problems represent crises in
the urban physical environmentfas well as public health problemas,
It is recognized, however, that the impetus for their techrological
solution will come from public health considerations of their
criticality.

Various modes of transportation, especially those associated with
the mass transport of people within or between urban communities,
are a2 major scurce of noise and vibration which can have a
deleterious effect on the health of exposed citizens. Many industries,
both heavy and light, use machinery whose noise and vibration
levels are high. In some cases, these levels are iicreased through
reflectance, thus creating an added hazard to the health of
individuals exposed to the noise. In general, we cannot attribute
serious health problems to noise and vibration, k.. we do know

that noise affects the efficiency of people and these hazards may
have an insidious effect on their menta® Meaith,

NASA, through noise suppression technigues developer in relation
to engine testirg, could contribute to techniques and matevials for
better attenuation of noise and .ibration in the urban env:roament.
Vibration design and testir; rriteria frorn measuremeats ~nd
analvsis of compiex vibratinns of space vehicles can be =: -.ied to
development, design and ce:  ~ of high-speed urban trans, ~tation
systems to upgrade the com:icort and reliability of such sys:. ms.

ACCIDENTS AND PUBLIC SAFETY

To list the gamut of accidents to “which civilized r.. . susceptible
would not serve the purpose of this siudy. The carr; ry of auto-
mobil.- accidents was selected as an entity for dis.uszion because
of the enocrmous annual toll. NASA, through 118 i -house and
sponsored contracts, has emphasized operatur aud passenger
safety in aircraft and spacecraft. ‘The automobiie industry has
gradually adopted minor safety measures, but these have been
minimal and have not been the rerult of a svstems approach to the
problem. A systems engineering approach to the automobile from
the viewpoint of rider safsty might result in radical design changes.
These changes undoubtedly would provide significant improvements
in the cegree of safety afforded wuto passengers. NASA-gupported
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werk in aircrafi cockpit design and in space capsuie design should
provide a wealil of cesign and developmen: information that could
be of immediate value to such a systems enginczering study.

Equipments already d=veloped by NASA for aircraft end space
vehicles, such as instruments, ser<c>s, scats and cush.oning, could
be used immediate.y. This probiem area requirecs A sysiems
engineering approach coupled with public information avd ¢lucation
programs to obtain the public's support.

The large amount of vime lost from work in the United Statea on
acrount of illness and injury due to accidents presents a chalienging
problem to preventive medicine and the safety movement. Data
coliected for the period July 1959 to June 196" indicates that the
loss of work time averaged 322.9 million days a year f{or the usually
employed population aged 17 and over. Table ] shows that illness
was responsible for abcut three-fourths of the work-loss days.
Somewhat over half of the work-loss days ¢ = to injury—38.4
million days out of 73.5 million-—were caused by injuries arising out
of and in the course of employraernt.

Accidents involving a motor vehicle were responsible for 14 percent
of the days loet because of injuries sustainedd''while at work. "' With
regard to work-loss days from all causes, nonoccupational motor
vehicle accidents and accidents in and about the home resulted in

7 percent of all time lost. NASA's programs in hurnan factors and
engineering can be used as a source of technology for this problem:
area. Through the Na:ional Safety Council NASA can dioss “minate
information concerning the systems, equipments, devices, and
methods which can be used to reduce numbers of the loss-time
accidents.

Generally, food poisoning is not a serious problem for cities whose
healtk departments have established routine food preaervation
standards and inspection procedures. Howaver, there is always the
possibility of nnexpected cvents, particularly as a result nf human
error, I such cases, problems arise and devalop rapidly.

Much food poisoning is a direct result of failures in mgeting preser-
vation standards, in the malfunction of equipment, and in the
introduction of unsaritary practices. Receontly, there was an.
epidemic of intestinal virus in Riverside, California, due to contam-
ination of the city's source of water. Some 18,000 persons were .
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TABLE 1—ESTIMATED AVERAGE ANMNUAL WORK-LOSS DAYS FROM ILLNESS
AND INJURY

Persons Usually Worl»:ing,* Ages 17 and Over
U.S. National Health Survey, July 1959-June 1961

Condition Leading ; Number of Days, Percent Days per Currently
To Work Loss | in Thousands Distribution | Employed Person
All Causes 322,857 100.0 5.49
Hness 249,386 ' 77 .2 4.24
Injury 73,471 22.8 1.25
At work 38,424 1.9 .65
Motor vehicle 5,433 1.7 09
Gther 32,991 10.2 .56
Motor v_ehicle (rot 13,571 4.2 23
at work)

Home 10,371 3.2 .18
Og;r and gnspeci- 1,104 3.5 19

*Parsons in the civilian noninstitutional popuiation who were pai- employees,
celf employed, or unpaid employees in a fomily business or farm and who were
usually working duding the vear. The data relate only to versons living at the
time of the household interview. Source: Unpublished data from National
Health Survey Division, National Center For Health Statistics.

affected in an inordinately short time. The occurrence of an
epidemic not only creates a great deal of anxiety but produces a
cevere stra.n on mecica facilities, first, in determining the
«pidemiology and second, in alleviating the problem.

Improved equipment and ncw tools, such ar specific sensors, as
well as the development of improved procedures for retaining
control over food-handling inspection, are needed in this area
becavse rising costs in the area of municipal services both fcr
new ser'ices and for services oriented to peopl: has put a cost
squeeze on some of the iess glamorous city departmnents. NASA-
developad technology in the field of remote sensing, telemetering
data and remote viewing coulid be used to develop a more automatic
and probably less expensive food prccessing protective service.
I'or example, there are bio-sensors designed to automatically
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sa nple tk 2 biological content of atmospheres or of lunar and
planetary sur’aces and report their composition.

Teniperature senrors, humidity sensors, radiation and other
partic.e sensors can be placed in dishwashers, refrigeration boves,
roorns, or other closed spuces to make periodic measuraments of
the atmosphe e a1d signal sub- or supra-standard conditio: €. It is
teasible to operate a widespread monitoring program to protect the
nublic by assuring the maintenance of sanitary practices in
restavrar’s, laundries, hospitals, and rese»voirs. QOwver the long
rvu, 1' 15 also reasona®e tc expect tc attain dollar economises with
reliabie equi, ment sytiems while maintaining better health
standerdr.

Orher NASA developments could contribute to health practices in
frod preservation and preparation, food dc:hydration, rehydration,
freezing and techniques of reconstituticn. These develcpments
oifer improved techniques for the fuod industry. When commer -
ciaily availak'-: and prodicible at a reasonable cost to the average
consumer th-se zpproaches can provide food preservation
tcihniques which are less su: ceptible to contamination yet offer a
longer slielf-life,

ILLNESSES AND INFECTIC'US DISEASES

Although advances ir medicine and public health measures have
Erought many communicuole diseases under control, there still
are dangers where controls do not operate and where infectious
disease ~an assume epidemic proportions. The common cold,
viral inflienza certain forins of meningitis, hepatitis, and other
viruses arc stiil sewrces of infectious disorders which can be
highly disruptive in an urban community.

Cardiovascular-renal diseases and maligrant neroplasm are major
causges of ¢»ath in tr« mited States today. Morbidity rates show
that caridovascular niseases affect the largest numbers of sufferers,
followed by arinritis and rheumatism, asthma and hay fever,
syphilis, tuberculosisi, and cancer. .Ailments which show the
grealest incidence indicate that stresses and infections are the
underlying factors.

The economics of ill health are difficult to compute with accuracy.
H{owever, estimates have placed these losses each year in the
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billions, much of this being attributable to time lost by those who

are in the labor force. The benefits secured through advances in
medicine and health measures are seen in the increase of our aged
population. This indicates'a need for anticipating increrses in the
prevaience of new diseases and new types of malignancies. As the
cid=tr people survive the more commonly known infectious disorders,
especially as control measures become more successful, they
become mors susceptible to detcoriorating diseases and to other
types of infectious disorders, many of which are killers or cripplers.

Illnesses account for a large proportion of the time lost {rom work.
The common cold. pneumonia, influenza, and other acute respiratory
conditions were responsible for more than 100 million work-loss
days. Digestive ailments ranked second among the acute illnesses.
The leading chronic conditions keeping people from work were
cardiovascular diseases, orthopedic impairments, genito-urinary
conditions, and arthritis and rheumatism. In both sexes the work-
loss days per person tends to increase with advance in age, largely
a consequence of the greater frequency of chronic disease at the
slder agzs and of the longer time required by older people to
recaperate from il'ness and injury.

Physical educators today believ 2 the average American is be.ing
robbed of maximum physical well-being by an increasingly
anworrated, mororized scciety. Tie President's Physical Fitness
{ouncil several years ago reported, for ¢xample, that 10 million of
4J) m-1llion school children could not pass even a simple screening
1est of phvsical performance. Business exccutives are being
encour? Jed to sponsor physical fitness programs for employees.
Lakor Department statistics and insurance surveys indicate that
companies can reap benefits from such programs. Absenteeism
and pa.d sick leave, which averages more than $35 a worker
annually, is reduced when employees are in good physical shape.
Mcrale or physically {it workers is unquestionably higher.

NASaA techrologies can contribute to the problems posed Ly the
paysical fitness of workers in urban communities by assisting in
the deseloprent of effective and cheap exercising apparatus and by
distributing the knowledge gained from the training cf and physical
f tness nrograms for astronauts.

72



SECTION 6

NASA activities in space mecdic.ne and hinastrenAautics have evolved
many technologie and the intir-relationchip of riany disciplines,
New and i1raprnved appros ches aud equipments are being develcped
for space flight, <« vering such :spe:ts as sterilization, filtration,
culturs growth, ag=nt identification, air sampling, acroscl genera-
twon and dispersa: of bact.ia. One would assume that a cooperative
program irvolving NASA, NIH and Fort Detrick could wage a
surcessful aittack n the riorz troublesome of man's i lnesses and
infectinas « iseases.

Some ¢ the contermmlated .JASS activities which seek a greater
vnderst2- -ing of the origin of liYe may, 'n time, provide some of the
neede- sciutii as. Investigations of the beginnings of life on othe~
plane &, possik’y on th moon, and the developmert of biological
orga .ism3 may be the means fo.' a better approach tc the problems
of i : and dise. se and deat! .

NASA inves igations in.o tke behavicr and eflects of biological organ-
1e '8 ir.clud‘ng hnimans under conditions of weightlessness, may

soor tell .s whether a zero gravity or subgravity environrnent ma;,
be a scurce of new unacrstanding of biological development, a basis
for new therapeutic measures for alleviaticn of selected infections

or stress disorders, o1 2 means for producing increased stresses
and 1.»w iniections

Seusitive techniques for detection of microbes being developed by
NASA for coutrol or foreign contaminants can be studied for
feasibility; of application as bacteria detectors iu (1) epidemic
prevention ard contrnl throughout urban areas, (?) large municipal
and commercial food-hancling and distribution establishments,

{3) urban ports and harbors whica Landle foreign cargoes, {(4) urban
hospitals and schools for ezrly actection of contagious diseases.
FeasiLility studies for such applications of microbe detection can be
conducted (hrough federal, state, and municipal agencies concerned
with problems of prevention and control of epidemics and food
poisnning.

HOSPITALS AND MEDICAL FACILITIES

New demands for expanding madica’ .;ave programs, partly
evidenced by recent federal legislation, and new developments
arising in diagnostic and therapeutic procedures create a strong
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need f~1 conceiviny of 4 corarmunity health program and its faciliiies
{romawyetem'sviewpeint. First, it is necessary to improve overall
medical cere, 2nd secondly, it is irnportant co acaieve, in time, a
halt in the cou= antly 1.3in2 cos:2 of medical car».. Although
historically, .mecicel care nas been based upon a persona: relation-
ship between patient anc physician, the demands for medical infor-
mation have incrreased =t a tremendous rate, as have the resulis of
research cnf deveioment rclating ¢o clinical medicine, improved
diagnostic m=thods, rew treatment techniques and drugs. Many new
equipments have ilsc become availabie, contributing directly to the
orolongation of lifc and improvement of health. Further, many
equipmentis now opecationzl enable information to be collated,
processed and communicated through automated procedures at very
high rates of speed. In addition, our population is growing guite
substantially, placing evenhigherdemands upon medical resources
for pertinent current and historical information and for immediate
response.

A typical community generally includ=s within its medical system:
{1) various facilities, such as hospitals, clinics, laboratories,
nursing homes and ambulance services; (2) professional personnel
resources, such as physicians, dencists, nurses, aids. auxiliary
medical prufessional technical personnel covering a variety of
secrvices and capabilities; (3) administrative and nonprofessional
service personncl., Recent studies* have shown the necc for inter-
relating all thc information among these several capabilities which
can be imp)emented only by a communications system network con-
taining adcquate storage and retrieval facilities.

This overall system design is now feasible as a result of the system
ari romputer developmente resulting from the demands and stimul!
of NASA space programs., A community medical program can be
designed around a network using a computer or series of computers
as a core facility and storage, tying together the varicus medical

a. - hospitai facilities and the several associated personn=l
resources,

For 2: ample, the ccrmputer stor- ge will contain the life-time
medicid hister_es of we ictal pepulation o the community and serve
as a continuing refere.ce 0 me~=t the infcrmation requiremeuts of

————— -

*S ¢ Appendix C. "A M'etx;\ndolog,y for . ¢ . nd Medical Facilities
Planning."
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all medical personnel and facilities of the communi'y, A phyeician
can cornmunicate with the computer for diagnostic or treatment
information regarding his patients, or conversely, he can add to
their medical history following examination or treatment. Where
~onesultants are called in for special examinations, direct access to
patient records stored in the computer will provide the pertinent
medical data and historical information on the individual patiant,

For special problems such as cardiace with pacemakers, epileptics,
etc., radio tclemetry devices can be automatically triggered to
communicate with the computer, indicating the ¢xistence or
expectation of an emergency. NASA-supported work on bic-seasors,
miniaturized and microminiaturized radio and telemetry systems,
and on the nredictor displays developed for space navigation offer
excellent sources for application te the fields of medical emergen-
cies within a matter of 2 few years.

Sterilization and biological ''clean room'' techniques developed by
NASA are applicable to contamination protectiona in urban hospitale
and clinics particulariy for protection against ''staph' and similar
hospital-breeding infections. Modifications of these techniques can
also be stuadied for use in decontamination of enclosed places cf
peblic assembiy, such as civic auditoriui.s, in times of flu and other
epidemics, to minimize the dangei1s of disease spreading to large
segments of urban population, MATA's reszrch in the optical and
elecironic properties nf macier, cepecially in the ultraviclet range
of the EM spectrum, may 21sc contrit .te tc development of
rterilization contzmination protection systems and equipmeat for
hospital use,

Within » “>epital,* a more compiex communication network is
pTens 2, “rmparable to the command and control system effectively
fevelnrte ~ -ad used by WASA tor contzelling space flight., Medical
.ave problems, research, a¢ministration and all types of record-
keering can be covered by ttilizing the hospital's ccmputer facility.
Where :he size of institution does not warrant an independent
facility, time-sharing will be accomrplished through remote trane-
missicn concepts. New developments will place umphasis upon
irtenoive treatment units where putient ronitoring around the clock
will be essential. Thus, data proces-ing devices, seneitive detection
or sensing devices, useful d:splays and suitable warning systeme

*See Appendix C.
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will be necessary in the evert of significant alterations in the
patient's status., Again, NASA's work in these fields will prove
very valuable in the applications of space-deveioped systems,
devices, irstruments and concepts. For example, monitoring
devices in some cases will include measuring as well as sensing
capability in order to process data for future research needs as well
as immecdiate evaluation of a patient's condition. Time-sharing con-
cepts will be needed at this level of comraunication and processing
as well as the level described above.

Peging systems used by patients to call nurses and attendants can
be improved. Today's systems car only indicate a need. A simple
coding system or use of a multiple display device can reflect the
patient's needs and reduce appreciably the number of demands
piaced upcn th: staff. The old-fashioned handwritter. note in the
";ournal" is outmoded elsewhere, yet used daily in every hospital.
Simple electronic systems can be adapted to replace the outmoded
hardwritten entry which is frequently questioned and difficult to
retrieve. The use of simple alpha-numeric codes and display boxes
alone would cui the burdens of the nurses and attendants
sahrietially,

One major ar:a of concern is that of patient monitoring in an inten-
sive care unic. Today, most cases of serious illness require
24-hour nursing care because of the problem of monitoring. Pro-
fessional nurses ave frequently difficult to find to staff hospitals,

to function as ''specials'' and to meet the patient care standards.
Space flighit activities hcve shown that individuals can be monitored
from 100 miles away, and their physical, physiological, and psycho-
logica! behavior observed and interpreted correctly from multiple
display stations. This capability should go a iong way in making it
porsible tc monitor hospital patients.

Such systems are f:asible in part today, and should be wholly feas-
‘ble within the next few years for improving the care of hospitalized
patients anc the overall adnuinistration of tre hospital., Human
svstems tend to be replete with human errors. Too often the rou-
tine that is repeated daily becomes 2 source of error because of the
boredorn it breeds. Certain hospital activities, especially those
accomplished in the laboratory, become conducive to boredom.

Recent surveys in severa’ Eastern cities showed that private lab-
oratories were making serious and frequent errors in their tests on
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patients. This can be criiical in the diaguostic evaluation and
determination of a patient’' s progress. NASA technologies involving
sensors, communication networks and controls, cumbined wiih a
computer' s characteristics should lead to antomated laboratory
analyses for most routine tests. Many tests could probably be auto-
mated immediately if development programs were authorized, Auto-
mation can provide decreasing unit costs while upgrading the qualitv
of the test results.

URBAN PUBLIC HEALTH DEPARTMENTS

In the modern urban environment, the case for urban health is lnst
if the public health department is not qualified to be a leauer in cop-
ing with old and new problems. Health departments should take the
leadership in anticipating needs for basic health facilities and sc¢r-
vices, They should also provide the means to assist muiucipal
planners in urban hespital plauning and administrators to mranage
and operate urban hospitals.

Costs of hospital operations have jumped by an order of magnitude

in the last 20 years. Communication systems remain primitive and
many manual procedures still exist. One of the major problems in
administering hospitals and medical facilities is high personnel
turnover and the necessity to continually train new personnel at all
levels and in di- erse functions, Suitable hospital communication
systerns developed as a result of minor modifications tc NASA-
developed space equipment can be made available within a short time.
Thie tvpe o{ development should help to alleviate the shortage of
hespital personnel.

Hospital and medical facilities planning should be an important part
of the assistance rendered by urban health departments. NASA
long-range planning and management methodologies should make a
substantial contribution to the solution of hospital planniny protliems,
One such methodology, developed by an aerospace contractor, is
presented in Appendix C of this report,
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SECTION 7

TECHNOLOGICAL SOLUTIONS TO PROBLEMS OF
SECURITY IN URBAN COMMUNITIES

PERSPECTIVE

Because crime in the streets of the city is becoming increasingly

commonplace and violent, law enforcement is faced with the great-
est problem in combating crime in its history. A3 shown in

Figure 2, the crime rate for every category of crime is increasing.
Parks which were once the pride of cities have become places to
avoid, particularly at night. Teenage gangs rule sections of the
large cities and crime-syndicate gangsters rule in other sections,

PROFILE OF U.S. CRIME
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Figure 2. Increasing crime and its relation to population,

The average citizen faces odds greater than 1 in 10 that he will be
mugged, robbed or otherwise victirnized by criminals within the
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next 10 years. Crime is increasing five times as rapidly as popula-
tion, thereby increasing each individual' s chances of being victi-
mized. The cost of crime is staggering: President Johnson recently
estimated it at ""tens of billions annually."

At the same time, the increased crime rate has imprcved the
criminals' chances of going unpunished —there are fewer than two
policemen per 1000 population. Police officers have twice as many
crimes to solve per man as 1n 1950, Consequently, they are making
fewer arrests per 100 offenses reported. Smaller percentages of
those arrested are held for prosecution. And smaller percentages
of those tried are being convicted.

A battery of statistics presen.ed in the FBI' s current report on
crime in the United States shows that by 1ts very prevalence alone,
as well as by its spread, crime has posed a plethora of acute prob-
lems~—social, economic, and poliiical —in the nation's cities,
These statistics have also affirmed the truism of law enforcement:
the bigger the city, the harder it is to deter crime. The search for
""causes' of crime has become an effort to isolate the social, econ-
omic and psychic conditions under which crime seems to occur most
frequently. Technological solutions to the prevention, control and
deterronce of crime are a comparatively recent development in the
long evolution of police methods and law enforcement.

Although the major security problem in urban commurities is crime,
there are other threats to individual, community, and commercial
security posed by natural disasters such as fires, floods, hurri-
caries, tornados, and earthquakes which require investigation for
technological solutions. Preventing, controlling and combating of
riots perpetrated by hostile groups against other groups and sections
of communities represent another area requiring analysis and study,
Public concern for immediate feasible soluiions is increasingly
emphasized in the popular press and is nowhere more apparent than
in the actions of President Johnson in establishing commissions to
combat crime and to cstudy means to decrease the toll of human life
and loss of property by natural disasters.

Out of the vivid headlines, the climbing statistics and the citizens'
alarms, comes an urgent need ic ident:fy and implement effective
and immediate meane for controlling and alleviating the problems
associated with crime, riots and other threats to security in the city,
Although technology is not the sole answer to these problems, every
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problem does have some technological solution and NASA' s wide
technological base represents an e2xcellent starting place in which to
seek answers.

The critical,problems of security in urban communities selected frr
analysis and evaluation of techinologizal solations in the study and
whick will be discussed in the following sections are:

® Individual Security

® Community Security

¢ Commercial Security

¢ Riots and Organized Crime

o Police and Fire Protection.

INDIVIDUAL SECURITY

The protection of the individual is one of the most difficult security
problemes existing in urban communities today, gince attacks on
individuals are occurring with increasing frequency. Over the
years, ingenious devices have been developed to protect the indi-
vidual, however, mary of these are now obsolete or ineifective.
For exampie, the American consumer spends over 10C million
dollars a year for protection against intruders, purchasing door
locks, window fasteners and similar pieces of ineffective hardware
which do not deter or hinder burglers and prowlers. It is econom-
ically unfeasible to hire enough police officers to constantly patrol
all areas of the city. Therefore, a surveillance system is needed
that permits one man to constantly oversee,by remote means. a
considerably larger area than he could watch in person. Light-
weight, smail, remote surveillance and warning systems can pro-
vide effective protection for the individual, particulary if the use of
such devices is widespread and if the locations of remote surveil-
lance equipment or persons equipped with warning devices are not
immediately discernible,

Small protective, non-lethal but incapacitating, devices could be
developed which would permit authorized individuals to protect
themselves when attacked or threatened. Devices of this nature
might consist of gas bombs, hypcdermic releases vn umbrellas and
night sticks, or even weapon-launched hypos. The use of these
devices must be controlled, howvever, hecause they could become
powerful weapons in the hands of a criminal.
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TV surveillance systems to monitor unsafe urban areas can bhe
developed, employing low light intensity TV cameras, NASA's
work with image orthicon tubes is applicable here. The signal can
be fed to a monitoring stAtion in constant voice contact with the
police cars of the community. A positive and known capability to
have a police car on the scene within 30 seconds should discourage
criminals from operating within surveyed arecas. These systems
could be used in remote areas, deserted downtown ar=as and even
in rail rapid transit cars as well as on station platforms. The
existence of such a system and the areas covered must be made
known to the public in order tc avoid the resistance which may be
incurred reminiscent of Orwell' s ""big brother is watching' concept
in "'1984."

Inexpensive, directional communication devices can be developed
to pinpoint an individual' 8 exact location in an urban locale, These
devices, operatin® at extremely high frequencies, could »e devel-
oped as a result of NASA's work with short wave ’ gth, high fre
quency communication equipment, These devices could be issued to
individuals desiring to or needing tc use parks at night and to indi-
viduals such as bus and taxi drivers v hoze duties cause them to
visit desolate areas unescorted during dangerous nighttime periods.
These equipments could easily be designed to permit an individual
to secretly switch on the device, causing an emergency signal to be
received at a monitoring station. These devices could also be
installed in self-service elevators and in hallways and lobbies in
apartment houses and could be designed to be activated by an indi-
vidual leaning against an innocuous wall pane! switch or standing on
or near 2 foot switch.

COMMUNITY SECURITY

The commiunity itself is a vuinerable entity. Although many of the
problems of a city are related to the protection of the individual,
local businessee and industries, there are other major problems
associatid with the protection of the community from the ravages
of hazards such as fire, flood, and earthyuvakes and from large-
scale epidernics of illness and disease.

Time is a crucial consideration in fighting fires. The greater the
elapsed time between the start of a fire and the boginning of efforts
to fight it, the smaller the chance of saving the structure(s)
involved. An urgent need exists for sensors to sense and trigger
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gsignals a; an earlier stage of fire igaition, and NASA's technologies
in gensing and signalling instrumentatica offer opportunities for
feazible rolutione to this problem.

Since many fires start as a result of overlnaded or defective wiring,
simple solid-staie Yevices could be devised for insertion in fuse
boxes that could trigger an alarm in case an unsafe wiring condition
develops. IR devices could also be used as detectors for searching
out dangerov.s hot spots that might spcutaneouslv  jnite., NASA-
developad tecnnologies in solid-state physics and electronics can
make ccntiibutions to encourage the development of these devicer
and similar equipment for fire detection and warning.

Highly sensitive and stable fluxgate magnetomreters developed for
satellite and submarine detection mav prove to be useful in cthex
rernote sensing applications such as: {1} location of breaks and
shorts in underground utility cable in urban areas, {i)inspection of
buildings and nomeasitec for cil and gas lzaxs to prevent fires, and
(3) remote burglar alarm systems for commercial 2stabiichments
which can be connected airectly io central display tboards ir urban
police stations.

Industrial fires are a2 great threat to a community, not orly because
of the monetary lose which is frequently high (4c! large industrial
fires in 1963 caused $319 million damage) but also beczuse of the
large numbers of people idlcd and the resuliin:g loss of purchasing
power which atfects tke national econcmy. NASA technologies zan
contribute 1> golutions of th.s prohlem by transfer of its develop-
ments in remcte sensing and sigraling. NASA-developed IR t=ch-
nology could be used as th. basis for the developro~nt of fire sens-
ing, hot spot sensing, and trouble spotr sensing equipranent,

Miniaturized circuit aevelopment studies resulting from NASA's
need for small equipment could lead to the development of small
lightweight circuitry suitable for use in monitoring home electrical
circuits., NASA's remote sensing and telemetering experience
should be of great value in establishing more effective fire warning
systems with a capability to pinpoint the fire and to bring greater
fire tighting equipment to bear on the fire in less time,

NASA's developments work in satellites and the atmospheric

sciences can make valuable contributions to thec solution of many
problems posed by hazards of excessive temperatureg, wird, anu

82



SECHION ¥

rain. Knowledge gained from these developments can be used to
make reliavle long-range weather forecasts, For example, untold
hardships could be avoided if cities could prepare in advance fo-
the weather disasters that regularly occur. Pinpointed forescasuang
can also benefit urban businesses sensitive to inclement weatne:

NASA' s technical developments in sophisticated computers can play
a vital role in weather prediction programs by making possible
long-term studies of thousands of conditions that might affect the
weather, Three to six-month reliable weather forecasts, which
can eventually be made possible by linking time-sharing computers
in a local area with those of other stations and the U.S5. Weather
Bureau, could contribute to accurateiy-planned programs by cities
to min‘mize the luss of life and property due to high winds, cxces-
sive temperatures. ard rain storms. Police, fire departments, ard
civii defense agencies could alsc be alerted in advance of impending
hazardous weather conditions by means of early-warning systems
connected to ithe prediction computers,

The picdiction of earthquakes should be attacked with the same
degree of enthusiuasm, technical competence, and creativity applied
to space projects. The problem of earthquakes could conceivably
be approach:é on an energy basis. That is, the earth's surface can
pe cons.dered tc be in meta stable state and the area of highest
energy level could be expected to rearrange to lower energy level
statez. Measurcments from satellites and NASA' s sensor develop-
ment work might be of value in attempting to measure the energy of
the earth's surface. Perhaps IR measurements of the carth's
crust could be compared with past frequen y of occurrence of
earthquakes.

COMMERCIAL SECURITY

The problem of protecting the commercial and industrial facilities
of a city from lawless elements is a difficult one. The larger
industries and csmumercial establishmente spend a great deal of
money for protection, installing complex systems. The sale of
security systems and the services associated with them represent

a growing industry within the Unitzd States. This industry offers
motion devices, nearness sensors, circuit interruption systems,
cafe-lock filing cabinets, safes, and, most recently, central control
consoles. Thes<s central control consoles serve as process control
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and equipment monitoring equipment in addition to serving as the
heart of a security system.

The smaller, less affluent commercial establishments and indus-
tries within a city are problem areas, tending to be the target of
many sniall criminals because the cwneis or operators cannot aftord
either adecuate protection equipment cr private protection services
and because, frecquently, thev remain open long hours ard are
located in remote are:s,

As presently constituted and equipped, 2 ciiy' s police force cannot
be expected to furnish 100 percent effective, round-the-clock pro-

tection to everyv indiv.dual, iidustry, and commercial estab’ishment

within the city. All services ofiered by cities are d¢per”zat on

available funds; at the present time the costs of proyidin; these

services are increasing at a rate that frightens many ciiy officials

and most taxpayers. Therefore, if better protection is to be offerec

to the commercial and business enterprises withir cities, great “
technological improvements must be made in the equipments and the
methods used for furrishing this protection to permit it to be accom-
plished more effectively and at a lower cost.

Sophisticated equipment is available to business and home owners
willirg or able to cpend large amounts of money for the protection

of their proerty. privacy ar”/or selves. Devices such as phto-
electric cells can be uc2d to sound alarms and to turn on flood lights.
Motion detectcrs, nearness detectors, trip wires and even rz lar
can be used to set off alarms. These systems can be tied irto cen-
tral monitoring stations or can be used to sound alarms on the site.
Usually, industries and cormmercial enterprises have their alarm
systems connected to a protection service, while the individual
home owner generally has his sensor tied into an alarm on his prop-
erty. For the most part, these systems are expensive and often are
susceptible to triggering by pranksters and stray arimals. No sys-
tem is in existence that permits tying sensors into police
headquarters.

There is a need for less expensive, more dependable and more
widely acceptable products to function in this area. NASA's work
with technologies such as IR, UV and other remote sensing devices,
microelectronics, extremely short wav * length radiations, higher
frequencies, and lasers should lead to sensors with better Jiscrim-
inatory behavior, greater reliability, :maller size and, hopefully,
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lower cost, The availability of many more frequencies for com-
munications purposes should make it feasible to have each and ever-
home tiea into & ceantral monitoring station without the expense of
running wires, Systems that sound an alarm at some ~emote loca-
tion are more effective than those thei ring a bell at th.e point of
entrv, Experience has shown that burglars tend to shua theose
establishments protected with remote: signaliing devices be: ause
t..ey have no wayv of knowing whether or not they have triggered the
warning device.

RIOTS AND ORGANIZED CRIME

The American public is not fully aware of the vulnerability of the
citv to those who would exploit it. The complete success of the
'"Hell' s Angz1s'" motorcyclists in disrupting and demoralizing a
town is a matter of record., as is the success of small Communist
groups to ircite and conduct riots. The recent tragic riot in Los
Angeles was a vivid deimonstration of how a small minority of a
minority group could panic a great city and tie up an eatire rilitia
of a great state, The extent of ithe infiluence of organized crir-c in
many large American cities has still be be determined. History
bas shown repeatedly how a few o1 zanized individuals can influence
& whole community and seize control during an emergency or pericd
of confusion,

Currently existing techniques. equipment and procedures for pro-
tecting cities during situations such as riots are woefully inade-
quate. Most cities have little or no intelligence gathering. storing
or analysis capability, Where thi1s capability exists, 1t is generally
inferioz to that of the organizatiuas it 1s attempting to protect itself
from. The intelligence gathering and analvsis capabilities developew
by federal intelligence agencies such as CIA, ISA, DTA. and the Air
Force's Foreiga Technology Division can be used as models to
establish similar capabilities in police departments of urban
communities,

NASA-developed information systems capabilities can also be
applied tec this task., For example, NASA-developed information
storage and retrievzl systems such as CAST can be einployed for
the classification and storage of community protection information,
while NASA -developed technoiogies related to the remcie monitor -
ing of space flights . nd the telemetering of informstica can be used
for monitoring suspect operations and individuals. Some of these
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suggested ac*ions rmay involve invesion of privacy, and the irforma-
tion gathered by these techniques would undoubtecdly be inadmissible
as evidence, just as informatiun gathered by ~ire tapping is inad-
missibie., Howzaver, these techniques could lead to the accumulation
of infcrmration that would p.rmit both setting traps to apprehend
riotore and criminals on the scene and tc deter riots and crime.
Ther rrav also lead tc the dewnfall of the large criminal empires
tiat now exist. NASA-developed technologies can be applied, for
example, to develop remote monitoring equiprent that could be
used to take pictures, to reccrd sounds and to transport pictures
anil sounds from z=2mote locations.

The & ility of members of an o ‘ganization tc communicate is a
measnre of the effectiveness of the organization. Current techniques
d« uo* p:rmic the rapidi exchange of information between two potice
or fir 2 protectici: officers in differcat cections of a city. Systems
that would permit instant :.fercommunicatisn amoeng all members
would be of inestimablie vaiue ¢o a. police forc» and fire depart-
ment. NASA developments in fields such as microelectroni.s,
greater electrouic equ:pmrent reliability, smmaller and lighter
electronic equipment, short wave length, ‘zser and high irequency
cormmunications, and batteries make such systems feasible an
make possible programs for the development of equipments capable
of performing the needed functions of rapid and cffect.vc
communications.,

Orpanized crime uses every piece of modern equipment available
and, inorder to fight this enemy, there rhust be even more advanced
equipment serving on the side of law and order. Although some
people have the vision to bridge the gap between a technology devel-
oped for a space application and its use in a non-space application,
this gap actually will be bridged much more rapidly if specific pro-
grams to demonstrate this bridging are structured and implemented.
Every delay in attempting to utilize available techniques represents
an advartsge .0 organized crim= and to groups who perpetrate riots
as forceful means to gain their advantages.

POLICE AND FIRE PROTECTION

Analysis of the task of furnishing effective police and fire protection
to the residents of urban communities can be approachzd in two
ways, Solutions to segments cf the problem can be sought,
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structured, and develop¢d, or a systems appruach can be taken
toward the entire problem. It is obvious that resuits can be obtained
most rapidly by first seexing solutions to prublems rather tihan

sy etens,

Much can be done to improve the effect:veness of today' s police
officers if the prcper problems are attacked. Probably the greatest
need is to improve the efficiency of rolice officers in order to per-
mit them ‘o0 increase the number of arrests that they can make per
100 offenses reported,

One of a policeman's mrost reliable tools is his car. A properly
designed police car could make a significant contribution to the
increased effectiveness of a policeman. Those who have worked
MASA and DOD contracts for the development of cquipment would
probably conclude that a parametric design including cost effective-
ness studies would be the path “o follow in develioping the optimum
police car. Such an approach is described in Appendix A.

Another valuable tool for a policeman is information. The more
information he has instantly available to him, the more effective he
can be. This would require thec development of police intelligence
systems that could store all types of information thar police depart-
ments ne~d, such as stolen automobile data, wanted criminal sta-
trstics and MO data and that would perimit the rapid withdrawal of
this information at any time %y ary police officer.

Both of these approaches to improving a police officer' s efficiency
ave dependent on techrologies and techniques not usually applied to
the solution of non-NASA, non-DOD problems. For examrle the
combined use of parametric analysis and cosc effectiveness studies
is seldom found outside the shops of NASA and DOD contractors.
Police intelligence systems of the typ: suggested here would require
a higher degree of data storage an~ retrieval sophistication than 1s
normall found outside of space contractors' operations. Perhaps
one answer is to have a small computer in every police car. NASA's
work on projects such s iacre sed information storage on tape.
microelectronic circui*cy and small, lightweight computers is all
directly applicable.

NASA's rec.arch programs with visible and uitraviolet light can

eventiatly contribute to citizens-band type comrnun.cation- equip-
inent required for effective police protection and firefighting. They
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c¢an also contribute tc the deve.opment ~f uitraviolet sensors which
can be used for remote monitering and alarm warning systems.

Another unigue developmenr amenabie to the transfer of NASA tech-
nologies 1s the linking of aic.rm systems with telephone dialing sys-
tems sn that burglar tr.p devices can be used tc set diverters which
can silently cial the policc automatically and identify the residence
bein, burgiarized by m2ans of a coded buzz in the police station.
Su.h devices can contribute to the protection of private homes during
perinds when the owners are on vacations.

In the long ruw. however, the best apprcach to the problems of
police: and fire urotection is the systems approach, and undoubtedly
the Feaeral goverament will evenit.ally have to accept the responsi-
bility for initiating the development of complete and effective police
and fire protection systems for urban America. This type of a
system 1s complex and ‘-:quires competent systems engineering and
svsterms management, two creas in which NASA can make contribu-
tions. General Electric TEMPO's systems approach to the develop-
ment and solution of precblems of a municipal police system is dis-
cussed 1n Appendix A of this report.

Frotection nf the city from fire is currently a relatively straight-
forward, standardized procedure; however, little use has been made
of tecinology to anticipate fires and to search for potential firc
areas. Every urban community has permanent firemen and fire-
fighting equipment such as numpers, ladder trucks, scout cars,

frre alarm boxes on the streets and fire stntions. Although the sys-
terns analysis approach discussed in Appendix A concerns itself with
an urban police system, the same type of analytical techniques can
be applied to an urban fire department.

Individual problecms of a fire department which can also be analyzed
for technological soluticns include: more effective alarm systems
1n buildings end private houses; parametric design and cost effec-
tiveness of firefighting equipments; more effective means, methods,
and materials for {irefighting; improved communications systems
for firefighting; and more efficient transportatior means for fire-
Hrghting,

Areas to which NASA can contrit :ze technological solutions are;

the 1dentification and deiinition of urban area characteristics sig-
nificant to firefighting techniques, evalunaticr of equipment and
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operational control procedures most effective in firefighting, and
analysis of urban regions most susceptible to ignition and fire dam-
age by examination of topography. local combustible materials, and
access routes,

NASA methodologies and 2nalytical techniques can also contribute
to the study of preferred communication requirements for fire-
fighting, operational control, and the resulting electronic equipment
requirements. Such requirements should be related to the apparent
fire hazards and threats in an urban community and an evaluation of
effe-tiveness of present equipment should be made.

Civil defense trans-attack and post-attack communications systems
should alsc be studied for such things as the identification and quan-
titative definition of potential damage environment to various metro-
politan areas from nuclear and conventional weapons. NASA ana-
lytical techniques of systems analysis and systems engineering can
contribute to this study.
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SECTION 8

URBAN TECHNOLOGY AND THE FUTURE OF CITIES

URBAN RESEARCH TRENDS AND NEEDS

The ecology of cities has evolved as a special field ~f study within
the past half century, although men began to li-e in cities over 5,500
years ago. The range of ecologizal studies concerning cities em-
braces both the observation of whole cities in all their elaboration
and the personal needs, choices and preferences of the individual
city dweller. A review of the literature generated by these studies
reveals the size and complexity of the problems faced by modern
cities and the critical need for a framework for a general theory of
urbanism.

Several such theories have been proposed, the latest and most com-
plete being the concepts of '"ekistics'' proposed by C. A, Doxiadis of
Athens to describe the science of human settlements. None of these
theories, however, have fitted ecological studies into a general
framework which enable investigation of the most meaningful ele-
ments in the city and which show the relationship between each facet
of city life and structure. The future course of urban research,
development and planning is dependent upon enlarging ecological
stulies to include new methodologies for structuring urban proc-
esses. As Carl Stover® has stated, '""Methods developed and
employed in the effort to understand other complex phenomena
should be useful in the effort to understand the total urban system.
For example, the concepts and techniques cf system analysis pro-
vide a powerful tool, "

The ecological approach is to consider the city as a complex living
organism whose many functions, activities and processes are inter-
related in a dynamic environment. This approach is similar to the

*Carl Stover, 'Technology For Cities', Speech delivered at 49th
annual conference of ICMA, Octobe~, 1963.
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method of ""environmental analysis' currently used in the manage-
ment sciences for long-range planning studies, Environmental
analysis assumes that complex problems create ana are a conse-
quence of a complex environment; to analyze and solve such prob-
lems it is necessary to understand the effects that present and
prospective social, pulitical, economic, and technological factors in
the environment are likely to have upon proposed solutions tc the
problems. Orce solutions have been postulated, the impact that they
will have on future environments must be considered, involving a
reiterative analyticil process.

Both ecoliogical research and environmental analysis permit the use
of advanced mathiematical techniques and large-scale computer
‘acilities to draw up plans of action to cope with the dynami " and
interr:lated nature of city problems. Present mathematical models
of urban phenomena, however, have become so simple that it is
difficult to relate them to the real world. But accepting their limita-
tivone i1 tais regard, the models have provided a new dimension to
the £i:1d of urban 'esearch and have shown the way towards a theo-
retical exploration of many facets of urban develocpment which in the
past have received only anecdotal treatment, They have brought to
bear the powerful techniques of mathematics to the analysis of
urban processes and, thus, pointed the way towards a coherent
theory of urbanism,

Urbar: research in many s eaz is now centering upon the possibility
of a ""'general urban mode.' which could be used to describe urban
nrocesses as they exist and which might be used to direct attention
towards the latent forces which are tending to result in undesirable
patterns. But the problem of a general urban model presents cer-
tain conceptual difficulties, In particular, historical and cultural
factors narrow the scope of such a model. It is difficult to see how
cultural attitudes towards cities in different parts of the world can
be incorporated in a general theoretical structure, and the probiem
of an adequate description of the urban process as a whole remains
unsclved,

In the rnatter of techniques and general approach, there are two
main views to the general urban model. One holds that an aggregate
approach, using broad groups of data, such as the census or the
overall patterns of employment or travel, is the most useful begin-
ning to urban theory. The other takes the posiiion that the individual
decision-make: is the fundamental unit of urban activity, and that a
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truly coherent theory of urbanism can arise only from a detailed
account of the rules governing the individual's choices and decisions
concerning his arban existence. The separation of these two views
raises problems of aggregation and disaggregaticon in translating
theory into the real world, and much work must be done before an
adequate connecting treatment can be found.

An operational difficulty which arises in connection with o general
urban model is the actual means whereby it might be constructed.

It might be possible to build an overall model using several sub-
models so constructed that their outputs become inpute of succes-
sively larger model units. On the other hLand, it may be that the
researcher wili have to bring together several different kinds of
urban models and attempt to fit them to each other. These problerus
of form, content, approach, and technique pose gquestions concern-
ing the future development of model building in urban research.,

OUTLOOK FOR AEROSPACE TECHNOLOGY TRANSFER

In March 1962, Ly~don Johnson referred to funds for space programs
as 'investments which will yield dividends to our livzs, our business,
our professions, many times greater than the initial costs, ok
Although this enthusiasm has now begun to wane, a more balanced
and realistic understanding of the process of technology transfer is
becoming evideat. Potential for technology transfer is achievable
but not inevitable, nor is its realization automatic.

The accepted definition of transfer of technology is the acquisition,
development, and utilization of technological information in a con-
text different from that in which it originated. The result of this
process is innovation, the novei application of technology to a per-
ceived need. Innovation, whether it is realized as new systems,
equipment, methods, or processes, must gain social acceptance to
be successful; thus, a lack of this acceptance can become an in-
hibiting factor in the process of technology transfer,

Aerospace technology involved in the transfer process varies along
a broad continuum marked at one end by basic scientific knowledge
and at the other end by highly specific and complex inventions. The

#Cited in Vernon Van Dyke, '""Pride and Power —~The Rationale of the
Space Program', University of Illincis Press, 1964,
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mid-range of general technclcgy -ors:st- ¢t 1.~vel developments
reprcsenting advances in ccmponents ¢f a manufacturing process,
new techniques and general engineering skilis., When technolcgy
transfer occurs, 1t takes place by means of imitation or analcgy.

The process of inutation 1s called the diffusion cf innovation and has
been extensively studied by social scientists during the past 50 years.
Transfer by analegy poses distinctiv different probleams, is less

well understood, and occurs when scmeone perceives a similarity
between characteristics of a discocvery ~r inventicn and aspects of a
need or cpportunity 1n a situaticn.

Results of the research pre.ented ir this reporti concermng the
poctential for the applicaticn ¢f aercspace technologies to the solution
of city problems shcw that: (!, estimates o1 the magn:itude cf the
potential for transfer are diff:cult toc justify (2) the mid-range cf
general technolcgy has the greatest potential for useful application
fclicwed by specific inventicns arnd bas:c science.{3) both aralogv
and imi."tion will contrikute to transfer of aerospace tectinclogy for
resolution cf the identified prcblems. The research results alsc
show that more definitive broad classifications of technolcgical con-
tributicns should be used in future recearch to facilitate functional
emphasie of potential scluticns. Fcr example, a classificaticn
system cculd contain the fcllowing distinct, but nct mutually exclu-
sive, categories:

1, Stimulation of basic applied research

2. Develcpment cr improvemer.t of methcds, processes, and
techniques

3. Impruvvement and cost reducticn cf exasting systems and
equipment

4. Develcpment cf new systems and equipment

5. Increased avaiiability cf materials, ccmponents, and
equipment,

Research results cf aercspace technology transfer have shcwn that
there are other iactors vhich inhihit cr accelerate the process cf
applying this techncicogy tc non-space activities. These car be
identified, but the:r effect and interact.or are not well understcod,
One cof these factcrs 1s the time lag between the development of
technolcgy for aercspace use znd its transfer tc cther applications.
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Waterman and Marts ™ ientificd over 30 hroad techrologicul areas
:n which transfer has taken place or can \-e expected *v nsccur for
cominercia! activities in business and in-dustrv. A total of 185 indi-
vidual examples of trarefer were identified in thei. study which
provided ev.dence of this time lag sad of the magnitude, rature and
scrpo ot aerospace ccniributions to the private s-ctor.

Ro.z2nblcom t has emnphasizcd that, although the extent of succees-
fui tran.fer of aerospace techinciogy is ditficult to :neasure, the
potuntial is great enough 0 justifv continuec resear~ch in the mecha-
nisms which contribute *. the utilization of new techinology ard the
factors wnich influenc~ t chauvicgy transfer, This research, whe:.
combined v1th results of urbar research, may provide th2 ba s for
a1 urban technolegy <pcciiically concerned with determin.1g feasibile
solution., t critical city prcblemns.

IMPACT OF FUTURE URBAIl TECHMNCLOGY

Both science and technolo:y have 2:ways .. «sente’ 1 curious mixture
of the predictable and the unpr=dictabse, Thevefore, by ueces:zity,
most attemp.s at predictic.1 have neen relegated to discussion of
their future impact on societv, Fifty years ago Dr. Charles
Steinmetz prblished am .zingly accurate predictions of future tech-
noiogy and its impact on American society, These predictions,
repriniad in Figure 3, were concerned with some of the urban prob-
lems identified in the present study. The discuesion which icllows,
although a less-ambitious attempt to prognosticate the future impact
of urban technology, presents examples of technological develop-
ments tuat can accrue frorm the national space program projected to
the limits ot currsrt knowledge and a time span of 15 years,

Throughout the remsinder of the twentieth century, aerospace tech-
nology will keep feeding back a wealth of new developments that can
be put to use in hundreds of unforeseen ways to solve the problems
of utban commun‘ties. It has been stated that more scientists and
engineers are at work teday than the cumulative total over the

+*R.H, Waterman, Jr. and L.G. Marts, ''Space-Reclated Technology:
Its Commercial Use'', Denver Research Inrtitute, Denve, Colorado,
oaly 1964, _ ,

iR. S. Rosenbloom, '"Technoiogy Transfer -- Process and Policy, "
Special Report No, 62, National Planning Asscciation, Washington,
D.C., JSuly 1965,
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SECTION 8

previout 6000 years of recorded »istorv, ant that "« ¢n‘ire boc, ot
our scientific knowlec e doubles every uecade., The rnere effort to
solve urbar provlems by means of techno ogy will broa ' 'n and
ueepen man’'s uncerstaad-ng cf the na* re of irdividv 'is . nd groups
and exterd his control cver the r ater. «ls and torc.s - tue physical

world,

Virtually all or 198C's wov..ers wre already slive The majority of
theni have already had all the for:-al educatio.. they will ever get,
though many of ther wili be re-educated due to rogress in auvicma-
t~n and informaticn .- sterus. Though the houses built ir 1930 will
be very different {rom tcday’s, the majority of Americans then wil
be Living in houses that already exist. The newest 1960 schools will
oe designed arcund 1TV, around electronic printers, arouad micr.:
filmed libraries that are automated, w.th insiruments and mothods of
education - till in the research stags, However, the raajority nf 198(
~hildren will be learning in scheal buildings a generation old.

The new factecry cf 1980 wiil be comvuterized, antomated, air-
conditioned, landscaped, relocated, cormpresased and ministurized,
but the majority of workers will be emploved 1n plant: alrecdy buil”
today, many of thern orerating machines aud equipment now already
in piace. There 1s an almcst ahsclutz certainty that there will be
more and more on-the-job tyde training, that ir fact more a.d mor=
:zducation genevallv will occu within business and industry or .=

. vovided by other private enterprise.

The lumits ¢f America’s cities wil! be stretched still further with
the mcst dramatic changes in olving, not the further invasion cf

tne siz”rbs, but the orofound dificrences in the ceniral cities. ‘The
rebuilding of America's central cities will provide and set in motion
enormous oppcrtunities for business. By 1980, Ameriza will be the
first nation in human histcry tc spend a larger total cn urbar ser-
vices, such as cultural ard recreationa: provisions, than for the
total spent for nondurables,

By 1980 the technologi~cl subtlety cf syntheti: polymers and tran-
sistors will be felt in a2 wide variety of consumer products. There
will be home apohiances using ultrascnics, refrigerators with no
moving parts, and lighiing systems withcut heating filaments or
glewing gases, Solid-state refrigerating devices will result in the
development of electronic refrigerators and syzcial-purpose cooling
units for portable use, Electrcluminescence should lead to mural
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TV .creens of aimo any -5 od ¢ ze Jus. kot black-and-white
aind colo:

Fle~*ronic sa.:ly ¢'evic:s will be .ome - reciity for automahiles by
1980. Trese will wo: « ¢f cars ap). -oac.aing {rom hehind cr that ~

caer ahexd 1s being ov .ctakewn tc - fasy. Auton:atic sar _nide.ce may
also become mracticul v that ti: 2. The desaliniza on o sea water
and brackish water w.l, have become & standard practice fur many
cities by 1980. Taerrncelectrizity vill become econonncal as a

. tand. v power scurce in '‘arge pawer plants aad it will n.iwe possible
obtaini 'g power directly 1 'om a ruclear reactor. Fuel cells will be
ger rating electr ~ paower for remote areas and will replace high-
capacity sturage batte rie: for steaiby power.

Su.*able eng neering ma erials will .. developed to advance the use
f atomic nower. lrradiation as a processing method to preserve

fo. s wiil nave established a foothold by 1960. Foods will alsou be
sterilized a:xnl pasteurized by gam na ray: and electron irradiatin.

-- letailed uaderstanuing of the aging process will emerye from

b ei~al and cell research. Prediction of hurricanes, snow

stor 28, and tornadoes will become possible from research in
metecvoitngy, cloud formations, and weather satellites. Air travel
will take on a ~»w look with 2000 mph VTOL airliners and may even
lead to develop:: ent of a srnail VTOL flying car. Rocket mail and
rocket ireight serv. .2s will emerge as distinct possibilities.

The administration of justice will become more efficient in legal
search by using computers which process data in trial courts and
store and retrieve legal records. Law enforcement will be aided
by the development of information processing systems for criminal
records and statistics, for identificaticn of criminals, and in re-
trieval and storage systems f{or licenses and oificial documents.

In the urban area, inforraation systems will be used for data man-
agement, for compiling census statistics in a central information
utility, and for record keeping.

Urban hospitals will be revolutionized in adwministratio. and patient
care by laboratory data systems, patient data storage systems,
patient simulation and monitoring systems and many of the other
advances discussed in Section 6. Computer: and information sys-
tems will also find their way ianto education and training in many
areas such as instrvctional tools school simulation vehicles,
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SECTION 8

su. 7ei1llance and detection systems fo. (lassrooms, audio-lingual
traiaing, srogramme.-learr'ng methods, and autornated teaching
devices,

.t suwould be poinied out, hnwever, that many of these urban tech-
nologies may bccome feacible econcmically or materially only when
intrcauced ove~ a large arez or ir. a wide raunge . activities, The
dangers of tecunology will lay in man’ failure tc hold it to its

proper ~lace. Teci:oloyy ncw offers a wic sr choice und more
effective .nea 1s for creating the :ity as {. should te. Ur'an research
and an undersiundiig of -echnology trai.sfer v1ll help us to discover
whac that s and establish stands fo» governing man's techuological
pursuit of his urban frture, '

CONCEPTS FOR FUTJURE C:TIES

Councepts of the nature and shaye of futn. e citics centzr arcund the

trend of cities towz rd the agrlumeration of hithert~ separate met-
ropolitan centers into ever 'arger aggregeations of men and huildings.
Jean Gottman, in his study of the north eastera seabcardof .he United States
(""Megapolis, 19u1") revezled this process in all its corrplexity.

Thercz is now a continucus urban area atretching from New Hampshire

to ncrthern Virginia aud from the Atlantic zhore to the Appalachian
foothills., Gottman has suggected that this '"meganolis' is only the
beginning ¢’ a worlcd-wide trend in urban development.

Melvin Webber has suggested that the uccurrence of a large, contit.-
uous, vuilt-up area s only the outward manifestaticr of a much
wider and deeper social development —the evolvtion of the ''non-place
urban rezlm. "' He suggests tha: the great cities of the worla are,in
fact. simply nodes of a vast commmnication systum, in whi~h the
distinction between urban and non-urban as physical areas disappears,
and the concept cf an urban realm, *-sed nn participation in a con-
tinuous communication ari inform:aticn « ystem, takes its place.

Thus he suggp.sts thol n.ost rithe adanced countries will in fact
soon be .lmost complete urban reaims, although not completely
phvsically vrbanized

Other ~nd more radi al corcepts for future cities arisc irom the
existing urbaa situation but are act a part of it, It has been sug-
gested, for example, that mobility should be considered on a much -
wider scale, and thet the new central areas of cities in 1he future be
“at airports. Alreudy manv airports are used for the transaction of
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business. Businessmer often do nui step outside an airport during
their stay in the city.

In Eitain, H. Rou has suggested that cities should be string out in
long lines according “o needs of water supply and disposal. Doxiadis
envisages the ultir:ate evolution of cities as '"ecumenopolis" —a con-
tinuovs world city stretching from country to country along main
communication routes.

Buckminster Fuller proposed a concept which involves placing a huge
dome over existing cities to protect the inhabitants from hazards of
the external physical environment. This concept r- 2 been exterided to
include the building of whole ''new cities' under a dome, providing the
 advantages of modern urban technology (3ee Appendix D).

These visions and concepts of future :.i"ies play their part in form-
ing our views of the urban process, . .deeper knowledge, gained by
urban ecological research, of the pru:e3se. of life and development
in our cities today must provide a more iminsdi= "< and satisfactory
base for action.
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APPLYING SYSTEMS ANALYSIS TO THE MUNICIPAL POLICE SYSTEM
By T.F. Van Natta

INTRODUCTIC i

An effective, contrnlled police system, operating within a democrat-
ically determined framework of laws, is perhaps the most important
bulwark of a free society. An ineffective police system promotes
crime which can oniy be countered by cxtra-legal defenses; an
arbitrary or capricious system generates cistrust and opposition; a
harsh system geunerates revolution.

The framework. of laws obviously is not the respensibility of 1he
police, but of society. Similarly, the general nature and effective-
ness of a police force are not a function and responsibility of the
police alone, but are equally a function and responsibility of society.
This sharing of responsibility demands coordination and understand-
ing between the two systems, and particularly demands that the minor
system adjust to the trends of growth and development of the major,
encompassing system. No social system is static, but tends to grow
and develop in many ways and directions, not all of which are bene-
ficial. This can pose a serious problem to an efficient police system,
for as a part of the larger system, the police system shares the total
responsibility of molding and guiding the whele sccial system.

The present trends of sociological and technological develupment in the
United States have brought new patterns of living, working, and move-
ment with accompanying new patterns in vice and crime.

The above changes are forcing changes on the police systems. Modern
psychology demands a ‘'better' nolice officer. Rising pay scales,
especially for better-quality policemen, seriously limit quantity. As
in other areas of our zociety, costs must{ be kept low and efficiency
high with more extensive use of our burgeoning technology.

The heaviest impact o1 these changes falls on the metropolitan
police systems. The Federal government, through the Departments
of Tustice, (FBI, Immigration), Treasury (Sec:et Servic' , Customs,
Coast Guard), and HEW (Public Health) has appropriated many
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nationwide, fairly clear-cut areas of the total police system. The
states have similarly assumed the highway police function. This has
ieft the municipalities and the counties responsible for ''everything
else, ' from lost ch’ldren and strayed pets to the mass problems of
riot and organized crime, and serious individval violence. It is here,
too, in the metropolitan areas, that the greatest weight of responsi-
bilitv for the delicate problems of prevention. rehabilitation, and
juvenile handling.falls.

The rural county and smaller municipal systems have not seen their
police problems grow a great deal, but crime increases greatly with
population, and our larger cities are becoming still larger and more
populous. The metropolitan police system thus faces the most
difficult challenge.

This difficult problem has nct received the attention it merits. There
has been greatly increased concurn over ts ~ige in crime; taere

have been frequent attacks on police deficic« :8 (with little praise
for police effectiveness), and much of parts and facets of police
systems and police work. There has never been, however, a serious,
thorough aralysis of the total municipal police system.

General Electric, TEMPOhas discussed a police systema analysis
with the Police Department of the City of Oakland, California, and
both orgamzations feel that such an effort is badly needed, especially
at a time when the President of the United States is generating a
strong national ¢ffort to check and reverse the rising crime rate.

SYSTEMS ANALYSIS

The purpose of systems anaiysis is to insure consideration of all
matiers that pertain to or influence a particular problem. Any
machine, group of people, operation, discipline, ideology or trend,
or combination of these, can be treated as a system. Full under-
standing of a system depends not only on thorough analysis of its
components, the internal factors, and intrinsic influences, but »)so
on all external matters that may affect the system under considera-
tion. These extrinsic influences, sometimes called the envirorment,
are themselves systems and parte of larger systemr. Frequently a
desired change in the object system cannot be made by internal
adjustment without an'appropriate change in one or more of the
external systems.
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It is usual to divide a system=~ analysis, for convenience, into three
main areas of consideration. One, and usually the firet to be con-
sidered, is the mission of the object system: its bcundaries of oA
responsibility, its purpcse, the ends it is designed to accomplish. ‘
Another, loosely called the environment, is the sum of external
influences that affect the operation of the obje~t system Here )
discrimination must be exercised, for such a sum can easily become
too great to handle. The third area is the object system itself and
its subcategory systems, their interrelationship and cross influcnces,
adequacies and inadequacies, and particularly the whv and how of
changes to correct the latter. The relationships and interfaces
between the three areas must alsc be determined, and the full scope
of corrective change methodology extended to this larger area. Again,
discrimination must be ¢xercised to keep the analysis within mean-
ingful limits. .

One very important analytical corsideration is that very few problems
can be resolved into a neat, two-dimensional system pattern. Tech-
nology is of such importance in our modern world that it me:-its
nearly equal consideration with a functional analysis. Since the two
rarely coincide, a three-dimensional pattern of functional influencas,
technological influences, and their integration is a bette aid to
understandmg

The objective of systems analysis is to find a meaas to imprcve, in
some respect, the system under consideration. The analytical
disse-tion is performed not as an end in itself, but as an effort to
understand cause and effect and, from this, understanding to produce
desired effects in the system.

THE METROPOLITAN POLICE SYSTEM

In accordance with the foregoing, the first step ir. the analysis of the
Metropolitan Pnlice System would be the development of a definition
and statement of mission. This should be brcad enough to cover the
wide differences which may exist between the laws of the varicus
states and the charters of the mctropolitan areas.

Webster defines police as: ''The department of governrient concexned
primarily with the maintenance of public order, safety and health,
enforcement of laws, and the prevention, detection and prosecution
of public nuisances and crimes. " :

A3
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Whate Thiw wefsnatins &1 e generall, appi.# an 4 stalrrert of
triimusers weveral eaceplicne i ,et e ratet Health La generall, o
lorMe s a policr responeit ity having Merr dr ~gated, ain et every -
whese, ‘n separate governtnent organ.oat.one. Mroscs L, tol, sw
ol 3 specifse gs:;iuo farction, althogh s I pAT LR et e o
pupeport & harge a pulice alficrr . al Le aell convessant aith the
problems snd trchaiques of prosecution. On the other hand. other
foresane have heen added, the foremost of which ta putlic relat.ons:
2 lwoy-way Cotnmpdrncation v hich keeps the 21t oer niorired o has
police denartinent and the gelice ssnsilive to local trends. Another
18 (ivil tefenue, which in many localitioa has teconie a4 stated police
reaponk:hiiity. There 1o also v nuch stronger erphasis on preven-
tion. woupled wtth & better understandirg ol its full 1mplicetions.

(he. 2 are alco areaw of uacertainiiies. One of these 18 the matter of
- recornmending changee in lanae. (,crtmnlv, :n g democracy. every
Citizen has not only-a right Lut a duty to tak» an active interest 1n
o :-vernnent. Also it our Federal government the principle ha's Leen
. firmay established that Congreda should serwv the advice of all
R : anpropriate technic-l experta, inciiding government ewmplovees, on
) , legislztive and budgetary n ttters. Neverthe'vss, opinion appears
N 'n he ivided over whether the palice should Ye consulted on anv
S “legislative matters. “

Une approach lo developing the environt,est 18 outiined 1n Chart |
= - appended te thin paper, Here the extringsic infiuences have been

o devided wto v e d-dimeasiondal aren 3. Une s laoeled atractural and
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COST EFFECTI ENE S

A s Lo, trarar et R I S oL S S UL RPN S NS R
Vomnp et laor L al sy a epted e T e atatalar te rae .
thap mite U v g 0t AT TSR PP ’ -~ .8 . ) ng 'Y,
totai-ty Samye melropo, tar o 0oan et .o < N '

S Y, PP EN . " . ‘ .‘. - o . . . Y. . o tgs
Iore inae IR R IR LT A (LA e w Boauatletnis s

, ‘ . .
cife tive as those basrd 0 modrrn tiews Partoo arin, on

imilanity in appdarent Costs 4 rue nras e

One definite objective of this study shouid be to @ vamone the whaole
cost-effect venens question carefully.  Quality elemrnis muast be
Wdentified and carefully defined, ard thoor onterdopendency ratablished
Sirmilarly, costs must be examined and related sralistically to the
established quality factors.

These costs . should be divided :nto two arcas lebeled internal and
external. The internal label will cover those funds provided to the
police department from governmental budgets and trom anv tces
charged for special services or activities. Thit arca of costs should
rot be too difficult to 1dentify though the allocation of subcosts to
subsystems may require some ingenuity.

The external label will cover an attempt to deternune the cffect on
community costs (other than taxes and fees to mect internal costs)
from good or bad police system eifectiveness. This will undoubtedly
te quite difficult, and may require extensive research and observation,
however it is esceni:al to an understanding of the true effectiveness of
a police system. This cost analysis is especially important, as too
often the determining factor in decisions about police systerns 13 the
cost. Unfortunately, this ''cost™ is usaally only the apparent, out-
of-pocket cost, rarely are all internal and external costs analyzed.

STUDY METHODOLOGY AMND OBJECTIVES

A studyV of the type discussed should be conducted in close and
continuous coordination with the interested metropolitan police
department. In general, the study contractor should be responsible
for systems analysis theories and tech . qres, formats and displays,
management and command/control theory, and general modern
technology.

The police department contracting for the study should provide

factual materials, police concepts and theories, police *echnology,
and police requirementc. Work loads of the two participaats should

A-5
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be approximately equal  Within the constraints of aviailable tirne and
tund:ng, tmoximram « onsultation should be developed with appropriate
cduc ctional institutivas and with vwner eff{r tive mnetropolitan pelice
Jdepartine: ts.

The mont iniportant objective of the study should be (o produce a tcol
to meansure the effectiveness of a modern metropolitan police force
in meeting today's problems. At present no such toul exists. There
1n not even any general agreement on what a metropolitan police
for-e¢ should do, let alone a scal. for how well 1t does. Of equal
importancs is the detrrmination of a relsted method cf costing.

Specifically, the study should provide:

° an examination of the fuil area of responsitility of a
metropolitan police force

° a statement of standards of performance covering all areas
of police operations and a“ministration

° an evaluation of direct and indirect cost elements of the
police effort related to operations (or their lack) and
administration

° an integration of the foregoing intc a measuring device for
detesmining net police effectiveness.

ESTIMATE OF DEVELOPMENT EFFORT

It is estiinated that the type of systems analysis study discussed in

‘the preceding sections of this paper would involve five man-months of

effort by a planni.g ané advanced strdies crganization such as TEMPO.
The study program should be organized and staffed to make maximurn
use of the knowledge and talents of the municipal police experts work-
ing in conjunction with the team of systems analysts under contract

to perform the study.

EXAMPLE OF A PROPOSED POLICE SYSTEM STUDY

One example of an opportunity to apply NASA technologies to the
solution of a municipal police system problem has been developed in
discussions between General Electric, TEMPO and the Peclice De-
partment of Oakland, California. This particular police system
nroblem is concerned with the police patrol car: what it should do
and how this can best be accomplished. Itis prcposed that this
problem be studied on the basis of mission requirements using the

" methodologies of system analysis, mission analysis, parametric

analysis. and cost effectiveness.
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The complete police 1 itrol car s.siem aspresentiy envinaged involves

several problem arcas where NASA acrospiace rescircbh and develop-

ment pregrams ray have produced or indicated viaable solutions,
These includz:

a means for keeping police hispatch or controller oftices
constantly awdre of the location ot euach patrel car

a means by which a policeman can leave the patrol car and
atill maintain communication with the ccentrol office

a means by which the police officer on patrol can obtun
quick, nositive identification of individuals {photography or
fingerprint)

a silent protective alarm system which can be interrogated
from the patrol car

an internal arrangement of the patrol car which permits
quick and easy operation of supporting communications, re-
cording, safety and security equipment without driver dis-
traction, and which also permits unhinder=d exit =nd entry.
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APPLYING SYSTEMS ANALYSIS TO WASTE MANAGEMENT
By T.F Van Natta

ABSTRAC:

Increasing attention is being given to ways and means of applying
modern technology to meet human needs on the national, statc, a -
local community levels. One such need is the disposal of human,
industrial, and agricultural wastes. This paper presents an integrated
approach by General Electric, TEMPO wnich applies the methodolo-
gies and analytical techniques developed by the aerospace and defeuse
irdustry to a study which will: (1) analyze the prchlem of waste
management as a multidiscipline system; (2) apply systems analysis
techniques tu structure a recommended waste management system
to best serve current and projected needs of the nation; and (3) n.i-
line a research and developmen. plan to support the needs of the
recommended waste management system. TEMPO's overall approach
to the study is structured along disciplinary lines of tevanclogical,
econoiric, legal., political, and social considerations. Requirements
for an opt.mal waste rnanagement system ire also presented.

INTRODUCTION

The problems of waste disposal and air, water, and land pollution

in the United States are¢ zmerging as a serious challenge to present-
day technology and to social, economic, and political systems. It
has long been recognized that whenever and wherever civilized men
gatheread into large, close groups wast: disnusal and po.ution bu.emo
problems of serious concern. Various methods of waste disposal
have been developed, but nearly all are mere variants of rednwing
the waste by diluting or converting it and then rediatr.outing it in
the air, in bodies of water, or over the surface of the earth, thus
creating the additional problem of pollution. It is only in comuagie .
tively recent yca-s that the inadequacy of such methods Las hei
realized. The rivers located in the more populous area: huve ¥
been urable to dilute the quantities of human wasti: poured
and have almost dege. ~rated into sewers. The rate of po
growth ic also makiny it prohibitive to ure rivers ¢ d“i‘:ﬁm
sanitary sewage. .

~r
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Wastes generated by an industrial society have greatly magnified the
problem. Industrial wastes that have been disposed of into rivers

vary all the way from practically clear rinses, to corrosives, caustics,
{lammables, and even explosives. Fortunately, the advancing tech-
nology of irdustry, which creates even more offensive. noxious and
toxic wastes, also helps to inhibit the formation of dangerous or
objectionable wastes. or to convert products to an acceptable form.

Fluid wastes, however, are not the sole problem. Solid wastes are
being produced to such a degree in many states that disposal is

* 2coming more difficult. Increasing population, industrial growth,
and a rapidly expanding technology are also contributing to critical
problems of gaseous wastes and pollution-of land, water, and the
atmosphere. Even the immense oceans are beginning to react to the
wastes that are increasingly poured into them.

Until recently, the disposal of waste was treated as a set of separate
problems. Sewage waste was one, trash and garbage a second, and
atmospheric wastes a third. But as these problems grew in size and
complexity it became apparent that solid waste disposal is closely
linked to tnat of fluid waste, and both, to a degree, can affect
atmospheric wastes. TEMPO's integrated approach to waste man-
agement consists of combining the problems of fluid and solid westes
with those of air, land, and water pollution.

It is becoming increasingly evident that complex problems cannot be -
solved by engendering only a technological solution. It is, of course,
essential to use the technological capability at hand, but it is important-
to recognize that technology can provide only part of the solution to

a problem requiring a multidisciplinary approach to its understanding,
analysis, and optimum solution. What may appear to be a single,
independent problem is nearly always related directly or indirectly

to many other seemingly irrelevant ones. Frequently these inter-
relationships are not discovered until a technological solutior: to the
original problem is pui in operation and starts to cause new problems
in other areas. '

Even though the management and control of waste rnay never develop
into a single organizational system, a study of the probiems of waste
management is best conducted on a systemic basis. This permits the
causes, characteristics and feasible methods of disposal of wastes 1o
be structured into a system, and to permit analysis of the many

interfaces within the system and between the system and its physical,
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s. ciological, economic, and psycholog.cal environments. The tech-
nique of systems analysis permits sucsequen. use of this information
to develor models of the elements of the overall system and to deter-
mine the altevnatives required for effective management nd control.

This paper presents a General Electric, TEMPO approach to the
problems involved in the analysis, develcpment, ard structuring of
a broad waste management system. Many of the methods and
analytical techniques required for conducting such a study have been
used by TEMPO in its programs for military ana industrial clients.
Within its wide spectrum of experience, TEMPO has develoved a
demonstrated capability to study the problems associated with waste
management, reccgnizing that their solution is a serious need today
and an imperative nced of tomorrow.

OVERALL APPROACH TO THE PROBLEM

The overall approach to the problem of waste management as
developed by General Electric, TEMPO is based upon interdisciplin-
ary analyses of technological, economic, psychological, social,

legal, and pclitical consideraticns. These considerations are divided
into investigative sub-areas until they can be logically examined as
entities. This division prevents the analyses from be coming entangled
in a net of interfaces before the sub-components have bzen adequately
considered. :

As the basic division and analysis is completed, the components are
restructured along fuactional lines in order to prodace a systems
management mcdel. It is during this restructuring that the many
interfaces—internal and ext:rnal—are identified and sorted. Alter-
natives are then grouped into related technical areas and, where
applicable and possible, ccsts for each alter.:ative are indicated.
Figure 1 illustrates a portion of the analysis used in the overall
approach to the waste management problem. The analysis base for
the waste management system, as shown in Figure 1. is categorized
into Classes, Transportition (before conversion), Conversion,
Transpertation {after coaversion), and Disposal.

The first expansion of the analysis involves a breakdown of the
management system base into logica! and distinct sub-«ategories
such as '"types' and '"'costs' for the category of Transportation. It
is in the second expansicn that the analysis becomes rigorous enough
tc permit the identification of the major interfaces where the tech-
nological, economic, psychological, sccial, legal, and political

B-3
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BASE Closses
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Figure. 1. Analysis of the waste management problem.
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cons:derations come to the fore as major factore in optimizing and

synthesizing a set of alternatives. Thus, the second expansion will
apply the analytical base to each type of waste, classified as solid,

liquid, or atmospheric, and expa-nd the analysis into invesiigations
of the environmental factors contained in the interfaces. Figure 1l

illustrates such an expansion for the example of food waste.

System engineering, being concerned essentially with the devising

of operational processes that meet human needs, is used throughout
the analytical expansions to bring order to the problem definition

and to devise operations to match the functions that add up .0 a
solution. The functions can ke fulfilled technologically in many ways,
hut criteria will be set on the 1mportance ot each function so intel-
ligent trade--offs can be made. The synthesizing process will tead

to alternative methods o. implementation and tc trial solutions in
attempts to make the was*> management system output meet the
overall requirement of the problem. At this point a wide variety of
analytical techniques will be used to examine the alternative solutions
in the context of the human environment in which the system must
operate and an attempt will be made to predict the consequences of
its op=rations.

TECHNOLOG'CAL CCNSIDERATIONS
Classification

The first of these environmental areas, the technological, is analyzed
on a flow basis. It starts with a consideration of classes of waste
and progresses through the phases of transportation, conversion,
further transportation, and ultimate disposal. Figure 1l shows the
complete ..ocess ficw. Obviously, all steps will not apply to all
wastes,

The first classification of waste is as Solids, Liquids, and Atmospheric.
Solids in turr are classified as convertible or unconvertible, and
further classified as toxic, noxious or objectionable. By definition,

an objectionable, innocuous waste is one that requires no conversion

or disposal of any kind. An innocuous waste is considered objec-
‘tionable if it offends any of the human senses or obstructs any norrnal
human activity. Liquid wastes are similarly divided into suspensions

or solutions, and likewise are classified as toxic, noxious, or
objectionatle. Atmospheric wastes are divided into gases and smokes,
with the same three area classifications.
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Theee are the planned initial divisicns. Further analytical divisions
are then made if any of the foregoing gub-classes prove tn be too
complex. The final element of classification is an identification of
sources for each listed sub-class of waste.

A principal purpose of the foregoing subdivision is to produce manage-
able packages for further technical consideration. There is no need
for subdivision below the minimum subdivisions of the transportation
and the conversion areas. For zxample, there is little purpose in
sub-classifying the combustible material going into an incinerator,
unless & noticeable difference in products of combustion (gas, smoke,
ash) will occur.

Transportaticn

From consideration of the classes of waste, the study will advance

to the problems of transportation, to which, in this initial first
stage, will be added the problem of collection. All movement of
waste from source to conversion, or directly to disposal, is included
in this phase.

It is at this point that coets and alternatives begin to appear. The
various means and methods of transportation are well enough known
that cost determination should not be difficult.

Conversion

Conversion, the next step in the process, is undoubtedly the greatest
and most complex problem. It includes all means and methods by
which an objectionable, noxious or toxic waste can be changed into
unobjectionable form or elements. A few of the wastes will not
require conversion or are too difficult to convert. The need to con-
vert certain mildly noxious and innocuous wastes will be much less
where there is a read’ly available disposal area such as the ocean.

Convcrsion is where technology makes its greatest contribution,
.where the greatest research and development is needed, where the
greatest advances must be made, and where benefits may be devel-
oped. it i3 also the area where the greatest number of interfaces
exist, since some of the products of initial c onversion can be-
objectionable or worse, and will require further conversion.  Two
simple exarmples are the gases and smokes fruom burnirg rolids and
the debris accumulated by liquid filters. »
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Future Conversion Techniques

The foregoing discussion has been aimed principally at what may be
called '"post-use conversion, ' where the gencration of waste is
accepted, and the problem of management begins only after this
generatior.

In the atmospheric waste field we have also considered the technique
of 'in-use convers:.on, ' whereby mprcved utilization of inputs uvoids
the production of objectionable wastes. This teclhinique should be
extended beyond the atmospheric waste field as much as possible.

A third area of technology, or what rnay be called ''pre-use conversion, "
should als» be studied. Success in this area would enable us to manu-
facture our expected erentual wasies so that they would be more
adaptable 1o our conversion and disposal capabilities. An example of
this is the develépmeént of naturally decomposable detergents; #noiher

is the study of better elimination of sulphur {.om petroleumn products

in order to anticipate and prevent the formation of sulphur dioxide in
exhausts. Such techniques should be extended to cur more common

and more harmful wastes.

Another facet that mast be consider<d in all irdustrial planning is
technological obsolescence. Formerly, waste conversion plant
limits were based partly on the limits of input (population and indus-
trial growth) forecasting, but mostly on expected wearo* rates;
technological improvement was not fast enough to cause serious
obsolescence prior tc wearout.

At the present time, our great acceleraiion in technology has also
accelerated obsolescence so that even our most stable technical and
mechanical systems are finding that wearout is no longer an accept-
able depreciation criterion. In a waste management systein there

will not only be this problem of direct technical obsolescence, but

our increased understanding will so redirect tne objectives of our
system that new types of technological processes will be required.

A system that is not structured to meet these technological changes
can be expected to fail almost as quickly as one that is under-designed
or under-financed.

Transportation of Convertec Waste

The stage of trarsportation that follows cenversion of wastes presents
~different and fewer problems than the first stage. The ccnversion
products that must be transported to disposal locations are generally
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hemogeneous and originate in much fewer and more accessible
locations. These two factors permit a more accurately directed
technology of collection and transportation- impossible in the hand-
ling of such mixture=2 as general urban waste. Further, careful
planning can relate converter and transporter to disposal points.

This last is important, for while the complexities are reduced,
volumes may be so concentrated as to cause problems. An example
is the sludge from sewage conversion plants. This can soon become a
volume problem for thoughit is 2 useful soil conditione: andfertilizer, it
cannot compete economically with the much sironger chemical fer-
tilizers in commercial farming.

Disposal

The final dispesai problem is a close second to conversicn in com-
plexity, scope, and unsclved critical elements. The word '‘elimina-
tion' is often used in connection with wastes, but it is inaccurate
without the preposition '"Yrom, " which requires a corresponding '"to"
to complete the action. Wastes eliminated from one particular
element inevitably remain in one form or another. All that conver-
sion of waste can do is change the waste into a form that reduces

the problem of disposal; it can never eliminate it completely.

In genz:al, converted wastes must be in such form that they can be
rele2scd into the atmosphere, emptied into rivers or the ocean,
spread on the surface of the earth, buried, or reused, without threat
or harm to man and his works, and at acceptable costs. Ideally,
conversion would transform all wastes into innocuous, unobjectionable,
and useful products. Failing this, there will be a useless and pos-
sibly objectionable (or worse) residue to become a disposal problem.
Disposal alternatives of soiids include reuse, spreading on the sur-
face of the earth {scr..p cars), burying in the earth (most household
waste), and depositing in the ocean. Depositing in lakes and rivers

is not included as this form of disposal of solids, though practiced

in the past, is now (or soon will be) completely unacceptable.

All of these aiternatives, except reuse, are unsatisfactory to a
degree. Any use of land for waste disposal that will inhibit preduct-
ive use of the land will soon become costly, as the populous eastern
part of the United States is beginning to discover. The ocean can
absorb a tremendous amount of waste providing it sinks; floating
waste is highly uncertain. The current trend is to burial ae the
least objectionable sclution.
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Disposal alternatives for liquids include revse, and emptying into
rivers or the ocean. All three oi these metncds are acceptable
assuming trat the preceding conversion has been adcquate. As has
been shown, technology is well advanced in this a-ea, and effective
conversion citn soon be practiced. There will remain a probable
psycbological bar~ier to full, direct reuse of reclaimed water;
however, there are many practical, acceptable, and potentially
valuable alternatives of reuse. This will grow as our demands for
water increase.

With airborne wastes the disposal prcblem is negligible, as conver-
sion products (again, assuming effective conversion) are limited to
(hopefully) harmrless gases and very small quantities of solids.

Conversion and Disposal Problems

There ir still ancthcr disposal problem which concerns unconverted
wastes. Where disposal means are available at low cost and con-
version costs of particular wastes are high, any conversion becomes
unacceptable. At present this concerns principally household and
small-business solid waste. Burning, the only conversion means
extensively practiced, is costly and frequently obnoxinns. OCther
means of conversion with reuse in view have not yet proved practical.
Direct disposal, unconverted, Ly burial in a sanitary fill is still

th. preferred practice. The defunct automobile is another example.
Occasionally reuse as steel scrap is possible but too often it is
uneconomical. In crowded areas the practice of viling them in a
field is becoming unacceptable, yet there is no other means of
disposal for this accumulating waste. ’

Radioactive wastes are currently unconverted—their disposal must
be accomplishcd without poisoning the earth, the waters, or the air.
The current prictice of encasing these wastes in enough shielding
material 17 hold them to expected decay, arnd depositing this shielded
mass in an inaccessible spot (usually the ocean), is practical only
with the present limited quantities of such wastes. Study to develop
better solutions i becoming an urgent necessity.

- The ocean 2ypears to be a bottomless receptacle for all of man's
refuse, but recent studies have identified increasing kinds and
quantities of lruman waste in seawater. This effect is more pro-
nounced near shore than in mid-ocean, and more pronounced in
heavily-populated estuaries than along unpopulated exposed coasts.
But pollution of the ocean is not a problem of the future, it is a



RM 65TMP-53

current problem of s¢ “ious proportions. The discharge cf raw or
incompletely treated sewage into the sea rom communities and ships
is creating .x w-holzsale health hazard in several places along the
(lalifornia coast, particularly San Diego, Santa Monica, and San
Francisco.

Although low-level radicactive wastes for many years have been
cdeposited in shallow water, and more dangerous wrstes in deep
water, there is no certainiy that these disncs.l areas are really
safe. Oceanographers have not-yet established th: rate of overturn
of ocean water from the deepest basins to the surface; twenty yeare
ago it was thought to be on the order of thousands of years, but more
recent investigations hzve found that the cycle may be on the order
of a century or less. -

Assuming that the radioactive was'e containers will last their
designed life, 8o that the waste, when finally released into the sea,
‘is at a safe level of radiocactivity, there is no assurance tnat the
isctopes will not be concentrated in being taken up by the food chain.
Marine biologists are only beginning to discover tke various detailed
food chain 'inks in the sea, and tc understand the ecological factors
~ involved. As pollution of all kinds, including pesticides, detergents,
industrial poisons, and radioactive wastes are discharged into the
sea, we must foresee the effects on beachzs, harbors, and marine
tocds in termis of health hiazai ¢y and esthetics.

ECONOMIC CONSIDERATIONS

Economics provide a method of upproach to synthesizing a diverse,
seemingly irreducible, collection of technical, political, and social
considerations. The outpul of an economic analysis is the definition
of a course of action that will result in the maximum net sccxal
benefit.-

Definition of an optimum waste management system can be obtained
accordinglvy with ¢onsiderable precision by means of economic
analysis. Technical considerations sre summarized by a prodaction
function, i.e., 2 statement of the orZered set of possible physicsl |
input-output relationships that will hold under different technological )
conditions. Political and fiscal considerations, such 23 the existence -
of numerous decision»mak‘ing arcas and levels, or legal li.r~itations
upcn districis' maximum bonded (ndebtedness, can be introduced .
as constraints upon the derivation of the feasible solution s~t. Social
factors, such ae population growth in the next twenty-five yaara. and
population location and density, can be introduced inte an économic
analysis as exogenous variables.
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Some General Considerations

It is desirakble to be guite clear how an economic analysis of possible
waste nmanagement systerns would procecd. For example, the ferm
isystern'' should be given ai least some conceptual definition. Fur-
ther, there are certain specific types of traditicnal considerations
within economics which are directly applicabie to structuring a
representation of such a waste management system. These pertinent
economic considerations provide the means to analytically portray
the relationships between the waste management system and such
variables an water resource utilization, business location and ex-
pansion, recgional economic growth, recreation facilities, and the
population's employment of leisurz time.

What is unique to an economic logic of -waste management follows
fro.x three of its characteristics: “Waste ie & +;-product produced -
in relatively fixed proportions as the result of private (household ° ‘ .
or firm) consumption. * Secondly, waste has a negative value in R
" that it is a product which the producer (householci or-firm) pays-a o
consumer (city, courty, or special district sanitation entity}te .- 7"
adcept. Third, and most important for the current study, the method 2o
of waste dispoeal - (consumptwn by a government body) may signifi-
cantly influence the .value of other economic variables. This cn , - .- .
arise either by the waste being converted into a useful product or S
~ when the method of waste disposal refluces the qua.hty of ut}ier =
- products which people wish to consume. o LT T \

£

Some General Implications

- -

The above discussion is intended to accompluh certam ob,}cctives‘ ‘
First, it suggests that an economical and optimum waste manage- S
ment systerm does not mean, nor require, the complete elimination .
of unwanted pollution of water, air, and land, While tais’ may ben. -
-feasible objective, it aléo mzy be an uneconggmic one. Thus, the .
social benefite of swimmmg in certain lakes or rivers may. ba.ouis *
weighed by the cost of disposmg\i the pollutants by other mcan‘s.
It is an economic queltxon of individuals' pr sferences. Thus the -
current study can oxly provide estimates of the likely costs of
. achleving certain air or water pollutant levels uiitig different tech-
' mcal approaches and organizatxoual ?txueturet.

1

*Air pollut.on does not £.t this deacrzption/ very pmc}u‘ty. The
producer may be requfred to produce another product with the ,
gaseous material, as in industrial use of electrostati. precipitates.
Alternatively, the producer may be requirved to modify his orodurt,
‘as in the imapending use of automobile smog-cor.re! d: vices.

A
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Second, the above discussion points cut the impertant consideration
of defining a political decision-making unit of such size and scope
that its waste disposal cost is egqual to the social disposal cost. Ad-
ditionally, consideration of th=z possible economies of scale in waste
disposal suggest that particular reclamation of economically useful
products from the waste may imply structuring the political units so
as to realize these 2conomies.

Third, the above brief discussion carries auother implication: the
deri.-tion of an optional waste managemen: system can be done by a
qualitative analytical method. The pertinent variables have been iden-
tified and their functional relationships at izast loosely described.

An economic analysis can then proceed by constructing a suitable
mathematical representation of the inputs znd outputs of alternative
waste management systems. Insertion of prices, which of course
would represent, ag costs, the value of alternative opportunities and
a, a return, the preference of the public for a particular combination
of outputs, would then give the optimum waste menagement systera.

SOCIAL AND PSYCHOLOGIC.«L CONSIDERATIONS

There is always a degree of mental or physical revulsion attacled to
the idea of wastes. Before any new concepts or systems of waste
conversion and disposal are inaugurated both public and private re-
actions must be anticipated and, where possible, forestalled or di-
verted. Objections may range from unwillingness to be botherea,
through distaste for prccess or products, to religious objections and
outright iear. The reuse of waste water is probably the most sensi-
tive point.

Since most psychological and secial chjections are based on prejudice,
ignorance, and fear, it will be essential to move cautiously, and-to
design careful educatioral and public information programs, where
the need for the various eclements of waste, management are explained,
benefits are convincingly described, and possible objections and fears
- allayed. 7The rather widespread fear ot genetical harmfrom "atomic
electricity' in the house and the religious opposition to desalinization
of seawater are indications of the unexpected opposition that can
develop. Luxury also limits tolerance. The United States, with the
best fed people in the world, have undoubtedly the narrowest tolerance
for food variety. ’ ’

The public has accepted the need for reducing smoke pcllution of the
atmosphere (Loadon smog), but there is still a noticeable psychological
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objection to measures for reducing gaseous pollution (Los Angeles
smog). Although various educational and public information programs
1ove been directed at this problem, there is still dissatisfaction over
the expected economic impact and a lack of faith in the technical
adequacy of the current solutions. This, in turn, has impeded nec-
essary legislation and delayed corrective action.

Hence, any plan or program coucerning waste management must in-
clude adequate consideration and support for 2ttitude survevs, and
educational and information programs that must continue throughout
the overall program.

These latter programs must not only be factual and informative, but
must also be especially oriented to develop support among the pro-
fessional groups that traditionally cngender public respect and help
mold public opinion—especially religious leaders, physicians, scien-
tists, and labor leaders.

LEGAL AND POLITICAL CONSIDERATIONS

Any waste management program developed can be expected to extend
greatly the scope and extent of present organizations and operations,
and new interfaces with other existing organizations and operations
will pe both created and discovered. This will inevitabiy generate

a need for legislative revision and adjustment. Some old rules and
regulations will be obstacles, some new powers and authority will be
required, and developraental tunding may be high. It is important
also that any system or program be so crganized as not to conflict
unreasonably with the basic controls on individual liberty and reason-
able freedom of action.

A preliminary andlysis of socic-poiitical aspects of the probiem should
be accomplished in parallel with the +arly systems engineering and
technical feasibility investigations in order that, as the system be-
comes defined, the required political powers will evolve as an inte-
gral part of the system-selection process. This will allow the great-
est interplay of support possiblefor the total system evolution, and
will influence preliminary systemn evaluation toward the socio-
political goals. i

The socio-political phase of the ctudy should emphasize critical con-
siderations and as currently envisioned will:
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1. Define the sccial objectives

2. Develop plans for political implementation for alternative
system recommendations.

3. Study and report on preferred methods of allocating costs
among system beneficiaries.

4. Develop guidelines for compliance/non-compliance determin-
ations.

A careful study and analysis cf the various governmental organizations
that are directly or indirectly concerned with, interest in, or affected
by the waste manage ment problem is another cssential. The govern-
mental organizations that the people have developed in the various
states and areas must be studied not only from a technical aspect,

but also from the socio-psychological aspect. The technical aspect

of the study can reveal the management processes as they exist, with
their internal and external interfaces, their strengths, and theix
weaknesses. The socio-psychological aspect of the study car show
how and why the present structure exists.

All democracies by their nature are technically inefficient compared
to an avthoritarian organization. But a stady of history shows that
large groups of people have accomplished unusual results only when

a strong spirit of group unity exists. This group unity—where the
individual feels himself to be a participant rahter than a subordinate—
is found only where each member feels that his opinions can receive
attention and exert influence on decisions.

Hence, no matter how technically perfect a waste management system
may be, if it fails to conform to legal and political systems of the
people who are to operate it, it will certainly fail. Thus, any waste
management system must conform to the spirit of the people. It

need not be an imitative extension of present organs of government,
since these usually lag behind the popular trends, but any deviations
from present structures must remain within the framework of probable
popular acceptance.

SYSTEM INTEGRATION

After analysis, the various requisite elements must be sturctured
into a system. This sytem raust confurm to accepted principles of
organization, and it must also harmonize with specifics of the govern-
mental structure. There are existing, established bureaus that have
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long covered certain aspects of waste manz jement. There are also
strong interfaces, such as water resources and recreational areas.
and there is also a marked need to dece:ntralize as much as possibie
the actual operatior of cystcm components as shown in Table 1.

Table 1. System intzgratien of waste management system components.

Area Func*ions Levels | Methods
Tonfrol 1 Palicies Federal | Legislation
: Obijectives Regionai | Regulations

Standards State Advice
Regulation Local Incentives
Coordination Penalties
Inspection
Supervision
Enforcement

Support Financing Same as | Direct
Technical information above Indirect
Administration Periodic
Liaison As required

Public information
Research and developrient

Operations | Transportation Sane as | Government agzncy
Conversion above Government contract
Disposal Private
Planning

OPTIMAL SYSTEM REQUIREMENTS

General Elactric, TEMPO envisions an optimal waste management
system to be:

1. Acceptable to a good majority of the people socially, esthet-

ically, politically, psychologically, financially, and legally, or

one that can be made acceptable within a reasonabie time by
_-"education and public information.

2. Adaptable to ihe peculiar needs and problems of the various
regions and localities, hence operationally decentralized as
much as possible.
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3. Effective. Provides adequately clean air aru ungoliv’ d
water, does not mar the countryside: removes aeterminable
threats to hcalth.

4. Economicai. Causes mimmum waste of water, land and
other resources. Provides best return on capital investment
{punlic, industry and business, individual) with required
individdal capital investment within the ~each of all.

5. Stable. Does not bear inequitably on a limited segment of
the populaticn or industry, nor permit unwarranted freedem at
taxpayer expense. Changes and perturbations car he accommo-
dated.

b. Harmonizes with the United States' neighbors.

These factors should be develcped by the current study, and the final -
management alternatives indicated. In general, it is expected that:

1. The principal function of government should b= regulatory
rather than operational.

2. Government operations should be established only where en-
vironmental factors prevent or seriously hinder local agencies
from functioring effectively.’

3. Operations should be integrated only along maximum inter-
face lines.

The recommendations to ke submitted as a result of the study should
introduce the system in an orderly, progressive fashicn, particularly
noting critical decision po.nts. This will permit periodic re-evaluation
at times when it is most needed, and not according to an arbitrary
time schedule. This deliberate, orderly progress will also permit
much better accomodation to the increasingly rapid rate of-technolo-
gical development. Finally, it should provide a better base for a
public information schedule that will assure an informed electorate,
well equipped to understand prokblem and objectives and to reach
constructive conclusions.

ESTIMATE OF DEVELOPMENT EFFORT

Itis estimated that the type of systems analysis study discussed in the
preceding sections of this paper would invélve six man-months of
effort by a planning and advanced-studies organization such as
General Electric, TEMPO. The study program should be organized
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and staffed to make maximum use coi the knowledge and talents of
the city authorities and te_nnical experts concerned with the prob-
lems of municipal waste manazement working i conjunction with the
team of systems analysts under contra«t to perform the study.
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A METHODOLOGY FOR HOSPITAL. AND MEDICAL
FACILITIES PLANNING

By Hausz and Rivest

FOREWORD

The development of community services and facilities foir the preven-
tion of illness and care of the sick is a major health problem in
metropolitan areas throughout the United States. A chief contribuiing
factor is that the development of hospital anid medical facilities in
urban communities is often frustrated by drastic population shifts.
Prominent among other factors contributing to the problem are: the
high prevalence of chronic disease and severe injuries, the increasing
number of aged persons in the population, and the growing complexity
and costs of personal health services and facilities.

Urban redevelopment and the construction of highways leave many
city hospitals high and dry, in a severely competitive position for
obtaining a reasonable share of the available financial resources.
Their former markets have dispersed and their new markets cannot
provide adequate hospital incomc. Independent suburban hospitals
spriag up to fill the vacuum.

Hospital planning in metropolitan areas thus assumes new dimensions
in both scope and depth. It is becoming increasingly eviden: that
some means must be found to ensure the orderly development and
rehabilitation of needed urban hospital and medical facilities without
mutually destructive competition for the community‘’s financial
resources. This paper presents some thoughts on an integrated
approach to the problem by seeking to apply the methodologies and
analytical techniques {(such as systems analvsis} developed by the
aerospace and defense industry. The paper does not attempt to
fully analyze the problem or offer feasible solutions, but rather to
structure a study comprising these tasks.

INTRODUCTION

Medical care is a sigraficant and growing part of the national economy:
33 billion dollars in 1963 or 5.8 percent of the Gross National
Product, and it is forecasted to grow to 58 billion dollars by 1970.
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The increasing dollars represent, in part, a significant continuing
improvemment in the 1-vel of medical care provided: there are lives
saved, organs and limbs saved, and patient-days saved by improve-
ment3 in medicine and technology that escalate each year. But a
substantial part of the dollar increase represents rising costs—of
supplies, and particularly of services—tied to generally rising wages
and expectations of standard of living. In industry, the answer to
both rising wayges and rising expectations of standard of living is
capital investment to increase productivity. This may be realized
as automation, as new technology, as creation of new and improved
products, as improved personnel training, or as improved manage-
ment and administrative practices and methods.

Providing sufficient and adequate medical care facilities for its
population is an urgent responsibility of urban communities whose
governing bodies have a basic problem of coping with the increase
in costs without losing the benefits of improvements in the level of
medical care. Thus, it is inevitable that cities will seek to find a
logical approach to achieving this objective. This pajer presents
an approach which will endeavor to apply a planning methodology
and optimization technique, generally known as the systems approach,
to achieve the humanitarian objectives of increasing standards of
patient care with the minimum expenditure of resources—meoney,
required skills, and time.

This approach emphasizes the importance of the patient as the human
being served by a hospital system and the responsibilities of the
medical profession which must give prime emphasis to the quality
and standards of patient care rather than to cost of that care. [t
also recognizes that mutual cooperation and understanding must be
attained at all times so that the best combination of the objectives of
all parties concerned may be achieved.

DEFINING THE PROBLEMS
The Urban Community Hospital Problem

There ar= approximately 5000 short-term general and special
hospitals (totaling over 600,000 beds) in the nations urban commun-
ities. Costs in these hospitals average $32 per patient day, of
which steadily rising wages and salaries now represent nearly 70
percent. The U.S. Public Health Service goal of 9.5 beds per
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1000 population by 1970 will require the addition of 80,000 beds per
year. These currently cost approximately $19, 700 per bed for
building and fixed equipment, and $3, 300 for movable equiprnent.

Private and public expenditures for health and medical care in the
United States have grown from $12 billion in 1950 to an estimated
$31 billion in 1962. Per capita demand for healt: services is rising
as a result of the increase in average life span as well as higher
levels of disposable income. This is eing influenced by prepaid
medical carz programs, which are stimulating greater health
conscivusness and creating a more favorable economic environment
for hospital improvement.

Rising costs of medical care and shortage of traired personnel are
forcing administrators to look for ways and means used in industries,
such as the aerospace industry, to reduce costs. The problem in
urban communities is that the rising level of mirimum acceptable
patient care and the rising price of all suppliee and services—
particularly labor costs—have made total costs climk yearly since
World War 1l as shewn in Figure 1.

7,000 .
| mE
6,000 — 1
HOSPITAL SERVICES _ = == - °
5,000 - %L ;Lé
—n
- PHYSICIANS' SERVICES
o % -
3,000 =
’ -
.~
2,000
- -
1,000 —~— ———
’ )l | JOTAL HOSPITAL CONSTRUCTION “ ™
800 p - -
g OTHER PROFESSIONAL MEDICAL SERVICES
400 /
200
i
1948 1950 1952 1954 1956 1958 1960

Figure 1. Hospital and medical costs 1948-1540.
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Obsolescence of urban hospitals, many of which are Worid War II
cantonmenis, requires a long-range replacement prograr as well

as adciitions which represent improvement and growth needed in
present hospitals. The investment costs plus the operations znd
maintenance costs combined will represent a subsatanti -1 budget

item for urban arcas. The otjective must be to maintain an "accept-
able level' of patient care and reduce or hold down operating costs.
Acceptable care must consider the standards of comfort and expecta-
tion of the patient :énd the scope and quality required by the profes-
sionals in responsinle chars~e of the facility. This is not a fixed level
of care, but rises continually ae technological and medical advances
make it possible to consider as comimon and ordinary practice in
1970 what was imposasibie in 1965.

The Hospita! Improvement Program Problem

Many of the current practices in hospitals are traditional rather than
derivead from careful analyses of needs, initerrelation with other
practices, aliernatives, and contributions to cost. Many new tech-
nologies and new medical advai tes j-wvf aricen in the past twenty
years, and have hbeen adsied in part 1n hospitals, but have been
superimposed cn the {radition:! structure rather than integrated into
a concept of thinking of the whole hospital as a - sviizm. A course of
action to pursue is 31 Improvement Prograrn founds: on logical
princinles. That is. to considzr the hospital or mi-.. zal care facility
as a system with mas ‘nteracting parts which musr -vork together in
optirnal fashion to p- ...e the dual results of accig . le patieit care
and minimum operat:ny <ost. This can b« an imp< ' .nt illustration

of applying the systen:. approach—systems ar.al- . systems design,

systems evaluation and testing—which has been « - . f tested for many ,
years in weapons and a=rospace systems proc .- ueat with excelient - S
results. 3‘8;:"'&_

The objective of a first-level echelon of plu:oung should be the
analysis, design, construction, operation, <:d evaluation of proto~
type hocpitals which incorporate the ouiput «f the systems approach.
If found to prcduce savings without sacrifice of ievel of care, the
design and procedure features can he utilized for the continuing
replacement program for urban uotpitals for modernization of
present medical facilities, and for uve where applicable in private
and military hospitals.
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The Feasibility and Planning Problem

The planning of the improvement program in itself represents a
problem. The systems approach has never been fully applied to the
development of a prototype hospital as a zystem. What will it ¢ \st?
What benefits or saving - will it produce ? How l)ng will it take ?

How should it be managed ? In justification of the improvement
program for funding, ia structu;iusg the work by fiscal years, in
dividing the work into relevant manageable nackages for procurement,
a Technical Development Plan (T1P) shoulu be developed that will
have a confidence level sufficizntly high to contribute to affir mative
decisions under management review.

Assistance may be required in generating such a TDP, axd the
requested feasibility and planning study would be in suppor: of one

part of the improvement program, the systems analysis phase. The
complete improvement program, using the sy stems approach from
start to finish, should have a number of identifiable pnases: (a}
systems analysis; (b) systems design; (c) system fabrication; (d)
systems test and evaluation; and (e} systems operation. For a weapon
system an estimate of the cost and 3chedule of all of these phases, .
including operating coste for five years, would be required early in -
the planning process. _ - e

- , \ e

The Problem of Scope : - - e T
A system may be defi..ed as an entity which accomplisiier an operational U
process; that is something refer-ed to as the input is operated onin =~ -
some way to produce something designated the outrmt. This operating -
entity is cailed the system. When the problern is 1> convert the given

input to the desired cutput within constraints (such . 3 » vimum cost) oo
the systzm may be considered as the meane to solve the problem. =~ |’

A svstems approach could go upward and downward in echelons ina  —r 5 i
"stucs to atomis' munner. The time and resovrces required io solve
a problem wits too large a scope are not gepzrally justified by the
marginal benefits obtainad from the lnst additions t2> scope. The
improvement program is too limuited in scope if it considers only

(or principally) the use of medical electronics, r the use of medical
and administrative information gystems. It must include at least a
complete single hospital as an intagrated sy&%‘fm.

Some critical questions should be conndered Smuld the program L
be broad in scope and consider a group of hospitals in an ux*b&n i
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region, or the assemblage of all urban hospitals in the United States
as the system to be improved? The guiding principles in determining
the scope of a program are to make it as broad as is manageable

with the resources availab.e and with the ¢ nstraints impoesed by
responsibiiities, access to information, and the possibilities of
meaningful decision. Also where the contribution to costs generated
oy the inter-hospital interactions can be determined, the marginal
utility of scope increase can be detzrmined by whether these costs

(or achievable improvements in them) are large or smali.

As a preliminary conclusion, the regional assemblage of hospitals
should at least be considered in a planning study and in an improve-
ment program. There may be cost reductions over present practices
without impairiment of care by pooled purchasing, pooled informati.a
facilities, pooled inventory of rarely used drugs and equipment,
increased use of specialized types of hospitals, or cost-effectiveness
studies of patient'and staif transfer policies to weigh iransferral
costs against the better care at lower cost available at the facility
best equipped for a particular ailment.

OBJECTIVES OF A HOSPITAL PLANNING PROGRAM

A formal expression of the objectives of a hospital planning program,
stated in proper detail, will enable one to tell when an adequate
solution has been reached; they wiil enable quantitative criteria ot
effectiveness to be formulated that can be weighted and used to
compare a proposed solution with others to rank them in order of
preference Objec.ives of the larger problems or supersystems of
which the task being performec is a subsystem must be considered,
and the system derived must be compatible with them. However,
they may be outside the scope of the task being performed; they may
be an input. e '

Inputs

As previously indicated two objectives of a hospital plannfng study
are to determine *he best care of which medicine and its allied
disciplines are capable and to attain this goal for th: least cost in
manpower, facilities, and money. At the improvement program
level a tentative conclusion is that the humanitarian objective of
improvements in patient care are an input rather than a function of
the operational system.
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There are many individual and organized programs of research aimed
at medical advances, improved clinical techniques, and better under-
standing of diagnostic and therapeutic principles. Some are sponsored
by DOD, much more is sponsored privately, or by government
agencies through special hospitals. The best outputs of this work
become, through the communication of journals, the medical schools,
the teaching hospitals, a part of the consensus on the rising level of
acceptable patient care. 7The improvement program should be aimed
at accenting and encouraging this work, adopting it, and extrapolating
to what this level may be at the time of implementation and oneration
phases of the improvement program. But it should not be aimed at
contributing strongly to the methods cf impiovement of patient care
per se.

Other inputs to the sy <tem (iimmprovement program) are the patients—
the number, the mix of infirmities, and the time distribution. The
improvement program does not purport to alter this. The number and
geographical distribution of hospitais is similarly input, determined
by the objectives. The source of funds is an input, as are many
policy constraints, determined by the Federal Government/ Municipal
Agencies framework.

Another input must te the programming concept or policy required to
achieve the ulti:nate goal of increased competence and efficiency in
the overall medical establishment within realistic cost constraints.
Two notions are fundamental in addressing the programming task:

1. The designation of a "programming period''—the time span
between a current point and some time horizon.

2. A balance between short-term and long-term benefits over
this pericd whereby the best position at the end of the planning
period is attained consistent with maintaining adequate (and
increasing) competence and efficiency throughout the period
and vice versa. An analogy exists with many civil and,
particularly, military orogramming activities where desired
capabilities for the long-term future can be gained only through
relatively substantial R&D expenditures which, in turn, impose
penalties on near-term capability if fiscal constraints exist.

The programming concept is applicable at various levels in the overall
planning process. At one level, for example, it aids in the choice

of R&D validation programs leading to prototype facility construciicn
under fiscal and time constraints. At another level, to achieve

optimal phasing of the novel subsysten:s (practices) within the proto-
types into currently existing facilities.
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This policy must be an input, in that it determines in part the level
of funds for the whole improvement program. ¥For various funding
levels, the benefits over a long period attainable by the improvement
program can be compared with the benefits from other expenditures
of these ‘unds—as current operating expenses for urban hospitals,
as sho>t-term investment, or as nou-hospital expense items. An
optiaum trade-off could be achieved among these alternative uses of
funds, given sufficient information on the alternativ:s and the value
weighting assigned to the different kinds of benefits derived.

Costs

The economic ohjective of delivering the desired level of care at the
lowest cost must be weighted strongly in any hospital improvement
nrogram. The criteria for measuring costs must be defined further
in the planning study to be sure alternatives are fairly evaluated.
Operating costs of an urban hospital can be expressed in terms of
costs per patient-day for an assumed patient loading and mix of
infirmities. While convenient, this does not tell the whole story.
However, maintaining or reducing this measure would be a real
significant goal. - :

Reduction in the inpatient days per patient for the same assumed mix
reduces room, food, and labor costs per patient. While it may be
achieved at an increase in diagnostic and therapeutic costs, fewer
beds may suffice, reducing the facilities cost or the same facility

can serve an expanded clieantele. Usual cost accounting procedures
must be used to allow for and to balance operating costs, maintenance
costs, and investment costs.

Another cost factor to be considered is the value of days hospitalized
and in convalescence to the patiert and to the municipality. Days
lost cost sick pay and deprive the community of the patient's skills.
Improvements in care that shorten the sick-list period should be
suitably credited as a cost-savings to the community as a whole.

Similarly, there are economic values assignable to the extent of
recovery or rehabilitation that can be achieved. The short-term
benefit to the patient ard the commurity measured by the extent to
which he is enabled to work again at his full skill level and the long-
term financial liability of the government and community for
fractional or complete disability, must be assessed.
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Documented discuss.ons with surgeons in the medical facilities
lhiterature brought ou! strongly that the ''best patient care'' cannot be
selected without considering many factors in addition to ecoromics.
For example, a serious injury to a fingertip requires the surgeon to
ascertain occupation, psycholog.cal factors, future career plans, as
well as insurance and ability to pay. For a laborer whose livelihood
may depend on # rapid return to work, amputation at the first joint
may be the preferred treatment. For a ccucert pianist, every effort
is worthwhile to carefully reconstruzc the fingertip by grafts—
considering both appearance, muscle structure, and sensory structure.
At intermecdiate levels. appearance may be important to an executive
or an actor, sensitivity to cold may be i.nportant to somcone who
lives in. or expects someday to move to a cold climate. While ''best
care' mighkt imply that everyone gets the concert pianist treatment,
it is not warranted by the patient's needs or his own economic choice,
nor is it merited as an expenditure of scarce surgical e¢iills. This
illustrates some of the complexities of trade-offs of cost factors.

Some objectives of an urban-area hospital represent costs without
current benefits to patient care, which must be assessed for their
long~-term benefits, and may, in the long run, represent a ccst

saving. Research, teaching, and training are in this category. They
are necessary to improve patient care in the long run. They are aiso
necessary in the snort ran to acquire and hold good professiona!
talent, and to continue upgrading it. Since an improvement program
would consider different kinds of hospitals, some criteria for providing
due weight to these objectives should be established.

METHODOLOGY AND TECHNIQUES FOR PLANNING

Environmental Assessment

In any systems analysis program it is always necessary to make an
assessment of the environment in which the system is to operate.
The environment consists of the current and projected technological,
medical, financial, governmentai, and political environinents over
a certain time period. The constraints and opportunities which
these represent must be identified as an input to the selection of
specific tasks.

Determine Objectives

The objective of a hospital planning study is assumed tc be a program
plan which specifies and describes the detailed steps reauired for
a systems analysis of a long-range improvement plan, together with
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cost and schedule factors. Some effort must be devoted to defining,
in detail, the scope of the program plan. Should the program plan
contain all the steps necessary to improve patient care in one ''typical™
hospital, in a typical hospital of a certain class, or should it include
some or all the interactions between hospitals, such as the flow of
information or patients ? Should the program plan contain only
systems analysis studies or should selected R&D programs needed
for validation be included also? If the output of 2 systems analysis
1s presumed to be a preferred system selection ready to proceed into
development and design, some of the more radical concepts may
require sufficient R&D to determine feasibility before the system
selection is made.

Selection of Steps to Meet Objectives

System analysis should be applied to determine the steps required to
meet the previously established objectives. There are many combi-
nations of steps possible in terms of number, size, scope, depth of
analysis, etc. These steps can be syntheisizedintoa program plan.
The resulting plan is compared with the objectives, and by an
iterative process, arrives at an optimum set of steps that describes
the overall plan and can be readily implemented. The individual
steps can then be further defined as necessary in order to describe
each step in sufficient detail for costing purposes.

The greater payoff of the systems analysis approach will be in its
application to the hospital planning study. Planning tasks are
amenable to the same techniques. Instead of steps in a process, the
parts of the system will be functional blocks or sursystems. One of
the tasks of a planning study should be cost-effectiveness and trade-
. off analyses of various alternatives to meet functional objecuves.

Cost-Effectiveness and Trade-off Anclyses

For an array of functional objectives there will be a choice (for each
. objective) betwe( n alternative practices (subsystems) to satisfy the
objectives to a greater or lesser degree. A program of cost-
effectiveness comparisonsshould be defined for these alternative
subsystems to provide:

1. A means for resducing the number of alternatives to be
considered

2. A mosc efficient inpui to the overall prograraming problem.
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3. Short-icrm decision aids for the selection of p:omising
R&D programs.

In general, the type of result of such exercises is a function of the
input information as shown in Table 1.

Table 1. Input/result relationships.

Inputs Result
Current practice I Novel practice
Cost and effectiveness Cost Required effectiveness of
novel system
Cost and effectiveness Effectiveness Allowable costs for R&D,
implementaiion and
operation

The concepts involved in such analyses are straightforward. An
analogy can he fou.d between these medical considerations and the
multi-mission/general-purpose weapon problems which arise during
the anaiyuis of equipment for tactical warfare. In tactical warfare

a series of functional objectives can be stated and, to some extent,
the degree to which an objective can be satisfied by a given weapon
can be evaluted. It is found, however. that the fulfillment of a single
objective may require the use 6f several weapon types, but that each
of these weapon types may have application in fulfilling other objectives.
Under these circumstances the dilemma is to evaluate the velative
worth of alternative weapon types, particularly if the array of
objectives to which they are applied cannot be ordered according to
their importance.

Translated into hospital system terminology, this dilemma is
illustrated in the matrix shown in Figure 2 which arrays a number
of practices (subsystems) against the list of functional objectives.
The effectiveness of the subsystem toward achieving the specific
objective is represented by a scale where 0 denotes no effectiveness
and 5 denotes maximum effectiveness. To resoive this di° mma, it
will be necessary to develop a rationale for weighting the rel.tive
importance of the functional obj~ctives in a given sitaation.

Cne guile to the importance or 'payoff" in considering alternatives
to a present practice (subsystem) is the present cost as a fraction
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Figure 2. Subsystem effectiveness matrix. :

of the total operating cost. In a hospital planning study some level
of cost analysis of present practices must be made in order to
assess the magnitude of program implementation. An indication of
the ''cost centers' in a typical hospital are given in Figure 3 and
Table 2. These show, for the indicated sources, the division into
payroll and various non-payroll expenses, and the division of payroll
into ''department' categories. As these data are from different
sources at different times they do not necessarily match. However,
it is apparent that the greatest non-salary expenses are in adminis-
tration and dietary, and the greatest salary expenses are in nursing
and ad.ninistration. More emgphasis should be placed on analysis
and improvements in these a«reas than or anesthesia or medical
records for instance—important as the latter may be to patient care.

As different subsystem sets are considered, it will be necessary to
break down these cost elements to the smallest identifiable work
elements so that they may be aggregated for the candidate subsystems
(i.e., nursing may be divided among a number of functional sub-
systems) and comparisons made with alternatives such as automation,
new technology and differently organized procedures.
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Figure 3. Hospital expenses breakdown chart.
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Table 2. Short~term hospital expenses, by department .

Payroll Expenses as o
Percent of All Expenses*

Salary
ond Non- Non-
Salary Salery Salary
Administration 12.5% 7.5% 5.0%
Dietary 12.0 7.0 5.0
Housekeeping 5.5 4.8 0.7
Laundry (including linen service) 3.5 3.0 0.5
Plant Operation (including
maintenance and repairs) 5.5 2.7 2.8
Centrai sterile supply 2.0 1.5 0.5}
Other medicai-surgical 2.5 2.0 0.5
Operating room 4.5 4.5 2.0}
Delivery room 1.5 1.0 0.5
Anesthesia 1.0 0.6 0.4
Pharmacy 5.0 1.0 4.0
Laboratory 7.0 5.0 2.0
X-ray 5.0 3.0 2.0
Nursing (including nursing
education) 28.0 26.0 2.0
Medical records 0.5 0.5 -
Other 2.0 1.0 1.0
Total 100.0% 71.1% 28.9%

*Based on unpublished data from California short-term hospitals in Los
Angeles and San Francisco metropolitan areas, 1958-1959.
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Integration and Description of Steps

The processes described above will lead to conclusions concerning:
{a) the basic work elements tn be performed, (b) their relative
importance, (c) the s2quence irn which they should be performed,

(d) where feedback must exist so an iterative process can be used to
optimize the output, (e) the work elements which can be grouped

into an easily identifiable ''step.” In the process, planning specialists
will have gathered much data, discussed present practices, formed
conclusions on the most p.omising areas for improvement and the
subsystem structure that permits the achievement and measurement
of improvements.

Results of a planning study should describe the purpose, the goal,
the criteria, the work to be accomplished, and the resources needed,
so that the total resources tc accomplish the program may be judged,
and so that the time .-equired and the estimated costs can be deter-
mined.

Cost for Implementing Specific Steps

The selection of required system analysis steps and their scheduling
within a management plan are not separate entities since both will
evolve through a series of iterative studies. Finally, however, it
should be possible to define each selected step in terms of required
resources, time and inputinformation (and therefore sequence). As
an aid in evaluating the program and to facilitate program decisions,
this data should be compiled for each step in sufficient detail to
permit effective reporting.

The estimates of requirements for systems analysis effort and other
resources to implement these separate steps should be performed
largely by analysts similar to those who would be charged with the
responsibility of performing the analysis and are in the best position
to judge. Competence to compile such estimates should be demon-
strated by the experience and continuing programs of planning
organizations.

MANAGEMENT AND SCHEDULING

In order to systematize the recommendations for subsequent system
analysis it will be necessary in the hospital planning study to adapt
some form of network technique (e.g., PERT) to portray the
organization of elements of work, depict them, and objectively
analyze the import of associated constraints and estimates of re-
quired resources. Ac the planning study progresses, steps in the
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proposed system analysis should be identified and :lassified into
activities, end events, constraints, data functions, information
points, etc., so that like classes can be grouped and combined.

These techniques will aid in making the common aspects of similar
work elements more apparent in facilitating their natural association
in functional areas, and ‘he sequence of interrelationships will
indicate the phasing of the required steps.

To complete the scheduling task, activity descriptions, event
descriptions, time estimates, and cost estimates for all activities
should be made by experienced system analysts. As these time and
cost estimates are obtained, they should be used, according to
standard procedures for network planning, te develop initial phasing
and scheduling.

From these, the time feasibility of the proposed system analysis can
be evaluated and necessary changes rnade in the pla -ning to meet
program constraints.

While the formalized costing and scheduling steps noted above are
necessary functiors to facilitaic an orderly and efficient implemen-
tation prograrn:, it must be recognized that the use of such techniques
alone does not provide a sufficient basis for allucating effort between
steps of the overall systems analysis. Although optimization of
effort is impiied in the formalized management techniques, there

are other analytical and judgment factors which constitute the basis
for meaningful input estimates to the management plan and which
must be addreased explicitly to achieve the most valuable overail
results. These are inherent in the nature and magnitude of the job
to be accomplished and in the characteristics of systems analysis
work, as illustrated by the following considerations:

1. The Nature of Systems Analysis: It is a characteristic of
most systems analysis tasks that no worthwhile output is
achieved without a certain expenditure cf funds and tha®.
following the achievement of initial results, the comprehen-
siveness, detail, and accuracy of output is a function of the
effort. Beyord a certain point, however, the additional refine-
ment of results and the value of such refinement is not
commensurate with the additional effort required, i.e., for
most analytical work, there is a point of diminishing returns.
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2. Variaiion in Inherent Difficulty: Some types nf inalytical
stndies are inherently more complex and difficult than others
to formmulate and perform, and theretore require more time
anu money to com:piece.

3. Data Availability: Since no analysis is better *han the input
data, time and resources spent on gathering data, performing
correlations anC reducing it to the proper input torm may
account for a substantial fraction of the analytical effort.

4. Output Requirements: System analysis constitut 3 oniy one

step in the accomplishment of a program, and its only function

is to identify preferred subsequent actions. This furction may -
be satiafied by simple and gross oatputs, or may require

extreme comprehensiveness, detail, and accuracy.

5. Relative Importance cf Program Elements: The effort
spent on analysis should be commensurate to some extent with
the potential benefits to be derived from the program being. 3
adi-essed. For example, Figure 3 ‘shows that admirnistration .
accounts for 31.8 percent of non-p- —oll hosp).tal rxpense, ) ‘," )
whereas other functions account for less than 1 percent. YLike- © o ,
wise, Table 2 shows that nursing is the most cosily labor -~ v =~
category, with administration again accounting for a significant” .
fraction of total cost. It follows that greater initial effort can =
be justified for analyzing nursing and admiristrative practices . =+ . .°®
than for the relatively insignificant furctions. It should be- A
noted, however, that criteria other than cost must be con-
sidered also to determine pricrities for analysis ef<ort becanae. = .
improvements in a function which accounts for a smail po-~tion - S
of hospital cost, or which iay not even exist currently. may .
have a major import on the achievement of cesrtain objectives.. L e

To propose an allocation oi effort and costs amoxs: the varicus systems - .
analysis steps, these and other consideraticas must be in«.nrparated S
into a weighting procedure. The structurs and details of this po= —
cedurz rhould be determined when the data base has been surveyed
and specific objectives, functions, and practices have becn idestified -
through data correlation and discussions with medical parsonnel. '
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ENCLOSED COMMUNITIES
By M.L. Feldman

ABSTRACT

This paper discusses the study of a project concerned with construct-
ing and populating a completely enclosed, climate-conditioned
cominunity. Some critical economic, social, esthetic, and psycho~
logical considerations are presented. In addition, critical cost,
environmental, technological, and urban problems are outlined. The
supplementary benefits (spinoffs) that could result from such a pro-
ject are presented and briefly discussed. The implications of placing
an enclosed community within a depressed area are also discussed as
an example of a feasible spinoff.

INTRODUCTION

Climate plays a major and vital role in the lives of people and in the
vitality of nations. The human race grew and prospered in the mild
climate around the southern Mediterranean. Civilization developed
and matured in this area. As man learned to protect himself from
the elements, he ventured away from this early cradle of ci rilization
into areas with mcre severe climatic conditions and eventua.ly to the
four corners of the earth. His n.ajor civilized centers, however,
have never been located beyond the temperate zones of the earth.

Trade and commerce have always been trausportation dependent.
Since water transportation has been the principal meaus of mov:ing
things long cdistances throughout most of recorded history, the
world's largest cities became established on oceans and rivers.
- Manufacturing industries appeared near sources of raw materials
and available means of transportation. The widespread availability
of land and air transportation, however, has had a marked effect
on this paitern. Cities no longer have to be on navigable rivers and
sea coasts in order to thrive. Fast and efficient transportation
systems have also made it possible for industries and people to
conduct their business in areas with more desirable climates than
that which exists in originally established places of commerce.
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Climate is once again coming to the fore as one cf the primary
criteria of selection used by people and industry in their choice of
home and plant sites. In the United States the growth of Texas,
Florida, Arizona and California in the past 20 years has demonstrated
the tremendous magnetism of a desirable climate. Retirement and
vacation communities will continue to depend on climate for their
2conomic success.

One of the most difficult technological challenges facing man is the
task of controlling the elements. Fregress to date has been minimal
and progress in the foreseeable future will not be significant. For-
tunately, progress in the direction of learning how to protect man
from the elements has been significant. Man's buildings and struc-
tures can be heated, cooled and illuminated and he can keep out the
wind, rain, snow, and other undesirable elements while purifying
and conditioning the air he breathes.

The next step in this direction is to provide all these climatic
comforts to a community as a whole. TEMPO proposes that such

a project be undertaken as a viable and integral part of the program
intended to develop the ""Great Society.' Since control of individual
elements of weather is not presently feasible, one logical way to
control the environmen. of an entire community would be to enclose
the community within a protective dome structure and to control the
climate within the structure. The many and varied considerations,
advantages, and prospects pertinent to the implementation of this
enclosed community concept provide the basis for discussions in
this paper.

NEW TECHNOLOGY FOR URBAN AREAS

There is a widening gap between developing technology and its
application to urban living. This schism has, and is continuing to
have, a depressing effect on the lives of urban residents. Smog and
air pollutants contribute 10 poor living and unsafe health conditions,
and increasing numbers of crimes of violence and theft contribute to
the unrest and mental anguish of the residents. The deterioration
of metropolitan transportation is contributing to the mig:ration of
middle-class residents out of urban areas, extremes in weather
conditions contribute to undesirable physical discomforts, and fiscal
crises are contributing to the collapse of urban educational plants
and systems. ’
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The preceding conditionsareincongraousin a nation which is: pre-
paring to launch two men on a journey to the moon; capable of
building a passenger plane to {1y at 2002 mph; building submarine -
that can cruise under the polar ice caps; on the: verge of economic :ily
producing fresh water frorn sea water; ann ecunomically generati-

electrical energy from fissiorable fuels.

7he enclosed commuuity can be used to generate answers to some of
the problems now facing existing urban areas. If the solutions to
these problems that are developed for the domed community arc
feasible and satisfactory, they may be found to be directly applicable
to established urban areas.

THE ENCLOSED COMMUNITY CONCEPT
Feasibility of u. Faclosure

Modern technologists claim that they can construct domes at least

2 miles in diameter and 1 mile in height. Buckminster Fuller has
stated that such a dome can be built for about $2 a square foot. A
dome of this size would enclose about 2000 acres of land. The opti-
mum size of a structurally supported dome or sirnilar superstructure
is not known, but could possibly be far greater than 2 miles. How-
ever, any decemed amount of space could be enclosed by means of
an interconnected cluster of domes. At $2 a square foot, the cost
of a 2 mile diameter dome is estimated at $200 million. With
population densities of 100 per acre, which are common all over
the world, this could amount to a dome cost of about $1000 per
resident. Today, people pay a premium for desirable climatic
conditions. This is readily apparent in California in the form. of
high land costs which often amount to $1000 to $5000 per fami’ s
member over the cost of an equivalent-sized or even larger piece
of land in a state with less-desirable year-round climate.

The effective application of advances in modern technology could
provide significant reductions in dome cost. This would bring the
dome cort per resident down to ever more acceptable and econom-
ically attractive figures.

Advantages of an Enclosure

An enclosed community has many desirable featur:s and advantages
as 2 nlace to live. The first and most obvioua is the climate control
feature. The ability to regulate the climate or an entire community
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would make it possible to locate the community in many areas that
are not presently desirable for living because of adverse climatic

conditions and it would make life rn.ore comfortable and enjoyable

in many areas where extremes in weather are the rule rather than
the exception.

The advantages offered by climate control in an enclosed cornmunity
would make it possible for people to live and work in places where

a hostile environment and external conditions are not conducive to
supporting life, such as the environments under the oceans, on the
moon, and in extreme desert and snow-bound regions on earth.
Experience gained in the design, construction and operation of an
enclosed, controlled-climate community would also result in an
opportunity for a non-d~fense, non-space project to generate inform-
ation of significance to the aerospace and defense industry, and to
develop equipment that would permit habitation and survival in the
host’le environments of planets being considered in space explora-
tion programs. Fron: such experience systems can emerge to protect
mar in these new environments and to more effectively use his capa-
bilities.

Although the use of a dome to enclose a city represents a significant
initial expense, there are significant offsetting savings that can be
realized and the overall cost may be reduced. For instance, simpler
and economical construction designs would suffice for the enclosed
structures, storm sewers would not be needed, and equipment savings
would accrue because most heating and cosling would be done centrally.
This latter feature eliminates the necessity for many less-efficient,
more expensive, individual heating and cooling units. Vehicles used
for transportation within the city could be small, open, and inex-
pensive. Clothing would be lightweight and wardrobe investments
would be smaller,

The use of a dome represents a major contribution to climate control
from the point of view of uniform heating and cooling. - The elimina-
tion of sudden fluctuations in temperature and humidity should con-
tribute to a healthier and more comfortabis way of life for all residents
of the enclosed community. Pecple living under the dome would be
sheltered firom radioactive particle fallout resulting froni nuclear
testing. (A domed city might even be designed to serve as a massive
fallout shelter in the event of a uuclear conflict.) The central
conditioning system would keep the air of the coramunity fresh, clean
and free of smog, dust, bacteria, and pollen. The climate within
the dome need not be maintained constant, but would be varied for
3easonal effect or even from hour to hour during the day and night.
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Micro coatrol would be possible within each family's own living
quarters. The community might be heated to 65 degrees with each
family then free to adjust its own temperature above that desi-«ad.
An enclosed community would have novel transportation needs for
handling visitors from other communities, for distributing goods
shipped from. other areas and for movement of its own citizens, since
it would not be desirable to have either railroade or super highways
within the domed community. New secondary distribucion schemes
would prebably have to be developed, however, to move people and
goods from the terminals of standard transportation systems at the
edge of the dome to their destination within the new community.
Perhaps, a novel system, similar in furction to the canals in Venice
might be developed as an internal mode of travel which would be
novel, effective, and enjoyable.

An enclosed community would contribute to the United States' prestige
throughout the world. It would indicate to other nations of the world
that the United States is actively engaged in bettering the living
conditions of people. The data obtained from the design, construction,
and administration of an enclosed, climate-contrclied community
could be made available through the United Nations for use by the
other nations of the world. These data would be of significance and
importance to man" countries where growth is severely restricted

by adverse climatic conditions. Making these data available would be
an effective way of aiding less-developed countries since it furnishes
them with American '"know-how, "' which, in reality, is one of the
major differences between the United States and les<er-developed
nations.

The enclosed community would also function as a tourist attraction
and might contribute measurably to increasing the flow of tourists to
the United States. It would also serve as a strong attractive force
drawing visitors to it from other secticns of the United States.

PLANNING FOk AN ENCLOSED COMMUNITY

Since enclosing a community removes one degree cof freedom ‘rom
the community system, this can have a profound effect on many of
the aspects of community life. Each of these aspects should be
carefully and individually analyzed to assure that the implications
of an enclosed community with respect to each one are fully appre-
ciated and understood. For example, housing in an enclosed
community could be drastically diiferent than present-day housing.
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Roofs over buildings and home heating and air-conditioning units
would probably be unnecessary. No -onsideraticn need be given to
structural strength to withstand wind Jorces. However, since the
dome itself will be expensive and spacce within the enclcsed area

will be at a premium, the tendency may be to build vertically to
conserve horizontal area. High-rise coastruction may require more
structural strength than would be required for wind resistance, thus
eliminating any opportunities for savings that might have resulted
from the elimination of wind stress as a ccnsideration in building
design.

The cluster concept and area densities will be key considerations
for building within the domed area. It will not be feasible initially
to enclose all the free space required by a community within the
domed area; therefore, additional community green space will have
to be provided in the area outside and immediately surrounding the
dome complex.

The psychologica implications associated with living within an
enclosed area combined with human factors considerations, such as
amount and type of space per individual, constitute challenging
problems for the most capable psychologists and human factors
engineers.

The transportation needs within an enclosed community might be
reduced by decentralizing some functions and centralizing others.
For example, with modern trends in teaching moving in the direction
of programmed instruction, language laboratories and closed-circuit
TV, there may no longer be a reason for children to gather in a
central school. They could conceivably study at home or small
groups could participate in scattered neighborhood classrooms.

By making the optimum use of today's communication capabilities,
there is nc reason for thousands of housewives to journey to the
supermarket. They might do their shopping at home, viewing the
day's specials in color over closed-circuit TV. This would also
permit locating all supermarkets in one area, thus simplifying food
distribution systems. There would alsc no longer be a need for a -
person-to-person transfer of funds, since an information utility
could permit transferring funds irom the purchaser's bank account
to the supermarket's bank account. Such automated handling
systems could alao be integrzted into a stock and inventory control
system.



APPENDIX D

Other facilities could be centralized into a community center. For
examplr, all medical and dental facilities could be located in this
centcr. This would aid in the design of a community transportation
system by channeling the traveling into service centers. Such a
centralized medical facility, combined with a community information
utility, would make it possible {or long-range medical records to be
kept o all residents. A community medical record system would
permit the accumulation of long-range data on the effects of current
medical practices, which is one of the major weaknesses of our
present medical treatment svetem. This community medical syntem
would be linked with other community medical information systems
which would contribute toward the development of a nationwide data
bank of medical diagnostic and prognostic information. Other
centralized community facililies could include municipal offices,
facilities, and services, utility offices and assorted service centers.

These problems are - omplex if optimum solutions are to be developed
and they are worthy of study by the best talents within the United
States. They are also typical of the many problems that must be
resolved for realization of the enclosed community concept.

THE DOME FOR AN ENCLOSED COMMUNITY

Plastics have come of age as 2 material of utilitarian value. It is
now possible to enclose large areas with a protective plastic covering.
Inflatable buildings are being used as rapidly erectable warehouses;
movable domes are b_ing installed over large stadia; clear plastic
shells are being installed over swimiming pools (the Shelbourne Hotel
in Atlantic City); and plastic roofs are being proposed for enclosing
downtown shopping areas (Victor Gruen's proposal for Boston).

A feasibility study should be concerned with the structure of the dome
itself. Materials should be analyzed with respect to their suitability,
i.e., dome structural materials, the dome size (diameter and height)
most feasible using various suitable materials, the anticipated life

of various materials for dome use with respect to ultraviolet sensi-
tivity and the advantages and disadvantages of clear, translucent,

and opaque materials. Sandwich materials should be considered as
well as inflatable domes.

Consideration should also be given to various types of frameworks to

be used as supporting structures for the dome. This analysis should
not be limited to plastics alone, but should also consider steel,
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aluminum and pre-stressed concrete domes. It should also include
analysis of the thin metal constructior. know-how developed by the
aerospace industry as part of their rocket casing work since this,

in combination with plastics, might provide an attractive and practical
dome. However, studies of non-transparent or non-transiucent
materials will also require that daylight-type lighting be investigated.

The feasibiiity study should also cover wind, earthquake, lightning,
and tornado resistance calculations for materials selected as
promising. Heat-transmission and heat-loss calculations should

be made for the more promising materials and structural configura-
tions. Where justified, supplementary studies for the development

of materials with specifically improved propertiec should be delineatea
and proposed.

INDUSTRIAL CONSIDERATIONS FOR AN ENCLOSED COMMUNITY

The factors related to the economic base of the community should
be studied. Analyses shouid be made of the optimum size ol the
community and the optimium mix of services and non-services
activities to provide a dynami~ atruosphere in which people can live
and work and in which a community can ttrive.

Such an economic study shouid inclule analyses of areas where
enclosed communities might be erecied, because the geographical
location of the community could have a definite cffect on the industries
or businesses that shcald be encouraged to settle or start operations
within the new comnrunity. Therefore the study should suggest
several areas where it would be feasible and desirable at the present
time to erect an enclosed community such as:

® Pennsylvania: Scranton- Wilkes-Barre area

® NMNew York: Amsterdam-Gloversville area

® West Virginia: Between Charlestown and Kentucky

® North Caroline- Tennessee: Gatlinburg-.Ashville area
¢ Georgia-Alabama: NW location below Chattenooga in

State of Dade region. Above Gadsen.

The industrial or economic base for the enclosed community should

be analyzed for each selected area. These analyses should include

factors such as the raw materials available in the area, the indust-

rial and business attractions of the area, and the value of the domed
community as a tourist attraction.
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In addition these analyses should give sober consideration to the types
and distribution of types of people (college-trained professionals and
scientists, high school g.aduates with vocational skills, tool makers,
unskilled laborers, etc.) who might be encouraged to become residents
cf the community and the varieties of industries that could use the
skills and talents of these people. Consideration should also be given
to the educational system to be developed to train people for the
industries and to keep the skills of the residenrts compatible with the
needs of the community, as well as to prepare the residents to f{it
into the larger, exterior environment of the United States and the
world.

Finally, it is necessary to evaluate fully, the eifect that such a
community would have on the area in which it is constructed. Fo.
example, recognition should be given to the possibility that residents
of nearby towns may be lured to the domed community and industries
attracied to the domed community might place existing industries
located in nearby communities at a disadvantage. Tae implications

of such events should be understood and the potential countermeasures
that may be employed by those who might stand to lose as a resuit of
such occurrences should be anticipated and structured into workable
plans.

SOCIOLOGICAL IMPLICATIONS CF AN ENCLOSED COMMUNITY

Failure in the past to pay adequate attention to the sociological
implications of everyday urban cunsiderations such as community
design, land-use trends, transportation patterns, influxes of lew-
income peoples, deterioration of sections of the community, increas-
ing land cost, increasing taxes, decreasing tax base, increasirg
crime rates and increased areas conducive to criminal activity, has
resulted in almost insurmountable problems for many existing urban
communities. These are indicative of the factors that must te recog-
nized as potentially troublesome and they should be analyzed both by
themselves and as interrelated variables if an enclosed community

is to avoid the serious problems that have arisen in American cities
that have neglected these considerations. A sociological study

should define areas that rnust be investigated and should prepare
plans for study programs designed to generate the inputs that will
permit the design of a community capable of avoiding socio-economic
distress in the future.

In addition, studies should be performe~d to determine that enclosed
communities will indeed find acceptance by large nambers of potential
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residents. The problems of educating the populace to this novel
concept should also be addressed, as should the problems, associater
with resident selection.

COMMUNITY SERVICES FOR AN ENCLOSED COMMUNITY

A community designed around the latest develupments in modern
techneology must reflect these developments in the vervices made
available to the residents of the community. This couimmunity should
have a broader utility base than is normally expedcted in today's
American com'nunities. This represents an area where recently
developed acrouspace technology can make a major contribution. For
example, it is now perfectly feasible to lozate a power generating
faciiity in a totally enclosed community since the evolution of
nuclear-fuel power sfations makes this a practical reality in many
areas competitive with coal- or oil-fired central-station ~enerated
power.

Communication and information processing have progressed to the
point where startling innovations can be made in services. A
recent Bell Telephone development makes it possible for ailing
children tc listen to their classes while sick at home and to ask
questions of their teachers};rﬁm their rick beds. Closed-circuit,
regular and airborne TV make it poasible to make each home a
classroom. Equipments have been dernonstrated which permit a TV
teacher to quiz a remote audience and to obtain the gross results
immediately in order to get a feeling for how well he is being under-
stond and to record individual results for use later in grading
individual students. Systeins are under development which will
pzrmit the student to interact with the remote TV lecturer. Such
innovations are necessary t+fore TV can begin to play an active
role in the educational system of an enclos=d community, -

Teaching rachines permit each student to proceed at his own pace
irdependent of the other students and away from the other stadents.
The important part of the teaching machine is the program that goes
with the machine. Special programs might be required for students .
in enclosed communities. Experiments currently underway permit
students in one state to learn by interacting with a computer in
another stat:. Although a prohibitively expensive way to teach at
the pres:nt time. theee experiments are forexunners of teaching
methods roquired for an enclosed community.

\
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New data storage, retrieval and d'splay techniques will make it
possible to make a central librar' ~f books, art, and music immedi-
ately z2vailabie tn cach home ir 2 comuavunity., These same techniques
can make available to the housewife the latest styles, the newest
arrivals in her favorite stores, the gourmet speciai of the day at the
local restaurant, and the specials at the sapermarket. Otlier acces-
sories may permit housewives to select the items they want delivered
from the dress shop to punch out her order to the supermac-ket. The
centralized computer utility will permit housewives to keep accurate
tab on the family's financial records. It will also handle bill pay-
ments for purchases made thr. igh this facility. This same facility
will serve all the businesses of the asea in the same manner.

The medical reco~ds of the comimunity can be kept in a centralized
computer utility which will keep the doctors of the community in

contact with national diagnostic and medical literature irformation
centers. A variation of this system can be used to as~..re that the
prescribed medicine ‘s given to the proper patient ia the huspital

and that accurate lahorato"ry test results are reuorted f ;v the patient.

A £eanbxht‘r study should determme what 3= feasible in the required . L
utilities and should be concerned with determmmg the :ritic.a}. biTiE g e
of the community required to justify any "new' utilities or pmc*imm ik = o
2f them. Such a study should aiso rubmit dezigns for development T
~ prograias required to periect ieatures of th:se utilities. !

SUPPLEMENTARY ewsﬁus OF AN encaéémcomuww‘ SRRE R

Conducting a study of an enclosed community could be msnﬂed on

the basis nf the advantages already discussed. mere are four cther )
major Lenefits, however, that couid accrue from a prcject of ‘hin \ L
nature. - - Coe

1. The enclosed commnnity could be ereeted nm pwerty FE

pocket of the United States. This new concept in ciﬁ“ cwi& RN
_ serve to attract new industry to the area and tourists tg ueﬁ Cer s

the city of the future.. » ”

. 2. The talents and capabuitiaa of thc urotpwe and dafem
industry couid effectively be applied tothc desigi of the
enclcsed community which might: denlay M0 8 aigniﬁetm :

B m-dolemc-ax,amd growth Mmu m&mﬁt 7 for tue.

- segment ot “he awnamy. LT

-
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3. Some or all of the features of the community under the
~ dome could b~ used in non-enclosed new cities and applied to
existing cities and to the problems of urban living.

4. An enclosed community could be ere-ted in any arez not
now inhabitable because of severe climate conditions which
would furnish insight into the problem of »>roviding good live-
able space for people from many of the world's overcrowded
Jands.

Allaviation of Probleme in Poverty Areas

Certain regions of the United States are currently suffering from
economic regression while the nation as a whole is enjoying an
unprecedentedl period of prosperity. This paradox can be explained
partly in terms of economic considerations, such as the automation

“of coal mines and the obsolescence and demise of historical indus-

tries. However, there are many other contributing factors, one of
the most insidious being the downward spiraling deterioration trend
that occurs once an area begins to decay. Industries and residents
remairang in decaying areas are faced with increasing tax rates and
decreasing services. The increasing tax rate drives out more
industries, the more affluent residents leave with the departing
industries, more of the remaining residents become welfare burdens,
and the quality of instruction in the areas' schools falls off.

In areas where the level of education has been permitted to fall
below minimum desirable standards, a deterrent to the attraction of
aew industries is created. Low educational standards are reflected
in the abilities of workers produced by the education system, and it
follows that industrial raanagerial, professional, and scientific

_personnel arc reluctant to move into areas with low educational
“standards and poor educational facilities. Even regiorns that once

had appeal for vacation, recreational or climatic reasons lose this
appeal when the physical appearance and resources of the area
degenerate as a result of economic distress.

The economic level and overall well-being of the populace in
depressed areas cannot be readily improved without outside help.
Y=t to produce something more than a transient, artificial uplifting,
the outside help should be oriented towards helping the region to
help itseli. This defines the need to determine and implement the
forces that will produce substantial economic, educational, techno-
logical, ‘and other activities in the region and at the same time -
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invite spillover into the repion irom the rest of the country. Con-
structing an enclosed community within such an area could act as
such a force and it could initiate the chain of events that would raise
‘the area to an economic level comparable to the national average.

Cities and towns are capital investments just as production equip-
ment and factories are considered o be in industry. In more
affluent areas where the decay process is slow and controillable, it
would be in the long-term best .nterests of cities and their residents
to plan and carry out a continuing modernization program in order
to keep the 'capital equipment' of the city in optimum condition.
When cities fall into disuse and disrepair, as they have in come of
the currently povesrty-stricken arceas of the United States, perhaps
they should be replaced.

A new concept in communities has much to offer a deprecssed area.
With the proper coordinaticn and planning the en~losed community
could contribute to the complete rehabilitation of the area surround-
ing the city. For example, if a site for an enclosed community i3
selected with inherent scenic beauty and recreational features, a
sightseeing and vacation-land potential can be developed which would
contribute to a firm and diverse economic foundatinn for the area.
This kind of region is always attractive to the type of peopie industry
seeks for its management, professional, and technical employees.

The educational system of an eanclosed comimunity can be designed to
serve the community and to assure a continuing flow of the type of
labor that local and neighboring industries require. A well-planned
city with efficient services, a wise!y structured tax base anc a good
educational system can offer to new industries desirable plant loca-
tion sites with the expectation of a continuing supply of good labor
and an attractive economic future with a reasonable tax load.

The enclosed community could be designad to include a college or
university. This would contribute toward relief of the space shortage
problem in existing colleges and at the same time it will create the
intellectual climat‘e required to round out the attractions of the city.
As an approach to the poverty problem, enclosed communities would
result in the creation of desirable places to live, which would, in
turn, initiate an influx of industry, people, ‘and business into the
‘poverty areas. ‘ -
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Opportunities for the Aerospace Industry

The U.S. aerospace industry has advanced technology immeasurably
in order to develop missiles, space probes, and manned, earth-
orbiting and space vehicles. This industry has many talents and
capabilities that could be oriented toward the problems of urban
America but which have not been focused in this direction.

In addifion to the obvious things to be considered, there are many
problems related to everyday activities which must be considered
such as the movement of people and thinge, the prntection of people
from each other, fire, and illness, the education of the old and
young, and information stocrage, retrieval and display and the pro-
vision of industries with employment opportunities. The developrnent
of solutions tu probiems of this type can present a challenge to the
best talents within the aerospace industry. The problems are sc
complex as to require competent systems inanagement competences
in their handling to assure that each subproblem is treated in the
prope. context and that the subsolutions can be assembled to a satis-
factury overall solution to the main problem. Thus the enclosed
community concept represents a significant new business opportunity
for the aerospace industry.

ESTIMATE OF DEVELOPMENT EFFORT

It is estimated that the type of project definition and feasibility study
discussed in the preceding sections of this paper would involve five
man-years of effort by a planning and advanced-studies organization
such as General Electric, TEMPO. The study program should be
organized and stalfed to make maximum us: of the knowledge and
talents of city authorities, administrators, and technical experts
concerned with the problems of applying aeruspace technologies, such
ae those developed by NASA, to the solution of city problems. This
tzam of exnerts should work in conjunction with the team of scientists,
engineers, and analysts under contract to perform the study. -



APPENDIX E
sIBLIOGRAPHY

CITY PROBLEMS AND PREDICTIONS

America in the Sixties: The Econemy and the Society, ed.
Fortune, Harper and Bros., New York, 1958.

City Problems of 1260, ed. by Jechn Gunther, U.S. Conference
of Mayors, Washington, D.C., May 1960.

City Problems of 1963, ed. by John Gunther, U.S. Conference
of Mayors (Honolulu, Hawaii), Washington, D.C., June 1963.

City Problems of 1964, ed. by W.H. Baldinger, U.S. Conference
of Mayors (New York, N.Y.), Washington, D.(., May 1964.

ity Problems of 5, ed. by W.H. Baldinger, U.S. Conference
of Mayors (St. Louis, Mo.), Washington, D.C., June 1965.

Issues of the Sixties, ed. by L. Freeman and C.P. Cotter,
Wadsworth Publishing Co., Inc., San Francisco, 1961.

Gruen, Victor, Who is to Save Our Cities, Harvard Business
Review, Graduate School of Business Administration,
-~ Harvard University, Bosten, (May/June 1963)

Johnson, Lyndon B., Problems and Future of the Central City
and Its Suburbs, ngressional Record, no. 99, 89th
Congress, House of Representatives (GPO), Washington,
D.C., March 2, 1965.

NASA, Scientific and Technical Information Division, Spa-ze,
~ Science, and Urban Lifc (Dunsmuir House Conference,

Oakland, Calif.). NASA SP-37, by S.S. Edwards and A.V.
Karpen, NASA, Washington, D.C., March 1963.

Weissbourd, Bernard, Segregation, Subst_d‘iesj__gﬁnd'MeggloppHS,
Center for the Study of Democratic Trnsirtutions, Santa
Barbara, Calif., 1964. o

E-1



RM 65TMP-53

AEROSPACE AND URBAN TECHNCLOGIES

Advances ir Space Science and Technology, vol 6, ed. Frederick
I. Ordway, III, Academic Press, New York, 1964.

BBooth, R.E., et al The Uses of Technology and Information,
Data Processing Magazine,(June 1965;.

Furash, E.E., Jr., Businessmen Review the Space Effort,
Harvard Business Review, Boston, (September/October
1963).

Gilfillan, S.C., The Prediction of Technical Change, Review of
Economics Statistics, vol 34, (Naovember 1952).

NASA, Scientific and Technical Information Division, Applications
of Space Diomedical Research to Problems of Rehabilitation,
Transforming and Using Space-Research Knowledge, NASA
SP-5018, by S. Davis Bronson, June 1964.

NASA, Scientific and Technical Information Division, Economic,
Political, and Sociological Implications of Expanding
Space and Scientific Knowledge, Space, Science and Urban
Life, NASA SP-37, by J. Herbert Hollomnan, March 1963.

Parker, J.S., Space Technology's Potential for Industry, Fourth
National Conference on the Peaceful Uses of Space, Boston,
May 1964.

Price, Derek J. De Solla, Science Since Babylon, Yale University
Press, New Haven, Connecticut, 1961.

Stover, Carl F., Tec’hnology for Cities, National Civic Review,
(June 1964).

Van Dyke, Vernon, Pride and Power: The Rationale of the Space
Program, Un1ver31ty of Illinois Press, Urbana, Iilinois,

1964.

TRANSFER AND UTILIZATION OF TECHNOLOGY

Haase, P. and F. Lynn, Technology and the Industrial Future,
Erontier, IIT Research Institution. (September, 1964).

' NASA, Scxenuflc and Techmcal Informatlon D1v1s1on, I_hg

J. G Welles, et a.l, Denver Resea.rch Inst1tute and NASA
University of Denver, Denver, Colorado, September 1963.°



BIBLIOCRAPHY

NASA, Scientific and Technical Informaticn Division, The NASA
Program for Teéhnology Utilization, Transforming and
Using Space-Research Knowledge, NASA SP-5018, by
Richard H. Brenneman, June 1964.

NASA, Scientific and Technical Information Division, Practical
Results from NASA Space Science and Applications
Program, by H. E. Neweli, March 1965.

NASA, Scientific and Technical Information Division, Transfor-
mation of New Knowledge for Economic Growth, NASA-
UCLA Symposium and Workshop, by Werner Z. Hirsch,
Los Angeles, June 2, 1964.

NASA,; Scientific and Technical Information Division, The Use-
fulness of Aerospace Manage-nent Techniques in Other
Sectors of the Economy, Transforming and Using Space-
Research Knowiedge, NASA SP-5018, by T.K. Glennan, J:r.,
June 1964.

National Bureau of Economic Research, The Rate and Direction
of Inventive Activity: Economic and Social Factors,
Princeton University Press, Princeton, N.J., 1962.

Rogers, E.M., Diffusions of Innovations, Free Press of Glencoe,
Glencoe, N.Y., 1962.

Rosenbloom, R.S., Technology Transfer-Process and Policy,
ro. 62, National Planning Association, Washington, D.C.,
July 1965.

Welles, J.G. and R.H. Waterman. Space Technology: Pay-Cif
from Spin-Oif, Harvard Business Review, (July/August
1964).




UNCLASSIFIED
Security Classification

A S o
: DOCUMENT CONTROL DATA - R&D

{Seourity claseitication of :itle, body of abatrect nnd indexing anvwiatior muet be entered whren $he eversi! ropert lo elansilied)
m

m—'ﬁ
1. ORIGINATING ACTIVITY (C rporate auther) 26. ARPOXT SECURITY C LALSIFICATION
TEMPO Unclassified
General Electric Company 26 anous

[ neront TiTLE

APPLICATION OF AERCSPACE TECHNOLCGY TO
URBAN COMMUNITY PROBLEMS

P e e
4. DESCRIPTIVE NOTCLS (Type of repert and inchusive dates)

. AUTHOR(S) (Laet nama, firet neme, Mnitial)

Feldman, Max L.; Gonzalez, Louis A.; Nadel, Aaron B.

6. REPORT OATE 7e. YOTAL NO. OF LAGES 7. MO. O RRPS
23 September 1965 105
80. CONTRACT OR SRANT NO. 9. ORIGINATOR'S AEPORY NUMBEND)
NASA Purchase Order No. 5177
& PROJECT NO. RM 65TMP-53
.. (TN mw'oav NO(B) (Any other mmibece Geat mey be seoigned
4.

10. AVAILABILITY/LINIY. N NOVICES
Qualified requestors may obtain copies of this report from the Technclogy

Utilization Offi-er, Western Operations Office of the National Aeronautic:, 1d
Space :‘\dmmxstrauonLaanta Monica, California

1. SUPPL EMENTARY NOTES : _ 12. SFONSORIXG MILITARY ACTIVITY
Western Operations Gffice (WOO)
NASA, Santa Monica, California

13. ABSTRACT
Technological solutions to critical problems of urban communities in the United

States are, to a large extent, dependent upon feasible past, present and predict-
able technologies. The research reported was undertaken to identify and isolate
specific critical city prcblems amenable to technological solutions and to deter-
_mine and suggest technologies resulting from past and current NASA praograms
. applicable to the solution of these problems. The study focuses on major city
problems deserving immediate attention and suggests applications from a broad
scope of NASA-developed technologies. An evaluative matrix is included in the
report which relates categories of critical city problems to categories of NASA
aerospac. ‘echnologies. Four individual concept paper: are appended to the
- report as <xamples of areas where program° could be initiated to aid in the reso-
lution of serious urban problems utilizing NASA technologies.

DD a':?:‘:. 1473 ‘ | ‘ : | B AUnclas'uiﬁ.ed

. iocnlty Mecnﬁn -




Unclassified

Security Classification

1a
KEY WORDSL

LINK A LINK B LINK C

noLE wY ROL X wT ROLZ wY

Aerospace Technology Transfer
Urban Community Problems

Technological Solutions of City Problems
Urban Physical Environment Problems

Urban Social Environment Problems

Urban Economic Environment Problems

Urban Public Health Problems
Urban Security Problems
Urban Research Trends
Urban Technology Impact

INSTRUCTIONS

1. ORIGINATING ACTIVITY: Enter the name and address
of the contractor, subcontractor, grantee, Department of De-
fense activity or other organization (corporate author) issuing
the report.

2a. REPORT SECURITY CLASSIFICATION: Enter the over-
all security classification of the report. Indicate whether
‘‘Restricted Data’ is included. Marking is to be iu accord
ance with appropriate aecurity reguiations.

2b. GROUP: Automatic downgrading is specified in DoD Di-
rective 5200, 10 and Armed Forces Industrist Manual. Enter
the group number. Aleo, when applicable, show that optional
markings have been used for Group 3 and Group 4 'as author-
ized.

3. REPORT TITLE: Enter .l.c complete report title in all
cepital 1atters, Titles in all cases should he unclassiiied.
If a- meaningful title cannot be selected without cloesifice-
tion, show title classification in ail capitals in parenthesis
immediately following the title.

4, DESCRIPTIVE NOTES: If appropriate, enter the type of
report, e.g., interim, progress, summary, annuul, or final.

Give the inclusive dates when a specific reporting period s
covered,

S. AUTHOR(S): Enter the name(s) of author(s) as shown on
or in the report. Enter last name, first name, middie initisl. .
If nilitary, show rank end branch of setvice. The name of
the principal author is an gbsolute minimum requirement.

6. REPORT DATY: Enter the date of the report au day,

month, year; or month, year. If mote than one date sppesrs
on the report, use date of pubtlication.

7ea. TOTAL NUMBER OF PAGES: The total page count
should follow normal pagingtion procedures, i.e., enter the
number of pages containing information -

7b. NUMBER OF REFERENCES Enter the total number of
references cited in the report.

84. CONTRACT OR GRANT NUMBRER: If sporoprists, enter
the applicable number of the contract or grant under which
the report was written

8b, 8, & 8d. PROJFCT NUMBER: Eunter the appropriste
militery department identification, such @s project number,
subproject number, mystem numbers, task number, atc.

9a. CRIGINATOR'S REPORT NUMBER(S): Enter the offi-
cial .eport number by which the document will be identified
and controlled by \Re originating activity, This num»er must
be unique to this report.
95. OTHER REPORT NUMBER(S): If the report has been
sssigned any other report numbers (either by the originator

or by the sponsce), alsc enter this auinber(s).

10, AVAILABILITY/LIMITATION NOTICES: Enter any lim-
itations on further disseminstion of the report, other than those|

imposed by necurity classification, using standard statoments
such as:

(17 "Qualified requesters may obtain copiss of this
regort from DDC.*’

(2) “Foreign announcemsnt and dissemination of this
report by DDC is rot authotized.”’

(3) U S. G srnment agencien may obtain copies of
this revort dh<ctly from DDC, Other qualified DDC
users shall requost through

(4) °“‘U. S. military agenciex may obtain copies of this
seport directly from DDC. Other qualified users
shall reques! through

(S) **All distribution of this report is controlied. Quai-
ified DDC users ahail request through

If the report has been furnished to the Office of Techaical

Services, Department of Commerce, for ssle to the public, indi.
cate this fact and enter the price, if known :

11, SUPPLEMENTAKY NOTES: Use for additional explane-
tory notes. -

12. SPONSCRING MILITARY ACTIVITY: Entsr the name of
the departmental project office or laboratory sponsoring (pay~
ing for) the research and development. Include sddress.

13. ABSTRACT: Enter an abstract giving a lrief and factual
summary of the document indicative of the report, ever though
it may also appear elsewhere in the body of the techanical re-
port. If edditional space is required, & contiruation sheet shall
be attached.

It iz highly desirable that the abstract o! classified reports

be unclensified. Each peragraph of the abstract shall end with
an indication of the military security classitication ~f the ix-
formation in the paragraph, represented as (73). (S), (C), er (U).

There is no limitaticn sa the length of thy abetract. How-

ever, the suggested length is from 150 to 225 \vords.

14. KEY WORDS: Key words are techaicelly mraningul terme
St short phrases that characterize a report and mwy be used as
index entries for cataloging the report. Key word: raust be
selected 8o that no security classification is requited. ldeati-
tiers, such as equipmant mode! designation, trede rwa.s, militer
project code name,
words but will be followed by an indication of technice! con-
text. The sssignmest of links, rules, and weights is optional.

ographic location, may be used as key

_—

mm—-
Unclassified
Security Classificetion






