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AUTHORIZATION OF THE STANDARD REFERENCE
DATA ACT AND REVIEW OF THE NATIONAL BUREAU
OF STANDARDS

WEDNESDAY, FEBRUARY 15, 1978

U.S. SENATE,
COMMITTEE ON COMMERCE, SCIENCE, AND TRANSPORTATION,

SUBCOMMITTEE ON SCIENCE, TECHNOLOGY, AND SPACE,
TV asking ton, D.0 .

The subcommittee met at 9:35 a.m. in room 235, Russell Senate Of-
fice Building, Hon. Adlai E. Stevenson (chairman of the subcom-
mittee) presiding.

OPENING STATEMENT BY SENATOR STEVENSON

Senator STEVENSON. This morning the Subcommittee on Science,
Technology, and Space begins a review of the Nation's oldest national
laboratory, the National Bureau of Standards (NBS).

This is the first such congressional oversight hearing for the Bureau
in memory. We haven't been able to figure out when the last one was,
if ever, in the Senate.
We aim to remedy that neglect. Our objective is a strong NBS

which continues to contribute to the scientific and technical capabili-
ties of the United States.
Our witnesses this morning are all from the Bureau. Our first is

Dr. Ambler, who appears for the first time before the subcommittee
in his capacity as permanent Director of the Bureau. They will, all of
them appear as a panel. In addition to Dr. Ambler we have Dr. John
D. Hoffman, Director of the Institute for Materials Research; Dr.
John W. Lyons, Director of the Institute for Applied Technology; and
Mr. M. Zane Thornton, the Acting Director of the Institute for Com-
puter Sciences and Technology. Thank you, gentlemen, for joining us,
and welcome.
Can we start with your statement first, Dr. Ambler? Let me suggest

that, if it's possible, that you all summarize, if you can, and we wil]
enter the full statements in the record.

(1)
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STATEMENT OF DR. ERNEST AMBLER, DIRECTOR, NATIONAL BU-
REAU OF STANDARDS, DEPARTMENT OF COMMERCE; ACCOM-
PANIED BY DR. JOHN D. HOFFMAN, DIRECTOR, INSTITUTE FOR
MATERIALS RESEARCH; DR. JOHN W. LYONS, DIRECTOR, IN-
STITUTE FOR APPLIED TECHNOLOGY; AND M. ZANE THORNTON,
ACTING DIRECTOR, INSTITUTE FOR COMPUTER SCIENCES AND
TECHNOLOGY

Dr. AMBLER. Thank you, Mr. Chairman.
We will summarize the written statement that we have submitted

to you.
The NBS certainly appreciates the interest you are taking in the

broad fields of science and technology, and I personally appreciate
the opportunity to describe to you the Bureau, its programs, and its
impact on national concerns.
In my testimony I have tried to respond to the six questions in your

letter of 'invitation to this hearing.
The Bureau was created by Congress in 1901. At that time science,

technology, and commerce were undergoing rapid growth. That
growth brought into sharp focus the neeed for a central reference
laboratory. Congress responded to that need by enacting an Organic
Act establishing a National Bureau of Standards.
The first and second questions asked about the evolving role of the

NBS, its relationship to the goals of the Department of Commerce,
and the adequacy of the NBS Organic Act.
We believe the Organic Act to be most adequate. It is not so much

the mission of NBS that is changing as it is the way in which we are
called upon to respond to it.
These changes result from developments in science and technology,

and from the changing needs and demands of our clients.
The Bureau has, since shortly after its founding, functioned in two

major roles. First, it has function as the national central reference lab-
oratory and as lead agency for the provision of measurements, stand-
ards, and data. Second, it has functioned as a technology problem
solver through the application of our competences.
I illustrate that in my written statement, Mr. Chairman. I won't go

into detail, now.
We would like to say that the two roles are complementary. The

competence required to operate a successful central reference labora-
tory can be drawn on to solve more specific problems. On the other
hand, by working on such problems, we maintain contact with many
important areas that stimulate the work of the reference laboratory.
The basic reason for central reference measurements can be traced

back to ancient times. It has always been important for equity in com-
merce, for example, that the measuring stick by which one buys be the
same as that by which one sells. Everybody has a stake in uniform
and accurate measurements.
With the industrial revolution and the increasing complexity of tech-

nology used by society came the need for more complex measurements
in commerce. As a consequence, at the end of the 19th century central
reference laboratories in all industrialized countries were established.
Moreover, international compatability was provided through a treaty.

filP
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The growth and increase in complexity of science and technology
during this century has accelerated, and so have the demands not only
for measurments but also for a credible base of scientific and technical

information.
Today's demands manifest themselves in areas such as realizing the

second, and its reciprocal quantity, frequency to such an accuracy that
one can design a standard clock with an accuracy of 1 second in 300,000
years, improving the measurement of ultraviolet radiation by a factor
of 5, providing better measures for the thermal resistance of insula-
tion, appliance efficiency, building codes and standards, liquefied
natural gas, and consumer information. The relationship of these
activities to the Department of Commerce's _role of fostering U.S.
commerce is clear.

Moreover, in view of the large numbers of people and institutions af-
fected by these questions of equity and need for credible technical in-
formation, there is a need for a central focus, and that central focus—
made clear in the Organic Act—is the NBS.
To describe the evolving role of the National Bureau of Standards,

let me first quote from the Organic Act:

The Bureau is authorized to exercise its functions for the Government of the

United States, and for international organizations of which the United States

is a member; for governments of friendly countries; for any State or municipal

government within the United States; or for any scientific society, educational

institution, firm, corporation, or individual within the United States. * *

In my written statement, I illustrate our changing service to each of
these clients.
For example, in our work with other Federal agencies, our largest

sponsor 10 years ago was the Defense Department. Today, our largest
sponsor is the Department of Energy.
In addition to the work for other Federal agencies, Congress itself

has, since 1955, made some 17 assignments to the Bureau of Standards
through legislation. In an attachment to my statement are our detailed
responses to these pieces of legislation.
Our interaction with State and local governments for many years

involved only weights and measures. Today the NBS services to State
and local governments include law enforcement standards and aid to
forensic investigations services to aid in evaluating effects of earth-
quakes or other natural disasters—we have, for example, some of our
staff members working on the underlying causes for the collapse of the
Hartford, Conn., arena. In addition, the NBS helped create the Na-
tional Conference of States on Building Codes and Standards.
Our support for industry's need for reliable measurements and data,

continues to be very broad. In recent years we have increased our activ-
ity to help industry demonstrate compliance with regulations.
The Bureau has an outstanding international reputation. Many NBS

programs contribute to —and benefit—from international cooperation.
Such cooperation involves support of U.S. treaty obligations, work
supporting Agency for International Development AID programs,
working with scientific societies as well as standards-making bodies,
and via a number of bilateral agreements.
Our interactions with scientific societies and educational institutions

are vital, not only in the development of the careers of all scientists
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and engineers at the NBS, but also in many institutional arrangement:,
I give an example of such interactions in my written statement.
In order to respond better to various interests of consumers, the NBS

consolidated its work in this area in an NBS Center for Consumer
Product Technology in 1974. One component of that work is the bro-
chures we issue in order to provide consumers with useful and timely
information.
Your third question refers to the factors influencing the NBS's abil-

ity to carry out its mission.
The most important factors are our staff, our facilities, and our re-

sources. We have a full-tme permanent staff, as of December 31, 1977,
of 3,040. We have concentrations of expertise in physics, chemistry,
mathematics, computer sciences, and engineering.
The breadth of our programs, and of our deep involvement in cur-

rent national concerns, also calls for broad expertise in such areas as
architecture, psychology, economics, and law.
In addition we use various authorities to bring people to the Bu-

reau and send people to other institutions for a limited period. Such
authorities are the National Research Council/National Bureau of
Standards postdoctoral research program, the industrial research as-
sociates program, guest workers, and the Intergovernmental Personnel
Act.
Under these and other programs, we have presently approximately

175 people at the NBS, and approximately 75 NBS people in other
institutions. I cite this to indicate that, despite a relatively constant
personnel ceiling for the past 10 years, we have made every effort to
keep a flow of people and new ideas into the NBS.
Our physical facilities rank with the best in the world. Our head-

quarters are located in Gaithersburg, Md. on a 576-acre site. About
450 of our people are located at laboratories in Boulder Colo., and we
operate radio stations in Colorado and Hawaii that broadcast time and
other information.
The funding for our various programs comes to us in three separate

ways. Some $70 million this year is a direct congressional appropria-
tion. For the work that we do for other agencies, we expect to receive
this year about $55 million from 102 different agencies. Finally, we
provide various services to both Government agencies and the public
for which we charge a fee; and this year, we expect an income of $6.4
million from this source.
As to the adequacy of these resources, let me respond by answering

your Question No. 6. You asked me to comment on the Bureau's fiscal
year 1979.  budget.
The President's budget estimates, which have been forwarded to the

Congress contain for NBS a budget of over $94 million, which con-
sists of about $5 million for adjustments to base and built-in changes,
and $19 million for program expansion. If appropriated, this will rep-
resent the largest dollar increase in NBS history. In addition, I will
be working with the Office of Science and Technology Policy in the
coming year to determine if any additional increases are warranted
for NBS programs.
Your question No. 4 deals with the proposed reorganization of NBS.

These plans is that have been approved by the President's Reorganiza-
tion Task Force and OMB, and by the Secretary of Commerce. We
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expect to be operating under this new organizational structure on
April 9.
In broad terms, the new structure will have three major operating

units. These units are: a National Measurement Laboratory, a Na-
tional Engineering Laboratory, and an Institute of Computer Sci-
ences and Technology. I describe each of these in some detail in my
written statement, and I won't repeat it at this time, Mr. Chairman.
I also indicate in the written statement some of the advantages of

this reorganization: helping us organize along the major functional
lines; consolidating the competences ; and providing for greater
flexibility.
In discussing the response of your question No. 5 concerning the

future of NBS, I would first like to commend to you our role as the
Central Reference Laboratory. Perhaps this role does not have the
glamour of energy, medical research, or pollution control, but in my
opinion, this aspect of NBS provides a fundamental factor in the oper-
ation of today's highly technological society.
The application of our expertise to the solution of national prob-

lems is already well focused on fire technology, building technology,
energy conservation. The NBS role is developing in automation and
electronic technology as well.
I see the need for NBS to respond to what I expect will be an in-

creasing national concern—namely, the catalytic role the Federal Gov-
ernment can play in providing for a healthy environment for
technological innovation and the development and use of technology in
the private sector in order to strengthen the economy.
To this end, there is in the NBS fiscal year 1979 budget, some $2

million which is intended to be used in order to investigate the de-
sirability and feasibility of a cooperative technology program which
would advance critically needed technologies common to disaggre-
gated industries or small independent firms in selected industry
groups. The emphasis here is on the word "cooperative."

Also, NBS can play a growing role in the provision of consultation
and services to state and local governments. I have already described
how this NBS activity has been growing and changing over the past
10 years. and I expect that trend to continue.
The NBS will be Need, more than ever before. with making choices

on how to respond to our mission and clients. Recognizing this, the
President's fiscal year 1979 budget contains a $850,000 increase for our
central planning function.
Thus, while it is too early to state specifically how we shall orefanize

to do long-range planning more thoroughly, organization along the
major sectors of our clientele—that is, among the Federal agencies,
legislation, State and local governments, science and universities, in-
ternational, industry, and the general public could well be a good way
for us to set up.
Let me close, Mr. Chairman. on a personal note. I have been at the

NBS for 24 years, at positions ranging from bench scientist to Direc-
tor. I have always been proud of NBS and its reputation for technical
accomplishment and integrity. I believe that reputation is a major
factor in bringing about so many new demands for our services. It is
true that these assignments have presented us with allenges, but the
way we have responded is, in my view, correct not only in the interests
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of good government, but also for maintaining the reputation of NBS
as an agency responsive to national priorities.
I am optimistic about the future. The administration supports a

strong and vigorous NBS, and we appreciate the support shown by the
NBS Statutory Visiting Committee. I truly appreciate the active in-
terest shown by your committee, Mr. Chairman, in the NBS. We are
pleased at the prospect of continuing dialog.
Finally, the proposed reorganization of NBS will improve our abil-

ity to respond to changing needs. In summary, I see in the coming
years the opportunity to strengthen a fine institution that applies re-
sources for public benefits.
Thank you very much, Mr. Chairman.
Senator STEVENSON. Thank you, Dr. Ambler.
[The statement follows:]

STATEMENT OF ERNEST AMBLER, DIRECTOR,- NATIONAL BUREAU OF STANDARDS

Mr. Chairman and members of the subcommittee: We at NBS appreciate the
interest you are taking in the broad fields of science and technology, and I
personally appreciate the opportunity to describe for you the Bureau, its pro-
grams, and its impact on national concerns.
I would also like to respond to the six question in your letter of invitation to

this hearing. With me today are Dr. John Hoffman, Dr. John Lyons, and Mr.
Zane Thornton. They will describe for you the activities that will be conducted
in the newly being formed National Measurement Laboratory, and National
Engineering Laboratory, and also in the Institute for Computer Sciences and
Technology.
The Bureau was created by Congress in 1901. At that time, science, technology,

and commerce were undergoing rapid growth. That growth brought into sharp
focus the need for a central reference laboratory. Congress responded to that
need by enacting an Organic Act establishing NBS. The Organic Act assigns us
responsibility for:
Developing, maintaining and disseminating standards of physical

measurement.
Determining materials properties and physical constants.
Developing test methods for materials, mechanisms, and structures.
Establishing standard practices in cooperation with Government agencies

and the private sector.
Providing advisory services to Government Agencies.
Your first and second questions ask about the evolving role of NBS, its

relationship to the goals of the U.S. Department of Commerce, and the adequacy
of the NBS Organic Act.
I believe the Organic Act to be most adequate. It is not so much the mission

of NBS that is changing as it is the way in which we are called upon to respond
to it. These changes result from developments in science and technology and
from the changing needs and demands of our clients.
NBS has, since shortly after its founding, functioned in two major roles.

First it has functioned as the National Central Reference Laboratory and as
lead agency for the provision of measurements, standards, and data. Second it
has functioned as a technology problem solver through the application of our
competences. In our measurement role, we assure that such quantities as length,
mass, time, temperature, luminous intensity, force, and many others are precisely
defined, accurately, realized, internationally compatible, and accessible to a
broad range of users. We are also concerned with the chemical measurement of
trace impurities in foods and in the environment, and with the measurement of
the fracture and corrosion behavior, and the electrical, mechanical, and magnetic
properties of materials. In our problem solving role, we are broadly involved in
such areas as energy conservation, building technology, fire research, cryogenic
technology, electronic reliability, and automation. We are also deeply involved in
solving problems related to the Federal use of computers. We do this by develop-
ing and issuing standards, and by providing advisory services and technical
assistance to Federal agencies. The two roles are complementary; the competence
required to operate a successful central reference laboratory can be drawn on
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to solve more specific problems. On the other hand, by working on such problems
we maintain contact with many important areas that stimulate the work of the
reference laboratory.
The basic reason for central reference measurements can be traced back to

ancient times. It has always been important for equity in commerce, for example,
that the measuring stick by which one buys be the same as that by which one
sells. Everybody has a stake in uniform and accurate measurements. With the
industrial revolution and the increasing complexity of technology used by society,
came the need for more complex measurements in commerce. As a consequence,
at the end of the 19th century, central reference laboratories in all industrialized
countries were established. Moreover, international compatability was provided
for through a treaty—the treaty of the meter—to which the United States was
an original adherent in 1875.
The growth and increase in complexity of science and technology during this

century has accelerated and so have the demands not only for measurements, but
also for a credible base of scientific and technical information. Today's demands
manifest themselves in areas such as realizing the second, and its reciprocal
quantity, frequency to such an accuracy that one can design a standard clock
with an accuracy of 1 second in 300,000 years, improving the measurement of
ultraviolet radiation by a factor of five, providing better measures for the thermal
resistance of insulation, appliance efficiency, building codes and standards, lique-
fied natural gas, and consumer information. The relationship of these activities
of the DOC role of fostering U.S. commerce is clear. Moreover, in view of the
large numbers of people and institutions affected by these questions of equity
and need for credible technical information, there is need for a central focus
and that focus—made clear in the Organic Act—is the National Bureau of
Standards.
To describe the evolving role of NBS, let me first quote from the Organic Act:

"The Bureau is authorized to exercise its functions for the Government of the
United States, and for international organizations of which the United States
is a member; for governments of friendly countries; for any State or municipal
government within the United States; or for any scientific society, educational
institution, firm, corporation, or individual within the United States . . ."
Let me take each of these constituencies in turn and describe, through exam-

ple, how their needs have influenced our programs.
NBS competence has been drawn upon by other Federal agencies since the

Bureau was established. As the national problems addressed by these agencies
changed, so has the NBS response. For example, our largest sponsor 10 years
ago was DOD; today, our largest sponsor is 1)0E. A decade ago, NBS had no
other agency sponsored work involving the need to preserve the environment;
now EPA (which itself did not exist in 1967) is our fifth largest sponsor. NBS
became more heavily involved in aiding other agencies in areas such as health
and safety, fire protection and prevention, and housing. All of these activities
increased dramatically in the 1970's, while at the same time, other agency work,
such as support for the space program declined.
In addition to the work for other Federal agencies, Congress itself has, since

1965, made some 17 assignments to NBS through legislation, covering many
national problems including radiation protection, materials and energy conserva-
tion, and aid to consumers. These assignments and our responses to them are
detailed in an attachment to this statement.
Our interaction with State and local governments for many years involved

only weights and measures. Today, NBS services to State and local governments
include law enforcement standards and aid to forensic investigations, services to
aid in evaluating effects of earthquakes or other natural disasters. (e.g., collapse
of the Hartford, Conn., arena).
NBS helped create the National Conference of States on Building Codes and

Standards, acted as Secretariat during the formative years, and now provides
technical support. This group provides a national focus for the task of removing
barriers to the adoption of new technology in the building field.
Our support for industries' need for reliable measurements and data continues

to be very broad. In recent years we have increased our activity to help industry
demonstrate compliance with regulations. For example, in the past 10 years we
have developed 76 standard reference materials, such as sulphur in coal, six
mixtures of carbon dioxide with other gases for auto efficiency measurements,
and sulphur dioxide and nitrogen dioxide permeation tubes.
NBS has an outstanding international reputation. Many NBS programs con-

tribute to and benefit from international cooperation. Such cooperation involves
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treaty obligations, AID programs, scientific societies, standards making bodies,
and bilateral agreements such as the US—USSR agreement for cooperation in
Science and Technology.
A good example is provided by the International Organization of Legal Metrol-

ogy (OIML), a treaty organization that this country joined in 1972 following
recommendations of this committee. Current activity includes international
consideration of uniform methods of measuring moisture in grain.
Our interactions with scientific societies and educational institutions are vital

not only in the development of the careers of all scientists and engineers at NBS
but also in many institutional arrangements. For example, the NBS Office of
Standard Reference Data publishes with the American Institute of Physics and'
the American Chemical Society, the Journal of Physical andChemical Reference
Data. This journal, the only one solely dedicated to reliable reference data, is
used by scientists throughout the world. We also work with the Committee on
Data for Science and Technology, which represents 12 scientific unions, to maxi-
mize worldwide use of reliable data.
In order to respond better to the various interests of consumers, NBS consoli-

dated its work in this area in the Center for Consumer Product Technology in
1974. We have joint programs with the Consumer Product Safety Commission,
the Department of Justice, the Federal Trade Commisison, and the Department
of Energy, and disseminate much of our work through an NBS Series of Con-
sumer Booklets. E.G., "Making the Most of Your Energy Dollars in Home Heat-
ing and Cooling," has been distributed to over 1/2 million homeowners. The book-
let, which is based on thermal engineering and economic studies provides the
homeowner with a simple step-by-step procedure for determining cost-effective
insulation requirements for his particular home.
Your third question refers to the factors influencing the Bureau's ability to

carry out its mission. Let me now discuss staff, facilities, and resources.
We have a full-time permanent staff, as of December 31, 1977, of 3.040. Of

this number, 626 have Ph. D. degrees, 302 have masters degrees, and 430 hold a
bachelors degree. As you would expect, we have concentrations of expertise in
physics, chemistry, mathematics, computer sciences, and engineering. The breadth
of our programs, and our deep involvement in current national concerns, calls
for broad expertise in such areas as architecture, psychology, economics, and
law.
In addition, we use various authorities to bring people to the Bureau and send

people to the institutions for a limited period. Such authorities are the NRC/NBS
Postdoctoral Research Program, the Industrial Research Associates Program,
Guest Workers, and the Intergovernmental Personnel Act, Under these and other
programs, we have presently 255 people at NBS, and 188 NBS people in other
institutions. I cite this to indicate that despite a relatively constant personnel
ceiling for the past 10 years, we have made every effort to keep a flow of people
and new ideas into NBS.
Our physical facilities rank with the best in the world. NBS headquarters are

located in Gaithersburg, Maryland. This 576 acre site conta'ns 27 buildings,
including seven general purpose laboratories, a research nuclear reactor, a fire
research facility, and facilities devoted to acoustics measurements. About 450
of our people are located at laboratories in Boulder, Colorado, and we operate
radio stations in 'Colorado and Hawaii that broadcast time and other informa-
tion.
The funding for our various programs comes to us in three separate ways. The

largest amount, some $70 million this year, is a direct Congressional appropria-
tion. This money is applied to our responsibilities under the Organic Act and
subsequent legislation.
The work we do for other agencies is directly related to our mission and draws

on our reputation for credibility in technical matters. This year, we expect to
receive about $55 million from 102 agencies for our services.

Finally, we provide various services to both Government agencies and the
public for which we charge a fee. These services include calibrations and tests,
advisory services and the sale of standard reference materials. From these ac-
tivities, we expect an income of $6.4 million this year.
As to the adequacy of these resources, let me respond by answering your ques-

tion number 6. You ask me to comment on the Bureau's FY 1979 budget. The
President's budget estimates which have been forwarded to Congress contain
for NBS a budget of over $94 million which consists of about $5 million for ad-
justments to base and built-in changes and $19 million for program expansion.
If appropriated, this will represent the largest dollar increase in NBS history,
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I will be working with the Office of 'Science and Technology Policy in the coming
year to determine if any additional increases are warranted for NBS programs.
Your question number four deals with the proposed reorganization of NBS.

The status of our plans is that they have been approved by the President's Re-
organization Task Force and OMB, and by the Secretary of Commerce. I expect
to be operating under this new organization on April 9th.
One of the most notable features of the plan is that we become organized along

major functional lines. I have described the dual role of the NBS as the Central
Reference Laboratory and as a contributor to the solution of specific national
problems.
In broad terms, the new structure will have three major operating units. These

units are a National Measurement Laboratory, a National Engineering Labora-
tory, and an Institute of Computer Sciences & Technology, which is also presently
a part of the NBS structure.
The National Measurement Laboratory will provide the national system of

physical, chemical, and materials measurement. This national system permits
the scientific community, industry, and commerce to make accurate, uniform
measurements. The Measurement Laboratory will arso coordinate our measure-
ment system with those of other nations, paving the way for the free flow of
information and goods. The NML program, to be truly effective, must be support
by fundamental research in the physical sciences. Some of the elements of such
a program will be:
Development of National Measurement Standards.
Development of .Standard Reference Data.
Materials Research.
,Compositional Analysis.
Development of Standard Reference Materials.
Calibration Services Related to National Standards.
The National Engineering Laboratory will conduct a broad spectrum of pro-

grams in engineering and applied science. Each program will provide public
benefits by supporting the technology needed to solve significant national prob-
lems. The work includes engineering measurements data, standards, codes, and
practices. Research findings will be converted into forms suitable for the ultimate
user, and institutional mechanisms for transferring results are developed when
necessary. These programs must be supported by strong research in applied
science. Some of the major programs and competences within the National En-
gineering Laboratory will be:
Building Technology.
Consumer Product Technology.
Fire Research.
Automation and Electronics Technology.
Experimental Technology Incentives Program.
Applied Mathematics.
Mechanical Engineering.
We have a third major group, the Institute for Computer Sciences and Tech-

nology, whose functions are defined by the Brooks Act. The Institute carries
out its mission by managing the Federal Information Processing Standards
Program, developing Federal ADP standards and Guidelines, and participating
in ADP voluntary standardization activities. It also provides advisory services
and assistance to Federal Agencies, and provides the technical foundation for
computer-related policies of the Federal Government. Since the Federal in-
vestment in computers runs into billions of dollars, the potential impact of these
programs is clear.
The detailed structure of the two laboratories is such that it greatly consoli-

dates like competences and provides an excellent basis for building in the future.
Dr. Hoffman and Dr. Lyons are prepared to discuss this further. A more de-
tailed description of the new organizational structure is attached to this
statement.
In addition, the new organization will provide for greater flexibility. For

example, there are currently 249 formal organizational units at NBS. This
number will be reduced to about 106 in the new plan. Our intent is to push de-
tailed technical management as far down into the organization as possible, and
to pull administrative support as high as we can. Reducing the number of units
increases flexibility, as people will be able to change assignments without need

for formal transfer and the paperwork that is usually involved.
In discussing the response to your question number five concerning the future

of NBS, I would first like to commend to you our role as the Central Reference

Laboratory. Perhaps this role does not have the glamor of energy, medical re-
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search or pollution control; but, in my opinion, it is a fundamental factor inthe operation of today's highly technological society.
The application of our expertise to the solution of national problems is alreadywell focused on Fire Technology, Building Technology, Energy Conservationand is developing in automation and electronic technology. I see the need for

NBS to respond to what 1 expect will be an increasing national concern, namely
the catalytic role the Federal Government can play in providing for a healthy
environment for technological innovation and the development and use of tech-
nology in the private sector in order to strengthen the economy. To this end there
is in the NBS fiscal year 1979 budget request $2 million in order to investigate
the desirability and feasibility of a cooperative technology program which would
advance critically needed technologies common to disaggregated industries or
small independent firms in selected industry groups. The emphasis here is on the
word cooperative.
Also NBS can play a growing role in the provision of consultation and serv-

ices to State and local Governments. I have already described how this has
been growing over the past 10 years, and I expect that trend to continue.
The NBS will be faced more than ever before with making choices on how to

respond to our mission and clients. Recognizing this, the President's fiscal year
1979 budget contains a $850K increase for a central planning function. While
I think NBS has used its resources well to respond to the many demands placed
upon us, the intensity is now high across all of our clientele. Thus, while it is
too early to state specifically how we shall organize to do long range planning
more thoroughly, organization along the major sectors of our clientele; i.e., other
Federal Agencies, legislation, State and local Governments, science and uni-
versities, international, industry and the general public, could well be a good
way for us to set up.
Let me close, Mr. Chairman, on a personal nate. I have been at NBS for 24

years, in positions ranging from bench scientist to Director. I have always been
proud of NBS and its reputation for technical accomplishment and integrity. I
believe that reputation is a major factor in bringing so many new demands for
our services. It is true that these assignments have presented us with challenges.
But the way we have responded is in my view correct not only in the interests
of good government but also for maintaining the reputation of NBS as an agency
responsive to National priorities.
I am very optimistic for the future. The Administration supports a strong and

vigorous NBS and we appreciate the support shown by the NBS Statutory Visit-
ing Committee. I appreciate the active interest shown by this Committee in NBS.
and we are pleased by the prospect of a continuing dialog. Finally, the proposed
reorganization of NBS will improve our ability to respond to changing needs.
In sum, I see in the coming years.the opportunity to strengthen a fine institution
to continue and to apply its resources for public benefit.
Thank you, Mr. Chairman, and I will be pleased to answer your questions.
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APPENDIX

The Funding Information Shown represents direct budget authority and reimburs-

able obligations for Fiscal Year 1977

1. BROOKS ACT - 1965 (40 USC 759 (f)) 

Provisions: "The Secretary of Commerce is authorized (1) to provide

agencies, and the Administrator of General Services

...with scientific and technological advisory

services relating to automatic data processing and

related systems, and (2) to make appropriate

recommendations to the President relating to the

establishment of uniform Federal automatic data

processing standards. The Secretary of Commerce is auth-

orized to undertake the necessary research in the sciences

and technologies of automatic data processing computer

and related systems...."

Funding: Direct
Reimbursable

$4,055,000
1,089,000 
$5,144,000

2. FAIR PACKAGING AND LABELING ACT - 1965 (15 USC 1454 (d)) 

Provisions: "Whenever the Secretary of Commerce determines that there is

undue proliferation of the weights, measures, or quantities

in consumer commodity packaging .... and such undue

proliferation impairs ability of consumers to make

value comparisons, he shall request manufacturers,

.... to participate in development of voluntary

product standards ...."

Funding: Direct appropriations. - $61,000

NBS output: (1) Assisted in development of voluntary product standards in

50 categories, e.g., toothpaste

(2) Developed model laws for state and local government, e.g.,

model state unit pricing regulation

3. STANDARD REFERENCE DATA ACT - 1968 (15 USC 290) 

Provisions: The Secretary (of Commerce) is authorized and directed to

provide or arrange for the collection, compilation,

critical evaluation, publication, and dissemination of

standard reference data."
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o Authorized Secretary of Commerce to obtain copyright
of standard reference data for United States.

Funding: Authorizing appropriations for three fiscal years, NBS
authorization renewed through fiscal year 1978 (P.L. 94-49).

Direct $2,922.000
Reimbursable 322,000 
Total $3,244,000

NBS output: J. Physical Chemistry Reference Data of 2,000 pages covering
20-30 subjects annually

4. RADIATION CONTROL FOR HEALTH AND SAFETY ACT - 1968 (42 USC 263b et sea.)

Provisions: Section 263d - "(a) The Secretary of (HEW) shall establish
and carry out an electronic product radiation control
program designed to protect the public health and safety
from electronic product radiation. As a part of such
programs he shall .... (6) consult and maintain liaison
with the Secretary of Commerce, the Secretary of Defense,
the Secretary of Labor, the Atomic Energy Commission,
and other appropriate Federal departments and agencies
on (A) techniques, equipment, and programs for testing
and evaluating electronic product radiation, and (B) the
development of performance standards pursuant to section 263 of
of the Act to control such radiation emissions."

Funding:

Direct
Reimbursable

$932,000
268 000

$1,200,000

NBS outputs: Voluntary standards which supplement or substitute for regulationsare developed with NBS leadership and coordination, e.g.,
measurement assurance program for laser power and for radiationtherapy devices using cobalt-60

5. FEDERAL COAL MINE HEALTH AND SAFETY ACT - 1969 (30 USC 804, 812)

This act directed the Director of the National Bureau of
Standards or his designate to serve on the Advisory Committeeof Coal Mine Safety and a companion Interim Compliance Panel.An NBS delegate served .on these bodies from January 16, 1370to April 17, 1976, at which time they were dissolved.
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6. CONSUMER PRODUCT SAFETY ACT - 1972 (15 USC 2051) 

Provisions: Consumer Product Safety Commission shall, ... ,

utilize the resources and facilities of the National

Bureau of Standards, .... , to perform research and

analyses related to risks of injury associated with

consumer products ... to develop test methods, conduct

studies and investigations, and to provide technical

advice and assistance .... "

Funding: Reimbursable $1,405,000

NBS output: (1) Flammability test methods for carpets, children's sleepwear

and mattresses,
(2) Technical backup for standards on toys, bicycles, lawnmowers,

etc.,
(3) Analysis of possible product defects, e.g., protective

headgear

7. NOISE CONTROL ACT - 1972 (42 USC 4901) 

Provisions: EPA is authorized to: .... develop .... improved

methods and standards for measurement and monitoring

of noise, in cooperation with the National Bureau of

Standards ...."

Finding: Direct $882,000
Reimbursable  722,000 
Total $1,604,000

8. SOLAR HEATING AND COOLING DEMONSTRATION ACT - 1974 (42 USC 5501)

Provisions: The Secretary (of HUD), utilizing the services of the

Director of the National Bureau of Standards, and in

consultation with the Administrator and Director shall

determine, prescribe and publish (A) interim performance

criteria for combined solar heating and cooling components

and systems to be used in residential dwellings,
(B) interim performance criteria for such dwellings
themselves ...."

o Authorized Director of the National Bureau of Standards
to provide development and demonstration of technology

for solar heating

Funding:

Reimbursable $2,575,000

24-751 0 - 78 - 2
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NBS output: (1) Interim performance criteria for solar heating and hot
water systems were developed,

(2) Draft standards for solar collectors and storage
devices issued

(3) Technical work on heating and hot water systems
completed

9. NATIONAL FIRE PREVENTION AND CONTROL ACT - 1974 (15 USC 2201) 

Provisions: Secretary id authorized to conduct .... fire research
program, including:

(1) basic and applied fire research

(A) physics and chemistry of combustion processes
(B) dynamics of flame ignition, flame spread,

flame extinguishment
(C) composition of combustion products
(D) early stages of fires in buildings and other

structures
(E) behavior of fires involving all types of

buildings, structures, contents
(F) biological, physiological, and psychological

factors affecting humans in this area."

Funding: NFPCA Budget $4,578,000
Reimbursable $2,129,000 
Total $6,707,000

NBS outputs: Test home smoke detector design, evaluate fire resistance,
toxicity of combustion products, produce standards under
Flammable Fabrics Act

10. FEDERAL NONNUCLEAR ENERGY RESEARCH AND DEVELOPMENT ACT - 1974 (42 USC 5901)

Provisions: "The National Bureau of Standards shall give particular
attention to the evaluation of all promising energy-
related inventions, particularly those submitted by
individual inventors and small companies for the purpose
of obtaining direct grants from the Administrator. The
National Bureau of Standards is authorized to promulgate
regulations in the furtherance of this section."

Funding: Reimbursable $1,440,000

NBS outputs: Over 6,000 recommendations to DOE of which 53 inventions
suggested for further funding (8 projects funded by DOE)

br
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11. PRIVACY ACT - 1974 (5 USC 552a) 

Provisions: "Commission shall (1) make a study of the data banks,
automated data processing programs, and information
systems of governmental, .... to determine the standards
and procedures in force for protection of personal
information ....

Funding:

(C) examine standards and criteria governing programs,
policies, and practices relating to the collection,
soliciting, processing, use, access, integration,
dissemination, and transmission of personal information."

o Include provisions for the development of standards
for safeguarding computer security.

(0113 directed NBS to provide technical guidance for
Privacy Act.)

Included with Brooks Act

12. FY 1976 APPROPRIATIONS ACT (P.L. 94-121) (Corrosion Study)

Provisions: Senate Report #94-328 is direct in calling for NBS to
initiate a study on the economic effects of corrosion.

Funding: Direct $369,000

NBS output: In 1975, corrosion cost U.S. $50-$90B. Over a period of
time about $10B of this could be reduced through economically
optimal application of corrosion control technology

13. ENERGY POLICY AND CONSERVATION ACT - 1975 (42 USC 6293 and 6363)

Provisions: The Administrator (of TEA) shall direct NBS to develop
test procedures for determination of estimated annual
operating costs of covered products (household appliances)
and at least one other useful measure of energy consump-
tion ...."

As soon as practicable after date of enactment of Act,
the National Bureau of Standards shall develop test
procedures for the determination of substantial equiva-
lency of re-refined or otherwise processed used oil and
new oil or additives with new oil for a particular end
use."

vo
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II2E4.1112i: Direct $1,519,000 •
Reimbursable $2,070,000 

$3,589,000_

NBS output: (1) Evaluation of used oil for use as fuel completed; results
being compiled for FTC

(2) 12 categories of home appliances evaluated for operating
costs and energy consumption

(3) Developing computer software for calculating energy use in
buildings

No authorization or appropriation has been made in response to the Act at this time
14. METRIC CONVERSION ACT - 1975 ( 15 USC 205a) 

Provisions: "Consultation by the Secretary of Commerce with the
National Conference of Weights and Measures in order
to assure that State and local weights and measures
officials are appropriately involved in metric conver-
sion and assisted in their efforts tc bring about
timely amendments to laws .... Financial and
administrative services, .... needed by the Board,
may be. obtained by the Board from the Secretary of
Commerce ...."

Funding: Direct $65,000

NBS output: Awaiting direction and coordination of U.S. Metric Board.
OWN gathering information in anticipation of NBS responsibilities
being assigned

15. ENERGY CONSERVATION AND PRODUCTION ACT - 1976 (42 USC 6833) 

Provisions: The Secretary (HUD) after consultation with the Secretary
of Commerce utilizing the services of the Director of
NBS .... shall develop and publish in the Federal
Reigster .... (energy conservation) performance standards
for new commercial (and) residential buildings.

The Administrator (of FEA) shall direct NBS to develop
an energy efficiency improvement target (for major
houlsehold appliances).

Funding.: Reimbursable $209,000
(Funding for appliance provision is included under P.L. 94-163)—
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NBS output: (1) Produced basis for first building energy standard
(2) Criteria for issuing energy saving materials to

retrofit buildings
(3) Life cycle energy consumption detetermined for home

appliances
(4) Assisting other agencies on safety and performance

tests for building insulation

16. RESOURCE CONSERVATION AND RECOVERY ACT - 1976 (42 USC 6952)

Provisions: The Secretary of Comme.rce, acting through the National
Bureau of Standards, .... shall .... not later than two
years after .... enactment of this Act, publish guide-
lines for the development of specifications for the
classification of materials recovered from waste which
were destined for disposal."

Funding: Direct $41,000

NBS output: Developed detailed plan to carry out provisions of Act. The
Administration has decided that the program will be funded with
EPA appropriations. No funds received from EPA to date.

17. EARTHQUAKE HAZARDS REDUCTION ACT - 1977 (42 USC 7704)

Provisions: "The President shall establish and maintain, in accordance
with provisions and policy of this Act, a coordinated
earthquake hazards reduction program .... "

"(d) PARTICIPATION - In assigning the role and responsi-
bility of Federal departments, agencies, and entities
under subsection (b) (3) (B), the President shall, where
appropriate, include Department of Defense, Department
of Housing and Urban Development, National Aeronautics
and Space Administration, National Oceanic and Atmospheric
Administration, National Bureau of Standards, Energy
Research and Development Administration, Nuclear
Regulatory Commission, and National Fire Prevention and
Control Administration."

NBS output: Assisting in developing implementation plan
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INANSMITTAL  

United States of America
DEPARTMENT OF COMMERCE

DEPARTMENT
ORGANIZATION ORDER  30-25

DEPARTMENT .
ORGANIZATION
ORDER SERIES

OATS OF ISSUANCE EFFECTIVE DATE

PROPOSED NEW NBS ORGANIZATION

SUBJECT

NATIONAL BUREAU OF STANDARDS

SE,IION 1. PURPOSE.

.01 This order prescribes the organization and assignment of functions
within the National Bureau of Standards,(NBS). The scope of authority

and functions are set forth in Department Organization Order 30-2A.

.02 This revision effects a major reorganization which (1) establishes
centers as second level components (Section 6.), (2) establishes labora-
tories as major line components (Sections 7., 8. and 10.), and (3) abol-
ishes the Institutes (except Institute for Computer Sciences and Tech-
nology) (Section 11.).

SECTION 2. ORGANIZATION.

The organization structure and line of authority of N3S shall be as
depicted in the attached organization chart (Exhibit 1).

SECTION 3. OFFICE OF THE DI RECTOR. 

.01 The Director shall determine the policies of Ras and direct the
developrent and execution of its programs.

.02 The E2py Director shall assist the Director in the direction of
NES and perform the functions of the Director in the latter's absence.

SECTION 4. STAFF FUNCTIONS REPORTING TO THE DIRECTOR. 

.01 The Legal Adviser shall, under the professional supervision of
the Department's General Counsel and as provided in Department Organi-
zation Order 10-6, serve as the law office of, and have responsibility
for all legal services at NES.'

.02 The EEO Program Coordinator shall prepare, develop, and monitor the
Bureau's Itfo Affirmative Action Plan and advise the Director and Personnel
Officer of progress; develop policy recommendations for the Director on
EEO issues having Bureauwide applications; assist PC/EEO Coordinators in
developing and implementing affirmative action in their MOU's; assist the
Personnel Division in EEO program development to insure adequate minority
and female representation; serve as a liaison with women 'and minority
organizations; and coordinate P435/EGO reports to the Department and Civil
Service Commission.

.03 The Public Affairs Officer shall serve as the public information
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spokesman for the National Bureau of Standards, report to the Director of
N3S, and work With the NBS Executive Board in developing communications
strategies for the Bureau and use the information resources of the Public
Information Division in implementing those strategies.

SECTION 5. ASSOCIATE DIRECTOR FOR PROGRAMS, BUDGET, AND FINANCE.

The Associate Director for Programs, Budget, and Finance shall plan,

develop, and evaluate Bureau-level programs and formulate and
carry out policies and strategies for programmatic, budgetary, and

financial matters; develop techniques for and coordinate the review of
technical and overhead programs; serve as the Director's staff for Bureau-
level programmatic, budget formulation and execution, and finance matters;

develop and maintain mechanisms to monitor planned and actual use of

resources by providing integrated, evaluated information on program pro-

gress, opportunities, and resources to the NBS_Director; advise management

on significant changes and deviations; recommend program, budget, finance,

and accounting priorities to the NBS Director; serve as the focal point

of intelligence and feedback for Bureau-level programmatic issues;

coordinate the formulation of the NBS budget and other Bureau-wide

information packages and critique documents developed by line units;

administer the NBS systems of accounting, financial management, travel,

and payments; analyze resource and program proposals and investment

levels; recommend distributions of the Working Capital Fund and Direc-

tor's Reserve of funds, positions, and equipment to the NBS Director;

and, through the comptroller, who shall report directly to the NBS

Director on these matters, provide certification of official accounting

records and reports and the control of funds.

a. The Program Office shall perform the functions of policy development,

program analysis, and program development; sponsor, coordinate, and parti-

cipate in issue studies and Bureau-wide information packages; develop

analytical techniques for and coordinate the review of Bureau technical

and overhead programs; generate strategies, guidelines, and formats for

Bureau planning; articulate and docunent Bureal-level program plans and

status for internal and external use; define alternatives for resource

allocation and advise Bureau management on their implications.

b. The Budget Office shall provide advice and assistance to line manage-

ment in the preparation, review, justification, presentation, and execution

of the Bureau's budget, including financial management and resource

allocation monitoring on the Bureau's total resources; interpret regu-

lations and develop budgetary policy and procedures for the budget

process; provide assistance in integrating program plinning with the

budgetary process using as a principal vehicle the Program and Financial

Plan; maintain external liaison on budgetary matters; assist in the

solution of budget and financing problems; design procedures for the

resource monitoring system and review the execution of these procedures;

perform analyses and continuing reviews of status of funds in relation

to fiscal plans; advise on appropriate use of resources; and review

other agency orders for conformance to policy and regulations.
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c. The Office of the  Comptroller shall manage a comprehensive accounting

and finance program for the Bureau; administer the N3S system of account-

ing, payments, billings and collections, and financial reports; execute

agreements for obtaining other agency funds; analyze and develop improved

financial policies and practices; monitor the fiscal health of the N3S

NOrking Capital Fund; monitor the overall fund controls and certify the

official N33 accounting records and reports.

d. The Planning Office shall perform long-range program planning functions;

maintain user liaison mechanisms; analyze external trends, opportunities,

and user needs as they relate to program priorities; and provide economic

benefit analyses.

SECTION 6. DIRECTOR OF ADMINISTRATIVE AND INFORMATION SYSTEMS.

The Director of Administrative and Information Systems shall direct

the management of Bureau-wide facilities and inforni7zion and administrative

Systems including information and office services, procurement, technical

and public information functions, Bureau-wide computing, personnel, and

management consulting services, health, safety, and security functions, and

physical plant, facilities, space management and instrunents shops functions;

shall decide on policies and plans and direct implementation actions to assure

the responsiveness of these services to the needs of the technical programs.

.a. The Public Information Division shall serve as the focal point of Bu-

reau communications with the public through interaction with the print and

broadcast media, and by means of conferences, tours, and exhibits; advise
on the public affairs impact and ramifications of program decisions;

coordinate handling and dissemination of information for the public; and
report administratively to the Director of Administrative and Information
Systems, while operating as needed under the programmatic guidance of
the Director, NBS.

b. The Personnel Division shall advise on personnel policy and utiliza-
tion; administer recruitment, placement, classification, employee develop-
ment, employee relations, labor relations and special programs activities;
advise and assist operating officials and employees on these and other
aspects of personnel management; and process employee security clearances.'

c. The Management and Organization Division shall provide consultative
services to line management in organization, procedures, and management
practices; maintain the directives system; and perform reports manage-
ment and committee management functions.

d. The Center for Information Systems shall provide computing and
information processing sertTices incfG3ing operation of the dentral con,
puting facility; design and maintain the automated administrative
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information systems; manage the publications program of NBS; provide

library services; manage a network of administrative service centers and

word processing centers for all Administrative and Information Systems

Centers, and other organizational units in the Bureau as requested; manage

support services for small purchase procurements, grants administration, and

contract liaison with the Department of Commerce; manage office support

services including visual arts, duplication, and forms and records manage-

ment; provide consultative and advisory services on computer networking and

related telecommunications requirements; coordinate the overall management

and utilization of computing resources within the Bureau and provide

liaison with the Department's Office of ADP Management; and establish

mechanisms to assure compliance with applicable Federal ADP Standards.

e. The Center for Facilities Management shall manage and maintain NBS

physical facilities including design and maintenance of the physical

plant, roads, and utilities; provide for physical security, emergency

planning, fire protection, and janitorial services; conduct the Bureau's

energy conservation program; provide technical support services for N3S

programs in the area of instruments design and fabrication; provide

mail, messenger, communications, traffic and transportation services;

furnish storeroom, property management, and warehousing services;

provide logistical support for the Standard Reference Materials

program; and manage the NBS occupational health and safety program.

SECTION 7: NATIONAL MEASUREMENT LABORATORY. 

The National Measurement Laboratory shall provide the national

system of physical and chemical and materials measurement; coordinate •

the system with measurement systems of other nations and furnish

essential services leading to accurate and uniform physical and

chemical measurement throughout the Nation's scientific community,

industry, and commerce; shall conduct materials research leading to

improved methods of measurement, standards, and data on the properties

of materials needed by industry, commerce, educational institutions,

and Government; provide advisory and research services to other Govern-

ment agencies; develop, produce, and distribute Standard Reference

Materials; provide calibration services; and collaborate with the

National Engineering Laboratory in carrying out its responsibilities.

a. The Center for Absolute Ph sical Quantities shall develop and

maintain the scientific competences and laboratory facilities necessary

to preserve and continue to refine the base physical quantities upon

which the Nation's measurement system is constructed; perform research,

both experimental and theoretical, at the frontiers of physics in order

to improve our measurement capability and our quantitative understanding

of basic physical processes that underlie measurement science; improve,

maintain and transfer the measurement base for time, freguenoy; elec-

tricity, temperature, mass and length; coordinate the National base

standards with the Bureau International des Poids at Mesures and

national laboratories; measure at the highest level of accuracy the

fundamental constants of nature; work closely with other centers
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of NES in the interdisciplinary developnent of measurement science;
and maintain scientific exchange programs with other measurement
laboratories, including a continuing cooperative program with the
University of Colorado.

b. The. Center for Radiation Research shall develop and maintain the
scientific competences and experimental facilities necessary to provide
the Nation with a central basis for uniform physical measurements, mea-
surement methodology, and measurement services in the areas of optical
radiation, ultra-violet radiation, and ionizing radiation (x-ray, gamma
rays, electrons, neutrons, radioactivity, etc.); provide government,
industry, and the private sector with essential calibrations for field
radiation measurements needed in such applied areas as nuclear power,
health care, radiation processing, advanced laser development, and
radiation protection for public safety; carry out research in order to
develop improved radiation standards, new radiation measurement technology,
and improved understanding of atomic and nuclear radiation processes;
collect, compile, critically evaluate, and supplement the existing
atomic and nuclear data base in order to meet the major demands of
the Nation for such data; and participate in collaborative efforts
with other Centers in the interdisciplinary applications of radiation.

c. The Center for Analytical Chemistry shall carry out basic and applied
research in analytical chemistry; develop and improve methods for the
.separation, analysis, and characterization of materials, including Standard
Referennce Materials; conduct fundamental investigations of the phenomena
on which measurement of the composition and behavior of chemical systems
is based; use these measurement methods to improve the accuracy of composi-
tion measurement and thereby the comparability among laboratories throughout
the United States as well as ensuring measurement compatibility with other
nations; use these techniques to assist in the solution of problems of
national impact, e.g., in improving the accuracy of clinical analytical
chemistry, air and water pollution analysis, and in providing advisory
services in analytical chemistry to government agencies, scientific
organizations, and industry; and participate in collaborative efforts
with other Centers in the interdisciplinary applications of analytical
chemistry.

d. The Center for Thermodyhamics and Molecular Science shall develop and
maintain the scientific competences and experimental facilities necessary to
provide the Nation with uniform measurements, measurement methodologies, and
measurement services in the areas of thermodynamics and transport properties,
chemical kinetics, surface science, and molecular spectroscopy; provide
government, industry and the scientific community with essential
standards and certified Standard Reference Materials needed to maintain
the integrity of the measurement system; develop standards and techniques
of measurement, conduct theoretical and experimental research, and provide
consultative services in the fields of thermodynamics, kinetics, surface
science, and molecular spectroscopy; measure, compile, critically evaluate,
and disseminate thermodynamic spectroscopic data, chemical kinetic data,
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and data on photochemistry to the industrial, governmental, and tech
no-

logical communities nationally and internationally; and participate
 in

collaborative efforts with other Centers in disciplinar
y developments

involving thermodynamics, kinetics, surface science, an
d molecular

spectroscopy.

e. The Center for Materials Science shall characterize a
nd conduct ressrch

on the structure of materials, key chemical reaction
s, and key physical and

chemical properties which will lead to the safe
st, most efficient uses of

materials, improve materials technologies, and enc
ourage recycling;

provide standards, measurement methods, data, conc
epts, and information con-

cerning the properties and performance of met
als, polymers, and inorganic

materials, and disseminate this information to ind
ustry, Government, universi-

ties, and consumers; maintain and develop 
research reactor activities which

provide precise information about these mater
ials.

SECTION  8. NATIONAL ENGINEERING LABORATORY.

The National  Engineering Laboratory shall 
provide technology and technical

services to users in the public and privat
e sectors to address National

needs and to solve National problems in th
e public interest; conduct research

in engineering and applied science in supp
ort of objectives in these efforts;

build and maintain competence in the neces
sary disciplines required to carry

out this research and technical service; d
evelop engineering data and

measurement. capaellities.; provide eng.ineeripg  measurement traceability ,

ser-vicesa-davelop-test-zethodspazaera.theeLio
ostandazds and code .

changes; develop and propose new engineeri
ng practices; develop and improve

mechanisms to transfer results of its rese
arch to the ultimate user; and

collaborate with the National Measurement 
Laboratory in conducting

the National Engineering Laboratory's as
signed responsibilities.

a. The Center for Applied Mathematics shall 
conduct research, collaborate

with and provide support to all Bureau a
ctivities and to other Federal agencies

in selected fields of the mathematical a
nd computer sciences important in

science and engineering; undertake speciali
zed computational support and ser-

vices for high technology science and engin
eering programs; develop tools for

mathematical work such as mathematical models
, statistical models and compu-

tational methods, mathematical tables, h
andbooks, and manuals, and advise

on their use; and provide training in 
disciplines related to these functions.'

b. The Center for Electronics and Electrical 
Engineering Shall. provide a

focus in N3S for research, developnent, and 
applications in the field of

electronic and electrical materials and en
gineering; maintain and develop

competences in measurements and analytic m
ethods, in fabrication processes, ir

performance evaluation, and in practical appl
ications appropriate to a wide

range of electrical and electronic materia
ls, devices, instruTenl's, and systems;

identify technological barriers to the effect
ive applicatiod of electrical and

electronic technologies for the achievement of N
ational goals; conduct respon-

sive applied research to yield the requisi
te practical data, measurement

methods, theory, standards, technology, and
 technical services; and provide

national reference standards and engineerin
g measurement traceability and
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deliver the results for the benefit of tne Government, industry, the scientifi:, •
community, and the consumer, either directly or through effective intermediariE

C. The Center for Mechanical Engineering and Process Technology shall pro-
vide, within the National Engineering Laboratory, competence in mechanics,
mechanical engineering, materials engineering, industrial engineering, mechan-
ical engineering metrology, and automatic control technology; manage these comp
tences to provide technology, standards, and measurement traceability services
to strengthen the manufacturing industries, public utilities, and Government
agencies for the purposes of increased productivity, improved international
competitiveness, and efficiency in regulatory compliance.

d. The Center for Building Technology shall perform analytical, laboratory
and field research involving architecture, engineering, and physical and social
sciences to produce performance criteria and methods of evaluation, and tests
and measurements for codes and standards; serve building owners, occupants,
designers, manufacturers, builders, regulatory authorities of State and
local governments and Federal agencies with building programs; provide for
demonstration, implementation and evaluation of improved building practices
by means of cooperative programs with other research organizations, professiona
societies, standards-writing organizations, State and local governments and oth,
Federal agencies; apply these methods and disciplines for the purposes of
improving safety in building contruction and use, energy conservation in build-
ings, establishment of sound technical bases for the solar heating and cooling
of buildings, more useful and economical new buildings, and effective use of
.existing buildings.

e. The Center for Fire Research Shall perform and support research in all
aspects of fire with the aim of providing scientific and technical knowledge
applicable to the prevention and control of fires, including: (1) basic and
applied research for the purpose of arriving at an understanding of the funda-
mental processes underlying fires, including the physics and chemistry of
combustion processes and products, early stages of fires and structural influ-
ences in fire behavior, fire-safe design concepts for buildings, and specific
fire hazards, (2) research into the biological, physiological and psycho-
logical factors affecting human victims of fire, and the performance of
individual members of fire services, including the psychological factors leadir
to arson and the prediction and cure of such behavior, and (3) operation tests,
demonstration projects and fire investigations in support of such activities.
The Center shall coordinate all activities carried out in NBS on behalf of the
National Fire Prevention and Control Administration.

f. The Center  for Consumer Product Technology shall perform research and
development toward establishing and advancing measurement techniques and test
methodology to evaluate the safety, energy efficiency, and other performance
characteristics of consumer products and law enforcement equipment; apply the
disciplines of mechanical and electrical engineering, consumer and behavioral
sciences, economics, and operations research to programs involving consumer
product technology and product-user interactions; develop the technical and
analytical bases for performance standards and characterizing product attributE
provide technical assistance, analyses, and evaluations related to consumer
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product technology to other agencies of Government; and produce descriptive.

literature and information for the public.

g. Tne Center for Field Methods shall investigate the effectiveness of vat 
115

incentives and mechanisms to stimulate increased developnent and use of 
techno-

logy by industry. These investigations snail be designed to provide an experi-

mental basis for the formulation of Government policy in this area.

SECTION 9. OFFICE OF THE DIRECTOR, NBS/BOULDER LABORATORIES. 

The Office of the Director, Nag/Boulder Laboratories, located in Boul
der,

Colorado, shall provide administrative support to the technical progr
ams

of the NBS/Boulder Laboratories. These laboratories shall conduct research

comprising work on measurement science for the National Measure
ment Labora-

tory in time and frequency, quantum physics, thermodynamics, ma
terials

science and the developnent of essential technical data in quan
tum physics,

thermodynamics, and materials science; and conduct programs 
for the

National Engineering Laboratory in electromagnetics and flui
d dynamics.

The following adminiStrative divisions are located in the
 Boulder

Laboratories:

Supply Services Division;

Instrument Shops Division;

Plant Division; and
Administrative Services Division.

SECTION 10. INSTITUTE FOR COmP0TER SCIENCES .Ni) TECHNOLOGY.

Tne Institute for Commuter Sciences and Technolo
gy shall conduct

research and provide scientific and technical services to
 aid Federal

agencies in the selection, acquisition, application an
d use of com-

puter technology to improve effectiveness and econo
my in Government

operations in accordance with Public Law 89-306 (40 U.S.C
. 759),

relevant Executive Orders and other directives. The Institute carries

out this mission by managing the Federal Information Proc
essing Standards

Program, developing Federal ADP standards guidelines, 
and managing

Federal participation in ADP voluntary standardization
 activities;

providing scientific and technological advisory servic
es and assistance

to Federal agencies; providing the technical foundation for compute
r-

related policies of the Federal Government; and assist
ing in the

resolution of the issues of technology transfer and export o
f computers

in international trade. The Organizational units of the Institute shall

be as follows:

Systems and Software Division;

Computer Systems Engineering Division; and

Information Technology Division.
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Senator STEVENSON. Dr. Hoffman, would you like to go next?

Dr. HOFFMAN. Thank you.
My name is John D. Hoffman. I am currently the Director of the

Institute for Materials Research and the Director-Designate of the

National Measurement Laboratory of the NBS.
I have submitted a written statement and respectfully request that

this be entered in the record.
Senator STEVENSON. All the statements will be placed in the record.

Dr. HOFFMAN. In my summary statement I shall provide a picture

of the mission of the National Measurement Laboratory, the kind of

work we do, whom we serve, and some aspects of the future, including

trends.
The National Measurement Laboratory is a-reference laboratory for

the United States for physical, chemical, and materials measurement.

Our business is measurement methods, standards and data.
Our role is to assure traceability—that is, to make sure that meas-

urements refer to the same anchor points and are therefore compati-
ble and correct throughout the United States.
We work in the technical areas of basic standards, materials re-

search, chemical measurements, and radiation research.
I would now like to comment on the importance of measurements.
Measurements are used in decisionmaking in industry, and Govern-

ment and such areas as health and safety. Our goal in this process is
to foster reliable, consistent, and efficient measurement.
Let me illustrate the importance of measurements to decisionmaking

by using the example of industry. Measurements are used in industry
for quality control during manufacture, assuring equity in buying and
selling, in materials selection, and for protection of workers.
I now mention a sampling of National Measurement Laboratory

services relative to these items: NBS standard reference materials, are
used for quality control in steel manufacture. We issue over 150 stand-
ardized specimens of steel of precisely known composition that permit
rapid analysis of steel as they are being made. More than 90 percent
of the steel made in the United States involves the use of these
standards.
Another example relative to the industry relates to an experimental

data on the properties of materials. Here the decisionmaking process
requires data leading to proper selection of materials which is im-
portant, in emerging technologies such as coal gasification and mag-
netohydrodynamics.
On this same point—this selection—we provide the standard ref-

erence data that are carefully selected from the literature and evalu-
ated complementing the new experimental data mentioned before.
Yet another example of measurement in decisionmaking in industry

refers to nondestructive evaluations (NDE) , which is a hierarchy of
measurements and procedures whereby flaws can be detected during the
manufacture and use of a product without destroying it. We provide
measurements, methodology standards, and advanced concepts in this
increasingly active field.

Calibrations are also used to insure accurate measurements for use in
making decisions in industry. For example, calibration of personal
radiation monitoring devices relates to worker safety and is also of in-
terest to instrument manufacturers and users. Last, I remark that in-
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dustry depends on our basic standards activities in length, mass, time,
temperature, and related quantities. Time and frequency standards and
measurements are widely used in decisions—for example, in power
grid switching by electrical utilities. Parenthetically, I think it is
worth observing that our calibration services are widely used by the
Department of Defense in connection with weapons systems, since
traceability of calibration to national standards is often required.
Let me now turn to how we interact with industry in regard to

measurements.
We deal on a regular basis with standards organizations, trade as-

sociations, instrument manufacturers, and individual scientists in in-
dustrial research laboratories. In addition, we hold workshops which
involve industry, university, and Government scientists on a planned
and systematic basis. We held over 25 last year. Also, we have indus-
trial research associates who come to the National Measurement Lab-
oratory to work on problems of mutual interest.
Measurements and data are of course also widely utilized in decision-

making in Goverment. Some key activities that we perform are as
follows.

First, I note our measurement assistance to regulatory agencies.
These agencies require a broad range of measurement services. Ex-
amples are provided by our standard reference material activity for
the EPA and our study of welds in the Alaska pipeline carried out
through the DOT. In each case, important decisions rest on accurate
measurements and data.
Another function that we perform is consultation to other Federal

agencies.
This is carried out both by the National Measurement Laboratory

and the National Engineering Laboratory scientists are frequently
called upon to give advice related to measurements and data. The
NBS as a whole interacts with roughly 100 Government agencies.
I would now like to introduce a point of my own philosophy as re-

garding the National Measurement Laboratory. As a central reference
laboratory, which is clearly one of broad scope, the role we play in the
scientific and technical community is built around technical credibility.
To me, this means that we must be aware of and involved in—and I
mean very strongly involved in—scientific advances, and that we must
build and maintain appropriate competences to do so. I truly believe
that our job has room for and indeed requires, scientific creativity and
imagination.
I have always been aproponent of basic research, and I feel that the

Bureau cannot maintain its credibility or do its job without it.
Let me now turn to the future, certain trends concerning measure-

ments in our technological society can be discerned, and they relate to
our present work and future directions.
One major trend is an increased application of quantitative physical

science measurements to health problems. National Measurement
Laboratory's thrust in this area includes clinical standard reference
materials and development of clinical analytical methods, and stand-
ards of measurement for radiation protection.
Another trend of importance to NBS in growing use is the dynamic

measurements. Dynamic measurement are measurements on systems
where the property being measured is rapidly changing or where the

24-751----78-3
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property must be measured quickly, usually by automated means.
Some of the aforementioned clincal analyses are prime examples of
this latter technique.
Standards for dynamic and automated measurements are needed.

Challenges exist here in measurement assurance programs for auto-
mated weighing, rapid measurement methodology—for example,
rapid temperature measurements in industrial processing—and stand-
ards for rapid, nondestructive evaluation measurements.
Turning to another trend, there's a strong trend to increase in efforts

to attain higher industrial efficiency. This leads to measurement-
related problems ranging from plant design data, process data, non-
destructive evaluation measurements on products, to energy and
materials conservation, including recycling.
Current National Measurement Laboratory- activities in this area

include predictive schemes for data for chemical processing, fracture
and corrosion data materials property data, and laser standards.
A trend associated with efforts to improve industrial efficiency trend

which I think is evident is the increasing demand for measurements
under extreme conditions, such as high temperature, high pressure,
and intense radiation. Much of the National Measurement Laboratory
thrust responding to this trend arises from our collaborative work on.
emerging technologies, such as coal gasification, and magnetohydro-
dynamics, and our nuclear power reactor design. Specific Laboratory
work includes erosion data, neutron cross—sections, and plasma
diagnostics.

Finally, we perceive a very strong trend to model complex systems.
A model is a mathematical representation of a system—such as to

the atmosphere—constructed so that some properties of the system
can be predicted in the future. In the case of the atmosphere, modeling
can tell us something of the fate and lifetime of ozone in the strato-
sphere or the change of carbon dioxide concentration with time. Many
industrial processes are also modeled. My key points here are the
following.

First, mathematical models require accurate input measurements
and data, based on reliable measurements. The results from a model
cannot be better than the input data. The second point is that models
have to be based on physical laws and that the models require
validation.

National Measurment Laboratory service related to modelling
including the following: Evaluated standard reference data, key ex-
perimental data. Also we provide standards for measurements used to
determine input data for the models; for example, SRM's carbon
dioxide measurements in the atmosphere, and calibrations for ultra-
violet rays that are impinging on the Earth.
We are now in the midst of planning the future of the National

Measurement Laboratory. In formulating these plans, I think we
should keep the question, "What happens if we're successful ", in
mind. And I will close by endeavoring to answer it.
The time frame that I have in mind is around 5 years. If we suc-

ceed with what we plan to do; the following things will be possible.
First, we will, because of our measurement and data efforts, be able

to asist industry to design plants and processes more efficiently, save
energy, and control effluents 'better.



31

Second, we will be more confident of the accuracy of clinical analy-
ses and hence the accuracy of the medical diagnoses deriving from
them, and we will be more certain of the dosage of radiation treatments
and chemotherapy.
Third, we will be able—better able to assist regulatory agencies bet-

ter in the process of equitable and effective regulations, regulations
based on accurate measurments systems. An example here is our nu-
clear safeguards program whose aim in measurements for accountabil-
ity of fissile materials in power reactor and processing plants. This
work is being done for the Nuclear Regulatory Commission, and the
Department of Energy.
Fourth, we will be increasingly effective in providing thd data base

and the concepts to assist the development of new technologies.
Fifth, we will be able to aid ourselves and others to measure more

accurately those chemical and physical effects that occur in our world
that may affect our destiny. I'm thinking of such things here as ultra-
violet light intensity, carbon dioxide concentration, and the strato-
spheric ozone question.

Sixth, we will, through better data and measurements, promote
more effective and safer use of materials, including better design,
better material selection, better processing and recycling, and more
accurate lifetime predictions.
I am enthusiastic about the aforementioned prospects, and I think

that in striving to attain them, we can at the same time forge a stronger
institution in the scientific sense.
I have an optimistic view of the future, and look forward, together

with my associates in the National Engineering Laboratory and the
Computer Institute, I look forward to shaping a strong laboratory
that serves the public intrest.
Mr. Chairnian, I thank you very much for this opportunity.
Senator STEVENSON. Thank you, Dr. Hoffman.
[The statement follows:]

STATEMENT OF JOHN D. HOFFMAN, DIRECTOR, INSTITUTE FOR MATERIALS
RESEARCH, NATIONAL BUREAU OF STANDARDS

Mr. Chairman and Members of the Subcommittee: My name is John D. Hoff-
man. It is both a privilege and an honor to appear before you today as Director
of the Institute for Materials Research and Director-Designate of the National
Measurement Laboratory of the National Bureau of Standards.
In my testimony today, I would like to convey a picture of our mission, the

kind of work we do, whom we serve, and a sense of where we are heading as an
institution. This last point—where we are heading—is particularly pertinent at
this time because we are in the process of forging a new laboratory—the National
Measurement Laboratory—to be responsive to the Nation's present and future
measurement needs.
As Dr. Ambler mentioned, the National Measurement Laboratory (or the

NML as we call it) is a reference laboratory that will provide the national sys-
tem of physical, chemical, and materials measurement. As a reference laboratory,
it is our role to tie together systems of measurement to assure that results of
measurements made anywhere in the U.S. refer to the same basis or anchor
points, so to speak. We call this feature traceability; measurements placed on
a common base in such systems are said to be traceable to national standards.
The national standards are developed and maintained by NBS.
The fields we work in are basic standards, materials research, chemical meas-

urements, and radiation research. In simplest terms, it is our job in these areas
to provide measurement methods, standards, data and the means for assuring
measurement reliability for public benefit. By public benefit, I mean economic
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benefit as well as benefits derived from improved health, safety, and support of
U.S. science.
The connection between measurement and public benefit is central to under-

standing the purposes and national value of the NML and to how we set our
priorities. For this reason, I would like to illustrate why people measure and
how reliable measurements serve the public.

Measurements are used in decisionmaking. for example, by industry, govern-
ment, and medical practitioners. The use of measurements has been expanding
rapidly in recent years not only because they have become more accurate and
more widely applicable, but also because there are now more reasons to measure:
to improve efficiency in industry, to monitor the environment, and to improve
health care—are well-known examples.
Whatever the reasons for making measurements, the public interest requires

a system that is reliable, consistent, and efficient. These goals—reliability, con-
sistency, and efficiency—are goals of the NML. Let me give some examples to
show you how NBS operates to achieve these goals.
Modern industries need to make millions of measurements daily; the rea sons

for measuring include:
Product quality control.
Buying and selling goods.
Selection of materials.
Design, construction and maintenance of production facilities.
Protection of workers and the environment.
NBS provides key measurement services in support of all of these everyday

functions of industry. For example, we make standard reference materials—
materials certified by NBS as to composition and physical state—that are used
in quality control systems for the production of basic materials: steel, cement,
aluminum, glass, copper and so on. More than 90 percent of the steel produced
in the United States is made using NBS compositional quality control standards.
These standards not only support productivity, but also allow minimum use of
expensive and imported alloying elements—chromium, for example—and are
used in specifications for buyer-seller agreements.
Over the years, we have developed about 1,000 different standard references

materials in four categories:
Industrial.
Environmental.
Clinical.
Basic measurement science.
Last year, more than 32,000 units were sold to about 16,000 different buyers.

The fact that many of these buyers are instrument manufacturers and producers
of secondary standards, means that the impact of our standards reaches beyond
the circle of our immediate buyers.
In support of another type of quality control, we have recently initiated a

program in measurements and standards for an inspection technology called non-
destructive evaluation of materials. Nondestructive evaluation of materials refers
to methods for inspecting materials and structures for defects where the test
itself does not damage the parts being inspected. One example is the use of high
frequently sound waves to detect cracks in welded structures. In critical applica-
tions such as when public safety is involved—as, for example, with nuclear pres-
sure vessels and aircraft parts—every part must be thoroughly inspected. In
such cases, nondestructive testing offers the only possibility for safety evalua-
tion.
Because of growing public and manufacturer concerns with product recalls

and improved durability of goods, nondestructive testing of products is becoming
increasingly important. In spite of its growing importance, lack of standards and
incomplete understanding of the meaning of the measurements in terms of ma-
terials performance are hampering the more widespread and effective use of this
technology.
NBS is working closely with the parties who have a stake in reliable non-

destructive measurements:
Civilian agencies.
Defense agencies.
Standards bodies.
Professional associations.
Trade associations.
Industries.
Instrument manufacturers.
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This involvement with all affected parties is a key to understanding how we
operate. It means that the improved standards and measurements will be broadly
utilized to improve reliability and safety in the manufacture and construction
of pipelines, transportation systems, pressure vessels, bridges, and numerous con-
sumer items.
In another aspect of industrial measurement, industry and labor are increas-

ingly concerned with the safety of the work environment and, increas-
ingly, measurements are relied upon for safety evaluation. We provide many serv-
ices in this connection including calibrating systems used in the protection of
workers exposed to radiation in the workplace. In fact, we have provided leader-
ship and much development work to enable private testing laboratories to test
commercial supplies of personnel radiation monitoring systems.
Let me briefly mention three other NBS reference services used widely in

industry:
Time and frequency standards.
Standard reference data.
Calibration services.
NBS radio broadcasts of time—over radio stations WWV, WWVB, and

WWVH in Hawaii—cover the continental United States and the Pacific and
Atlantic Oceans. The broadcast services are used for safety on the oceans, regu-
latory compliance of broadcast frequencies, for switching operations in the
U.S. electric power grid and more. A dissemination service that has become very
popular is our telephone link to WWV. Last year, about two million calls to
obtain accurate time were made to this station.
The NBS standard reference data program—established in response to the

Standard Reference Data Act—collects data from the world's literature, evalu-
ates them for accuracy and consistency and makes them available for general use.
These data are used in almost every phase of manufacturing, engineering, and
research. Our users include industrial designers, quality control engineers, and
researchers in chemistry, physics, engineering, and biology. Applications include
design of energy efficient and materials efficient processes, pollution control and
energy utilization. Through a cooperative venture with the American Chemical
Society and the American Institute of Physics, we publish the Journal of Physi-
cal and Chemical Reference Data that is subscribed to by most of the largest
industrial corporations and universities in the U.S.

Calibration services ensure the accuracy of devices used to make or to check
field measurements. For example, these services are used to link measurements
of visible and ultraviolet light to NBS standards. The major users of our services

include lamp industries, manufacturers of photographic materials, instrument

makers, and Department of Defense standards laboratories. Many anti-ballistic
missile defense systems use guidance devices which require calibrations traceable
to these NBS standards. Some examples of new technologies that need these
same standards are solar energy conversion, advanced materials processing,
and laser manufacturing.
Although the NBS services just described are used primarily by industry, the

benefits of these services accrue to the public in the form of support for improved
productivity, materials conservation, public safety, and a more equitable market-
place.
I would like to emphasize another point about the nature of NBS services: as

a central reference laboratory, the role we play in the technical community is
built around technical credibility. Standards work is exacting and demanding.
The acceptance of our standards depends upon people being able to rely upon our
results. To do a thorough job, our work must be done by a highly competent
technical staff. This means that we need the type of scientists who understand
not only the techniques for careful measurement but also the underlying con-
cepts of what is being measured and possible sources of error. It takes a long
time to develop such scientists. I consider the strengthening and maintenance of
a strong scientific foundation as one of my most important aims in making NML
responsive to the Nation's needs.
Let me now turn to another important application of measurements—health.

Each day millions of diagnostic measurements are made in clinics and hospitals;
medication and therapy are administered in measured doses. Increasingly, medi-
cal practitioners rely upon measurement at every stage of patient care. Our
role here is to help assure that these measurements are reliable.
This year, about 6 billion separate clinical measurements will be conducted

in about 13,000 clinical laboratories in the U.S. The most common measurements
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are chemical or electrical in nature or involve some form of radiation—X-rays or
radioactivity. In the future we must expect a continued increase in medically-
related measurements and greater demands for reliability to facilitate earlier
detection of disease and comparability of laboratories.
NBS has long been involved in improving the accuracy of medical measure-

ments. For example, we have produced more than 30 clinical standards and a num-
ber of standards for radiopharmaceuticals to aid in the diagnosis and control of
many different medical disorders. The multiple benefits—or leverage effect as I
call it—provided by these standards is evident in the fact that NBS clinical
standard referenc,e materials are used by the manufacturers of more than 98%
of automated and semi-automated clinical analyzers sold in the United States.
As is the case with all our measurement assurance work, we have been work-

ing closely with the user community: the College of American Pathologists, the
American Association for Clinical Chemistry, and the Center for Disease
Control.
In other health-related work, we provide services for accurate measurement

of radiation dosage in cancer treatment."These services help to assure that pa-
tients receive exactly that radiation dose prescribed by their physicians; too
much radiation could be harmful, and too little would be ineffective. We work
with the Bureau of Radiological Health, the Nuclear Regulatory Commission,
and with hospitals throughout the U.S. to assess the accuracy of radiation treat-
ment units.
The need for reliability in health measurements and the public benefits that

derive from it are, I think, clear. Again—achieving reliability depends upon do-
ing careful scientific work.

Another measurement area of growing importance and increasing sophistica-
tion relates to assessing what I call the side effects of technology. The point I
wish to make is that to ensure protection of the public from the known and po-
tential hazards associated with a large and growing technology—the Nation
needs reliable technical information for decision-makers and adequate controls—
backed by good measurements.
Let me illustrate this point. Tens of thousands of chemicals and radioactive

materials are now common items of commerce. These materials often find their
way to regions remote from points of discharge. Accidental or deliberate spills
of dangerous materials present still other possible side effects of technological
growth.
On a more subtle level, some materials—harmless when released—may trans-

form in the environment to toxic materials, perhaps when exposed to sunlight or
bacteria. Low concentrations of materials in water or soil may concentrate
in the food chain and pose unsuspected hazards. Scientists have warned of pos-
sible stratospheric modification and the possibility that dangerous levels of ulta-
violet radiation might reach the earth, causing increased skin cancer and affecting
crops. Questions are being raised regarding the long-term effects of low-level
exposure to chemicals and to air-borne dusts and aerosols.
The fact that the Council on Environmental Quality estimates that 60-90%

of cancer is environmentally induced provides a disquieting reminder of the
stakes and subtleties involved. The Council's estimate of pollution abatement
costs—$420B over the next decade—gives another dimension to the concern.
The public interest in balancing technological growth and technological im-

pact is reflected in recent and pending legislation, the priorities of agencies of
government, and the research and development programs of manufacturers and
users of chemicals. The point that is of concern to me, however, is that today's
measurement science and measurement assurance systems are simply not ade-
quate to answer many of the measurement-related questions now being raised
by those investigating the relationship between the environment and health.
For example, we cannot now measure ultraviolet radiation levels with accu-

racy sufficient to determine whether changes are occurring in amounts passing
through the Earth's protective ozone shield and reaching the Earth.

Similarly, we do not know which features of small particles are responsible
for specific health effects such as lung cancer or bronchial ailments. Though
particle size, shape, and chemical composition must be considered, it is also
possible that small amounts of chemicals adhering to mobile particles actually
pose threats to the public health in particular instances.
The lack of measurement capability in these areas hinders the acquisition of

the kind of data needed to shape public policy. The point I wish to emphasize
then is that the protection of the public—without undue constraint of technol-
ogy—requires two important measurement-related elements:

01.
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Reliable technical data—chemical and physical data, for example—to allow

decision-makers to set reasonable national goals; and,
A quality control system to assist Federal agencies, manufacturers, State

and local governments, and the Congress to measure progress in reaching these

goals.
These elements are part of what we call the technical basis for fair regula-

tion. Many of our services are now used by industries, EPA, other Federal

agencies, and by State and local governments as part of this technical basis.

In the environmental areas, for example, our standard reference materials are

used as a common base. In fact, there are more than one dozen notices in the

Federal Register calling for traceability of environmental measurements to

specific NBS Standards such as the nitrogen dioxide standard reference

material.
We have also provided key data needed to model the breakdown of the

stratospheric ozone layer that protects plant and animal life from harmful

ultraviolet radiation.
In summing up the contribution measurement makes to public benefit, I would

stress two points:
(1) The number, type, and complexity of measurements used in decision-

making in industry, government, medical practice, and in shaping public policy

are increasing.
(2) Because protection of the public interest is increasingly involved in the

decisions that are made, the need for reliability in measurement is becoming

more important.
Before addressing the future of the NML, I would like to make a few com-

ments on the processes we use to assess the measurement needs of the Nation

and how we prepare to meet the measurement needs of the future.
In setting priorities for measurement services the most important factors

we consider are:
The significance of a problem to the public, and
The degree to which the problem is amenable to solution through improved

measurement.
In our anlyses of national problems, we seek - a broad base of advice and

other inputs from users and potential users of measurement services. The ad-
vice comes from industry, agencies of Federal and State and Local governments,
professional and trade associations, universities and standards bodies. Our
managers and scientists maintain close and regular contact with these groups
through joint participation and sponsorship of workshops and other, less formal
meetings. Our National Academy of Sciences -evaluation panels—broadly con-
stituted groups with experts representing every major sector in the U.S.—
provide invaluable service to us by evaluating both our procedures and our
technical capabilities. We also have a variety of formal and informal planning
activities in which we analyze trends, monitor legislation, work with the Office
of Technology Assessment, and conduct impact surveys and issue studies.
At the present time, we are in the process of completing a study of the

economic effects of corrosion in the United States. This study—carried out by
Congressional directive and conducted in part under contract to the Battelle
Columbus Laboratories—concludes that in 1975, corrosion cost the U.S. economy
from $50 to $90 billion. Of this amount, about $10 billion could be reduced—over
a period of time—through economically optimal application of presently avail-
able corrosion-control technology. Further reductions would, of course, require
technological advances such as new materials, improved coatings, improved
tests, and corrosion research.
On the basis of our careful review of the findings of the corrosion study, we

have an improved understanding of present and future needs in this area. We
are taking steps to shape a long-term program in collaboration with key private
sector and Government users.
Although our programs differ greatly, the general features of these programs

are that they respond to problems that are significant at a national level and
they serve multiple users. We work on problems for which measurement is a
central issue or where inadequate measurement is a barrier that inhibits the
solution to a problem. Moreover, we prove only those key services that are needed
to establish a reliable measurement system and to keep it functioning.
I would like now to give a few specific examples that illustrate the factors that

shape our programs and how we remain responsive to National needs.
Our programs change both to keep pace with technology and to capitalize

upon advances in science and technology to improve standards.
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For example, the voltage standard is now more accurately realized utilizing
the superconducting properties of certain metals in specially constructed systems
called Josephson devices. This is a scientific advance in that the volt is now
maintained in terms of fundamental constants of nature. Moreover, the new
system reduces NBS' cost and has the potential to simplify calibration systems
used in industry and by the military.
Another example of the interaction of science, technology and standards is

that of precision length measurements.
The unit of length was formerly defined by the distance between two scratch

marks on a meter bar kept in Paris. It is now defined in terms of the constant
wavelength of light emitted by a krypton light source. In recent years, NBS has
developed stabilized lasers that have already, in practice, become the defined
unit of length for the most accurate measurements. Lasers have overwhelming
advantages; they have been used to measure gage blocks and to measure the
distance between the Earth and the Moon. At the other extreme, they are used
for measuring distances between atoms and for unifying length measures down
to the wavelength of X-rays and nuclear dimensions. Our work in length
standards, I think, illustrates both the impact of technology on standards and
the impact of improved standards on new technology.
In areas where there are new needs or rapidly changing needs, we create new

programs to meet them. Examples here are measurements for nuclear safe-
guards, recycled oil and nondestructive evaluation of materials—mentioned
earlier.
NBS, in cooperation with the Nuclear Regulatory Commission, the Department

of Energy and the nuclear industry has undertaken a new program to improve
the quality of measurements made for safeguarding nuclear materials. These
measurements are made in nuclear fuel cycle facilities to determine the inven-
tory of plutonium and uranium, and thus provide sensitive methods for detecting
diversion of nuclear materials.
The program in recycled oil was established in response to Public Law 94-

163, the Energy Policy and Conservation Act. The purposes of the law were to
reduce environmental damage caused by discarded oil and to foster energy con-
servation. Our responsibilities under the law are to develop test procedures to
be used to determine the substantial equivalence of recycled oil with new oil.
Potential users need to be assured that the recycled oil will not damage engines
cn• machinery. Without test procedures for quality control, it is doubtful that
widescale markets for recycled oil will develop. The expected impact of a qual-
ity control system, then, is twofold: it will facilitate the development of markets
for oil that is now a major source of water pollution, and it will lead to energy
conservation.
A very important avenue we use to anticipate future needs is our longer-term

work on advanced techniques in measurement science. We regard this work as
an investment in developing capabilities that will be needed more than five years
from now.

Finally, I would like to make a few comments on the NML and its future. The
scientific groupings in the proposed reorganization are considerably more flexible
than the present ones. The combinations of physicists, chemists, materials sci-
entists, mathematicians and statisticians will thus lend themselves to the kinds
of broad-based research that we envisage as increasingly important over the next
decade. Examples of such research areas are:
Surface science.
Fracture of materials.
Radiation research.
Research on the degradation of materials.
Within the NML, five entities called centers will conduct research in key areas

of measurement science in support of U.S. science and technology and the mis-
sion of the newly-formed, National Engineering Laboratory at NBS.
At the present time, we are developing a long-range plan for the NML. the fu-

ture to which we are responding is reflected—in broad aspect—in national trends
that have significant implications to the future of measurement. Some of these
trends:
Widespread automation of systems with controls linked to measuring sensors.
New industrial and energy systems operating at more extreme conditions of

temperature, pressure, radiation levels, and chemical reactivity.
Increased surveillance, monitoring, and modeling of the atmosphere. water-

ways, and workplaces for chemicals, radiation, and small particles.

N/r ,
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Increased efforts to improve the efficiency of industrial output through im-
proved processes, design, and quality control.
Increased use o flasers and other radiation in monitoring, processing, and in

health.
Continued increase in performance standards.
Continued rapid increase in the contribution of physical science techniques to

health care.
The principal thrusts of the NML centers reflects the trends just mentioned.

I would like now to summarize the functions of the centers and give you some
of our current thinking on what these thrusts should be:
The Center for Absolute Physical Quantities is responsible for maintaining

the base units of our measurement system that underlie all physical measure-
ments upon which science and technology, industry, and commerce are based.
Some thrusts of this center will be:
Development of laser standards for precision length measurements in science

and technology.
Development of new, fast temperature measurement technology applicable to

energy system and materials research.
Establishment of an international coordinated time measurement system with

an accuracy sufficient to permit precision position location on earth and in space.
The Center for Analytical Chemistry will provide the U.S. with measurement

services and perform research in the areas of compositional analysis, chemical
separation, and characterization of materials.
Two major directions of this center will be development of new methods and

standard materials for:
Detection and measurement or organic chemicals in complex media such as

plants, food, tissue, and water.
Characterizing small particles in terms of size, shape, and chemical composi-

tion to improve measurements of industrially important particles as well as
particles found in the atmosphere, tissue, and water.
The Center for Materials Science will provide the nation with measurement

services in the properties and performance of materials. It will perform research
on the structure, physical properties, and reactions of materials related to
stability and durability in service environments.
Major thrusts of this center will include:
Research on the degradation and failure of materials: wear, corrosion, frac-

ture, and migration of chemical additives in plastics; lifetime prediction.
Development of quality control technology for measurements made at the sepa-

rate stages in the materials cycle from raw materials, processing, fabrication to
recycling.
Determination of properties of materials needed for effective utilization of ma-

terials in design, manufacture and use of products.
The Center for Thermodynamics and Molecular Science will provide the Nation

with measurement services in the areas of thermodynamics, transport proper-
ties, chemical kinetics, surface science and molecular spectroscopy. It will con-
duct research in these areas and compile, critically evaluate, and disseminate
data to users throughout the U.S.
Two principal thrusts of this center will be:
To develop and evaluate models and predictive schemes that involve the use

of evaluated chemical reaction data used to optimize industrial processes and
help provide a technical basis for regulating the emission of pollutants, and
To provide key chemical and physical data needed to validate models used by

Government and industry.
The Center for Radiation Research will provide the Nation with measure-

ment services in the areas of optical radiation, ultraviolet radiation, and ioniz-
ing radiation such as X-rays, neutrons, gamma rays, and radioactivity. It will
carry out reesarch to develop improved radiation standards and improve under-
standing of atomic, molecular, and nuclear radiation processes.

Principal directions for this center include:
To improve methods for measuring high-energy X-rays, electrons, and fast

neutrons providing bases for dosage standards used in radiation therapy of can-
cer, industrial processing, and nuclear fission and fusion power.
To improve methods for measuring ultraviolet radiation to meet the accuracy

requirements in environmental monitoring, studies of solar radiation, and energy
research.
In addition to the esearch activities of the centers, NML will have programs

in several areas to focus outputs and to maintain close liaison with specific user
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groups. Some examples of this are: standard reference materials, nuclear saf
e-

guards, and measurement and calibration services.
In closing, I would like to say that I share Dr. Ambler's optimistis view of the

future. I think that the National Measurement Laboratory will be faced with

many challenges as measurement is called upon increasingly to improve tec
h-

nology, and to make it safer and more efficient. It is my aim to shape a respon-

sive, technically-sound laboratory serving the public interest.
The National Measurement Laboratory (NML) has been assigned responsi-

bilities under the following:
Standard Reference Data Act (P.L. 90-396)
Resource Conservation and Recovery Act of 1e76 (P.L. 94-580)

FY 1976 Appropriation Act (P.L. 94-121)
Metric Conversion Act of 1975 (P.L. 94-168)
Energy Policy and Conservation Act (P.L. 94-163)
Federal Coal Mine Health and Safety Act of 1969 (P.L. 91-173)
Radiation Control for Health and Safety Act of 1968 (P.L. 90-602)

Specific responsibilities and NML actions under these assignments are Sum-

marized.
STANDARD REFERENCE DATA ACT ( PUBLIC LAW 90-396 )

Under this Act "The Secretary of Commerce is authorized and directed to

provide or arrange for the collection, compilation, critical evaluation, publication,

and dissemination of standard reference data." The Act authorizes the Secretary

of Commerce to obtain copyright of standard reference data for the United

States. The National Standard Reference Data System has been established at

NBS and is administered by the Office of Standard Reference Data.
Projects supported by NBS are categorized in the following program areas:

Energy and Environmental Data, Industrial Process Data, Materials Utilization
Data, and Physical Science Data. In its management of the program, the Office of
Standard Reference Data works closely with other Federal agencies, professional
societies, industrial groups, and other appropriate organizations to determine
and prioritize the needs for reference data. The average annual publication of
tables of standard reference data is now about 2,000 pages covering typically 20
to 30 different subjects.
The program produces the Journal of Physical and Chemical Reference Data,

which has more than 1,200 subscribers, including 32 of the top 50 U.S. industrial
corporations.

FISCAL YEAR 1976 APPROPRIATION ACT ( PUBLIC LAW 94-121)

Senate Report 94-328 directs NBS to carry out a study of the economic effects
of corrosion in the United States.
The economic effects of corrosion include not only monetary losses suffered

by users of products which corrode, but also consumption of materials (chromium,
for example) and energy that would not occur were optimal corrosion control
practice employed. Thus, a study to determine the economic effects of corrosion
involves acquiring cost data, evaluating corrosion control options, and conducting
economic analyses to convert cost data to economic effects. The economic analysis
required in the study was placed under contract to Battlele Columbus Labora-
tories. The overall study is being conducted by Battelle and NBS.
The goals and objectives of the study were thus set as follows:
To determine the total cost of corrosion in the U.S., and
To determine the amount of capital goods, labor, energy, and materials re-

quired because of corrosion.
The corrosion study is nearing completion. The central conclusions of the

study are that in 1975, corrosion cost the U.S. economy from $50-$90 billion. Of
this amount, about $10 billion could be reduced—over a period of time—through
economically optimal application of corrosion-control technology.

RESOURCE CONSERVATION AND RECOVERY ACT OF 1976 (PUBLIC LAW 94-580)

Section 5002 (42 U.S.C. 6952) specifically directs the Secretary of Commerce
acting through NBS "to publish guidelines for the development of specifications
for the classification of materials recovered from waste which were destined
for disposal. The specifications shall pertain to the physical and chemical proper-
ties and characteristics of such materials with regard to their use in replacing
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virgin materials in various material, commercial, and governmental uses." In ad-
dition, P.L. 94-580 directs NBS to hold public hearings on these guidelines and to
publish the guidelines not later than October 21,1978. These guidelines will: (1)
aid in conserving valuable material and energy resources, (2) increase the rate at
which resource recovery from municipal soild waste will occur in the U.S., and
(3) serve in the settlement of possible disputes involving the use of recyclables
in terms purchased by the Federal Government (Sec. 6002/42 U.S.C. 6962/P.L.
94-580).

NBS plan under assignment
To carry out the program, NBS will conduct several projects to characterize

recovered materials and establish the guidelines mandated in P.L. 94-580 and
to evaluate existing, proposed and/or requiied specifications for these materials
against the guidelines. The materials in question include ferrous metals, non-
ferrous metals (primary aluminum), glass, paper, rubber, refuse-derived fuels,
and some construction wastes. The proposed projects inclitde :

Investigations to determine whether existing or proposed specifications for
materials reclaimed from waste are adequate for the intended use. Corollary
to this will be the development of standrad test methods and testing procedures
which can be used in the laboratory and in the field by buyers and sellers.
Development and transfer of information and data to the public and private

sectors (in conjunction with existing specifications-setting groups) concerning
the review, formulation, and promulgation of specifications for recovered
materials.

Classification of recovered materials in terms of potential uses (such as a
modified corrosion-resistant steel), based on market needs and specifications.
The-administration has decided that this program will be funded with monies

appropriated to the Environmental Protection Agency.

METRIC CONVERSION- ACT OF 1975 (PUBLIC LAW 94-168)

Under this Act "there is established . . . an independent instrumentality to
be known as a United States Metric Board." The Act states that there shall be
"consultation by the Secretary of Commerce with the National Conference on
Weights and Measnres in order to assure that State and Local weights and
measures officials are (1) appropriately involved in metric conversion activities
and (2) assisted in their efforts to bring about timely amendments to laws.
Financial and administrative services. . . needed by the Board may be obtained
by the Board from the Secretary of Commerce."
NBS is awaiting the direction and coordination of the U.S. Metric Board.

The NBS Office of Weights and Measures will coordinate the work to provide
up-to-date information; modify model State laws and regulations and work
for adoption by States through the National Conference on Weights and Measures.

ENERGY POLICY AND CONSERVATION ACT OF 1975 (PUBLIC LAW 94-163)

The NBS role under this Act is found in Section 383: "Develop test procedures
for the determination of substantial equivalency of rerefined or otherwise
procesed used oil . . . ," with new oil for a particular end use. The purposes
of this legislation were to reduce environmental hazards associated with the dis-
posal of used oil and to foster energy conservation.
The Resource Conservation and Recovery Act (P.L. 94-580) also affects NBS

efforts in recycled oil. Recycled oils are end-use products and are therefore
covered in Section 6002. "Federal Procurement" of P.L. 94-580, which states
federal agencies ". . . shall procure items composed of the highest percentage
of recovered materials practicable . . . ," and the NBS test procedures will be
utilized. The procurement requirements set out under Section 6002 shall be fol-
lowed beginning on October 21, 1978. NBS has completed the technical evalua-
tion of test methods to be used for fuel oil—the first phone of the NBS program
and this information is being compiled for transmission to FTC. The term used
in the law, "for a particular end use," requires that NBS examine all major
end use products which are made with recycled lubricating oils—e.g., waste oil
used as fuel, industrial oils, hydraulic oils, engine lubricating oils.
The administration is proposing that this program be expanded in 1978 to

enable NBS to evaluate and/or develop new or improved test procedures for other
recycled oil products which will then provide the basis for FTC rulings for
industry test prodedures and labeling standards for recycled oil.
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FEDERAL COAL MINE HEALTH AND SAFETY ACT OF 1969 (PUBLIC LAW 91-173)

This act directed the Director of the National Bureau of Standards or his

designate to serve on the Advisory Committee of Coal Mine Safety and a com-
panion Interim Compliance Panel. An NBS delegate served on these bodies from

January 16, 1970 to April 17, 1976 at which time they were dissolved.
An example of a service that NBS provided as a consequence of this act is

the technical assistance that it provided to the General Accounting Office in
preparing an overall evaluation of the mine dust monitoring system that was ad-
ministered by the Department of the Interior's Mine Environment Safety Ad-
ministration (MESA). At GAO's request NBS assisted in evaluating the ability
of the personnel monitoring instruments and weighing laboratories to quantita-
tively sample and measure the level of respirable dust in operating coal mines. In
its final report GAO concluded that the monitoring system could not measure the
concentration of respirable dust with the accuracy specified in the Act. GAO also
recommended that MESA obtain NBS assistance in effecting needed improve-
ments in that system.
In November 1977 MESA engaged NBS to conduct research directed towards

developing improvements in sampling statistics and measures of instrument
performance under conditions actually encountered in the mine.

RADIATION CONTROL FOR HEALTH AND SAFETY ACT OF 1968 (PUBLIC LAW 90-602)

Section 356(a) (6) says the Secretary of HEW shall "consult and maintain
liaison with the Secretary of Commerce . . . on (A) techniques, equipment, and
programs for testing and evaluating electronic product radiation, and (B) the
development of performance standards . . . pursuant to control such radiation
emissions." NBS supports and assists the Bureau of Radiological Health (BRH)
with measurement standards and procedures as necessary to protect the public
from harmful effects of ionizing, electromagnetic, laser, ultrasonic, and ultra-
voilet radiation. NBS also reviews regulations and guidelines proposed by BRH
with emphasis on measurement implications. Voluntary standards which supple-
ment or substitute for regulations are developed with NBS coordination and
leadership. The NBS activities include: development of basic measurement
standards, instruments, and procedures; calibration of field instruments against
these standards; and conduct of measurement assurance programs for manu-
facturers, users, and regulators of electronic products. Examples of the latter are
MAP's for laser power and energy, and for radiation therapy devices utilizing
cobalt-60.

Senator STEVENSON. Dr. Lyons?
Dr. LYONS. Thank you, Mr. Chairman. I am John W. Lyons, Director

of the Institute for Applied Technology, and I am to become Director
of the National Engineering Laboratory.

It's a pleasure for me to appear before this subcommittee to discuss
the engineering and applied science programs of the NBS. I shall do
this in terms of the National Engineering Laboratory.
In terms of disciplines, the Engineering Laboratory will have sub-

stantial programs in the following areas: electrical and electronics
engineering, mechanical engineering, civil engineering, fire protection
engineering, applied physicists, applied chemists, 'applied mathe-
maticians, economists, architects, and behavioral scientists.
It is natural to think of the Laboratory as a series of clusters of

these skills or competencies. The programs of the Laboratory will
include development of measurements for process control in the elec-
tronics industry, studies of electromagnetic interference; standards
for industrial automation and research on interactive computer-
controlled manufacturing; noise control measurements; measurements
and technology for commercial operations at very low temperature,
as, for example, shipping and storing liquefied natural gas; measuring
combustion processes for various industrial applications; research and
standards in building science and technology; development of methods
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of measuring consumer product performance; a wide range of fire
research activities; a series of measurements of standards activities
related to energy conservation; technical support to the Department
of Commerce on the long-term accreditation of testing laboratories and
on the labeling of consumer products • research into the factors affect-
ing technical innovation in our society—the ET1P program. We also
have in the Engineering Laboratory the central NBS group working
on applied mathematics.
Perhaps the most striking feature of all in this new laboratory is

the breadth of its programs, as I have just indicated.
Let me now discuss one or two of the above programs. First, some

of our work in electronics and electrical engineering. There are now
serious problems with measuring the effects of electromagnetic radi-
ation on people and with electromagnetic interference with electron-
ically controlled devices.
For example, radiation levels in a normal environment have been

known to prevent operation of electronically controlled truck brakes.
Difficulties with EMI are expected to escalate. We are at work on
improved techniques for measuring such radiation and for measuring
the response of electronically controlled devices to it. We perceive a
growing demand for results in this area and are increasing our efforts
accordingly.
In electronics for many years the Bureau has worked on tests and

measurements for the semiconductor industry. We have developed new
methods of measurement and testing for processing and performance
evaluation of semiconductor devices. As integrated circuits on semi-
conductor chips have become smaller and more complex, precision
metrology has become more important on the production line. This
work will be increasingly important as the industry moves to ever
more complex, large-scale integrated circuits.
A second area is our comprehensive program of research in thermal

insulation. The work draws on expertise across the Bureau in heat
transfer, fire and electrical safety, durability, corrosion, consumer
product labeling, and laboratory accreditation. We are developing an
improved test apparatus for use with layers of insulation up to 12
inches thick.
We have developed two new fire tests. One of these defines the

tendency of fire to spread over the surface of exposed insulation; the
other is used to evaluate the propensity of an insulation material to
sustain smoldering combustion given an accidental ignition.
We are studying the durability and corrosiveness of treatments ap-

plied to some forms of insulation.
We are working on the best way to display all or some of this in-

formation on product labels.
And, finally, thermal insulation is the first product category to have

been selected by the Department of Commerce for voluntary accredi-
tation of testing laboratories. Sudh accreditation will provide the Na-
tion with a network of laboratories able to run the various tests re-
quired for labeling, for tax credits, and for building codes.
The National Engineering Laboratory will have responsibilities

under nine specific legislative acts. In an attachment to my written
statement there is a brief review of NBS's response to each of those.
At this point I should like to make a few observations on the

Bureau's response to the fire safety and the energy acts.
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The Federal Fire Prevention and Control Act of 1974 established
a Center at NBS and gave it a very detailed charter. The act contains
a separate authorization for this NBS Center. The budget for the
Center is formulated at NBS in consultation with the administrator of
the National Fire Prevention and Control Administration, and after
consolidation with the budget of NFPC,.A_ is forwarded as a single
document to the Congress. The center is a line item in this budget.
NBS management is assured of continuity of funding and a voice
in program planning. An appropriate portion of the funds are ap-
plied to building competence in the disciplines necessary for fire re-
search programs. The Center for Fire Research is at once relevant
and able to maintain its key competencies.
Now consider the situation in the energy area. There are four

pieces of legislation. In the DOE budget request for appropriations
for the Federal Non-Nuclear,Research and Development Act, the
NBS work on energy-related inventions is a separate line item. This
is not the case with the other items. For these we are reimbursed by
the other agencies. But we are not explicitly written into their ap-
propriation requests.
The breakdown for the laboratory shows we have a $121/2 million

program, only $0.9 million of which is directly appropriated. $1.2
million shown in my testimony for energy-related inventions is clearly
earmarked for this purpose and is not flexible. The reimbursible
funds from other agencies come from specific projects, generally
short range in nature. Other agencies are not particularly concerned
with building NBS's scientific competence over the long range. NBS
management has relatively little discretion in developing the com-
petencies necessary to support applied energy work. This lack of flexi-
bility is a serious problem for us in a number of program areas. As
a result of this the President's fiscal year 1979 budget request includes
a request of Congress for funds for competence-building and for funds
to augment our long-range planning efforts.
Let me now turn to our thinking about the future. One cannot have

excellence in technical problem solving without excellence in science.
Future selection of problem solving areas will be governed at least in
part by our choices now as to which competencies are to be exercised.
We propose to focus in a half-dozen areas in the National Engineer-

inc.. Laboratory with the first infusion of competence money in 1979.
These are fluid mechanics, heat transfer, phenomena occuring in

electronic devices, and substantial strengthening in our ability to work
with complex systems using computers.
We chose fluid mechanics and heat transfer because we are certain

we shall have programs relying on these skills in the years to come.
Examples are the need to describe the behavior of fire in a room; the
flow of air in buildings; and to make engineering measurements on
combustion processes in various kinds of furnaces.
Basic work in electrotechnolog,y is important, because we receive

very strong demands for developing measuring techniques in the new
world of large-scale integrated circuits. The stress on handling large-
scale problems in computers reflects our belief that the Bureau needs
to improve its scientific computers very substantially.
During this calendar year we are to prepare a 5-year plan for the

laboratory. From this exercise will come a rationale for management
of the budgetary actions required in the years ahead.
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The National Engineering Laboratory will be unique in its breadth

of interest; its charter to serve many clients; its concern for engineer-

ing measurements and standards; and its ability to mount a variety

of programs addressing national problems.
Thank you.
Senator STEVENSON. Thank you, sir.
[The statement follows:]

STATEMENT OF JOHN W. LYONS, DIRECTOR, INSTITUTE FOR APPLIED TECHN
OLOGY,

NATIONAL BUREAU OF STANDARDS

Mr. Chairman and members of the subcommittee: It is a pleasure for me to

appear before this Subcommittee to discuss the engineering and certain 
applied

science programs of the National Bureau of Standards (NBS). Dr. Ambler h
as

discussed the dual role of NBS and his proposed reorganization which will place

the problem solving role primarily into a new unit named the National Enginee
r-

ing Laboratory (NEL). I have served as head of a task force to give shape to

this new entity and have spent several months thinking about the NEL, what

it should be, what it should and should not do, and how it should relate to the

National Measurement Laboratory (NML). I shall attempt today to set forth for

you our views on these questions.
There are a number of ways to describe an organization—by its staff, its ac-

tivities or programs, or its mission as enunciated by the organization itself and

by its chartering body. For NEL, it is convenient to consider (1) the scientific

and engineering disciplines, (2) the programs aimed at solving specific problems

and (3) the context for these as given by various Federal Laws establishing

the units, stating specific missions, or assigning tasks.
The National Engineering Laboratory of the National Bureau of Standards

will be a Federal laboratory which will conduct technical programs to con-

tribute to the solution of a broad spectrum of National problems. A distinguish-

ing characteristic will be the breadth of our activities. In terms of disciplines
we will have substantial groupings in the following areas:

Electrical and Electronics Engineers, Mechanical Engineers, Civil Engineers,

Fire Protection Engineers, Applied Physicists, Applied Chemists, Applied Mathe-

maticians, Economists, Architects, Behavioral Scientists.
Within these groups there will be many subdivisions; for example, the

mechanical engineering group will Include specialists in fluid flow and heat
transfer; the applied physics group will include specialists in acoustics, elec-
tricity and magnetism and aerosols, to name but a few. When one views the
proposed NEL in terms of its people and their training it is natural to think of
the Laboratory as a series of clusters of skills or competences. As you know we
are now engaged in assessing these competences as to which are essential and
which need to be strengthened. The competences will be the scientific foundation
on which effective problem-solving activities will be based.
The programs of the laboratory will include development of measurements for

process control in the electronics industry, studies of electromagnetic interference,
standards for industrial automation and research on interactive, computer-
controlled manufacturing, noise control measurements, measurements and tech-
nology for commercial operations at a very low temperature as, for example,
shipping and storing liquified natural gas, measurements on combustion processes
for various industrial applications, research and standards in building science and
technology, development of methods of measuring consumer product performance.
a wide range of fire research activities, a series of measurement and standards
activities related to energy conservation, technical support to the Department
of Commerce on the voluntary accreditation of testing laboratories and on the
labeling of consumer products, and research into the factors affecting technical
innovation in our society (the ETIP program). We will have in NEL the central
NBS group working on 'applied mathematics and providing skills in mathematics,
statistics, and numerical computations to all NBS programs which require, such
support.
Let me now discuss a few of the above programs as they are now, programs

which are done under the general authority of the NBS organic act. Our work
in electronics and electrical enzineering is remarkable for its breadth and the
pervasiveness of its results. NBS is expert in making measurements across the
electromagnetic spectrum. In recent years the Bureau has been the referee
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laboratory for measuring leaks of electromagnetic radiation from microwave
ovens. There are now serious problems with measuring the effects of electro-
magnetic radiation on people and with electromagnetic interference (EMI) with
electronically controlled devices; for example, radiation levels in the normal
environment have been known to prevent operation of electronically controlled
truck brakes. As the automobile industry turns to microprocessors for control of
engines to achieve high efficiency in gasoline consumption and low exhaust emis-
sions, difficulties with EMI are expected to escalate.
We are at work on improved techniques for measuring such electromagnetic

radiation and for measuring the response of electronically controlled devices
to such radiation. We perceive a growing demand for results in this area and are
increasing our efforts accordingly.
For many years the Bureau has worked on tests and measurements for the

semiconductor industry at the request of industry and other government agencies
and under joint sponsorship with those agencies, principally the Department of
Defense. We have developed key methods of measurement and testing for the
processing and performance of semiconductor devices, procedures which have
greatly improved the efficiency of production and reliability of products. These
tests and procedures are used throughout the entire industry. As integrated cir-
cuits on semiconductor chips have become- smaller and more complex, precision
metrology has become more important on the production line. Recently our
electronics experts have joined with our experts in length measurements to give
the semiconductor manufacturers, and those who provide them with manufactur-
ing and test equipment, new means of microscopic positioning of lines and
patterns on semiconductor chips and ways of 'measuring and controlling line
width in these patterns. These and related techniques will be increasingly im-
portant as the industry moves to ever more complex large-scale integrated
circuits.

Because of the rapid development of automated, computer controlled machine
tools, we are developing new concepts of dynamic, in-process measurement and
control of part dimensions, surface finish and part integrity, and new traceability
and calibration services to support that technology. In the most sophisticated
of these concepts, a robot fitted with sensors is operated by a computer serving
in the same control capad.ty as the human brain i.e., receiving sensory signals
and responding with motor commands. We are working to develop the tech-
niques, the instrumentation and the computer software to produce an economical
production technique. NBS has a unique combination of skills which enable us
to do this job.
We have for some years been making measurements of chemical and physical

properties of liquids at very low temperatures and developing techniques for
storing and transferring these materials. A recent application has been to liqui-
fied natural gas (LNG) a material shipped and stored at temperatures near
—160°C( —256°F). MIS has determined ways of calculating, from simple physi-
cal measurements, the heating value of the mixtures normally used in com-
merce, has developed ways of metering LNG, and has assisted with matters
of safety.
As a final example, NBS has undertaken in collaboration with DoE a compre-

hensive program of research on insulation. NBS work on thermal insulation
draws on expertise across the Bureau in heat transfer, fire and electrical safety,
durability, corrosion, consumer product labeling, and laboratory accreditation.
NBS maintains the standard engineering test apparatus for measuring the ther-
mal conductivity of insulation.
We are developing an improved test apparatus for use with layers of insula-

tion up to 12 inches thick. We have developed two new fire tests in the past
year. One of these defines the tendency of fire to spread over the surface of ex-
posed insulation, for example, in attics. The other is used to evaluate the propen-
sity of an insulation material to sustain smoldering combustion given an acci-
dental ignition such as from a dropped cigarette in a crawl space, an electrical
short in a wall, or an overheated recessed lighting fixture. We are studying the
durability and corrosiveness of treatments applied to some forms of insulation.
We are working with other elements of the Department of Commerce and the
FTC on the best way to display all or some of this information on product labels.
And finally thermal insulation is the first product category to have been selected
by the Department of Commerce for voluntary accreditation of testing labora-
tories. Such accreditation will provide the Nation with a network of laboratories
able to run the various tests required for labeling, for tax credits, and for build-
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lug codes. As you know, the subject of consumer equity in thermal insulation is
of great concern in Government at this time; we are working very hard to find
the necessary answers.
Of the legislation discussed by Dr. Ambler in his testimony, the NEL will

have responsibilities under nine acts. In attachment A of this testimony there
is a brief review of NBS response to each of these. At this point I should like to
make a few observations of the bureau's response to the fire safety and the
energy acts.
The Federal Fire Prevention and Control Act of 1974 established a Center at

NBS and gave it a very detailed charter. The act contains a separate authoriza-
tion for this NBS Center. The budget for the Center is formulated at NBS in con-
sultation with the Administrator of the National Fire Prevenion and Control
Administration (NFPCA), and after consolidation with the budget of NFPCA is
forwarded as a single document to the Congress. The Administrator of NFPCA
is assisted at hearings by the Director, Center for Fire Research, NBS. The
Center is a line item in the budget. These funds are considered at NBS to be the
same as direct appropriations since management is assured of continuity of
funding and a voice in program planning. The Center has been able to develop
long range plans and secure agreement for them from NBS and NFPCA man-
agement. An appropriate portion of the funds are applied to building competences
in the disciplines necessary for a fire research program. By being written into
the NFPCA budget by name, the Center for Fire Research is at once relevant and
able to maintain its key competences.
Now consider the situation in our work on engineering measurements, test

methods, and standards in the energy area. There are four pieces of legislation.
( See attachment A for details.) Under the Solar Heating and Cooling Documenta-
tion Act of 1974 we are developing criteria and standards for devices and systems
operating on solar energy. Under the Federal Nonnuclear Energy Research and
Development Act of 1974 we are evaluating energy-related inventions as discussed
by Dr. Ambler. Under the Energy Policy and Conservation Act and the Energy
Conservation and Production Act we are developing criteria and standards for
energy use in buildings and building components and test methods and efficiency
improvement targets for a series of home appliances.
In the DOE budget request for appropriations for the Federal Nonnuclear

Energy Research and Development Act, the NBS work on energy-related inven-
tions is a separate line item. This is not the case for the other items. For these
we are reimbursed by the other agencies but we are not explicitly written into
their appropriation requests. We apply some of our own direct appropriations to
the energy area to conduct basic research and studies needed to underpin the
work done under the legislation. The breakdown for NEL is:

Thousands

Reimbursables  $10. 4
Appropriated to DOE for NBS 1.2
Directly appropriated to NBS . 9

Total  12. 5

The money for energy-related inventions is clearly earmarked for this purpose.
The reimbursable funds from other agencies come for specific projects, generally
short range in nature. Other agencies are not particularly concerned with build-
ing NBS's scientific competence over the long range. NBS management has
relatively little discretion in developing the competences necessary to support
the short term applied energy work. This lack of flexibility is a serious problem
for us in a number of program area. As a result of this the President's FY 1979
budget request includes a request to Congress for funds for competence build-
ing and for funds to augment coir long range planning efforts. One of the prime
functions of the planning effort will be to assess our needs and priorities for
longer term fundamental work.
Let me now turn to our thinking about the future. We take it as axiomatic

that one cannot have excellence in technical problem solving without excellence
in science. We have already mentioned the new budgetary approach which enables
us to single out important underlying disciplines or competences and
request directly funds to develop and strengthen them. Future selection of
problem-solving areas will be governed at least in part by our choices now as
to which competences are emphasized. Our first set of choices are in connection
with an increase of $1,000,000 for NEL for FY 1979. We propose to focus on a
half dozen areas in the National Engineering Laboratory with this first infusion

24-751-78 4
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of money. Examples are: studies in fluid mechanics, heat transfer, the physics
and chemistry of phenomena occurring in electronic devices, and substantial
strengthening of our abilities to work with complex systems using computers.
These decisions are based on the program areas we are likely to enter, the basic

missions of the Bureau and the Laboratory, the degree to which i NEL may be
expected to fill a unique position, the current strength of the necessary compet-
ences, and our estimate of our ability to build an outstanding group with funds
likely to be made available. We choose fluid mechanics and heat transfer because
we are certain we shall have programs drawing on these skills for years to come.
Examples are the need to describe the behavior of fire in a room, the flow of air
in buildings, and to make engineering measurements of combustion processes
in various kinds of furnaces.
Basic work in electro-technology is of interest because we see very strong

demands developing for measurement techniques in the new world of very
large integrated circuits. The stress on handling complex problems on computers
reflects our belief that the Bureau needs to improve its scientific computing very
substantially. We shall need specialists to formulate analytical models of com-
plex phenomena, specialists to manipulate/ the sophisticated computer software
needed to use these models, to convert results of modelling into graphical dis-
plays, to handle data reduction and optimization problems, and other difficult
problems in mathematics and operations research. We also want to add to our
existing base of competence in data analysis with emphasis on improved sta-
tistical techniques for use in regulatory processes.
In future years we shall want to strengthen additional areas. During this

calendar year we are to prepare a five-year plan for the Laboratory. This plan-
ning process requires a searching assessment of each competence and each
program area followed by a series of decisions: which areas are to be enhanced,
which stay the same, which new ones are needed. From the exercise will come a
rationale for management and budgetary actions required in the years ahead.
The NEL will be unique in its breadth of interests, its charter to serve many

clients, its concern for engineering measurements and standards, and its ability
to mount a variety of programs addressing National problems. I have indicated
our immediate priorities in my testimony but I want to make it clear that there
are many more opportunities for us. I am very excited about this proposed new
Laboratory and am pleased to have had this opportunity to tell the Subcommit-
tee about it.
I shall be pleased to answer any questions the Subcommittee may have.

ATTACHMENT A

The parts of NBS which will make up the National Engineering Laboratory
have responsibilities under the following:
Fair Packing and Labeling Act (P.L. 89-755).
Consumer Product Safety Act (P.L. 92-573).
Noise Control Act of 1972 (P.L. 92-574).
Solar Heating and Cooling Demonstration Act of 1974 (P.L. 93-409).
Federal Fire Prevention and Control Act of 1974 (P.L. 93-498).
Federal Nonnuclear Energy Research and Development Act of 1974 (P.L. 93-

577).
Energy Policy and Conservation Act (P.L. 94-163).
Energy Conservation and Production Act (P.L. 94-385).
Earthquake Hazards Reduction Act of 1977 (P.L. 95-124).
In addition to the nine which remain in force, the NEL portion of NBS was

also affected by the Flammable Fabrics Act Amendment of 1967, and the Fire
Research and Safety Act of 1968. The Consumer Product Safety. Act and the
Federal Fire Prevention and Control Act superseded there two Acts insofar
as NBS is concerned.
In the paragraphs that follow, NEL's responses to those assignments are

summarized.

Fair Packaging and Labeling Act (P.L. 89-755)
Under this Act the Secretary of Commerce was charged with aiding in the

development of voluntary standards to reduce undue proliferation of package
sizes. The Bureau has assisted in the development of voluntary product standards
in some 50 major product categories such as toothpaste and powdered milk.
Model laws and regulations have been developed for use by State and local agen-
cies. An example is the model State unit pricing regulation. The NBS effort is
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now at a maintenance level. The trend to unit pricing has mitiga
ted somewhat

the need for this Act. It should be noted that the Act requires 
package labels to

state the quantity contained in English measures.

Consumer Product Safety Act (P.L. 92-573)

Section 29 (d) says "The Commission Shall, to the maxim
um extent practi-

cable, utilize the resources and facilities of the National
 Bureau of Stand-

ards . . ." The Bureau formed a Center for Consumer Product Tech
nology par-

tially in response to this charge. The Center coordinates NBS activi
ties for the

Commission including research, test method development, and t
echnical analysis

and advice. Examples are development of flammability test metho
ds for carpets,

rugs, children's sleepwear, and mattresses (under the Flammabl
e Fabrics Act

now administered by the Commission) ; technical work for standards for
 toys,

bicycles, lawnmowers, and miniature Christmas tree lights; analysis of
 possible

product defects as reported under section 15(b) of the Act; and lon
ger term

research on questions relating to product safety including protective 
headgear,

eye injuries, and combustion phenomena. The Commission funds m
ost of this

work. Certainly the product safety issue will be with us for a 
very long time to

come. We believe the breadth of NBS technical expertise will and 
should be used

in support of the Commission's technical work.

Noise Control Act of 1972 (P.L. 92-574)

The NBS role under this Act is found in Section 14 (1) (B) : "dev
elopment of

improved methods and standards for measurement and monitoring o
f noise."

This is actually an assignment to the Environmental Protection Agency b
ut the

Administrator is to carry out this particular job in cooperation with N
BS. The

Bureau has a team of specialists in the physics of sound, measurement of 
sound,

and the effect of sound on people. This team has made measurements 
of noise

emission for various products and environments such as railroads, tr
ucks, buses,

construction equipment, tires, motorcycles, and corona noise from high
 voltage

electrical power lines. A variety of reports both formal and informa
l have been

made on this work. The EPA sponsors by transfer of funds a small
 amount of

this work ( $1,000,000 a year). DOT is sponsorinc, the power line work
 at a

higher level ($20O,000 a year). NBS has $815,000 Ise funds in this group. T
he

group is being moved into the engineering laboratory and some of its 
priorities

will likely change as a result. However, emphasis on noise measureme
nt problems

will continue.

Federal Fire Prevention and Control Act of 1974 (P.L. 93-498)

In Section 18 of this Act, the NBS organic act is amended to estab
lish a

Center for Fire Research and to authorize a detailed series of subjects f
or the

Center to study directly and through contracts and grants. NBS c
onsolidated

activities previously handled in different units and, in 1976, added a pr
ogram of

research grants at universities from the NSF RANN operation. Toda
y the

Center has a variety of programs aimed ultimately at reducing the Na
tion's

fire losses by half before the end of this century. Significant accomplishm
ents

include the research for a series of standards under the Flammable Fa
brics

Act research and test methods for home smoke alarms research and tes
ts for

evaluating fire resistance of interior finishes, structural members, i
nsulation

and; smoke control systems; home furniture and toxicity of combustion pr
od-

ucts. The priorities of the Center are agreed upon in consultation with 
the

Administrator, National Fire Prevention and Control Administration. The

budgets of the two units are presented to the Congress for a consolidated Pro-

gram. The outlook for the Center is excellent; we expect to continue to c
on-

tribute to the technical basis for reducing fire loss and we believe the target

of loss reduction can be achieved.

Energy acts
(Solar Heating and Cooling Demonstration Act of 1974 (P.L. 93-409), Fed

-

eral Nonnuclear Energy Research and Development Act of 1974 (P.L. 93-577),

Energy Policy and Conservation Act (P.L. 94-163), and the Energy Conserva-

tion and Production Act (P.L. 94-385).)
In these four Acts, the Bureau has explicit or implicit responsibilities in th

e

Nation's energy program. These include measurement and sandards work a
nd

the special case of evaluating inventions under the Federal Nonnuclear E
nergy

Research and Development Act of 1974.
Under the Solar Heating and Cooling Demonstration Act of 1974, inte

rim

performance criteria for solar heating and hot water systems were d
eveloped
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within the 120 days specified, draft standards for collectors and storage devices
were issued and later became two ASHRAF Standards, and technical work
was completed on heating and hot water systems for HUD/FHA Minimum
Property Standards issued July 1977. This work is expected to continue at an
urgent pace in the year ahead.
The evaluation of energy-related inventions is conducted by a special office

set up by NBS in response to the Federal Nonnuclear Energy Research and
Development Act of 1974. Dr. Ambler has discussed this program in his testi-
mony, the activity shows no sign of slackening.
Under the two conservation acts NBS has continued its work on energy con-

servation in buildings, work that earlier produced the basis for the first building
energy standard called ASHRAE 90-75. In support of thees Acts, NBS has re-
cently developed revised criteria for materials to retrofit buildings under the
Weatherization Assistance Program and Life-cycle costing procedures for con-
serving energy in Federal buildings.
NBS has developed test procedures for determining the operating costs and

energy consumption of twelve categories of /home appliances and will complete
this phase of the work when the procedure for fornaces is forwarded to DoE this
month. NBS has assisted DoE in selecting energy efficiency improvement targets
for these home appliances. Analysis of public comments and final targets are to
be published by DoE this month. NBS has developed computer software for calcu-
lating the energy use in a building. NBS is assisting DoE, CPSC, FTC, GSA, and
HUD on safety and performance tests for building insulation.
The future for much of this work seems clear, namely we shall continue to be

funded by the other agencies to do measurement, test development and standards
work. We are supporting DoE in research to improve performance based design
standards for energy conservation in buildings. However, we are not directly
involved in HUD's current program to develop building energy conservation
standards in response to Title III of P.L. 94-385. We are now working on revi-
sions to earlier interagency agreements which will make clear NBS' responsibili-
ties in energy research.

Earthquake Hazards Reduction Act 01 1974 (P.L. 95-124)
This new Act sets up a new Federal program to mitigate the effects of earth-

quakes. NBS has worked on standards for earthquake-resistant buildings in the
past and is mentioned in the Act as one of several agencies which may be ex-
pected to participate in the new program. A lead agency is to be designated by
the President by the end of this summer. NBS has assisted the Office of the
President's Science Advisor in developing an implementation plan and the Di-
rector, NBS, is representing the Secretary of Commerce in further deliberations
as to how the Act will be implemented. NBS expects to continue its work on
building codes and standards in this area.

Senator STEVENSON. Mr. Thornton.
Mr. THomsrroN. Thank you, Mr. Chairman.
I'm pleased to have the opportunity to describe to you the activity

of the Bureau's Institute for Computer Science and Technology, which
will remain an entity by that title in the Bureau under the Bureau
reorganization.
The Institute is responsible for providing Federal computer stand-

ards and guidelines, and the scientific and technical advisory and
research services that are aimed at helping achieve economy and
effectiveness in the Government's acquisition, application, and use of
computer technology.
Our job is a big one because we're attempting to gain leverage on

the world's largest user of automatic data processing resources. These
resources cost the Government over $10 billion a year; comprise more
than 10,600 computers staffed with more than 150,000 technical per-
sonnel.
The problem of bigness that we face is compounded by the complex-

ity and rapid change of computer technology itself. The Institute's
mission is encompassed by Public Law 89-306 of October 1965. This

11.
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law, more familiarly known as the Brooks Act, has the purpose to

achieve economic and efficient purchase, lease maintenance and opera-

tion and use of ADP equipment by Federal departments and agencies.

The law authorizes the Secretary of Commerce to recommend the

establishment of uniform Federal ADP standards to provide com-

puter, scientific, and technical advisory services to the Federal depart-

ments and agencies, and to undertake the necessary research to sup-

port both standards making and advisory services functions.
I would like to turn now to some of the specifics of what we do. The

first activity I will discuss is our advisory services role.
For nearly three decades now the NBS has been a source of advice

and technical assistance to Federal departments and agencies in their

efforts to select and use computer technology. The Bureau achieve pre-
eminence in the computer field by designing and building SEAC, or

the Standard Eastern Automatic Computer, one of the world's first

internally programed electronic computers.
This advisory work has been done mainly in the Institute for Com-

puter Sciences and Technology and its predecessor organizations.

Almost all of the advisory service and technical assistance work has

been funded by reimbursements from the Federal agencies requesting

help. And these reimbursements have averaged $1.8 million annually

over the last ,5 years.
We've tried to manage this advisory work so that in addition to bene-

fiting the sponsoring or requesting agency, the end product will help
other agencies and contribute to the Institute's standards making and

research program.
Our technical assistance and advisory services role to other agencies

covers a broad spectrum of ADP activities, including the assessing of

the technical feasibility of automating a function or set of functions;
designing ADP systems; evaluating vendor proposals for computer

systems to be acquired providing technical monitoring of systems
development; and advising the agency on computer security and risk
management.
I would like now to turn briefly to our research activities, the second

of our responsibilities under the Brooks Act.
These research activities are oriented along two lines, namely, that

required as a foundation for standards making; and second, that to
support our advisory services role.
I can best describe the research area to support standards making

with one example. One of our most important research efforts to sup-
port standards making is aimed at improving the quality of com-
puter software, which is the most costly and complex aspect of com-
puter usage.
Some have estimated that software-related activities account for

as much as 80 percent of total ADP costs. The Institute is working
to advance knowledge and understanding of the deficiencies and prob-
lems in the tools for developing software.
We are working currently on the theories and the methods for im-

proving the correctness of software, and assuring that computer sys-
tems perform their intended functions accurately.
As I mentioned earlier, some of our research supports are our

advisory services responsibility to keep Federal agencies abreast of
developments in computer technology. During 1917 the Institute pro-
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duced some 30 computer science and technology special publications
reporting on our investigations into such topics as computer soft-
ware; computer network interconnection; computer security and risk
management; memory and storage technology; and auditing of com-
puter systems.
Mr. Chairman, I would like to concentrate now on the biggest part

of our mission, which is the development of Federal information and
processing standards.
We're the only agency charged with the responsibility for develop-

ing Government-wide ADP standards. Since the passage of the
Brooks Act, we have developed and promulgated 31 such standards.
We have issued standards in the areas of high-level programing, lan-
guages, software, data encryption, data codes for information inter-
change, computer-magnetic storage media, and computer hardware.
The _process of developing standards is a long one. I have described

it briefly in my written statement and Will not repeat it here.
In spite of our conscientious efforts, there have been criticisms of

the Federal ADP standards program. And these criticisms have
charged that we haven't produced enough standards; we haven't pro-
duced the right standards; and we have relied too much on volun-
tary commercial standardization activities.
We've taken these criticisms seriously. And we have taken stringent

steps to overcome them. We've been strongly supported by the De-
partment of Commerce and by the Office of Management and Budget.
We initiated a major effort in 1976 to strengthen the standards de-

velopment program and achieve a more meaningful implementation
of the Brooks Act. This effort produced a 5-year program plan cen-
tered on the standards development function.
This plan, covering fiscal years 1979 through 1983, was the basis for

the President's significantly expanded budget request for the ADP
standards program for fiscal year 1979.
I have, in the written statement, included a characterization of

major features of the 5-year plan, and will pass it now.
The 5-year program plan places heavy emphasis on the standards

in the computer software area. This reflects the overriding importance
of software problems, and the growing ratio of software'to hardware
costs in Federal ADP expenditures. In fact, 75 percent of our ex-
pansion requests for fiscal year 1979 for developing standards is tar-
getted on software-related problems. Our total expansion request for
the Brooks Act program in 1979 is $13.1 million.
The planned development of high-level programing language stand-

ards is aimed at reducing the problems of converting software from
one set of equipment to another; reducing the costs associated with
program conversion; and eliminating software conversion as an ob-
stacle to competitive procurement of competitive computer systems.
In September, last year, the GAO reported to Congress, and estimated
that software conversions cost the Government about $4.5 million each
year.
These high-level programing language standards on which we are

focussing, and their potential impact on software conversion costs,
take on even more importance when viewed in the context of one esti-
mate that over 80 percent, or about 8,500, of the general management
computers in the Federal inventory will be replaced by 1985.
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The 5-year plan that I have referenced and earlier described con-
tains several provisions, for strengthening the management of the
overall ADP standards program. The particulars of this strengthen-
ing are described in my written statement.
The 5-year plan itself is focused on 10 priority families of stand-

ards to be developed. And again, I have those listed in my written
statement, and will, in the interests of time, pass them here.
In summary, Mr. Chairman, the NBS 5-year program plan is a

significant and necessary step toward a more meaningful and effective
implementation of the Department of Commerce's Brooks Act re-
sponsibilities. In addition to constituting an action plan, the 5-year
plan places a price tag on overcoming identified deficiencies in the
Federal ADP standards program, and meeting the demand plans for
a more meaningful implementation of the act.
We will update and extend this plan annually. We intend in the

upcoming plannig cycle to broaden the plan; and to strengthen our
research and advisory service program.
And finally, Mr. Chairman, I believe that it. is entirely fitting that

the NBS, which helped launch the era of the computer, should have
responsibility for this program, which has such great potential to in-
fluence computer technology for public benefit. I believe that the In-
stitute of Computer Sciences and Technology and its Brooks Act mis-
sion are well placed at the Bureau, and that in the coming years can
make contributions to the Nation that are in keeping with the Bureau's
tradition of service to the country.
Thank you, Mr. Chairman.
[The statement follows:]

STATEMENT OF ZANE THORNTON, ACTING DIRECTOR, INSTITUTE FOR COMPUTER
SCIENCES AND TECHNOLOGY, NATIONAL BUREAU OF STANDARDS

Mr. Chairman and Members of the Subcommittee: I am pleased to have this
opportunity to describe to you the activities of the National Bureau of Stand-
ards' Institute for Computer Sciences and Technology. The Institute will continue
to exist as an entity in NBS under the reorganization. The Institute is respon-
sible for providing the Federal computer standards, guidelines and scientific and
technical advisory services aimed at helping achieve economy and effectiveness
in the Government's acquisition, application and use of computer technology.
Our job is a big one because we are attempting to gain leverage on the world's
largest user of automatic data processing resources. These resources cost the
Government over $10 billion annually and comprise more than 10,600 computers
staffed with more than 150,000 technical personnel. The problem of bigness is
compounded by the complexity and rapid change of computer technology.
The Institute's mission is encompassed by Public Law 89-306 of October 1965.

This law, more familiarly known as the Brooks Act, has the purpose to achieve
economic and efficient purchase, lease, maintenance, operation, and utilization
of automatic data processing equipment by Federal departments and agencies.
It authorizes the Secretary of Commerce to recommend the establishment of
uniform automatic data processing standards, provide computer scientific and
technological advisory services to Federal departments and agencies, and to
undertake necessary research to support both the standards-making and advisory
services roles.
I would like to turn now to some of the specifics of what we do.
For nearly three decades, the Bureau has been a source of advice and tech-

nical assistance to Federal departments and agencies in their efforts to select,
acquire and apply computer technology. The Bureau achieved preeminence in the
computer field by designing and building SEAC, one of the world's first internally
programmed electronic computers. This work has been done mainly by the In-
stitute for Computer Sciences and Technology and its predecessor organizations.
Almost all of this advisory and technical assistance work has been funded by
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reimbursements from the Federal agencies requesting help; these reimburse-
ments have averaged $1.8 million annually over the last five years. We have
tried to manage this work so that, in addition to benefitting the sponsoring
agency, the end product will help other agencies and contribute to the Institute's
standards-making and research programs.
Our technical assistance to other agencies covers a broad spectrum of ADP

activities, including assessing the technological feasibility of automating func-
tions, designing ADP systems, evaluating vendor proposals for computer systems
to be acquired, providing technical monitoring of systems development, and
advising on computer security and risk assessment.
I would like to turn now to our research activities. These activities are oriented

along two lines, namely, that required as a foundation for the development of
standards and that to support our advisory services role.
I can best describe to support standards-making with a few examples. When

we were getting ready to develop the Data Encryption Standard to protect sensi-
tive information in computer systems and networks, we had to conduct research
into cryptography, the criteria for selecting suitable encryption algorithms, and
how to use such algorithms in a computer system.
One of our most important research efforts is aimed at improving the quality

of computer software—the most costly and complex aspect of computer usage.
Some have estimated that software-related activities account for as much as 80
percent of total ADP costs. We are working to advance knowledge and under-
standing of the deficiencies and problems in the tools for developing software.
Concurrently, we are working on theories and methods for proving the correct-ness of software, and assuring that computer systems perform their intended
functions accurately.
As I mentioned earlier, some of our research supports our advisory services

responsibilities to keep Federal agencies abreast of developments in computertechnology. During 1977, we produced some 34) computer science and technologyspecial publications reporting our investigations into such topics as computersoftware, computer network interconnection, computer security risk manage-ment, memory and storage technology, and auditing of computer systems.Mr. Chairman, I would like to concentrate now on the biggest part of ourmission which is the development of Federal Information Processing Standards.We are the only agency charged with responsibility for developing Government-wide automatic data processing standards. Since passage of the Brooks Act, wehave developed and promulgated 31 Federal Information Processing Standards.We have issued standards in the areas of higher level programming languagesand software, data encryption, data elements and codes for information inter-change, computer magnetic storage media, and computer hardware.The development of a standard is a protracted process because-1. Obtaining a consensus position on a standard is time consuming.2. Standards development task forces are frequently staffed by agency volun-teers whose time must be divided between standards and their regularly assignedduties.
3. We have depended frequently upon voluntary commercial standards develop-ment efforts that are often prolonged by divergent industry views and interests.The recent General Accounting Office audit of the Federal Information Process-ing Standards Program cites an average of six years to develop a standard.In spite of our conscientious efforts, there have been criticisms of the FederalADP standards program. These criticisms have charged that:We haven't produced enough standards.
We haven't produced the right standards.
We have relied too much on voluntary commercial standardization activities.We have taken these criticisms seriously and have taken strenuous steps toovercome them. We have been strongly supported by the Department of Com-merce and the Office of Management and Budget.
We initiated a major effort in 1976 to strengthen the standards developmentprogram and achieve a more meaningful implementation of the Brooks Act.

This effort produced a cleaned five-year program plan centered on the standards
development function. This plan, covering the Fiscal Years 1979-1983, was the
basis for the President's significantly expanded budget request for the ADP
standards program for Fiscal Year 1979.
The major features of the five-year program plan include:
1. Expedited development of ten families of standards with expected high pay-

off in cost savings, cost avoidance, and improved productivity in the Government's
acquisition and use of computers.
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2. Annual updating of Federal ADP standards priorities through working ar-
rangements between NBS, the Office of Management and Budget, General Serv-
ices Administration, and Federal agencies.

3. Implementation of effective technical and administrative means for measur-
ing and reporting on compliance with ADP standards by Federal agencies.

4. Production of technology forecasts to guide Federal agencies and particu-
larly the central management agencies (NBS, OMB and GSA) in their Brooks
Act responsibilities.

5. Development of technical impact assessments and cost benefit analyses for
each standard.
The five-year program plan places heavy emphasis on standards in the com-

puter sofetware area. This reflects the overriding importance of software problems
and the growing ratio of sofetware to hardware costs in Federal ADP expendi-
tures. In fact, 75 percent of the expansion request for Fiscal Year 1979 for
developing standards is targetted on software-related problems. Our total ex-
pansion request for the FY 1979 Brooks Act Program totals $13.4 million.
The planned development of high level programming language standards is

aimed at reducing the problems of converting software from one set of equip-
ment to another, reducing the costs associated with program conversion, and
eliminating software conversion as an obstacle to the competitive procurement
of computer systems. In a Sepember 1977 report ,to the Congress, the General
Accounting Office estimated that software conversions cost the Government about
$450 million each year. These high level programming language standards and
their potential impact on software conversion costs take on even more impor-
tance when viewed in the context of one estimate that over 80 percent or about
8500 general management computers in the Federal inventory will be replaced
by 1985.
If funded, the five-year plan should lead to the more timely development of

standards by strengthening management control of the development process and
reducing reliance on purely volunteer, part time labor to staff standards develop-
ment task forces. Moreover, the plan and adequate funding will give the Govern-
ment the latitude to reduce dependence on voluntary commercial standardization
activities whenever it becomes clear that those activities are not moving at
a pace or in a direction that will satisfy essenial Federal goals and require-
ments. We plan to continue, however, an effective participation in voluntary
commercial standardization activities wherever such participation will contribute
toward achieving Federal ADP goals in a cost-effective and timely manner.
The five year plan contains a management mechanism for an annual updating

of standards priorities. Equally important, the plan contains requirements for
the development of technical impact assessments and cost-benefit analyses to
accompany each standard. These assessments and analyses will strengthen the
process of setting priorities and quantifying the benefits of Federal ADP
standards.
Another key management feature of the five-year plan is the provision for an

annual Federal-wide ADP standards assesment and program report. This report
will serve as a principle vehicle for assessing the impact each year of the com-
puter standards in place. The report will asses compliance by Federal agencies
with each standard, thus filling a serious void in the present program.
I mentioned earlier that the five-year plan is focused on ten priority families

of standards to be developed. I would like now to describe briefly some of those
ten families:

1. We will develop software quality control standards against which to meas-
ure software quality at time of procurement and to improve quality in software
development, and high level programming language standards to reduce the cost
of software conversion.

2. We plan to develop a family of performance assurance standards to assure
that computer systems perform their functions correctly and do not perform
any unintended functions. These standards are aimed at eliminating the com-
puter errors that waste Government resources or adversely affect the public's
privacy, health, or safety.
3. We will establish computer system functional specification standards to

permit agencies to procure computer systems and services on a fully competi-
tive basis with regard to end use.
4. The family of computer system and network interface standards will per-

mit the interconnection of competitively procured components in computer sys-
tems and networks. These interface standards will enable the Government to
select among alternative suppliers and take advantage of competitive pricing.
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5. We will develop data base management standards to reduce data conversion

problems and permit the efficient use of files.
In summary, the NBS five-year program plan is a significant and necessary

step toward a more meaningful and effective implementation of the Department

of Commerce's Brooks Act responsibilities. In addition to constituting an action

plan, the five-year plan places a price tag on eliminating identified deficiencies

in the Federal .ADP standards program and meeting the demands for more

meaningful implementation of the Brooks Act. We will update and extend this

plan annually. In addition, we intend in the upcoming planning cycle to broaden
the plan to strengthen our research and advisory programs.

Finally, Mr. Chairman, I believe that it is entirely fitting that the National
Bureau of Standards, which helped launch the era of the computer, should have
responsibility for this program which has such great potential to influence corn-
puter technology for public benefit. I believe that the Institute for Computer
Sciences and Technology and its Brooks Act mission are well placed at the Bu-
reau and that in the coming years can make contributions to the nation that are
in keeping with the Bureau's tradition of service to the nation.

Senator STEVENSON. Thank you, gentlemen.
Dr. Ambler, could you explain more about what the rationale is

for this reorganization? It sounds, at least superficially, like changes
in the names of institutes, job titles, creation of the new Center for
Cooperative Technology, but otherwise cosmetic.
What's the effect of this reorganization really going to be? What's

its rationale?
Dr. AMBLER. I think there are three substantial benefits that NBS

will derive from this reorganization, Mr. Chairman.
The first is that we shall be organized along major functional lines.

I have described the dual functions of the Bureau as the Central Ref-
erence Laboratory and as the Laboratory that applies its expertise to
the solution of particular national problems. Reflecting those roles in
the National Measurement Laboratory and the National Engineering
Laboratory, respectively, and in clearly identifying the organizations
responsible for the Organic Act responsibilities will enable our man-
agement to clearly focus on these basic functions of the Bureau of
Standards.
Second, this reorganization gives us the opportunity to consolidate

competences. We have been operating under the existing structure for
many years now, and there is a need to consolidate our existing com-
petences in appropriate parts of the Bureau of Standards. Such consol-
idation will also give us an excellent basis for building for the future
and for addinc, competences.
The third effect that will be achieved is that we shall achieve a

greater flexibility than we have in the present organization. The num-
ber of formal organizational units will be substantially reduced, from
249 to 106. The Intent is to provide flexibility for changing programs,
for changing assignments, without the need for formal transfers and
becoming involved in a great deal of paperwork.
Thus, T see these three benefits as being much more than cosmetic,

Mr. Chairman, in allowing us to manage the Bureau in a much more
efficient way.
Senator STEVENSON. In your submission to OMB, it was stated that

"sections will be eliminated as an organizational level within the re-
organized Bureau." I also understand that internal Bureau documents
state that sections are going to be retained.
Can you explain that apparent discrepancy?
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Dr. AMBLER. Sections will not exist as a formal organizational unit,
in the sense that many of the administrative functions that are pres-
ently performed in sections will be carried out at a higher level.
In some cases, sections will be retained, but the concept of the sec-

tion will differ, that is, such a "section" will be technical working
group. Indeed, in addition to the title "section," we expect to use "task
forces" and other such titles that will constitute the section and equiva-
lent groups more as a group of technical experts working on technical
problems, and not an administrative unit within the Bureau.
The sections will be concerned with technical work, technical deci-

sionmaking, and not with a great deal of administrative decisions.
Senator STEVENSON. You said, "competencies would be consolidated."

How does that happen? And why should it? What's the advantage?
Dr. AMBLER. Well, if you've been operating for many years, pro-

grams change; the kinds of people that work on these programs
change; the kind of expertise that's needed is changing; and you find
that you have, throughout the organization, common expertise that is
diffused throughout the organization.
And by "consolidating competencies" I mean 'bringing groups to-

gether that are concerned with similar scientific and engineering prob-
lems and making units that are bigger and more viable.
For example, we had in the old organization a group working on

electronics—the kind of thing that Dr7Lyons was describing. We had,
in the Institute for Basic Standards, a group working on electrical
standards; a group in Boulder, Colo., working on electromagnetics,
microwaves, radio; we had another group in Boulder working on cryo-
electronics—that is, the use of very low-temperature circuits to make
certain kinds of measurements.
These had developed very logically, according to the advances in

science and needs for technology, but now there is a great advantage
to pulling those activities together in a Center for Electronics and Elec-
trical Engineering, which would be a center in the National Engineer-
ing Lab.

Senator STEVENSON. Can you explain how this fund for maintain-
ing competencies in performing basic research will operate? It's to be
build to a level equivalent to 15 percent of NBS's total resources, and is
that interdisciplinary?
Does that cut across all of these labs? How does it work?
Dr. AMBLER. Yes. In the 1979 budget, there is a request for $2 mil-

lion which is to help build competence in various areas.
Senator STEVENSON. Let me interrupt at that point. OMB says that:

"For purposes of the 1979 budget, this fund will equal 15 percent of
the NBS directly funded programs, plus a $2 million increase which
wasn't in the NBS budget request."
So, the $2 million is just a part of it, isn't it?
Dr. AMBLER. Yes, sir that's correct.
We interpret the OMB position as being that if we have, or if we

had at the Bureau, 15 percent of our work that was supporting this,
we could show it.
Our analysis shows that we do not have that amount at the present

time, and that $2 million is one step in helping us build up• to that
level.

Senator STEVENSON. You say you don't have 15 percent supporting
it?
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Dr. AMBLER. 15 percent of the work—the present work—of the NBS
is not in place or available for building competencies.
Senator STEVENSON. I guess that's what I don't understand. What is

this fund-15 percent, or $2 million, whatever it amounts to—for?
What do you mean by "building competencies"?'
Dr. AMBLER. Over the past 10 years, we have been responding to

new demands placed on the Bureau. And, in my opinion and the opin-
ion of the staff and visiting committee, in the opinion of the Depart-
ment of Commerce, in doing so we have not been able to pay attention
to those scientific and engineering skills that will be needed by the
NBS to respond to future needs.
We have been responding to short-range problems, and not paying

sufficient attention to the strength of the institutions, scientifically
and technically.
The fund is to help us to do that to look to the future and to es-

tablish skills at the Bureau of Standards that we do not have at the
present time—either at all, or in sufficient strength.
Senator STEVENSON. IS it for planning, then? Or is it for actually

maintaining the competency?
Dr. AMBLER. It's not for "planning," Mr. Chairman, no. It's to

enable us to bring in new people, and to strengthen our scientific
staff.
Senator STEVENSON. But except for $2 million, it all comes out of

funds that are programed for the laboratory. They're not additional
funds.
Dr. AMBLER. It is my understanding that if we can convince OMB

that we do not have 15 percent of our funding available, that we can
make our arguments to them, approach them again and try to con-
vince them that other installments might be needed to build up to
this level.
[The following information was subsequently received for the

record:]
OMB determined during the fiscal year 1979 Budget review process to per-

form an overview study of NBS and to provide in the NBS a fund for maintain-
ing competence and carrying out long-term activities in furtherance of NBS
mission objectives. This fund is to be gradually built to a level equivalent to
15 percent of the NBS total resources, both direct and reimbursable. OMB as-
sumed that the 15 percent share applicable to NBS directly funded efforts was
essentially in place and recomended a $2 million increase aimed at beginning
the funding of the share applicable to the reimbursable program. (Using esti-
mates of total NBS resources for fiscal year 1979, this fund is equivalent to 15
percent of $155 million or $23.3 million; $13.7 million related to direct funds and
$9.6 million to reimbursements) Funding levels at NBS in existing programs
devoted to long-term activities which are aimed at building technical com-
petence are not equal to the $13.7 million level. The overview study to be con-
ducted with OMB will help to establish the level now in place and the short-fall
that must overcome.

Senator STEVENSON. I see.
Now, could you explain what the proposed National Center for

Cooperative Technology is going to do? And, let me say that I'll prob-
ably be directing questions mostly to you, Dr. Ambler, but it's up to
you all to decide how to answer them.
What is this National Center for Cooperative Technology? Why

is it in the Bureau? It sounds as if it is aimed at supporting industry
in ways that are foreign to the purposes of the Bureau.
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Dr. AMBLER. I don't really take that position, Mr. Chairman.
It's true that, at the present time, there is little if any of our work

that is of this nature, but this state of affairs has not always been true
of the NBS.
The NBS has, in the past, been involved in the development of basic

technology. Under wartime conditions, for example, worked on basic
technologies such as glass manufacture, ceramics, rubber, and many
others.
The Bureau has always maintained a close working relationship with

industry. Most of our services at the present time are of a more basic
infrastructure kind—but we have also been involved in this technology
development in a cooperative mode in the past.
It seems to me that the merits of the program, intrinsically—irre-

spective of where the program is located—are very strong, and very
timely. Furthermore it seems to me that an excellent place to try to
develop this kind of program would be at the Bureau of Standards,
in view of its borad range of skills and its broad connections with
industry.
Senator STEVENSON. Well, what's it going to do? You say in your

statement that the $2 million is "to investigate the desirability and
feasibility of a cooperative technology program which would advance
critically needed technologies common to disaggregated industries, or 

ismall independent firms n selected industry groups."
Now there's harly a word in that sentence that doesn't raise a ques-

tion in my mind.
First of all, was this $2 million sought in your budget request by

you, by the Bureau?
Dr. AMBLER. I think this request was incorporated later. Because,

when the Bureau's budget went to the Department of Commerce, these
ideas were just developing. Efforts in cooperative technology were in
the discussion mode. This request was certainly included in the budget
that was submitted to the OMB.

Senator STEVENSON. Well, is the $2 million to actually provide tech-
nical assistance? Or just to study the feasibility and to develop a coop-
erative technology program?
Dr. AMBLER. It's thlatter, Mr. Chairman: To study the feasibility,

and to try to design a way to achieve an appropriate program.
Senator STEVENSON. And the notion is to do what? "Advance crit-

ically needed technologies"—what are they? And who decides what is
"critically needed"? Will this be the Bureau? Or will it be Mr. Baruch?
Or somebody else?
Dr. AMBLER. Well, as I mentioned in my testimony, one of the cru-

cial words in this program is "cooperative." We in the Government
have had experience which has led us to the very definite conclusion
that in working in the civilian technology area it is very important to
have the interest of the affected industries. The industries themselves
identify the kinds of problems that they have. At their request, we sit
down with them and discuss what technology can do about these
problems.
And so, one of the principal features of this program—one of the

prinicpal ways in which I expedt it will operate in fiscal year 1979 if
funds are appropriated, is through a great deal of discussion with par-
ticular industries concerning their problems.
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Certainly, no one within the Government—either the NBS or the
Department of Commerce—will tell industries what we think they
need. But we can extend an offer to work with them to see if there's
anything industry and Government can do cooperatively to bring
about the goals of a cooperative technology program.

Senator STEVENSON. Is this study of desirability and feasibility
going to involve the shoe industry?
Dr. AMBLER. Yes

' 
sir, it could involve the shoe industry. We already

have two of our staff members working with the staff of the Assistant
Secretary for Science and Technology Office and with other person's
within the Department to see whether there is anything the concepts
of cooperative technology can be doing to improve the U.S. shoe
industry.

Senator STEVENSON. Any other industries in this initial phase?
Dr. AMBLER. There are a number of discussions going on between

the Department and various industries. One such is with the apparel
industry. Another is with the jewelry industry in Rhode Island.
Those examples are all that I can call to mind at this moment, Mr.
Chairman.
Senator STEVENSON. The jewelry industry, the shoe industry, and

the textile industry: are these industries identified as a result of their
initiative or some initiative of the Bureau or the Department? Do
you know?
Dr. AMBLER. These industries have come to the attention of the

Department, the shoe industry in particular, because, I think of the
concern for so-called 'impacted industries.
Senator STEVENSON. Well, there are a lot of impacted industries,

and some of them could be regarded as more essential to the public
welfare than the jewelry industry, let's say, or even the shoe industry.
The steel industry, for one.,Or electronics generally.
I just question how in the world we focus on the shoe industry,

which, according to GAO, isn't apparently impacted by foreign com-
petition after all, or at least not seriously or the jewelry industry.
Maybe the textile industry is an appropriate one.
But my larger question is whether this activity is proper in the

NBS. I'm not suggesting that the notion of identifying the indus-
tries, or better yet, identifying the markets for which products are
needed, and then identifying an industry that may be capable of pro-
ducing those products, isn't a legitimate, important activity for Gov-
ernment though it seems to me there are many questions as to how
you do that.
But the propriety of putting this activity in the Bureau, which is a

neutral scientific and engineering body with a strong reputation, is
doubtful to me, to my way of thinking. And the charter for the
Bureau refers to assistance with respect to standards and basic
measurements.
But does it authorize such activities as are contemplated for this

Center? Can you cite the authority in the law?
Dr. AMBLER. I can't cite it at this moment, Mr. Chairman, but I cer-

tainly did have the attorneys at the Bureau and the attorneys at the
Department of Commerce check the authority. They assured me that
this activity is authorized under the Organic Act, and under the mis-
sion of the Department of Commerce of which NBS is a part.

p.
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Senator STEVENSON. If you have any opinions, or at least opinions
of attorneys, or at least citations to provisions of the law which do
arguably confer this authority on the Bureau, we'd be glad to have
them for the record.
[The following information was subsequently received for the

record:]
The citation for the proposed Cooperative Technology Program is as follows:

15 U.S.C. 1512; sec. 2, 31 stat. 1449, as amended; sec. 1, 64 stat. 371; (15 U.S.C.
272) ; 64 stat. 823 (15 U.S.C. 1152) ; Reorganization Plan No. 3 of 1946, Part
VI: Reorganization Plan No. 5 of 1950.
The NBS budget for FY 1979 includes an increase of $2,000,000 and 18 posi-

tions to investigate the feasibility and desirability of a cooperative technology
program and, if the program is determined to be warranted, to develop a plan
for its operation. Once the study and planning phases are completed, one option
is that the program be established organizationally as the National Centers for
Cooperative Technology.

Senator STEVENSON. Dr. Ambler, you have previously said that you
consider appointment of a Deputy Director for the Bureau to be of
the highest priority.
When will a Deputy Director be appointed, and what responsibili-

ties will be assigned to his or her position?
Dr. AMBLER. The paperwork connected with our being able to post

a vacancy announcement and to recruit a Deputy Director is pres-
ently in the Department. One of the first things that I did after my
confirmation was to initiate the process for recruiting a Deputy- Di-
rector. I expect to have the position of Deputy Director filled within
2 or 3 months, allowing for proceeding via the civil service regula-
tions since this is a competitive position.
The dutes of the Deputy Director, principally, will be to assist me

in the internal management of the Bureau. During the time I have
been Acting Director I have spent a great deal of time on internal
management functions—I considered it to be my responsibility—to
make sure that the Bureau continued to function smoothly. Thus I
paid a great deal of attention to what was going on inside NBS, with
the feeling that I have neglected some of the external representation
that is needed by the Director of the Bureau, not only in making pre-
sentations and speeches, but particularly in visiting and interacting
with industries and universities.
This interaction is the something that I have greatly missed. Yet

it is something that I very much want to do, to find out on my own the
way that people are thinking about science and the way various in-
dustries see their problems.
So I expect the duties of the Deputy Director with respect to daily

internal management to help me, most of all by allowing for more
time for interaction with scientific and technological communities.

Senator STEVENSON. Now, returning to computer sciences, the fiscal
1979 budget provides for a $15.4 million increase in the budget of the
Institute for Computer Sciences and Technology. The budget for those
.activities in fiscal 1978 was only $4.5 million.
Can you tell us how these additional funds are going to be used and

assure us that that very substantial increase can efficiently and usefully
be absorbed in such a short period of time?
Dr. AMBLER. Yes, Mr. Chairman.
Of that increase of $15 million there is a substantial amount intended

for the use of contracts. The expertise available in computer sciences in
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universities and nonprofit organizations is considerable. Hence, we
think NBS can make a more rapid yet accurate response to the Brooks
Act mandates by making wide use of these outside resources.
There are funds for positions within NBS o,f course contained in this

increase. By using NBS personnel and by judiciously recruiting and
using outside resources, we expect to be able to use this additional
money effectively.
Senator STEVENSON. I understand that GAO has been looking at this

activity. Has it issued a report yet? Or have you seen the draft''report ?
I have not.
Dr. AMBLER. Ask Mr. Thornton.
Mr. THORNTON. On the 22d of December, I believe it was, the ti-A0

did put out to some agencies a draft of its report of audit or review of
the Federal ADP standards program. And it is only a draft so far as
I know; as of yesterday, it was.
The process is for the GAO to obtain review and comment by the

agencies that are mentioned or involved, and then as appropriate to
take those comments and make necessary changes in the draft. A final
report to Congress can then be issued.
And to my knowledge, that has not happened yet.
Senator STEVENSON. Wasn't the draft report very critical, and isn't

the final report likely to be?
Mr. THORNTON. -Well, certainly, the draft of the report was very

critical.
The final report, one would assume, would also be fairly critical.
Senator STEVENSON. Are the criticisms unjustified?
Mr. THORNTON. Given the way in which GAO levels criticisms, it

would be hard to say that they are not justified.
But my belief is that allegations that NBS has not produced enough

standards, or we haven't produced the right standards, written bare,
or said without any elaboration, ignores the fact that, given the level
of funding that we have had since the beginning of the Bureau's in-
volvement, there is no way we could have produced enough standards,
assuming that one knows what "enough" standards is. And I'm not
sure that the GAO report says what "enough" is. They say what some
of the right ones are, but not necessarily all of the right ones.
So it's been a matter of lack of resources within the Institute or

within NBS to carry out a program that would produce a heavier
level of standards.
Senator STEVENSON. Are the funds budgeted for fiscal 1979

adequate?
Mr. THORNTON. Well, they're certainly adequate to allow us to do

a much more meaningful implementation of the act, "meaningful"
being defined as a response to the criticisms and the guidance that we
have had from the House Committee on Government Operations in
October 1976, and also in other reports that the GAO have done in
the Federal ADP area, exclusive of or in addition to the audit report.

Senator STEVENSON. Now check me if my figures are wrong, Dr.
Ambler;  but I understand that the NBS requested for 1979, a budget
authority of $99.3 million, and was allowed $90.8 million. If so, that's
$8.5 million less than it requested in budget authority. And that OMB
increased—I'm not sure whether this means over requests or over the
preceding year—funds for nondestructive evaluation; nuclear reactor
modernization; oil recycling; automated technology; ADP standards
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just mentioned—over $13 million right there; planning and com-
petency building, which we've discussed also.
Now if the overall request for budget authority was decreased, and

these items were substantially increased, what happens to the other
items? Didn't you take a bad beating on other subjects? What are
they?
Dr. AMBLER. I don't have the figures here. I don't recall that such

was the case with regard to most of the items that you mentioned.
Senator STEVENSON. I think I'm being a little unfair. I think that

the items I mentioned to you are for funds increased over 1978. They
may or may not be above or below what was requested, but if you're
going up over $13 million just for ADP, over last year, and your budg-
et authority is down $8.5 million from what you requested, you must
have lost something.
Dr. AMBLER. We did enter requests with respect to these items,

with OMB, including the one for the Brooks Act. However, NBS did
lose funding in one area in the OMB budget process, namely, our base
funding in the air and water pollution program.

Senator STEVENSON. And resource recovery.
Dr. AMBLER. No, sir, I don't believe that is correct.
No, sir, I think you were perhaps speaking about the program in re-

cycled oil.
The 1979 budget does contain an amount for the annualization of the

request with respect to our program involving characterization and
uses for recycled oil. Funds for this program are being requested in
1978 as a supplemental appropriation.
[The following information was subsequently received for the

record:]
The recovery and recycling of oil is covered by the Energy Policy and Con-

servation Act of 1975 (Public Law 94-163), which directs NBS to develop test
procedures to establish the substantial- equivalency of rerefined used oil with
virgin oils for various end uses. The Administration has endorsed direct funding
for NBS to carry on this work through a fiscal year 1978 supplemental budget
request of $1,600,000 and 13 positions and continued of funding for fiscal year
1979. NBS activities in the area of resource recovery are mandated under the
Resource Conservation and Recovery Act of 1976 (Public Law 94-580). The
Administration has determined that funding for NBS activities in this area
should be through reimbursement from EPA, and discussions have been initiated.

Senator STEVENSON. Well. I have a document from OMB which says
the 1979 budget does not have funds for the requested research in the
following areas: Air pollution, water pollution, and resource recovery.
Furthermore, the allowance does not include $1,920,000 of the re-

quested base funding for environmental programs. •
Is it your understanding that the activities that were to be covered

by these funds are just being assumed by other agencies?
Dr. AMBLER. In the case of air and water pollution, we are presently

negotiating with the EPA to obtain funding from them to carry out
these efforts.

• The negotiations seem to be going quite well at. the present time.
With respect to resource recovery—if by that you mean recycled

oil—NBS has been allowed to go forward with a supplemental budget
request for fiscal year 1978 of $1.56 million and there is in the fiscal
year 1979 budget a request to annualize that amount.

24-751-78--5
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Senator STEVENSON. Now, Dr. Hoffman, in your prepared comments
you referred to a contract with Battelle Columbus Laboratories to
study the economic effects of corrosion in the United States.

It's our understanding that this contract was awarded on a sole-
source basis.
Can you explain why it was awarded on that basis?
Dr. HOFFMAN. I was informed that Battelle had an input-output

economic analysis technique there, thus, it would be very efficient to
deal with them so that NBS could handle economic data in that
manner.
That was the fundamental reason that was done.
Senator STEVENSON. Did you survey other potential contractors to

determine whether that was also the case with him?
Dr. HOFFMAN. I didn't do so personally, but I believe that was done,

to the best of my knowledge.
Senator STEVENSON. You believe that was done by the Bureau.
Does anybody know?
Dr. HOFFMAN. I don't happen to know the exact answer to that

question, no.
Senator STEVENSON. Who would know?
Dr. HOFFMAN. I believe I could ask our legal counsel or our procure-

ment people to find that out, sir.
Senator STEVENSON. Would you submit that information for the

record?
Dr. HOFFMAN. I certainly would, sir.
[The folowing information was subsequently received for the

record:]
The decision to award the contract to Battelle Columbus Laboratories to

study the economic effects of corrosion in the United States was arrived at after
careful study and deliberation by NBS scientific and Department of Commerce
procurement and legal personnel. The NBS scientific staff members who were
involved in these deliberations possessed considerable expertise in corrosion
research and had a broad knowledge concerning which institutions had corrosion
expertise germane to the intended study. In their professional judgment, Battelle
Columbus Laboratories exclusively possessed the extensive knowledge of cor-
rosion technology essential to the conduct of the study. In fact, the basis for
concluding that Battelle should receive the award rested on the fact that Battelle
previously had conducted a study on the "Technical Economic Evaluation of Air
Pollution Corrosion Costs on Metals in the U.S." Further, in the opinion of the
NBS staff, that study was one of the best done on the economic costs of corrosion,
and amply demonstrated Battelle's superior competence in this area. The coupling
of corrosion and economic expertise was imperative for the performance of the
study. A copy of the detailed discussion which was submitted to the procurement
sections of NBS and Doe in support of the sole source procurement action taken
in this matter is attached.

SOLE SOURCE JUSTIFICATION

The work to be accomplished, as outlined in the attached prospectus, requires
first and foremost an interdisciplinary research center with expertise in socio-
economics, technical economics, materials economics, information handling and
corrosion technology. In particular, the study requires that an evaluation be
made of the extent to which the best available corrosion technology is being usedIn all sectors of American industry and other sectors of the economy. To meet
this requirement, a deep and broad knowledge and involvement in, all phases of
corrosion technology must be the key characteristic of the institution carrying out
the proposed study. Battelle Memorial Institute uniquely fits this requirement
because the manager of its Corrosion Division. Walter K. Boyd, has developed
unparalleled in-depth knowledge through his vast experience of over thirty years
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in the corrosion field at Battelle to interact with the corrosion problems of an

extremely broad segment of American industry and other sectors of the economy.

In meeting this responsibility he has assembled a staff that is the broadest and

most competent in the U.S. from the standpoint of corrosion technology. Moreover,

because Mr. Boyd and his staff provide corrosion expertise to Battelle's Metals

and Ceramic Information Center, they have access to one of the most extensive

store of corrosion information.
In addition, Battelle also has a world renowned group working on high tem-

perature corrosion problems that is separate from Mr. Boyd's group. Mr. Boyd's

very broad knowledge of corrosion technology derives not only from his access

to all the resources of Battelle and his involvement in research on a multitude of

corrosion problems from industries and other sectors of the economy such as

the pipeline, chemical, defense, solid waste disposal (the corrosion of incinera-

tors) industries, but also from his and his staff's continual involvement in failure

analysis and interaction with the other companion group(s) at Battelle Memorial

Institute. His preeminence in this activity, which requires unusually expert

knowledge of corrosion technology, is attested to by the fact that he serves on

failure analysis review boards of NASA and the Air Force. He has been very

active in organizations concerned with spreading the best available corrosion

technologies, e.g., internationally, AGARD (an arm of NATO), and nationa
lly,

the National Association of Corrosion Engineers (N.ACE). He has been a director

of the latter organization since 1969, and he and his staff have chaired and

served on key committees of that organization. These committees are concerned

with disseminating the most advanced corrosion technology, over the whole

gamut of American industry and other sectors of the economy. Also, he 
was

recently chosen by NACE to represent independent not-for-profit research organ-

izations on a U.S. delegation investigating corrosion technology in the Soviet

Union.
Because the proposed study must produce a product that will be universally ac-

cepted' by government and industry alike, the study must be carried out by the

foremost expert in the application of corrosion technology to industrial problems

and other sectors of the economy. Mr. Boyd and his staff at Battelle possess the

highest expertise available as required by our program, along with an institu-

tion that has the required technical economics and socioeconomic abilities and a

superb position in the materials information field (it is the home of a number

of relevant information centers: Metals, Ceramics, Copper, Iron, Cobalt, Energy,

Automated Search, Battery Information Centers).

Senator STEVENSON. Back again to computer sciences.
Does the Institute for Computer Science and Technology have any

mission in addition to those under the Brooks Act?
Dr. AMBLER. No, sir. The Institute for Computer Science and Tech-

nology is responsible only for the Brooks Act, at least in the new
organization. In the present organization, the Institute was respon-
sible for operating the central computation facilities of the National
Bureau of Standards, and we propose to move that to another group.
Senator STEVENSON. Dr. Lyons, under the new National Engineering

Laboratory, what will be the role of the experimental technology in-
centives program which many people believe to be one of the most
innovative in the Government?
Dr. LYONS. If I may, Senator, I'll refer that question to Dr. Ambler.
Dr. AMBLER. The function of the experimental technology incentives

program will not be changed as a result of the reorganization. We do
intend gradually to modify some of the ways that NBS has been carry-
ing out the program.
We have found in working with the various Federal agencies with

respect to their procurement regulations, that we have been getting
rather deeply involved in administrative problems associated specifi-
cally with those agencies. We hope to eliminate that aspect insofar
as possible so as to concentrate more on the basic thrust of the pro-
gram, namely, the role of—or rather the kinds of policy changes that
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would—on the part of the Federal Government lead to encourage-
ment of technological innovation.
We've been getting slightly away from technology while being

drawn to an extent into administrative operations. We intend to make
a correction on that account.

Senator STEVENSON. Dr. Hoffman, you referred to measurement
services provided by the Institute for Materials Research in radiation.
This is a subject of particular interest to this subcommittee.
Given the proliferation of radiation-emitting devices, how adequate

is our measurement capability for various types of radiation; and
specifically, do we have adequate measurement capabilities for radia-

• tion in the microwave part of the spectrum?
Dr. HOFFMAN. Sir, if I may respectfully pass that one on to my

colleague, Dr. Lyons, who just acquired that group.
• Senator STEVENSON. Is this part of the reorganization?

Dr. LYONS. The test methods are not adequate, Senator, for much of
the problem, and I described some of this in my testimony. We are at
work attempting to do two things, really. First, to be able to measure
stray electromagnetic radiation in the environment, to measure it pre-
cisely enough to take corrective measures, if possible; and second, to
be able to determine the effect of such radiation on electronically con-
trolled devices. And there we are particularly concerned with new
microprocessors that we feel are going to be all around us in the fu-
ture—microcomputers that may be on board our automobiles in an-
other year or two, which may indeed be sensitive to this kind of
interference.
And one of the greatest concerns that we can see now in industry

is coming from the automotive industry. They want to know how to
measure this, how to quantify the effects on these computers that they
propose to have in their automobiles.
Senator STEVENSON. Are you involved in determining levels of ex-

posure for human beings?
Dr. LYONS. We are involved only in the measure of the field itself.

We are consulting with NIOSH and others who are involved in deter-
mining the effect of such radiation on human tissue.
Senator STEVENSON. Do you feel that the resources in the budget are

• adequate for all your activities in this field?
Dr. LYONS. Yes, sir.

• Well, I should hasten to point out that I think it's an area that
should grow, and we are putting our proposals in to devote some of
our competence money in the future for building up our strength in
this area.
I also expect we'll probably have a programatic initiative next time

around.
Senator STEVENSON. Well, based on what I have heard in this com-

mittee—we have had a number of hearings on this subject now—it's a
growth field, and we don't begin to understand what all the effects
are going to be—of radiation, both nonionizing and ionizing, in all
parts of the spectrum—on human safety, as well as equipment such as
you have described.
I would hope that this would figure heavily in your 5-year planning

and would get adequate attention in future budgets.

•
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I'm not the expert, but I suspect we're going to need to devote far
more resources in the future than we are now to this subject.
Do you disagree with that general proposition?
Dr. LYONS. No, I agree. It's going to grow. I think we have a good

base. I think we do know how to get a handle on the problem. And I
do expect it to grow.
Senator STEVENSON. Do you feel there is adequate coordination with

the other agencies that are interested in this subject?
Dr. LYONS. I really can't answer that.
I've had some conversation with our people in Boulder—in fact this

week they indicated that the coordination is good—but I can't give
you my own judgment yet on that.
Senator STEVENSON. Do you do any work for DOD in this field?
Dr. LYONS. The same division at Boulder does do, I think, an exten-

sive amount of research for DOD, but I don't know if they're work-
ing on EMI.
Dr. AMBLER. Yes, we do carry out some work for DOD, Mr. Chair-

man.
I would say that the connections we have established with various

other agencies are good, not only with NIOSH but with the Bureau of
Radiological Health and other regulatory agencies.
I would say that this illustrates one of the strong points about the

Bureau of Standards; we do work rather well and rather extensively
with other Federal agencies.
Senator STEVENSON. Could more dollars be spent usefully on this

subject in fiscal 1979 than are budgeted?
Dr. AMBLER. We shall be, in the next few months., conducting ex-

tensive program reviews. within the NBS. I'm sure that interaction
with other Federal agencies is one of those areas that Dr. Lyons will
raise as being an area in which the Bureau could well expand its activ-
ities. Before giving a definite answer to your question, I'd like to wait
and see what the various other areas are that the program managers of
the Bureau feel might be expanded. Only then can I assess the various
priorities in the context of all NBS activities.
But I certainly do share your feeling that this is an important area

for the Bureau to be providing a very strong response.
Senator STEVENSON. I understand the executive office of the Presi-

dent is planning a major study of the Bureau.
Can you tell us anything about this study, how it's going to be con-

ducted and over how long a period of time, and how the results might
change the Bureau in the future?
. Dr. AMBLER. I don't know the details of how the Office of Science
and Technology Policy proposes to go about this study.
I have had one conversation with a member of Dr. Press' staff who

• indicated that he plans to visit me at the end of February or the begin-
ning of March.
Senator STEVENSON. It's his office that's conducting the study,

OSTP ?
Dr. AMBLER. Yes, sir

' 
that's my understanding. I think OSIT is in-

volved at the request of OMB.
To go on, I really welcome this opportunity—I look forward to dis-

playing for OSTP the programs of the Bureau of Standards in depth.
I intend to explain to the study team the increasing number of requests
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being made of the Bureau of Standards by its clientele. My goals are
to convince the study team that the NBS can vigorously and efficiently
respond to these demands and to make a convincing case that the NB
is an outstanding Federal laboratory that can be used more than it has
been in the past.
Senator STEVENSON. Have you received any indication of the role

the Bureau will play in this study ?
Dr. AMBLER. No, sir.
It's my understanding that the first meeting will be aimed at dis-

cussing how OSTP proposes to go about this study.
I have every indication that they will take into account any sug-

gestions I might have.
Senator STEVENSON. I'm going to have to wind up now.
You've been very helpful to us, and we may have some additional

questions which I will take the liberty of submitting to you in writ-
ing, and we'd be glad to have your answers in writing for our record,
along with other additional comments that you might wish to make.
As I think you know, this is the first of our oversight hearings.

We'll be holding another on April 6 th in which the Assistant Secre-
tary, Mr. Baruch, will testify.
Thank you very much gentlemen.
This hearing is adjourned until April 6th.
[Whereupon, at 11:20 a.m., the subcommittee adjourned, to re-

convene Thursday, April 6, 1978.]
[The following information was subsequently received for the

record:]

FISCAL YEAR 1979 BROOKS ACT INITIATIVE: EFFICIENT PROCUREMENT AND
UTILIZATION OF COMPUTER RESOURCES BY THE FEDERAL GOVERNMENT

MANAGEMENT PLANNING CONSIDERATIONS

NBS plans to initiate in FY 1979 a significantly augmented and strengthened
program in support of its Brooks Act (PL 89-306) responsibilities. This program
will provide the needed standards to achieve increased economies through more
competitive ADP procurement and improved ADP utilization by Federal agencies.
Toward this objective, the program will:

1. Address the criticisms of the present NBS program as outlined in the House
Government Operations Committee Report of October 1, 1976.

2. Address the criticisms of the several GAO Federal ADP audits conducted
within the last five years and the findings of deficiencies by the on-going GAO
audit of the Federal ADP standards program;

3. Carry out the responsibilities assigned to NBS by OMB in (a) the OMB
(BOB) Letter of December 15, 1966, (b) Executive Order 11717, dated May 9,
1973, and (c) the OMB Letter to Congressman Brooks dated January 19, 1977;

4. Reflect the changing patterns of computer procurement and usage due to
changing technology, e.g., minicomputers, microcomputers, and computer net-
working; and

5. Meet the requirements of new assignments to NBS, such as those resulting
from the Privacy Act of 1974.

Although many criticisms were cited and deficiencies identified in the above
references, the FY 1979 program addresses only those which NBS considers to
have had the greatest negative impact on Government procurement and use of
Its highly complex computer resources. Major problems areas not addressed in
the FY 1979 program include: (a) stated needs for computer scientific and
technological advisory services to Federal agencies, and (b) identified research
and development needs in areas not directly related to computer standards
activities,
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Deficiencies apparent in the first ten years of NBS' Brooks Act activities
will be overcome by the program reorientation to be initiated in FY 1979 through
planned efforts such as:

1. Expediting the development of families of standards with a high payoff in
cost savings, cost avoidance, and improved productivity to Government. Ten
such families of standards with these attributes have been singled out in this
management plan;

2. An annual updating of Federal priorities through formal working arrange-
ments between NBS and (1) OMB, (2) GSA, and (3) individual Federal
agencies;

3. the implementation of effective technical and administrative means for
measuring and reporting to OMB on compliance by Federal agencies with the
NBS-issued standards;
4. The production of technology forecasts to guide Federal agencies and par-

ticularly the Federal ADP central management agencies of OMB, NBS, and GSA
in their Brooks Act responsibilities;
5. The development of technical impact assessment and cost benefit analyses

to accompany each standard;
6. A strong program in high level programming language standardization to

reduce the costs of software conversion in the Government; and
7. A strong program in software management to improve quality control in

software development, and to assure adequate marketplace mechanisms for soft-
ware acceptance and cost reductions •in software maintenance.
NBS has alreadly taken some important steps preliminary to and necessary

for its major Brooks Act program reorientation of FY 1979. NBS has: (1) de-
veloped a five-year computer standards program plan structured for easy and
responsible review by both the executive and legislative branches of Govern-
ment (see Attachment), (2) identified the development, maintenance, technol-
ogy impact assessment, and cost benefit analysis costs associated with each
standard in its five-year program plan, (3) brought together senior policy offi-
cials from 16 agencies which together have over 95% of all Federal computers to
review and comment on NBS' plans, and (4) prepared for the signature of the
Secretary of Commerce a letter which was transmitted •to heads of Federal
agencies and departments informing them of DOC's intent to implement its
computer standards compliance responsibilities, and initiated planning together
with Federal agency representatives for compliance reporting.
These actions, accompanied by others underway and planned for FY 1978,

will set the stage for the significantly different and improved UNBS computer
sciences and technology program to commence in FY 1979.

HIGH PRIORITY FAMILIES OF STANDARDS

NBS has identified ten high priority sets (families) of standards as viewed by
the House Committee on Government Operations, GAO, representatives of indi-
vidual Federal agencies, and NBS. These are:

1. High level programming language standards to reduce the costs of software
conversion and permit non-programmer specialists to use computers effectively:
Such standards cover existing languages originally developed for business and
scientific applications, improved languages to be standardized for general use
and improved productivity, 'and standard protocols designed for cost-effective use
of large and small computers and networks.

2. Software quality control standards against which to measure software
quality at time of procurement and to improve quality in software development:
Quality'control standards cover the areas of management and control of software
development projects, the analysis and design of software, software testing, and
software documentation.

3. Computer system and network interface standards to permit the inter-
.. connection of competitively procured components in computer systems and

networks: Computer system and network interface standards are required to
permit the successful interconnection of competitively procured computer sys-
tem and network components. It is only through the development and use of
families of such interface standards that performance and cost advantages of
competitive procurement of computer system and network components can be
used to full advantage by Federal agencies while at the same time assuring
reliable and efficient system operation.
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4. Data base management standards to reduce data conversion problems and
permit the efficient use of files: Data base management standards cover areas
such as data entry; data translation; data management application system
planning, design and conversion; and data management software design, evalu-
ation and validation. These standards respond to Congressional and GAO de-
mands to requests from other Federal agencies.

5. Computer security and risk management standards to protect information
and reduce risks and vulnerabilities in computer systems and networks: Com-
puter security standards cover such areas as computer system physical security,
access controls, and data encryption to protect information in transmission be-
tween computers.
6. Performance measurement and evaluation standards to increase the effi-

ciency of computer systems and networks: Standards for performance measure-
ment and evaluation are essential both in the initial selection of computer sys-
tems and services as well as in assuring the most efficient continued operation
of computer systems. When selecting systems, networks, and related services,
performance measurement and evaluation standards permit requirements to be
met in terms of performance a least cost. During system and network operation,
performance measurement standards provide the basis for improving the effi-
ciency of systems and networks such that the Government continues to receive
maximum benefit for its ADP investment.
7. Data standards to facilitate the interchange of data in machine sensible

form: Data standards cover the identification and definition of data elements
and their representation and structure as required for the collection, process-
ing and interchange of machine sensible data. These include both general and
application specific data standards that reduce the costs of Federal computer
operations by eliminating unnecessary duplication and incompatibilities. These
standards respond to the expressed needs and recommendations of Congress, the
Comptroller General, the Office of Management and Budget, Federal depart-
ments and agencies, state and local governments and industry.
8. Computer system functional specification standards for competitive pro-

curement: Computer system functional specification standards are required to
permit agencies to procure computer systems and services on a fully competitive
basis with regard to end use. This contrasts to specification in terms of perform-
ance for a given configuration, or even design specification in which specific
system components may be identified.
9. Performance assurance standards to assure that computer systems perform

their functions correctly and do not perform any unintended functions: These
standards deal directly with the problem of computer errors that waste Govern-
ment resources or 'adversely affect the public's privacy, health, or safety. The
standards will cover user requirements and control specific to various computer
applications.

10. standards to improve management of Federal computerized models:
Standards to improve the management of Federal computerized models cover
such areas as documentation, specification, development and procurement. This
activity responds to a specific need cited by GAO in a report to the Congress.
In addition, technology-forecasts will be made to aid in the updating of stand-

ards priorities and to assist agencies in long range planning of computer sys-
tems and networks. These forecasts will alert agencies to changing conditions
that provide opportunities to better plan for future needs in computer systems
and networks. This activity responds to requests for increased emphasis by the
Office of Management and Budget and by the Department of Commerce.

PRODUCT DELIVERY SCHEDULE FOR THE NES FEDERAL-WIDE ADP STANDARDS PROGRAM

The NBS program, reoriented to better meet its Brooks Act responsibilities
and to meet the major cited deficiencies of its present program, will begin in FY
1979. Planning for the five-year period FY 1979-FY 1983 has been accomplished
in terms of program deliverables or products which are principally standards
and technology forecasts. Most such program products have important associated
interim products, such as preliminary guidelines and accompanying validation
services. These additional products are also separately identified in the Five-
Year Plan (Attachment). The products for which activity is shown in FY 1979
and the delivery schedule for those products are based on the FY 1979 'budget
request as shown in Table 1.
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HIGHLIGHTS OF NBS MANAGEMENT PLANNING FOR THE FISCAL YEAR 1979 (AND
SUBSEQUENT YEARS) FEDERAL-WIDE ADP STANDARDS PROGRAM

Key management features of the strengthened Federal ADP Standards Program
singled out for special attention include:

I. An Annual Federal-Wide ADP Standards Assessment and Program Report

This report—a new and critically significant product in NBS' program—
will serve as the principal vehicle for assessing the impact each year of the
computer standards then in place. This annual report will assess compliance
by Federal agencies with each standard and will also present the priorities
for standards development for the appropriate fiscal year budget, together
with the need and economic benefits expected.
The report will comprise a Government-wide assessment of the Federal ADP

standards program. This report will be included in DOC's budget transmittal
to OMB and the Congress. The plans for the report have been discussed with
OMB, the staff of the House Government Operations Committee, and GAO.
The consensus view is that the report will fill a serious void in the present
management of the Federal ADP standards programs.
The report will contain information on ( 1 ) benefits of past standards and

cost/benefit analyses of planned standards, (2) compliance measurement and
assessment of standards, (3) current standards priorities with the endorsement
of Government policy officials, and (4) a detailed allocation plan of requested
funds for all Federal ADP standards activities. NBS is requesting resources
directed toward Federal-wide ADP standards needs. It will then allocate a
portion of these resources to other Federal agencies, the private sector, and
other organizations as appropriate. NBS will provide the management for the
entire Federal-wide ADP standards development effort.

2. A Measurement and Reporting System for Federal-Wide ADP Standards
Compliance

NBS has initiated the preliminary steps to develop a reporting system on ADP
standards compliance within the Federal Government. The reporting system
will lead to an assessment of standards compliance by Federal agencies. This
assessment will be contained in the Annual Report. A letter has been approved
by the Secretary of Commerce requesting the assistance of all agencies in de-
veloping this reporting system. This letter also has been discussed with OMB,
GAO, and Congressman Brooks' staff.

3. Priority Setting Mechanism for Standards Development Based Upon Cost
Benefit Analyses and Policy and Operational Considerations

Based upon inputs received from the Office of Management and Budget, the
Comptroller General and senior ADP policy officials from Federal agencies, there
is a recognized requirement for establishing a formalized priority setting mecha-
nism for the development of standards. NBS, in cooperation with Federal agen-
cies, will establish a process for updating current standards priorities based
on recognized needs and policy considerations and supported by cost benefit
analyses.

4. Review and Update of ADP Standards and Guidelines
NBS will review, periodically, all standards to assure that they continue

to meet predetermined economic and operational objectives and continue to be
technically and administratively sound. Review of standards will result in
their reaffirmation, revision or withdrawal. Review of guidelines can result
in their being converted to standards or in their updating and reissuance. Gen-
erally, 'standards will be reviewed once every five years and guidelines once every
three years.

5. Policy Guidance on Technical Issues and Coordination for Government-Wide
Specialized ADP Service Functions

NBS plans to extend its Brooks Act activity in providing increased coordina-
tion and policy guidance on technical issues for Government-wide specialized
ADP service functions provided by other Federal agencies. This includes co-
ordination between the service centers and NBS in order to implement an ef-
fective user supportive Federal standards program. Special ADP service func-
tions include validation services for standards compliance, software support

24-751 0-78 6
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services and other Government-wide specialized ADP services such as FEDSIM
and the proposed software conversion center of the Department of Defense.

SUMMARY FUNDING REQUIREMENTS FOR THE FEDERAL ADP STANDARDS PROGRAM

The table which follows shows the ten (10) high priority families of standards
as well as the two functions supportive of the standards program and the
requested funding for each.

TABLE 1.—FISCAL YEAR 1979 REQUEST TO CONGRESS FOR THE FEDERAL ADP STANDARDS PROGRAiVi

'Dollar amounts in thousands]

Priority Standards families
Fiscal

Fiscal year 1979
requested increase Fiscal year

1979 total
request

year
1979 base Amount Positions

1 High-level programing language standards $364 $1, 000 4 $1, 364
2 Softwa:e quality control standards 498 502 3 1, 000
3 Computer system and network interface standards 1, 077 3, 710 14 4, 787
4 Data base management standards 110 1, 500 3 1, 610
5 Computer security and risk management standards 720 250 0 970
6 Performance measurement and evaluation standards_ _ _ 370 130 0 500
7 Data standards 141 0 0 141
8 Computer system functional specification standards_ _  141 1,395 1 1,536
9 Performance assurance standards 2, 985 2 2, 985
10 Management standards for Federal large-sacle com-

puterized models 300 1 300
Technology forecasts 705 495 1 1,200
Standards management 253 800 4 1,053
Genrel purpose equipment 342 342

Total  4,379 13,409 33 17,788

ATTACHMENT—FIVE YEAR PRODUCT PLAN FOR A FEDERAL-WIDE ADP STANDARDS
PROGRAM
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AUTHORIZATION OF THE STANDARD REFERENCE
DATA ACT AND REVIEW OF THE NATIONAL BU-
REAU OF STANDARDS

THURSDAY, APRIL 6, 1978

U.S. SENATE,
COMMITTEE ON COMMERCE, SCIENCE, AND TRANSPORTATION,

SUBCOMMITTEE ON SCIENCE, TECHNOLOGY AND SPACE,
Washington, D.C.

The subcommittee met at 9:40 a.m. in room 5110, Dirksen Senate
Office Building, Hon. Adlai E. Stevension (chairman of the subcom-
mittee) presiding.
Senator STEVENSON. The subcommittee will come to order. This

morning we continue our review of the oldest national laboratory, the
National Bureau of Standards. After hearings on NBS, we will turn
to S. 2615, a bill to authorize—reauthorize the Standard Reference
Data Act for a period of 3 years.
[The bill follows:]

[95th Congress, 2d Session S. 2615]

A BILL To authorize appropriations to carry out the Standard Reference Data Act
Be it enacted by the Senate and House of Representatives of the United States

of America in Congress assembled, That there is authorized to be appropriated
to the Department of Commerce not to exceed $3,152,000 for fiscal year 1979 and
such sums as may be necessary for each of fiscal years 1980 and 1981 to carry
out the purposes of the Standard Reference Data Act (15 U.S.C. 290-290f; 82
Stat. 339).

Senator STEVENSON. Our first witness is Dr. Jordan Baruch, the as-
sistant Secretary of Commerce for Science and Technology.
I apologize to you and the other witnesses for keeping you waiting,

Dr. Baruch.
If you prefer to summarize, we would be glad to enter your full

statement in the record.

STATEMENT OF JORDAN BARUCH, ASSISTANT SECRETARY OF
COMMERCE FOR SCIENCE AND TECHNOLOGY, DEPARTMENT OF
COMMERCE

Dr. BARUCH. Thank you, Mr. Chairman. I would like to enter my
statement for the record.

Senator STEVENSON. That will be done.
Dr. BARUCH. I would also like to express my gratitude for the com-

mittee holding oversight hearings on the NBS. I think it plays an im-
portant part in insuring that our activities are relevant to the country's

(125)
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needs. Rather than summarize my written testimony, I think I would
like to expand on certain parts that I think are critical.
The President's budget submission to the Congress this year includes

a net programmatic increase for NBS of $19,016,000 over the 1979
adjusted base. That's almost exactly a 25 percent increase in the
Bureau's budget. Such increases have been unheard of in the recent
history of the Bureau; and while this is not, strictly speaking, an ap-
propriation hearing, I assume the Bureau's oversight committee wants
to be assured that the increase will be well and effectively spent; second,
that the programs arising from it will be well manned; and third, that
the Bureau is in no danger of suffering incapacitating financial indiges-
tion from such an infusion of funds.
To address these questions, Mr. Chairman, I would like to address

briefly each of the major program areas on which those funds will be
spent. The first of those program areas is the Brooks Act. The largest
portion, 70 percent of our increment, $13,409,000, is earmarked for use
by the Institute of Computer Science and Technology (ICST) toward
implementing its standards setfing mandate under the Brooks Act.

Primarily, that mandate is described in item 2 of my written testi-
mony. The Brooks Act was passed over 12 years ago. The GAO esti-
mated that compliance under that act would save the Federal Gov-
ernment some $440 million a year by 1983. Despite this clear and press-
ing need, it had been impossible under past administrations to secure
the funding and personnel resources for the Bureau to perform its
mission.
Mr. Chairman, as you are well aware, business decisionmakers, even

relatively conservative business decisiorimakers, consider an invest-
ment well worthwhile if it has a potential for a 4-year payback. Even
if we were to cut the GAO's estimate arbitrarily in half to a savings
of $220 million per year, it would make 'sound business sense to invest
up to $880 million over the next 5 years to secure those benefits.
On that scale, Mr. Chairman, the amount we requested in the Presi-

dent's current budget represents only 2 percent of that warranted in-
vestment.
I would now like to discuss our list of standards that will be devel-

oped under that budget in order that you may better understand what
we intend to do specifically and why we intend to do it.
The first and most critical group of standards are targeted at the

software area. Over the life of any isolated computer installation,
software costs far outweigh the costs of hardware. Insofar as Federal
ADP Installations act in isolation, the same is true of them. Applica-
tions programs, despite their general applicability to problems of
many agencies, simply are not portable. Existing high-level languages
such as Cobal, Fortran, APL and basic, while tagged with the same
name in fact behave very differently. As a first step in securing porta-
bility or the useful sharing of application programs among agencies,it is imperative that high-level language standards be developed that
will make the Fortran at DOD identical to that at HEW, Commerce,or HUD. That's our first priority, Mr. Chairman. It is reflected in our
designation of high-level standards as our first priority item underthe Brooks Act.
Second, for applications programs to be portable, they must use thosehigh-level languages without resorting to jump-outs to machine specific
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instructions or other exceptions. Third, to make them worth transport-
ing, especially when used frequently, they must be reasonably efficient
and effective. They must do what they say they do.
Our second priority item under the Brooks Act addresses these needs.

It is what we call software quality control standards.
Software is not the only factor that determines the economy of using

a large number of computers. There are times when a computer at one
agency is underutilized while a computer at another agency is over-
loaded. If we were indeed to have a Federal ADP system rather than
a group of isolated installations such a ystem would have to provide
for load sharing under those conditions. -
Mr. Chairman, your electric bill, high as it is, would be at least 50

percent higher were there not load-sharing provisions among the util-
ity companies. Each utility, without load sharing, would have to design
its individual system for peak demand. With load sharing, each utility
only has to design for the peak demand of the overall system. The
same applies to computer installation. If a computer load-sharing sys-
tem is to work, the interconnections among the computers must be ef-
fective, and that requires the existence of detailed network interfacing
system standards.
That, Mr. Chairman, is our third priority under our Brooks Act

responsibility.
In a load-sharing network, data is required to be transferred from

installation to installation effectively and securely. Program transfer
alone is insufficient. It is for that reason that our fourth and fifth
priorities address the question of data transfer. Data base management
standards and computer security and risk management standards are
required.
Now, I could go on with the remaining 5 of the 10 families of stand-

ards that we have proposed in our budget submission. Performance
and assurance standards, for example, are necessary to eliminate the
very costly practice of sole-source or brand-name procurement, et
cetera.
I will stop here, however, to reiterate that we are proposing to spend

next year only 2 percent of what a rational businessman would spend
when faced with the potential payoff.
A serious question has been raised as to whether the ICST can in

fact effectively manage the proposed $17.8 million budget given its
performance in the past. In the past, it only had a $4 million budget.
I think the answer is probably that ICST cannot manage the new
budget as it is currently constituted, but I am not sure. You know, I
would be very reluctant to give a man a 2-foot crowbar, ask him to
move a big boulder, and based on his performance with a 2-foot crow-
bar, say I am not going to give him an 8-foot crowbar to try the same
task.
As I say, I am not sure ICST can manage the proposed program as

it is currently constituted. What I am sure of. however, is that if the
ICST has the resources commensurate to its task, we, meaning my
office and the Bureau, can organize ICST, structure its management,
and staff it to do the job in a way that will be effective and efficient.
Let me address that management question at the Bureau for a

moment.
As you are aware, Mr. Chairman, I didn't forward Dr. Ambler's

name to the President for nomination until I had worked with him
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for 6 months. When I did forward it, it was because I had developed
a confidence in both his managerial skills and in his ability to grow
in those skills. The ICST knows what it has to do. The management
of the Bureau and my office know how to insure that that job gets
done.
That accounts for 70 percent of our budget increase.
Let me turn now to what is frequently considered the most unusual

item* in our budget—competency building. Our budget submission con-
tains $2 million for this task, about 10 percent of our requested net
programmatic increase. Competency building in an organization like
NBS is the most ephemeral of tasks. In reality, of course, it is no more
ephemeral than the investments industry makes in new equipment to
keep them au courant.

Unfortunately, in the Bureau and in industry, it is the kind of in-
vestment that can be put off for years. Our steel industry has clearly
demonstrated that that kind of investment can be put off for years.
Tragically, it has also shown us the price of doing so.
Our immediate need in the area of competency building is one of

playing catchup ball. In 1969 we propose to spend our $2 million in
three areas: advanced measurement science, mathematical modeling,
and materials durability. Let me give you a few reasons why we have
chosen those.
I will first turn to the area of frequency metrology. Why does the

Bureau need to increase its competence in frequency metrology? It has
the world's standard in that area. The answer is straightforward: the
existence of satellities and new navigation systems make it possible
with improved frequency metrology for a vessel to measure its position
on the ocean and for an aircraft to measure its position any place on
Earth with an accuracy of about three meters.
The importance of that, particularly when sailing in uncharted

waters, is clear.
In advanced measurements science, we plan to tackle trace organics.

We do not know enough about the analysis of trace organics to co-
operate effectively in the pollution area. Electrotechnology is another
area in which we need further competence in order to participate in the
rapidly developing field of very large-scale integrated circuits.
I could go on: mathematical modeling, durability of materials. Un-

der durability of materials, I would like to stress wear and fracture
theory and lifetime prediction. We have a whole new class of materials
coming into being in this country called composites. They have been
used in making boats, golf club handles, and cars; and the degree of
ignorance that we have about the behavior of those materials under
wear and fracture is striking. If the Bureau is going to maintain its
role, it needs to build up competence in that area.
The third area I would like to mention, and one discussed at great

length in my written statement is the cooperative technology study
that we are proposing. Incidentally, I must apologize for the length of
my written statement and pedantic tone of some of it. When an ex-pro-
fessor starts writing, it is often hard to stop. Its target is disaggre-
gated industries, as you know, but I would like to mention why we
see a reason for a study instead of a program. Three questions must
be answered in the affirmative before going forward with a program.
First, will industry consider it worthwhile to participate in such a
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program? Second, do the potential benefits of such a program war-
rant the effort? Third, is there sufficient evidence that industry won't
do the job without the assistance of Government?

Personally I feel there is reasonable evidence in the literature and
in the history to answer questions 2 and 3 in the affirmative, but
No. 1 is still troubling to me. When I was at General Electric I
had a boss who delighted in telling the story about the nutritionist who
developed a new dog food. He had done a superb analysis of all the re-
quirements for nutrition that dogs had, had formulated a food that
exactly met all those requirements, and proposed the building of
a new plant and starting of a new business.
His boss, however, asked: Will the dogs eat it? The nutritionist, un-

fortunately, was forced to confess that he had never tested that ques-
tion. I do not want to be in the same position with a cooperative tech-
nology program. We have a new product; but we do not know whether
our target market will like it.

Despite that, let me describe for you what we, or the Bureau, will
actually be doing in the coming year under this study. It is an experi-
mental study. We are not going to do simple surveys. We are going to
do a market test. First, we will be constituting a road show and putting
articles in a wide range of trade publications to describe a cooperative
technology program and how the Government proposes to interact
with industry.
Next, we will be receiving—since we will have solicited them—letters

of request from various disaggregated industries with low productiv-
ity. We will then do short analyses of those industries to determine if
full-scale proposals are warranted.
For those that are, we expect to receive proposals which will then be

reviewed both by the staff and by representatives of the public and
private sector. From that set of proposals, we will be selecting a series
of high value proposals as examples of what we would do if we had
the resources. Should that selection show high benefits for the costs in-
volved, should it fit in with the Secretary's and the President's desires
as to a way of approaching the problem, we will then come back to re-
quest resources to actively engage in those projects.
We have made estimates as to what the cost would be. We estimate

it will cost between $1 million and $5 million for 3 years for each sig-
nificant proposal that we get, that we chose to fund. We are estimating
that we will probably get about 100 proposals. This is based upon the
Bureau's experience in other areas. We estimate of that 100, 6 to 10
projects will in fact be high value targets. If we combine those, we
can see that we are talking about a program that starts off at rate of
about $20 million to $30 million per year; and that will level off in
time at 3 to 4 times that amount.
If we add to that activtiy the work we are already doing under

EDA's authority on impacted industries, we may be talking about a
program that is double that amount or more.
One of the questions that has ferquently been raised is what is

NBS's authority for doing that? We have received a decision from
our counsel that indicates that we probably have sufficient authority
based on one part of our organic act to go ahead and do the cooperative
technology study, that we probably have authority to go ahead if the
study proves positive.
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Assuming we will want to establish a program that could grow to
$100 million or more a year, it is questionable to me whether such a
program should be based on an interpretation of probable authority
in turn based upon one part of a major organic act. That's a question
we are going to have to be addressing. I am sure this committee will
also want to address it over the coming year.
Unfortunately, without the results of this study, I would have no

idea of how to draft legislation to do the job of assisting disaggregated
industries and impacted industries.
Mr. Chairman, I tried to expand a little bit on the rather narrow

focus I took in my written statement. I appreciate your taking the
time to listen; and I would be glad to answer any questions you have
to ask about the Bureau. Dr. Ambler is here today to assist me if we get
into too much detail.

Senator STEVENSON. Thank you, Dr. Baruch.
As you mentioned at the outset, NBS has an open authorization

and, therefore, gets an annual appropriation. OTA has suggested that
we consider annual or biannual or periodic authorization as one means
of focusing more congressional attention on the Bureau and ending the
neglect which has, I think, been harmful for it in the recent past.
How would you feel about periodic authorizations instead of the

historical method?
Dr. BARUCH. Personally, I would be happy with such a setup. I

think it would give this committee the opportunity to really focus in
on the activities of the Bureau.
Senator STEVENSON. Well, that's a refreshing answer from someone

in the executive branch. Ordinarily the objective is to elude us to the
extent possible; but I think the consequences of such attitudes has been
demonstrated in the case of NBS. It may well be right for a periodic
review and—there is no reason for me to think it wouldn't be a sym-
pathetic review. It might produce more congressional support than the
Bureau has received in the recent past.
That's something we will want to give very serious attention to.
Let's go to the last subject you discussed, which I believe was the

cooperative technology matter. Could you explain orally what you
mean by "impacted and disaggregated industries"?
Dr. BAntrcii. Yes, sir. Impacted industries are those industries that

have suffered a significant dislocation in the way they do business be-
cause of intense foreign competition or because they are short of raw
materials or energy or because the Government has passed new regu-
ations or changed old ones that dictate major changes in their be-
havior. Those are the industries that usually come to EDA, to other
agencies for help. -
Frequently technology can play a large part in helping those in-

dustries; and, as you would expect under that kind of pressure, the in-
dustry is very willing to work on those technological solutions.
The disaggregated industries are another matter. They are the small

industries. I shouldn't say that. They can be large industries. They
are however made up primarily of small firms. As a result, they don't
have the corporate laboratory of the kind represented by Bell Labora-
tories, for example, in the communications industry. The result is that
it is very hard for such disaggregated industries to develop techno-
logically in any significant .fashion. They are small, they don't have
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the resources, they can't get together; and, if one looks at their pro-
ductivity performance over a period of years, we find that in general
it falls well below the productivity performance of industry as a
whole.
That reduced productivity contributes to inflation, contributes to

lack of competitive position, and it seems reasonable to expect that the
Government, which represents society, can play some role in aggregat-
ing those small firms in addressing the problem of technological de-
velopment within such industries. But it is a difficult job because
the firms in the industries have been working for years, they are not
accustomed to technological change, and there is a real question as to
whether or not they want to participate. Can you get a bunch of ma-
chine shops worrying about a new technology and addressing itself to
that problem?

Senator STEVENSON. And the cooperative technology program is
aimed at the latter, the disaggregated industries?
Dr. BARUCH. I can't call it a program yet.
Senator STEVENSON. Study?
Dr. BARUCH. The study is aimed at those industries primarily to

determine whether or not they will work with Government. Are they
interested? Can they work with Government? Can Government work
with them in an effective way to increase their productivity?
Senator STEVENSON. And as I recall, if I recall correctly, you in-

dicated once before to us that this study had already identified certain
or targeted certain disaggregated industries for the cooperative tech-
nology program. Is that correct?
Dr. BARUCH. Senator, we found that there were certain industries

that were going to be easier to work with; but those turned out largely
to be disaggregated industries that were impacted. Now we want to
look at those disaggregated industries that are not yet in acute trouble,
but that manifest this chronic problem of maintaining their productiv-
ity increase.

Senator STEVENSON. Could you give me an example?
Dr. BARUCH. Of the kind of industries?
Senator STEVENSON. Yes.
Dr. BARUCH. Sir, they range from the manufacture of books, where

we have a very disaggregated industry, with a very low productivity
growth, to the women's apparel industry.
Senator STEVENSON. The women's apparel? Is that disaggregated?

It sounds impacted or at least disaggregated and impacted?
Dr. BARUCH. Well, I don't know yet. They haven't come through

the normal route that an impacted one would come through. They are
certainly disaggregated according to our census figures.

Incidentally, we define disaggregated, in order to pick industries out
of the standard classification, as any industry in which the eight largest
companies have less than 50 percent of the market share. It is that kind
of industry where you are unlikely to get significant collaborative
developments of new technology.
The reason we have not picked target industries, Mr. Chairman, to

the extent that many people would like us to is that if innovation is
going to take place in these industries, those industries have to be self-
selecting as targets. We are speaking to industry. For instance I spoke
yesterday in Atlanta to the textile industry. We will be speaking to the
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machine shop industry, to the machinery people. We will 
be speaking

to a large number of industries to assist them m deciding 
whether they

would like to self-select--to select themselves for this pr
ogram.

Senator STEVENSON. Have you studied the Japanese experi
ence with

Japan's cooperative technology?
Dr. BARUCH. Yes, sir. I am quite familiar with the MITI 

program.

It is a different kind of program. They are one step ahead of 
where we

are even talking about.
Senator STEVENSON. Oh, at least.
Dr. BARCH. For example, we are talkiU ng about impacted industries,

industries already in trouble. We are talking about disaggre
gated in-

dustries. They form a nexus that acts as a drag on our economy.
 What

we have never decided in government is where would we li
ke to be?

What would we like to have as our lead industries over the 
next 20

years? How can government and industry work together to insure t
hat

we attain and maintain a preeminent position in those ind
ustries?

'that's a very tough problem. It is one that I was talking wit
h Dr.

Baker about just before this hearing. It is a tough problem, but o
ne we

are not going to ignore.
Senator STEVENSON. Well, I am glad to hear you are not goin

g to

ignore it, but I have the impression that far from catching up with 
the

Japanese, there is a possibility that we are stepping back from th
e

Japanese.
Let me try to articulate my concern and get a response from you.

This subcommittee has been studying, in cooperation with the Sub-

committee on International Finance—which I chair—the industrial

competitiveness of the United States in the world with emphasis on

export policy and emphasis on technology, and what is happening to

our technological position in the world.
My impression of the Japanese is that instead of focusing on so-

called disaggregated or impacted industries, with all that that implies

to me about subsidizing industries that are confronted with the sur-

plus capacity such as textiles, such as steel, and industries in which
a highly developed country cannot expect to compete successfully with

the low cost of labor in foreign countries, that they move ahead and

don't look at such industries except to the extent they offer large

potentials for shifting—for becoming different industries ; and with
the provision of which a government should be capable of identifying
the markets of the future and in cooperation with industry, the prod-
ucts with which to supply those markets.
Instead of differentiating between large and small, disaggregated

and the Mitsubis'hi's, they will make the resources available for the
development not of textiles to be exported by a great power in com-
petition with the Indians or the Taiwanese or the South Koreans-
but a fifth generation of computers or optical fibers; moving the nation
into industries of high technology in which there will be markets
where they can compete and out of those where others can do the
job better, more effectively, taking advantage of their low-cost labor.
Now the last examples you gave me, as I recall, were textiles, shoes,

and jewelry. Now I am glad to see you shifted a little. We have gone
from textiles to women's apparel, which doesn't strike me as offering
the greatest opportunity for the resources of a highly developed
country, nor all of the social benefits that might be associated with.
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let us say, a new generation of aircraft, not Boeing, but general 
avi-

ation. The Government ought to be in a position to perceive the 
con-

sequences of its own acts before taking such steps as deregulation of

the aviation industry, which may mean an entirely different route

structure in the United States with a few hubs served by the Boeings

and everybody else served by commuter aircraft, services for which

.existing aircraft aren't really adequate. I pull that example out of

the air.
Next year IBM gets hit by that next generation of computers. Why

aren't we hitting them, and not with textiles? Or jewelry? Or shoes?

What else? Books?
Dr. BARITCH. Yes.
Senator STEVENSON. That is an interesting possibility, although it

might be better to start in the schools than with the printing, if the
publication of books is to be a major priority. Any reaction?
Dr. BARucx. Indeed. I could not share your concerns more spe-

cifically and more thoroughly. This committee has been told about the
Japanese efforts in very large-scale integrated circuits, fiber optics,
and flat screen television. I went through an exercise with some people
in my office. Assuming that those activities of the Japanese were in
fact to pay off, we postulated the creation of a beautiful little instru-
ment about the size of a current hand calculator with a flat screen that
folds down over the keyboard. You open it up and you can work on
the keyboard in a higher-level language, get your outputs in numbers,
,or in letters, or in graphics, and in color. We look at that and ask who
is going to buy a current Texas Instrument calculator when the
Japanese produce something like that?
We have no mechanism in this country at the present time for say-

ing where we want to go industrially. Basically that is left to the pri-
vate sector. That system has worked for hundreds of years. It has
worked because other countries have not made industrialization a
matter of national commitment.
Now they have. There is serious question whether our old mech-

anisms of leaving it to private industry alone, at best providing them
with benign neglect, frequently providing them with hostility from
the Government, is really the best way to compete with countries that
have made industrial development—particularly in the new and sig-
nificant industries—a major goal.
We have cultural problems. We have cultural problems that go

back to the days of the robber barons and the monopolies in the 19th
century. We have a Justice Department that has very properly acted
as a guardian against monopolistic practices. We have a great deal
to overcome before the Government and industry can effectively par-
ticipate in an industrialization plan of the kind that you are
suggesting.
Having said that, since there is a great deal to overcome, that proc-

ess cannot be started too soon. And I suspect others in the executive
branch would be happy to work with the Congress. I think we would
have excellent cooperation from people in industry to try to think
through a process that would not be at great variance with our cul-
tural background and our associated political system, that would en-
:able industry and Government to work together, without the threat of

24-751-78-10
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an industrial state, to bring the kind of benefits of that kind of
development to the public in general.
However, I think the Japanese are making a mistake. I think they

are making a mistake because they are not looking at textiles. I think
they are making a mistake because they are not looking at apparel.
I don't agree with the hypothesis that textiles are not something to
look at technologically because we can let the cheap labor people do
that. We say let the cheap labor people do that because we see the
making of apparel as a labor-intensive activity. I think there are
other possibilities that need exploration.

Senator STEVENSON. If I can interrupt at that point, we also see it
as important because our own welfare depends upon external markets.
If they can't use their own labor, put their own people to work and
export, whether it is textiles or some other product, those countries
are going to suffer severe economic distress.
We will suffer severe economic distress and that may be the last of

the distress.
Dr. BARUCH. Now that is a very good point, the fact that we need

the economic vitality of other nations. If we decide not to work on
textiles for that reason, it ought to be explicit that we are not working
on textiles for that reason rather than because there is nothing that can
be done. That is the part I want to get clear. I think the kind of deci-
sion that you are talking about is a very appropriate political decision;
and I do not think it is for a technologist to make. I do think that if we
were to put our minds to it, we would address the textile business some-
what differently. We would ask about three-dimensionally formed
fabrics as opposed to woven, cut and stitched fabrics. That is of im-
portance to the upholstery industry and to the textile industry. We
would think about things like using the ink jet technology that was
developed for printing outputs from computers. It has been devel-
oped in color. We would now ask if that is an appropriate technology
for the dyeing of fabric as piecework so you can 

 
get great variability

of design, thus providing a different type of product.
Senator STEVENSON. Can I interrupt again? If it is a technology that

is appropriate for textiles in the United States, is there any reason to
think it wouldn't be a technology appropriate to the industries in the
foreign producers and adapted by them as well?
Dr. BARUCH. Yes, sir. The kind of technologies we tend to look at

are those that take advantage, for the United States, of the difference
in our factor prices; that take advantage of the fact that in the United
States, capital is relatively cheap and labor is relatively dear, whereas
in other countries, labor is relatively cheap and capital is relatively
dear. We also look at technologies that require a basic technical sup-
port system which is generally not available in those other countries/
the infrastructure.
When we can identify technologies that meet both of those criteria,

we use a term they are "less swipable" ; they are less transferable to the
less-developed countries.
Whether this is a wise thing to do, whether we should engage in this

at all, whether the structural unemployment that is taking place in our
textile and apparel industry is important enough, compared to our
foreign policy considerations, that I can not answer.

-16
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Senator STEVENSON. Well, I am suggesting there is a convergence of
economic and political and moral considerations. Plus there is the—
I would have thought—obvious fact that we can't call upon everybody
to subsidize everybody else. There have to be priorities. If all those
considerations can converge in a way that suggests that high tech-
nology, office equipment, information processing—which you have al-
ready talked about—optical fibers, new generation of aircraft, what-
ever is 
Dr. BARUCH. New basic materials
Senator STEVENSON. New materials. That's extremely interesting

and an important subject and even more so because as they come on-
stream, they will create more problems for the steel industry. I am
digressing, but you suggested an example of something that could be
done within the steel industry and probably is being done in other
countries, namely to shift it from a commodity for which there is an
excess supply already into the production of new commodities such as
composites.
In any event, there ought to be priorities, I would have thought.

What concerns me a little is that this cooperative technology program
seems to invert the priorities. Instead of aiming at the technologies
that can be put to work in the United States in a way that simply isn't
realistic in other countries, and as other countries are doing, highly
developed countries such as the Japanese where they are focusing on
women's apparel, not jewelry, we are taking a step backwards.
I think you are wrong. On this, Dr. Baruch, I have to claim the

greater expertise about public attitudes and public opinion and cul-
tural hangups. I think the country is ready for new ideas. It is ready
for cooperation as opposed to continuing controversy between seg-
ments of our system, including Government and industry, and more
ready than the Government is. The qualification is about the media.
The media feeds on the adversarial relationship. The country, I

think, would be very supportive of a new major cooperative approach
between Government and industry on technology and its application
and the experience we have had in the case of NASA, I think alreadybears me out.
There is one way to find out. That takes a little leadership.
Dr. BARUCH. Sir, first of all, I am happy to cede to you the higher

authority in knowing the public. As of today, I have been in public
service for exactly 1 year. I hope you are right. We have asked agroup of the Commerce Technical Advisory Board to start looking atthis question. As you are also aware, Dr. Press' office and mine will bedoing a study on innovation in industry. That study will heavily in-volve members of the public sector and the private sector. I hope we
find the kind of readiness that you say is there. Were it a desire onthe part of the public for this kind of change, I would be happy toexercise the leadership I have.

Senator STEVENSON. Did I hear you say you are polling the public?Dr. BARUCH. No.
Senator STEVENSON. That is good. Somebody has to lead the publicone of these days.
Dr. BARUCH. What?
Senator STEVENSON. Somebody has to get out and lead the countrysomeday.
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Dr. BARUCH. What we are doing is looking at what resources there
are in the Government for this kind of innovative stimulation and
what kind of attitudes there are in the private sector for participat-
ing. It is a tough problem. We are not ignoring it.

Senator STEVENSON. Do you have a detailed study plan for the
cooperative technology project ?
Dr. BARUCH. Yes. We can submit that for the record.
Senator STEVENSON. Could we have a look at that?
Dr. BARUCH. Yes.
Senator STEVENSON. Thank you.
I have taken so much time on one of my favorite subjects that I don't

have time for the others. I may have to follow up with some questions
in writing.
Dr. BARUCH. I will be away for 10 days, Mr. Chairman, but I hope

we can work out a schedule.
Senator STEVENSON. Very good. There may be a few more questions.

Thank you very much, Dr. Baruch. You have been very helpful as
usual.
Dr. BARUCH. Thank you, Mr. Chairman.
[The statement follows:]

STATEMENT OF DR. JORDAN J. BARUCH, ASSISTANT SECRETARY FOR SCIENCE AND
TECHNOLOGY, DEPARTMENT OF COMMERCE

Mr. Chairman, members of the Committee, I want to express my thanks for
being invited to testify here today. Dr. Ambler and I have both expressed our
appreciation for your interest in holding periodic oversight hearings on the
National Bureau of Standards. The present hearings, however, are especially
welcome. First, the Bureau is undergoing a reorganization; second, it is becom-
ing active in new industry-related areas; and third, it is developing a powerful
synergy with other parts of the Department of Commerce. That dynamism can
lead to difficulty in understanding the rationale behind what is going on and
the rationale connecting such apparently disjointed activities. I hope that my
testimony here today can dispel those concerns and contribute to an understand-
ing of what we are doing and why.

Because I would like to expose our thinking carefully, I am afraid that this
testimony may be somewhat longer than usual. I hope that you will bear with
me, however, because I believe that the Bureau has a unique contribution to
make to our Nation's present and future industrial health. Let me first provide
some background for my task.
For 77 years the National Bureau of Standards has made major contributions

to American science, industry, commerce, government, and the general public.
That an institution created in 1901 is still a vital force is a tribute to its man-
agement and staff who, over the years, have adapted NBS programs to the
changing needs of our society.
In 1901 the Bureau's concerns were rather narrowly focused. For example, one

of the major challenges then facing NBS was the need for uniform weights and
measures for the states. Today, the Bureau, consistent with its organic act, is in-
volved in a host of concerns, such as energy conservation, fire research, computer
security, environmental measurements, and electronic reliability. Fortunately,
NBS has demonstrated over the years an ability to focus on timely topics with-
.out sacrificing its reputation for integrity, independence, and high quality output.The Bureau is and has been, first of all, the Nation's central reference labora-tory. It provides the measurement standards, techniques, and data that are neededby almost every area of society. For example, science uses measurements in de-A-eloping an understanding of our physical universe. Industry needs reliable datafor the design of products and processes, and uses measurement as a major ele-ment in quality control. In commerce, accurate measurement assures fairness tobuyer and seller alike. I think it's safe to say that measurement directly affectsthe lives of all Americans.

Measurement is both important and pervasive, yet we hear very little about it.That we don't, reflects credit on NBS and their ability to understand their con-
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stituents and respond to their needs. It means that the Nation's needs for ac-

curate, reliable measurements are largely being met. I say largely because sci-

ence, industry, and society encounter new problems, NBS must continue to re-

spond. Let me give just a few examples. In 1962, a British physicist named

Josephson made a theoretical prediction concerning electrical phenomena in

coupled superconducters. Ten years later, after extensive laboratory work, a de-

vice based on the Josephson effect was adopted as the means of maintaining the

legal volt in this country. It is a more accurate, more stable voltage reference

than the standard cells that were used before, and, being based on a constant of

nature, is reproducible at any time.
Such development work has effects that reach beyond the legal volt. During

that decade of effort, a decade whose early years were marked by no assurance

that a new standard would eventuate, the Bureau's competence in this new

area was growing. Regardless of the outcome of the investigation into that new

standard, it was evident that the Josephson junction marked a critical transition

in solid state devices. Its potential for packing density, the speed of its transitions

and its uniformity clearly indicated potential in electroncis.
Even now, industry is vigorously working on the Josephson junction. When

they need the metrology and the basic technological support to facilitate its manu-

facture, the Bureau's competence in that area will be there to support them. In-

deed, the Bureau's competence and its developments constitute a part of the

infratechnology which will form the basis for our industries' product and process

developments in this promising area.
The establishment of the National Measurement Laboratory under the new re-

organization of the NBS is in explicit recognition of the Bureau's central respon-
sibility for measurement and for the conduct of supporting research. It is in the
NML that much of the basic competence will be housed and developed in the

future.
Let me cite a more prosaic, yet very important NBS project. Many homes in

this country waste a great deal of energy. The energy shortage of 1973. coupled
with rapidly rising energy costs, focused attention on the need for energy conser-
vation in buildings.
The average homeowner, however, is not equipped to judge what combination

of insulation, storm windows and doors, and weatherstripping represents a sound
investment. An economist at NITS provided guidelines with which homeowners can
determine, in terms of weather conditions, costs of fuel or electricity, and cost
of improvements, the best combination for their situation. This information has
been distributed to hundreds of thousands of households in very useable format,
and is helping people reduce energy consumption, fuel bills, and environmental
pollution.
Even such a prosaic area of investigation as home heating, when coupled with

the interdisciplinary skills that the Bureau can bring to bear, has the potential
for extended impact. The Bureau's work in thermophotography, an effort origin-
ally directed at detecting heat leaks in those same houses, is now used effectively
by state and local governments for surveying entire areas. Its influence is even
spreading into the cancer detecting area of mammography.
Of considerable importance to the Bureau's own development, is the synergy

that is to become increasingly important to the new activities of the Bureau as
I will demonstrate later in my testimony.
NBS has long been a first-rate institution. Its staff is exceptional and creative;

its management is competent, growing in strength and dedicated to excellence.
Together they continue to make valuable—indeed essential—contributions to
our national well-being.
But we've been lucky, Mr. Chairman. We've been lucky while we've been mort-

gaging the future of the Bureau. For many years, I have watched the Bureau
change. As a member of its evaluation panels and as a colleague, I have had close
and frequent contact with the NBS management and staff. For the past year,
that contact bordered on the continuous. What I have found is disturbing.
NBS has been stretched thin in recent years by a variety of new assignments

and the lack of commensurate resources. We have mortgaged our future by avoid-
ing investment in many areas of science and technology that will clearly become
critical in the rapidly approaching future. We have met most of these require-
ments albeit with varying degrees of satisfaction both to us and others.
Now, however, there is no slack left; no slack for developing our needed com-

petence, no slack left for meeting new assignments and, most critically, no slack
left for applying capabilities of the Bureau to the Nation's rapidly growing
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-need for technological help in its industrial development. The mortgage has
come due. The President's budget request to the Congress addresses itself to this
_problem.
We recognize that to utilize these additional resources effectively and without

waste imposes different requirements on the Bureau's management than does
either the maintenance of the status quo or conservation in the face of shrink-
ing resources.

The NBS reorganization, which becomes effective on Sunday, is a major step
towards that task. Grouping of competences along functional lines, reducing the
number of organizational units, and providing focal points for development will
lead to an increase in the Bureau's efficiency and effectiveness, provide an atmos-
phere for the development of our competence and the leadership for guiding
that development.
So far, Mr. Chairman, I have spoken of the Bureau's special role in measure-

ment, some of the past spinoffs from that role and our drive to rebuild our com-
petence. I have also alluded to our shrinking ability to contribute meaningfully
to our Nation's rapidly growing need in industrial development. That last was
not a casual comment. On February 14, I and several other witnesses testified
before joint hearings of your Subcommittee and the House Subcommittee on
"Science, Research and Technology as to our concerns about this country's vitality
In industrial innovation and its place in the world's industrial development. We
were a diverse panel—a professor, a labor specialist, an industrialist and a Fed-
eral employee. We were diverse; our approaches were diverse; but our concerns
were remarkably uniform. We agreed that many signs point to trouble in the
aea of innovation.
At the very time when shortages of raw materials are developing, when

foreign competition is increasing, and when we need exports to help pay for the
oil we import—at this critical time the private sector in America seems more
detached than ever from the productive innovative process. While there are
valid economic reasons for such growing detachment, the bottom line spells
trouble.

This Committee's witnesses testified that the Federal Government has a sig-
nificant impact on the process of innovation. Tax laws, patent policy, procure-
ment, pollution regulations, support for R&D, and many other actions of the
Federal Government affect the process of innovation. As you know, the OSTP
and my office will be trying, over the next year or so, to quantify and localize
the impact of these various options in an effort to answer the fundamental ques-
tion: What integrated Federal policies can best encourage and assist industrial
Innovation while minimizing the social costs of those policies?
The answers to that question will be vital to the establishment of a rational

long-term strategy but even now we are seeking an approach that will be ef-
fective. Mr. Chairman, let me spend some time describing the approach that
we are considering.
When my colleagues, my students, and I studied the process of innovation

in industry, we found two elements—ability and opportunity—were needed if
it were to proceed at all. When a third element—imperative—was also present.
however, innovation tended to proceed with great rapidity. Ability is easy to
understand. A firm or organization either can innovate or it can't. To possess what
we call ability, it needs both the knowledge—composed of technology and busi-
ness skills and the financial and other resources that permit the organization to
bring that knowledge to use. Many organizations try to innovate without one
of those two components of ability, most fail.

Opportunity is a bit harder to pin down. For the decision makers along the
line in an organization to be willing to undergo the risks and stresses of
innovation—risks and stresses that are often sizeable—they must perceive a
commensurate future return. For firms, that return is often expressed by simple
measures such as pay-back-period or return-on-investment. For the individuals
in the firm, however, the question of opportunity is more complex. Marketing
managers often measure their return in increased share of market, engineers
often in terms of peer plaudits and even chief executive officers—above some
level of profit that will keep the stockholders happy—are often sensitive to such
seemingly extraneous rewards as community reaction, status, and their firm's
growth. These internal rewards are often uncorrelated with the economic rewards
and help to explain why firms with the same external opportunity may differ in
their willingness to innovate.
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In the non-profit sector, such non-economic rewards often serve to explain most

of the variability in innovative behavior among organizations.

Despite that variability, however, on the average the perceived economic op-

portunity is the surest predictor of reaction to a potential innovation. In estimat-

ing the response of an industry as a whole then return-on-investment swamps

out virtually all other factors. Just as ability determines whether a firm can, the

level of opportunity determines how hard it Will try.
Imperative, our third element can be the strongest. It biases the willingness

to try to an extent often bordering on panic. We're familiar with this phenomenon

in other areas.
Termnial cancer patients will try Laetrile; uncertainties about the potential

benefits are overridden by their imperative. Doctors, however, will not in general

try Laetrile; they perceive a negligible opportunity and share virtually none of

the patient's imperative. As does the patient faced by death, a firm threatened

with extinction often shows much of the same extreme behavior. Internal re-

luctances often disappear and innovative change may become the firm's most

pressing business. Not all imperatives, of course, are- so extreme. Pilkington

Brothers' extraordinary investment in the eventually successful Float Glass

process was partly justified by the threat of French and American invasion
 of

their market—an invasion made palpable by Pilkington's earlier experience with

the Belgians.
Our studies thus tell us that Ability and Opportunity together—in an

innovation-accepting firm—are enough to produce innovation. When they are both

present. Imperative is an effective spur.
If it is necessary and fruitful for the Department to help industry through

the support of innovation, it may be appropriate that we first choose those

industries in which an imperative clearly exists. That choice is doubly motivated.

Such industries—if the imperative is strong—are also a natural concern of

government. Industry degradation or failure implies damage to our balance of

payments, structural unemployment, deterioration of regions in which such

industries are concentrated and a waste of productive facilities. Such industr
ies

aren't hard to find. We can easily identify three classes of industry that have

such an imperative:
1. Industries experiencing severe foreign competition;
2. Industries which are threatened by sudden, gross or unexpected changes

in the price of their raw materials or energy supply; and
3. Industries whose processes or products run counter to new government

regulation.
The Federal Government has long provided assistance to such industries.

Financial assistance and worker retraining assistance have been made available

through such agencies as Commerce's Economic Development Administration

(EDA). Such assistance has often, however, been provided with a sense of in-

evitability shared by both government and industry. Indeed, it is often wry
ly

referred to as "burial assistance."
Since the presence of an imperative is such a strong force for innovation, there

is a better way to provide assistance. The presence of imperatives offers industry

and government an opportunity to bring their joint resources to bear on innova-

tions strategically focused on lessening or removing those imperatives.

Mr. Chairman, to demonstrate some of the functional reasons behind the

Bureau's reorganization and to clarify one facet of the relationship of the Bure
au

with the Department of Commerce, I would like to take a few moments more to

review how we work with these impacted industries.
As the request of EDA, it is anticipated that NBS will provide technical support

to various impacted industries to prevent conditions of excessive unemployment.

As appropriate, funds are transferred to NBS for such undertakings.
In working with these impacted industries, our first task has been to determine

what particular function of that industry would, if modified through innovation,

serve to reduce its imperative. Sometimes that task is easy. In the case of an

industry hurt by a new or changed EPA pollution regulation, for example, it may

only be necessary to find a process modification that brings it within EPA limits.

In other cases the task requires all the business, economic and technical skills

we can bring to bear on it.
For a foreign-trade impacted industry the opportunity may be in the industry's

management techniques, in marketing, in its production process, in a shift in

its product line, in a change in scale or in various other areas. Because we are

today focussing on the role of the National Bureau of Standards, I will restrict
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my remarks to those industries where the opportunity lies in a shift in product

or process technology. That restriction is in no way meant to imply that the

Department is impotent when the opportunity lies elsewhere. The Industry and.

Trade Administration, EDA, the Office of Minority Business Enterprise and my

office all have capabilities that can play an effective role in those cases. The

Bureau's skills, coupled with the resources of the rest of the Department, shine,

however, when a technological innovation is needed.
Each impacted-industry project starts with a microeconomic analysis of the

industry. That analysis isolates what industry segments are impacted and why.

Based on that analysis we can then determine specific loci within those industry

segments where a technological change can have the necessary impact.
After the necessary microeconomic analysis points to a potentially useful tech-

nological innovation, we establish a set of starting specifications for that tech-
nology. Next we have to determine whether that technology already exists—
perhaps in some totally unrelated industry, in unfinished form in some research
institute, or in a Federal Laboratory. Ideally, for this task, one would like an
engineering group closely coupled to the forefront of research and familiar with
the technologies used in a wide range of industries. Ideally, such a group would
have a record of industry cooperation and a wide range of contacts throughout
the industrial world. Ideally, such a group would have the necessary mathe-
matical skills to model the impact of any new technology in the target industry
and to monitor the effects as the technological change takes place.

All of those skills, albeit in somewhat scattered form, have existed at NBS for
years. Under the Bureau's reorganization, however, they have been brought to-
gether under the National Engineering Laboratory. Of course, the NEL does far
more than work on the technological problems of impacted industry. They are
constituted generally to ensure a smooth flow from research to industrial use.
More important, perhaps, they are also constituted to ensure that the researchers
at NBS are aware of the general progress of applied technology and the future
needs that such progress generates. This synergy between the National Engineer-
ing Laboratory and the National Measurement Laboratory will be both powerful
and bi-directional.
Once we have identified either an existing technology that can be adapted or

a new technology that requires development, estimates are made of the economic.
needs and effects of that technology. This latter is vital to success if the innova-
tion is to presist on a self-sustaining basis. If the costs are large, other activities
are started in parallel with the development program. EDA may be brought in
for financing, OMBE may be brought in if there is the potential for the develop-
ment of minority business enterprises, the Regional Affairs Office may be called
on to work with the locality if a local development plan is needed, etc.
While that is going on, a technical team made up largely of industry repre-

sentatives and either Bureau engineers and scientists or engineers and scientists
on contract from outside, tackles the technical problem. The industry representa-
tives, supported by their firms as a form of "earnest money," are critical to this
process. Not only do they ensure that the efforts of the engineers remain relevant
to the industry's needs and constraints, but they serve as the basic technology
transfer medium. Upon completion of the project, they return to their firms—
not with written reports alone—but with the new technology imbedded in their
minds and with a personal commitment to its use.
This work with impacted firms has often been confused with the specific study

on the feasibility of an effort in cooperative technology proposed in the Presi-
dent's budget. That confusion is understandable because the technique—the-
collaborative, cooperative development of new technology—is the same in both
cases. The critical differenec between the two is the question of the applicabilityof that approach to two very different kinds of industry. The impacted industry-
program I have just been describing is relatively easy. Not only are the in-
dustries relatively easy to select in terms of the structural dislocations they areresponsible for, but they also have that special ingredient—imperative—thatprovides the incentive for their participation. Our cooperative technology studyfocuses on a class of industries in which both of those ingredients are missing.In fact, that is why it has been set up as a study.
The special class of industries that the study addresses are the disaggregatedindustries (currently defined as industries where the 8 largest firms do less-than 50 percent of the business) that have chronic productivity improvementproblems, that provide many of our jobs and a sizeable fraction of our grossnational product but, because of their structure often lack the ability to in-novate. Indeed, because of the way innovation and subsequent copying takes,
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place in those highly competitive industries, even the potential for financial
benefit—opportunity----may be small compared to the risks involved. Such in-
dustries, in manufacturing alone, run a wide gamut from women's clothing
through machine-shops, printing, and foundries to the fastener industry. In the
service industries ranging from health care to retail distribution, the gamut is
even wider.
For many reasons the Federal Government has a major stake in the develop-

ment of these disaggregated industries:
They contribute significantly to the general economic health of the country.
They are chronically susceptible to incursion from foreign competition.
Cost reductions in such industries are counterinflationary.
Expansion of such industries creates new jobs and new export potentials.

Secondary incentives for government involvement run from the potential for
energy conservation to pollution abatement in advance of regulation. The govern-
ment has a stake, but does its involvement with such industries make sense in
light of our economics and our culture? Moreover, do the industries have a stake—
will they have the motivation to participate?
It is easier to answer the first question than the second. Economists such as

Arrow, Mansfield, Solow, and Denison have demonstrated the discrepancy be-
tween the level of investment in innovation that takes place under motivation
solely internal to the firm and that which would take place if the public benefits
were also considered. Traditionally, when such market failure occurs, the
government tries to compensate for that market failure through such means as
tax incentives, procurement set-asides, etc., all of which address "opportunity".
Rarely, except through the mission agencies does the government address the
question of "ability", yet for many of the disaggregated industries there is a
lack of the ability to respond to opportunity—no matter how many government
programs provide such opportunity. It is to this problem that our study seeks
to address itself—and if the study warrants it is here that the NBS will again
have a major role to play.
Two aspects of this study will be proceeding simultaneously. The first will

be academically oriented. It is necessary, before committing the Federal Gov-
ernment to any major effort in this area to determine whether industry alone
can do the job and whether there are other, less expensive, modes of federal
intervention. This study, a part of a much larger study that we and the OSTP
will be doing, will rely heavily on economic analysis and analyses of the de-
cision making process in firms that are part of disaggregated industries. We
already have clear indicators from Olsen's work that, for disaggregated in-
dustries served by oligopolistic supply industries, other forms of help to such
suppliers may be a more effective way of spurring innovation. Even if that
academic study indicates that theoretically there are good reasons for govern-
ment participation in the innovative activities of some disaggregated industries,
a major question remains. Do the industries themselves perceive a need? To
answer that question we will be performing a parallel field study.
During fiscal year 1978 and fiscal year 1979 we will be publicizing our con-

cern to a wide range of disaggregated industries. With them, once we have
received an expression of interest, we will proceed as with the impacted in-
dustries. There will, however, be two salient differences. First our work with
them can only proceed through identification to the point of designing an
appropriate attack on their technological need. This is, after all, a study and
we have neither the funds nor the authorization to go further. Second, we
will try to array our potential target industries for selection. It is essential that
we be able to select, from among the many disaggregated industries, that set with
which it is important to collaborate. Based on such criteria as achievable bene-
fits, cost, ease of securing the technology and others, we will, in collaboration
with representatives of the private and public sector, make an appropriate selec-
tion of industries. That selection, the response of industry in general and our
academic analyses will form the basis of any budget proposal to the Depart-
ment and to the President to initiate an appropriate program.
Such a direct approach is sometimes considered at variance with the concept

of a "study", yet in this case it is appropriate. Cooperative technological de-
velopment based on strategic business analysis would be a radically new "prod-
uct" for the Federal Government. Other organizations, from soap companies to
photographic firms have discovered that, in the case of a radically new product,
survey results are essentially worthless. For minor modifications, such surveys
work; for major ones they don't. In the light of this fact, most firms "test
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market" when they have a major innovation; 
that is what we are doing at

Commerce. In a year or so we should be able to tell whe
ther we are in a position

to meet a well perceived need or whether we have
 another Edsel.

In sum, Mr. Chairman, both our on-going work 
in the area of impacted in-

dustries, and the proposed cooperative technology study 
which focus on clisag-

gregated industries share a basic approach. Its essential 
element is to cooperate

with industry and academia in the development of 
technology supportive of the

industry. Cooperation for mutual benefit is the key to succe
ss. There will be no

joint efforts unless the users and developers of technology 
identify the problems

and opportunities and collaborate in the search for a s
olution. The objective of

both efforts is, broadly stated—the preservation of jobs and 
the growth of our

economy.
I see the National Bureau of Standards playing a lead role 

in the impacted

industry program and a similar role if our study leads to an addi
tional program.

The Bureau will manage the feasibility studies that precede ini
tiation of tasks,

identify and assemble resources, and manage a responsive technica
l program.

In cases where NBS has unique resources, these tasks might be 
performed in-

ternally. In general, however, work would be done under contract to 
outside

institutions. NBS will monitor the progress of all technical studies, and play
 a

large role in the transfer of the resulting technology.
I believe NBS is a logical choice for the functions I have mentioned—indeed

it is the best choice I know of—because NBS has cooperated with industry 
and

academia for 77 years. This new program would not be a radical departure for

NBS; it would be a logical extension of its role and actions in providing tech-

nical services to industry and commerce. The Bureau understands the subtleties

involved in the development and use of infratechnology as a result of its long

experience in developing and providing infrastructure services.
The Bureau is already coupled to the industrial, academic, and government

communities and has their respect and confidence. NBS people are now col-

laborating with many of the scientists and engineers who will participate in

this program.
Many of the Bureau's outstanding scientists and engineers have had careers

in industry too. This program could allow multiple use of their talents and
provide all NBS researchers with new and exciting challenges.
NBS already has in place a variety of mechanisms for collaboration. For

example, under the research associate program over 75 people from industry are
working at NBS on problems of mutual interest. Other interchanges take place
through the postdoctoral program, the Intergovernmental Personnel Exchange
Act, visiting scientists, and executive interchange programs. My point is that
interactions, leading to diffusion of technology, are an everyday occurrence at
the Bureau.
The last sector of the NBS that I would like to address is the Institute for

Computer Science and Technology (ICST). The ICST faces an immense task—
nothing less than bringing to the Federal Data Processing system the economies
of scale that it should be enjoying. In order to do that job—and do it right—
will require an ICST that looks and acts very differently from the ICST of the
past. To clarify that point let me just include here our internal tasking
memorandum. It outlines the major activities that are necessary if the Federal
Government is indeed to get all the mileage out of standardization that it can,
and it indicates our view of those activities.

INTERNAL TASKING MEMORANDUM—TASKS REQUIRED FOR THE EFFECTIVE
IMPLEMENTATION OF THE BROOKS ACT

1. Program Development and Evaluation (under Institute Director)
a. Conduct impact analyses to determine potential benefits of standards

families and individual standards.
b. Conduct analyses to determine projected costs for standards families and

individual standards.
c. Analyze technological forecasts to evaluate potential for future standards

(see 7e below).
d. Collect and review (in coordination with OMB) operating costs to evaluate

performance of standards and families.
NOTE: This separate and independent office is necessary for two reasons:

1. it requires a set of business analysis skills not generally found in the techni-
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cal centers; 2. it directly supports the institute director in the establishment 
of

standards development priorities.]
[NOTE: From our work with the ISETAP panel and others, it is likely that

2. Establishment of hardware and software standards for the procurement an
d

use of computers in the Federal Government

these standards will also be adopted by state and local governments.]

a. Standards are to be mandatory and binding;
b. Deviations (exceptions or waivers) from these standards must be centrally

approved upon review and recommendation of the ICST ;

c. Standards must be pro-competitive; and
d. ICST will use the voluntary system where practical and timely.

S. Enforcement

a. Secretary of Commerce to approve deviations;
b. On-site audit (including inspection and tests-);
c. Higher level language validation;
d. Applications package validation; and
e. Sanctions by GSA (procurement) and OMB (budget).

4. Assistance to agencies
a. Adaptation, maintenance and operation of the Federal Software Exchange.

The current GSA system is voluntary. It is our intent that application program

submission (in standard language and with standard documentation) be made

mandatory as is the case with publications under the G.P.O. There will be some

minimum level on such programs. Such a procedure is also necessary for com-

pliance determination.
b. Training of other agency personnel in standards use and library use.
c. Training of other agency management personnel in the management of

facilities under the standards and in the procurement of new standard facilities.

d. Consultation to other agencies on standards implementation, facilities

specification and operation (OA funds or appropriations not yet decided).
e. Establishment and maintenance of a capacity-smoothing facility (if neces-

sary; see f below) to meet temporary peak needs of agencies or to serve agencies
whose needs are too small to warrant a dedicated installation.

f. Maintain inventory of predicted demands and capacity availability of other
agencies to "broker" services where networking or transportation is appropriate.

g. Conduct a simulation service to assist in procurement and software
development.
h. In cooperation with the Center for Applied Mathematics, develop models and

general purpose statistical packages for other agency use. Such models must be
requested and, depending on their generality, be cost shared by the other
agency.

i. Conduct validation and conversion centers as appropriate internally or on
contract.

j. Assist other agencies in evaluation and use of new types of equipment.

5. Research and Development
a. Develop prototype hardware or software technology to prove feasibility of

proposed standards where necessary.
b. Procure, adapt or develop—on request from other agencies special purpose

equipment that can be connected to standard installations.
c. Procure, adapt or develop the necessary software to permit standardized

operation of the above.
d. -Develop and establish privacy-protecting and security protocols to facilitate

networking among standard facilities (see 4f above).
e. Coordinate with the Center for Electronic and Electrical Engineering, the

Center for Applied Mathematics and the Center for Mechanical Engineering and
Process Technology (automation) see 6d below.

f. Conduct in cooperation with OMB and other appropriate agencies an annual
review of the accomplishment of and programs for research in computer services
and techniques to assess accomplishments and to provide guidance for programs.

6. Diffusion
a. Assist State and local governments in the adoption and use of Federal

Standards.
b. Assist State and local governments (via NACO, NLA, TISCOM, etc.) in

establishing a central applications program library for their use (similar to
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- 4a above) and provide library interchange services with the central library.

c. Publish and publicize the results of impact analyses (see la) to encourage
maximum comment on some and maximum use of Federal standards.

d. Review Federal Computer Science and Technology and maintain a computer-

based inventory of same to assist in diffusing it through the public and private
sector.

7. Research
Conduct research as needed to:
a. Develop test and standardization methodologies.
b. Open areas for new or revised standards as in the onset of new equipment

architectures, new software developments or new protocols.
c. Support specific standards under development or to be developed.
d. Evaluate the potential and usage factors of new equipment or software.
e. Perform technological forecasts in both the hardware and software areas.
f. Maintain competence and ties with the outside.
I think it is clear that while some of these activities may be done outside of

ICST, whatever remains is large. To ensure its accomplishment, the ICST has
been established as an organization on a par with the NML and NEL within the
Bureau. Whether this structure is sufficient, time will tell.
Mr. Chairman, I have gone on too long. Clearly the Bureau is on the move

along several fronts. Such motion, of course, causes some strain but the overall
•effect looks very promising. With everyone's help this major national resource
can be counted on to attain new levels of greatness.

U.S. DEPARTMENT OF COMMERCE,
ASSISTANT SECRETARY FOR SCIENCE AND TECHNOLOGY,

Washington, D.C., May 8, 1978.
HOD. ADLAI E. STEVENSON,
Chairman, Subcommittee on Science, Technology, and Space, Committee on Com-

merce, Science and Transportation, U.S. Senate, Washington, D.C.
DEAR MR. CHAIRMAN: Enclosed is the study plan for our Cooperative Tech-

nology Program which you requested that I furnish the Subcommittee during
my testimony of April 6, 1978.
Please note that this study, although it represents our current thinking, may

be modified.
Sincerely,

FRANCIS W. WOLEB,
(For Jordan J. Baruch).

Enclosure.

GUIDE TO FISCAL YEARS 1978 AND 1979 ACTIVITY ON THE COOPERATIVE TECHNOLOGY
PROGRAM STUDY PLAN

The Department has requested $2 million for fiscal year 1979 which will support
a study to determine:

the potential of a cooperative program with the private sector,
the feasibility of effective cooperation, and
the policy and management issues necessarily involved in organizing and

designing a program.
Work has already begun along several interrelated tracks on the above tasks

and sufficient results should be available by August of 1978 to present a sound
justification for an fiscal year 1980 submission. These tracks involve:

intensive work with the private sector to determine both its support for
the program and opportunities for significant cooperative projects;

systematic review of similar programs, both domestic and foreign, to de-
fine key issues and impacts;
management of programs with a similar thrust that are part of the exist-

ing mandate of the Department; and
comprehensive analysis of the governmental policy system affecting in-

dustrial innovation.

TICK I: SURVEY OF PRIVATE SECTOR SUPPORT
Introduction
The Office of the Assistant Secretary for Science and Technology has actively

contacted organizations representing the private sector concerning their interest
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in a cooperative program. Meetings have been held and will continue with a wide

variety of industrial associations, universities, public interest groups, and com-

panies concerning projects which would make significant contributions and which
require appropriate government action. This outreach effort to the private sector

constitutes a quasi-experimental study to determine the potential impact of such

a program. That is, interactions start with the question: If a cooperative pro-
gram were available, what specific needs could it fill?
In coming months, the Office of the Assistant Secretary for Science and Tech-

nology will focus interactions on leaders from one or two specific industries (e.g.,
machine tools and textiles, and areas of technology (e.g., composite materials,
corrosion, and lubrication). An intensive schedule of visits to factories, research
laboratories, technical institutes, key spokesmen, labor leaders and academics
will provide the depth of mutual understanding needed to identify creative
projects which will provide both significant results and realistic prospects of
success.

Activity in fiscal year 1979 should continue on both the general and specific
surveys of technologies with the aim of obtaining:

a full range of prospective projects across the broad spectrum of U.S.
industry;

guidelines on policy and procedure abstracted from the analysis of pros-
pective opportunities; and
indications of the depth, breadth and conditions of private support for a

cooperative program.

Milestone Plans
Select sample fields for test market analysis by consultation with private sector

organizations (May 1978).
Assess, with participation of the selected Industries:

Technology opportunities and corresponding business strategies for meet-
ing market needs,

Capacity to develop and use technology,
Shortfall in the capacity of private organizations to produce and use tech-

nology, and
Extent and feasibility of possible impact by a cooperative program (July

1978)
Analyze, integrate and report on results (August 1978).
Indentify industries and technical fields requiring special interaction in devel-

oping proposals for cooperative projects (September 1978).
Assess the opportunities for cooperative projects proposed across the full

range of technical fields (April 1979).
Assess the potential impacts of cooperative technologies on the operations of

state and local governments (May 1979).
Analyze, integrate and report results (June 1979).

TRACK II: REVIEW OF PROGRAMMATIC EXPEItIENCE

Introduction
The concept of the Cooperative Technology Program is an outgrowth of an

analysis of past programs of the U.S. and other governments in support of
industrial technology. Efforts have continued to locate, describe and analyze
these programs to:

identify policy options for providing governmental assistance on critical

technologies;
define specific issues, problems, and strengths of programs; and
evaluate the success and impact of programs.

While a more rigorous review will extend into fiscal year 1979, sufficient
analytical work should be complete by late summer of fiscal year 1978 for a
sound submittal for a fiscal year 1980 budget request.
Two meetings are planned for the summer of 1978 to validate and integrate.

the preliminary findings of the above studies. These meetings will be held with
academic, governmental and industrial experts in (a) the econmics of industrial
technology and (b) the management of the innovation process.
Funds requested for fiscal year 1979 will be allocated to a systematic plan

to continue the above process of location and analysis. In particular, efforts will'
be made to study the programs of:

other industrial nations in the free world,
other mission agencies of the U.S. government,
state governments within the U.S., and
private organizations organized into cooperative consortia.
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The review of these programs will include published and unpublished program
reviews, interviews with key personnel associated with the programs, analyses
of theoretical literature dealing with general principles relevant to the programs,
analytical comparisons of key characteristics, and systematic collection of de-
scriptive and evaluative data.

Milestone Plans
Select primary examples of Federal and state government programs which

have similar goals and structures (June 1978) .
Select primary examples of foreign government programs which have similar

goals and structures (May 1978).
Evaluate the effectiveness of exemplar programs in promoting balanced growth

(July 1978).
Specify and • assess the strengths and weaknesses in order to develop proce-

dural and policy options in cooperative programs (July 1978).
Conduct conferences with economists, industrialists and experts on innovation

to air, synthesize and validate conclusions about other programs (July 1978).
Complete the search of similar programs and of alternative options for influenc-

ing the advancement of critically needed technologies (October 1978).
Evaluate alternatives to cooperative R&D for accomplishing the goals of the

program (December 1978) .
Evaluate the effectiveness of other programs (March 1979).
Specify and assess the strengths and weaknesses for procedural and policy

options on cooperative technology programs (July 1979).

TRACK iii: MANAGEMENT OF COOPERATIVE PROGRAMS

Introduction
Existing missions of the Department Of Commerce (namely those focused on

providing industry-wide, technical assistance to impacted industries) require the
Office of the Assistant Secretary for Science and Technology to be involved in the
management of government/industry cooperation on specific technologies. For
example, throughout fiscal year 1978, the Office of the Assistant Secretary for
Science and Technology has been actively involved in a cooperative analysis of
the trade impaction problems of the American footwear industry. This analysis
will assist the footwear industry and the Department to specify a technical
program which will encourage technologies capable of supporting a competitive
advantage for American industry,
During the summer of fiscal year 1978, cooperative projects will be organized

to provide the needed knowledge for industry to undertake subsequent commer-
cial projects. This effort and others like it will provide many lessons of general
value to the Cooperative Technology Program, such as:

delineation of the need for, and the structure of, a business analysis
process necessary to relate technologies to viable, long-term strategies:

indication of the willingness for, and capability of, government and indus-
try to cooperate together;

definition of the policies, procedures and assurances necessary to obtain
full and effective cooperation; .

Clarification of the constraints of other agency policies (e.g., Department
of Justice) on cooperative, technical work ; and

projections of the value of cooperative projects.
,lljiestcyne Plans
Preliminary analysis, integration and reporting of lessons from cooperative

projects (July 1978).
Evaluate the early response of the industries dealt with (July 1978).
Analysis, integration and reporting of lessons from the full set of cooperative

projects to date (February 1979).
Evaluate the response of the private sector to the cooperative projects initiated

(March 1979).

TRACK iv: POLICY ANALYSES ON INDUSTRIAL INNOVATION

A comprehensive analysis of the impact of Federal policy and program activi-
ties upon industrial innovation is. being initiated by the Department of Com-
merce in conjunction with the Office of Science and Technology Policy. It is
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anticipated that the study will be
 conducted as a part of the Dom

estic Policy

Review System.
Work on the policy review me

morandum has already begun and 
first order

assessments of the impact of Fed
eral policy and programs upon ind

ustrial inno-

vation should be well along by 
Fall and will continue throughout t

he Fall and

winter months. The policy review
 activity and output will be fact

ored into the

analytical activity described in Tra
ck II thereby reinforcing the analy

tical evalu-

ation being developed for the CTP.
 In sum, it will facilitate an asse

ssment of the

merit of a Cooperative Te,chnolo
gy Program in the context of a revie

w of other

Federal policy and program optio
ns.

PRELIMINARY DESIGN OF A 
COOPERATIVE TECHNOLOGY PR

OGRAM

Introduction
All of the work described to this

 point is meant to specific the conte
xt, need

for, and feasibility of a cooperative
 program. Given the successful 

completion

of these tasks, we shall need to inte
grate the information obtained into an

 opera-

tional design for a program.
During the summer of fiscal year 

1978, sufficient work will be complet
ed to

formulate a preliminary program d
esign. This prototype will be valuable

 both

in a systematic etfort to obtain feedba
ck from industry executives and other

s and

in the design of final information s
earch efforts. This latter work, culmi

nating

in a formal operating structure, will 
be the agenda for fiscal year 1979.

Milestone Plans

A. Pretiminary Design.—Structure the
 preliminary design of the CTP:

Specify a process selecting specific fie
lds of technology as the focus for

special efforts on the generation of c
ooperative projects (July 1978)

Determine appropriate roles of industry gr
oups, universities, Federal and

state governments (June 1978)
Systematize criteria for selecting tasks (

August 1978)

Determine preliminary policies far CTP
 on property rights (July 1978)

Design a preliminary strategy for promot
ing the utilization of technologies

(July 1978)
B. Initial Feedoack.—Solicit reaction to 

the pro-forma program through inten-

sive, private sector interaction to:
Determine, with selected test cases, how 

CTP would affect private R&D

activities and levels of funding (January 197
9)

Determine preliminary response to CTP's
 preliminary design (November

1978)
C. Formal Design.—Evaluate responses t

o:

Refine program goals and statements of n
eed (February 1979).

Specify program structure, policies and pro
cedures (April 1979).

Assess potential impacts of cooperative proje
cts (May 1979).

Define potential level of industry participati
on (June 1979).

D. Final Feedback.—Solicit reaction to the pr
ogram through intensive private

sector interactions to:
Determine with selected test cases how CT

P would affect private R&D

activities and levels of funding (July 1979).

Determine industry's response to CTP design
 (July 1979).

E. Final Design.—Evaluate responses to:

Assess potential value of the projects submitted
 to CTP (June 1979).

Finalize program goals, structure and procedu
re (July 1979).

Define potential level and nature of industry coo
peration (August 1979).

'Select projects, if warranted, as basis fo
r a fiscal year 1080 funding re-

quest (September 1979).

Senator STEVENSON. Our next witness is Dr. W. Dale Compto
n, Vice

President of Research, Ford Motor Co.
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Dr. Compton, I will suggest to you also that if you would like to
summarize your statement, we would be happy to enter it in the record.

STATEMENT OF DR. W. DALE COMPTON, VICE PRESIDENT OF
RESEARCH, FORD MOTOR CO., DEARBORN, MICHIGAN

Dr. COMPTON. Mr. Chairman, my remarks are rather brief. With
your permission, I would like to read through them.
Senator 'STEVENSON. Very well.
Dr. COMPTON. If you would bear with me.
I am very pleased this morning to have the opportunity to.partici-

pate in these hearings on NBS. My comments are based primarily upon
opinion derived through participation on the NBS statutory Visiting
Committee.
NBS has long been recognized as a truly outstanding national lab-

oratory. It has been respected for the quality of its research, for the
service it has rendered to commerce and industry, and for the Intel-
lectural integrity it has maintained in providing technical support to,
other governmental agencies. NBS is indeed a national resource. If it
did not exist today, much of what it does would have to be carried on
by other Government agencies.
The Organic Act of the National Bureau of Standards (1901) pro-vided that the Bureau maintain and develop national standards ofmeasurements and the means and methods for making measurementsconsistent with those standards. While this has continued to be a cen-tral function for the Bureau throughout its 77 years of service, recentlegislation has substantially expanded and broadened its responsibili-ties. This broadening of responsibility has brought with it some realdifficulties. I would like to spend a few minutes discussing some as-pects of these problems.
Legislation subsequent to the Organic Act has often assigned specifictasks to the Bureau in areas that require immediate responses. Fre-quently, this assignment of responsibility has not been accompaniedby adequate resources. As an example, I would like to mention theBrooks Act which Dr. Baruch has spoken of in considerable detail.Let me say if the requested increase of $13.409 million for 1979 isallowed, this will substantially improve the situation; however, eventhis increase is probably insufficient to accomplish the task called forunder that act.
The Standard Reference Data Act authorized and directed the Sec-retary.  of Commerce to provide, in part, for the collection, compilation,.critical evaluation, publication, and dissemination of standard refer-ence data. This program has regularly been authorized at $3 million,but was budgeted at $2.85 million in fiscal year 1978 and is requestedat $3.15 million in fiscal year 1979.
The needs of many segments of industry, particularly in energyrelated areas, for carefully evaluated data are particularly great atthis time. The level of support for this program is of serious concernto many of us in industry.
Other legislative actions have assigned the Bureau responsibilitiesithat, n retrospect, appear ill-advised. The Federal Non-NuclearEnergy Research and Development Act directed that NBS give par-
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ticular attention to the evaluation of all promising energy-related in-
ventions, particularly those submitted by individual inventors and
small companies. While I do not quarrel with the need for someone in
the Government to perform this function, I question whether this is
a proper role for the NBS.
Some of the legislation has stipulated that the funding be provided

by other Federal agencies. OMB has been particularly aggressive in
denying funding increases for the Bureau for those programs where
another agency has the lead responsibility. While the rationale for
these actions is reasonable, considerable problems have resulted.
Even in those cases where a transfer of funds is accomplished, it is

seldom accompanied by an adjustment in personnel ceilings. Thus, the
Bureau is called upon to perform the additional tasks for other agen-
cies within its existing headcount ceiling. The Bureau has estimated
that in fiscal year 1979, 180 additional positions would be required to
support the high priority reimbursable programs of other agencies. The
proposed fiscal year 1979 budget would provide for partial correction
of this situation with an allowed increase of only 66.
What has been the impact upon the Burean of these various actions?

It has demanded that some very difficult decisions be made about
program priorities. The long-range research that is the foundation of
the next generation of measurement technology has been reduced in
many cases in order to support the mandated programs.
Personnel have been shifted from longer-range programs to those

having shorter-range objectives. As a result of this perceived shift
in program priorities at the Bureau, morale has reached a low point.
The reputation of the Bureau has suffered to the point that the best
graduating students no longer consider the Bureau high on their list
of employment considerations. In short, the view has been expressed
that the Bureau is becoming a "job shop" and that it is no longer a
research institution. This is undoubtedly an overstatement however,the perceived situation is often as important as is the actual situation.
Thus, there is real cause for concern.
Can anything be done about it? The answer is "yes" and, in fact,

the proposed fiscal year 1979 budget represents a significant step
toward helping correct this situation. Significant budget increases for
the Bureau have been recommended by the Department of Commerce
and OMB.
As was noted earlier, some headcount relief has been wanted for the

support of programs supported by other agencies. A particularly im-
portant contribution to correcting the situation is the requested budget
increase for developing and maintaining basic research efforts in the
scientific and engineering areas that support all NBS programs. Dr.
Baruch referred to this as "competence building."
It is hoped that similar additional increases can be provided in

future years. The NBS Visiting Committee has applauded these vari-
ous budget actions. In addition, the committee is pleased that thecapital equipment modernization program is proceeding as planned,
with completion scheduled for 1981. This is a necessary move in thecontinuing effort to update the research facilities of the Bureau.

24-751-78 11
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The budget and personnel relief offered by these actions is expected
to start the rebuilding of the basic research competency at the Bureau.
But it will take time and effort to restore full confidence in the ability
of the Bureau to sustain a sound research effort. Stability of research
support is essential if the Bureau is to regain its preeminence in the
scientific world. It must be demonstrated that the long-range research
will not always be sacrificed for the shorter-term research.
The proposed reorganization at the Bureau may be of some help in

this. As you know, the proposed reorganization would concentrate
much of the more basic, longer range research in the National Meas-
urement Laboratory, with much of the more applied work and the
support for other Government agencies being concentrated in the
National Engineering Laboratory.
Since this organizational structure would concentrate the work that

supports the basic measurement function within one unit, it will be
easy to see how much budget and how many people are devoted to this
function. The organization change will only help solve the Bureau's
problems, however, if the Congress, OMB, and the Department of
Commerce agree that budget demands of the National Engineering
Laboratory will not be solved by transferring funds from the National
Measurement Laboratory.
This means that future legislation should provide proper levels of

funding and adequate personnel headcount, and it must assign tasks
that are appropriate for and can best be done by the Bureau. If this
is done, it would appear that both the basic and the applied programs
of the Bureau can flourish. This is not to suggest that the legislative
of executive branches should not request a reprioritization of work at
the Bureau.
What is suggested is that reprioritization should not always require

the Bureau to sacrifice its own fundamental mission in order to support
the mission of other governmental agencies. This suggests that care
should be taken not to require that funds be regulatory or randomly
shifted from the National Measurement Laboratory to the National
Engineering Laboratory.

Finally, I would like to comment on one other aspect of the pro-
posed reorganization of the Bureau. A cooperative technology program
is being studied. This program would assist disaggregated industries
in developing basic technologies that are believed essential to provid-
ing products and processes necessary for their survival. This is a noble
objective. But I must express some serious skepticism about the likely
success of the Bureau in being able to do this not because the problem
doesn't exist, but because it is very difficult for any activity that is
not an integral part of industry to determine what the real problems
are, to determine when a given airection of work should be dropped, or
to determine when the work has been successful and should be
terminated.
These remarks are not specifical to the Bureau's programs. They

apply to any Government agency that attempts to influence civilian
commerce by development of solutions to problems that they perceive
to be critical to that industry. I would observe that generally they have
been unsuccessful. Thus, I am not optimistic that the Bureau can solve
these problems through a cooperative technology program.

•
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A number of my comments have been critical of actions taken by
or on behalf of the Bureau. I would like to close by noting that the
Bureau has many highly talented and devoted people. It has contrib-
uted greatly to the scientific and technological base of this Nation.
It has a first-rate administrative group which has moved aggressively
to improve the capability of the Bureau.
And the present Department of Commerce administration has

demonstrated a sensitivity to the problems of the Bureau and a willing-
ness to help correct them. This is most refreshing and suggests that
optimism in the future is appropriate. The visiting committee of NBS
notes that these recent trends are very positive. It believes that the
Bureau will undoubtedly again achieve the excellence that is necessary
if it is to fulfill the objectives that are required of it.
Speaking on behalf of the visiting committee, we wish to thank this

committee for its interest in the well-being of the Bureau and for the
opportunity to express our views on the issues that we feel are critical
to the future of this great institution.

Senator STEVENSON. Thank you, Dr. Compton.
I agree that we ought to make certain the Bureau in the future isn't

forced to subordinate its fundamental and long-range objectives to
immediate objectives and mandated programs. That's a tendency
which is chronic in the Government and the consequences are obvious
in this agency. Maybe with annual or periodic authorizations for the
Bureau, we can be more conscious of what we do to it and would
thereby afford ourselves an opportunity to transfer out of as well as
into the agency various responsibilities.
Do you have any opinion on that possibility? Periodic

authorization?
Dr. COMPTON. The only comment that I would feel qualified to make

on this issue. Mr. Chairman, is that the greater the visibility that the
Bureau has at the highest levels of the Government, the more success-
ful I think it will be. It has much to gain from a greater awareness
of its programs.
Senator STEVENSON. Let's assume that contrary to your opinion, the

Government did decide that the national welfare did require a cooper-
ative program, that is one that is different than that contemplated
through the Bureau, but one that did contemplate Federal assistance
for R. & D. in industry, and not have development of the traditional
defense-related objectives, but commercial products. Is the Bureau
the appropriate place for such a program, or let's put it a different
way.
Let's say your opinion is not accepted by the Government and it

does go ahead with the present cooperative technology programs,
shouldn't it be in some other agency? Aren't we getting apples and
oranges mixed up again?
Dr. COMPTON. If one looks only at the basic mission of the Bureau,

then it is somewhat removed from this type of function. But if one
asks what other activity within the Department, of Commerce, has
the responsibility to he concerned with the health of U.S. industry,
what other activity within the Department of Commerce could assist
in this, I think one is led to the conclusion that it would be the NBS.
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Senator STEVENSON. Of course, it doesn't have to be in the Depart-
ment of Commerce at all?
Dr. COMPTON. Then I would question the viability of the role of the

Department of Commerce in overlooking the health of industry in this
country, if the program you describe were to be located elsewhere.
Senator STEVENSON. My proposition is the health of the Nation, and

maybe it is not much of an exaggeration to say the survival of the
Nation as the preeminent industrialized power of the world. Such pro-
grams are scattered throughout the Government. They are in the
National Institutes of Health, in the Department of Energy, the
Department of Agriculture, Commerce. Offhand, I can't think of one
that doesn't have related programs.
I don't know how you would recognize it. I don't have a thought

in mind. I just question whether this sort of thing is appropriate, if
you want to maintain the integrity of the Organic Act and those fun-
damental missions of the Bureau, which you have already talked
about.
Dr. COMPTON. There is a danger of diluting the principal function

that the Bureau has been given in the Organic Act by bringing in a
program which—as has been described—could be quite large. But I
say—if the program as contemplated is truly a technical program for
assisting industries in developing new ways of doing business, it will
require a very technically oriented activity. If you look through the
Federal Government at its technical capability, I think one is struck
with the fact that most of this capability resides in the Department
of Defense laboratories and in the National Laboratories of the De-
partment of Energy. Putting aside, of course, health and the National
Institutes of Health.
So the capability exists for the Bureau to contribute substantially

to this kind of a problem. I think it would be well to look seriously at
whether that capability would have to be built up someplace else, if it
is not placed in the Bureau. This is an organization that is highly
regarded by industry. It has a long history of working with industry.
I think a case might very well be made that they would have a

credibility with the industrial sector that is probably unequaled else-
where in the Government. That is a great advantage in the early
stages of creating a program like this.
Senator STEVENSON. Yes. You are taking a fairly narrow view of the

kind of technology that would be developed in cooperation with indus-
try, but let me move on.
Do you think the Bureau can effectively use the $13.4 million re-

quested increase over the current $4.2 million for implementation of
the Brooks Act?
Dr. COMPTON. It is a large chunk to swallow. I have not looked in

detail at what their plans are in terms of managing that increased
effort. Neither has the Visiting Committee. I think it would be inap-
propriate for me to comment that it is either prepared or unprepared
to do that task.
The issue boils down to whether you can attract the high-caliber

people that you need to expand the program rapidly.
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I believe the Bureau is sensitive to that, Mr. Chairman. I would be
inclined to think that they have given their careful judgment to that
and to its appropriateness.

Senator STEVENSON. You mention your concern about the level of
support for the Standard Reference Act. Could you explain that
concern?
Dr. Coarprox. Although I was unaware that that was to be discussed

at the hearing later this morning. I am pleased to be able to respond
to this question.
When that act was passed, I recall that there was a recommenda-

tion that it should be budgeted at a level of roughly $10 million or,
at least, projected to that level.
I believe that was the thrust of the recommendation that

Mr. Weisner made at the time of the presentation.
The needs are so great for industry in that area that it seems to me

very important that that activity grow at a regular rate over the next
several years to a level that approaches something like the originally
planned $10 million. That growth can be slow, it can be gradual, but it
needs to be expanded to meet the kind of needs that exist in the
industry.

Senator STEVENSON. Could you hazard a suggestion as to an appro-
priate level of this fiscal year, fiscal year 1979?
Dr. COMPTON. Well, I have a rule of thumb in my own organization,

Mr. Chairman, that for large programs it is difficult to grow more
than about 10 percent per year.
For a program of the current size of the standard reference pro-

gram—which is a rather small—I would think a 25-percent growth for
the next couple years would be quite appropriate.

Senator STEVENSON. It was 2.9, I believe, for fiscal year 1978?
Dr. COMPTON. And it is proposed at 3.1 for fiscal year 1979.
Senator STEVENSON. That is proposed for fiscal year 1979?
Dr. COMPTON. Yes and a certain part of that would be considered

to be economics, I believe.
Senator STEVENSON. You would need 25?
Dr. COMPTON. Real growth should be about 25 percent.
Senator STEVENSON. Twenty-five percent in real growth over the

1978 level would be appropriate for 1979?
Dr. COMPTON. Yes.
Senator STEVENSON. More or less.
How about the adequacy of the NBS Organic Act? Do you have any

suggestions as to how it should be changed, improved?
Dr. COMPTON. No, sir. I do not. I would only comment that, if it

is changed, I would hope that it would retain as a key objective for the
Bureau its continued service in the standards and measurement area.

Senator STEVENSON. How do you feel about the experimental tech-
nology incentive program and the Bureau's proposal to reorganize it
into an experimental methods activity?
Dr. COMPTON. Within any program I think you can likely find areas

which one would like to see strengthened and others that are already
quite strong. In all honesty, things are no different for this particular



154

program. It is a new experimental program and, thus, will likely need
continuing review for some time to come. As a general comment I
would note that it is a problem to determine what a governmental
laboratory should be doing in the applied research area. This relates
directly to the critical issue of commercialization. How should the
Government assist the private sector in commercializing products;
how does it provide the necessary incentives?
The experimental technology incentives program suffers from some

of the same problems.
Their greatest contribution will come, in my view—in those areas

in which they can develop ne methodologies, new measurement tech-
niques, and a better understanding of phenomena that can be broadly
applied by the industry, rather than in attempting to develop solu-
tions to specific industrial problems that may exist.

Senator STEVENSON. Now, Dr. Compton, an unfair question. How is
the Ford "Fiesta" doing?
Dr. COMPTON. We would always like to sell more of those Ford

"Fiestas," Mr. Chairman.
Senator STEVENSON. It is doing well, isn't it?
Dr. ComproN. Yes.
Senator STEVENSON. Where is it manufactured?
Dr. ComyroN. In Europe.
Senator STEVENSON. Why?
Dr. COMPTON. It is a European car. It was developed and built for

the European market and is being imported into this country now in
a limited volume to determine the acceptance of that type of vehicle
to the American public.

Senator STEVENSON. Is it getting accepted?
Dr. COMPTON. It is meeting the expectations that we had for it. We

are pleased with the acceptance so far. This is the first year. It's only
been on the market a few months.
The import level will only be about 120,000 units this year. But we

are pleased with its acceptance today.
Senator STEVENSON. And if industry had had a little more vision, it

might have been onstream about, what, 1973, when the oil price was
quadrupling? Earlier than that?
Dr. COMPTON. I don't know whether it is vision or not. Clairvoyance,

maybe.
Senator STEVENSON. I think vision. It didn't take a prophet to fore-see the energy crisis.
Dr. COMPTON. It is hard to predict a dramatic change in anything,Mr. Chairman, including, of course, an oil embargo. But I agree withyou. We wish we had more fuel-efficient cars on the market and we aremaking a virgorous effort to accomplish this. I'm sure you are awareof this effort.
Senator STEVENSON. Any other questions? Thank you very much,Dr. Compton.
Dr. COMPTON. Thank you, Mr. Chairman.
Senator STEVENSON. Our next witness is Dr. William Baker, presi-dent of Bell Laboratories.
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STATEMENT OF DR. WILLIAM 0. BASER, PRESIDENT,
• BELL LABORATORIES

Mr. BAKER. Good morning, Mr. Chairman.
Senator STEVENSON. Good morning, sir.
Once again, if you would like, we would be happy to enter your

full statement into the record.
Mr. BAKER. Thank you, sir. We are reporting today the position of

the panels of the National Academy of Sciences, National Research
Council, which are invited annually by NBS and the Department of
Commerce to review the scientific and technical work at the Bureau.
This has been done since 1959 by these groups. There are about 6

of them in major review capacities, and many subpanels, involving
more than 200 people who are expert in the whole range of science and
technology covered by the Bureau and who represent a whole range
of American enterprises: universities, Government agencies, and, very
especially, industry.
We have submitted in our prepared statement conclusions of that

group in current reviews. We feel the need for NBS is more compelling
than ever in its 75-year-plus history.
We have remarked in our notes for you the way it has and continues

to contribute to the strength of industry and of other scientific and
technical enterprises. I put it that way because NBS has a very large
and important constituency among the scientists and engineers of the
United States. This extends through many other activities such as
particular industries, particular institutions: universities, educational
systems, and the like.

It's clear from your perceptive exchanges with the witnesses already
today, Dr. Baruch and Dr. Compton, that you are especially aware of
the challenges to our economy and industry that we are finding now
and are aware of the role the Bureau may play in them.
I might take the next few minutes, rather than reviewing the

prepared statement, to pick a case which may be particularly timely
and indicate how the judgments of these Panels are applied to the
affairs of the Bureau and how we believe they are useful in your as-
sessments of how the Bureau should be supported in its role in our
national resources.
Namely, as Dr. Baruch has said, the Institute for Computer Science

and Technology, the activities in the Bureau that are concentrated on
the mastery of computers and of automations, is an area where a major
increase in funding has been recommended. This is in full accord with
the studies of the panels of the past several years.
One of the reasons for those recommendations from the Panels has

been that we felt that American industry as well as Government and
other enterprises not only had a world leadership in the use of auto-
mations, but could enhance the productivity in our ecnomy most effec-
tively by that means better than by any other means that we know.
This means, as you know, is already closely associated with many of
the specific high-technology industries that are leaders in the country.
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Dr. Compton's whole realm of automotive technology is a very heavy
and skillful use of computers, of automations for machine-controls,
and the rest.
In the field of electronics, we find such advances—that I could not

have reported even last fall—as a single silicon disk here,. containing
2.8 million transistors on this one disk of single crystal silicon, which
has a whole series of completely functional computer memories on it.
There are 142 memory sites there, capable of 2.3 million bits of memory.
Now, it's not only that this technology provides America with a

strong leadership—strong leadership challenged, as you pointed out,
by other countries such as Japan, but nevertheless a very strong leader-
ship in the creation of these kinds of resources for automations. But
also, the creation of these resources itself requires an exercise of auto-
matic machinery and of skills in production which are beyond anything
we have seen before.
To come to the Bureau's part, we can simply report that it is a source

of authentication, of standardization, of measurement skills, from the
most scientific to the most technological, that are absolutely essential
to this kind of productivity and this kind of industry.
For example, here the dimensions that are significant in these cir-

cuits are dimensions of hundred-millionths, verging on billionths, of
a meter, whereas a few decades ago—in fact, not more than one or
two—relatively small subdivisions of a meter were what you had to
worry about in measurements in industry and in technology generally.
So we have come many orders of magnitude beyond what was long
thought to be essential in producing a piece of hardware for the Amer-
ican economy.
Now, the Bureau of Standards is vital and is the world leader in

the measurement schemes and the understanding of how to determine
those parameters. But I wanted to pursue a little further your theme
of what the Bureau's role properly is in the broader context of as-
suring industry progress widely.
The Institute for Computer Science and Technology is a good ex-

ample. We have said these automatons are the basis for major indus-
trial advances around the world today, events of all kinds : steelmaking,
shoemaking, as well as for computers and electronics themselves.
The Panels advisory to the Institute for Computer Sciences and

Technology in the Bureau are convinced that a major role remains in
that Institute and in the Bureau to contribute to this advance in auto-
matons in our country. It is the following kind of mission, in order of
importance, and things which are not being done adequately anywhereelse in the country or anywhere in the world.
The first involves the software engineering and quality control. Itmay interest you to know that although the programing of computers,generally known as software engineering, is a major technical activityin this Nation and around the world, there do not exist adequate qual-ity controls. The quality assurance we happened in our industry tohave introduced in the manufacture of products in the early 1940's andthrough the 1940's, which is now universal throughout the world inhardware production, has not been extended to software engineeringor the production of software for automatons.
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Second, the security of computers as proprietary elements of gov-
ernment, industry, wherever, is demanding strong attention.
Third, the network access controls, and the computer system ac-

countability and audit ability and fidelity, and authenticity, are things
that are not being dealt with in any part of industry adequately, al-
though the computer industry has made a good start. It is necessary
for an agency with the traditions of accuracy and objectivity of NBS
to resolve the important issues there and to master that technical need.

Further, it is clear—along the lines that Dr. Compton pointed out
generally—that the Bureau's mission is being spread too thinly and
that the Bureau has not had the resources that are essential to do some
of these absolutely essential jobs, such as this iane on computer docu-
mentation, software standards, and quality assurance that Tam talking
about; it is clear that the deficiencies in the Bureau's work in this field
up to date are very significant.
The interface—matter of interface standards has struck our Panel

as being the most serious; and Dr. Baruch has referred to this, that
we are in this Nation developing a lot of fragmented computer sys-
tems, fragmented capabilities in industry and Government, that are
not interconnected; and this doesn't have to be that way.
We talk about combinations of government and industry and other

resources in Japan—Japan, Inc., or whatever else—in advancing new
capabilities as a nation. Here we have an opportunity for magnificant
national advances in automatons through all our components of the
United States which we are missing by not having this transferabil-
ity, this portability that Dr. Baruch talked about, and what we gen-
erally call interface standards. It is very much an appropriate mission
for NBS.
We mentioned software quality control, which our Panel thought

was the next most essential thing for the Bureau to do. We mentioned
software validation. Data standards, the actual formating of data
upon which American industry and American Government must
eventually depend, are needed. The automation and "manufacture" of
data bases is not being standardize and made transferable in the form
that is essential.
It is almost as though instead of using a decimal system for arith-

metic, we use three or four convenient and quite different bases.
The standard programing language deserves much more attention;

the computerized model development deserves a modest amount. That
is something that is extremely useful, for these smaller industries that
have been referred to as well as for the very large technological ones.
By essential computer model development, industries can estimate

markets, estimate the relationship of their products to the needs of
this Nation, the consumer interest, and, of course, to their market-
ability.
I hope this is a little example of the breadth of utility that a proper

support of the Institute of Computer Science and Technology in the
NBS can lead to.
I.could take your time to illustrate similar roles and functions in a

variety of other industries, in a variety of the other sections of the
Bureau's work, but it would come out rather similar to this. My real
point of the report is that in the judgment of these citizens who worked
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on the panels for NBS, the enhanced funding that has been proposed
is absolutely essential. And furthermore, to answer your query spe-
cifically, we believe that NBS in its present form, with its present
leadership and the action that has been taken in this Senate to assure
that leadership, will manage effectively the resources that are being
requested and will manage effectively the meeting of some of these
technological needs.
I should add that in the opinion of the panels, while we have not

looked deeply into the proposed reorganization—there hasn't been
time—we judge these things by results and not by postulates. Never-
theless, the feeling is that there will be a very ample and very com-
pelling mission for the Bureau in the main organization roles of the
National Measurements Laboratory, the National Engineering Labo-
ratory. We believe there is a basis for the concerns that Dr. Compton
has expressed about whether there are really appropriate resources for
other things.
However, we will be anxious to report on that as the new organiza-

tion evolves.
I believe, Mr. Chairman, that we have summarized the current find-

ings of the panels but we would be very glad to expand on any of these
or to explicate them.
Senator STEVENSON. Thank you,Dr. Baker. You have an opinion,

you say, on the reorganization plan?
Dr. BAKER. We really do not have much of an opinion.
Senator STEVENSON. You do not?
Dr. BAKER. No. We will seek to judge that and react on it in terms

of the outputs, as we do annually. And it is really too early to see how
this new arrangement is going to go.
Senator STEVENSON. You probably heard Dr. Compton suggest that

$13.4 million was a rather large increase for the Bureau to swallow for
implementation of the Brooks Act. Do you disagree with that?
Dr. BAKER. We share the concern, of course, about how rapidly any

scientific or technical body can absorb such an increase, but it is
modulated, as I think he implied, by the fact that the Bureau has
needed to do this work for a long time. They have been grasping for it,
they have been struggling to get some of it done.
Therefore, the issue is not quite so much a completely new set of

operations to carry out, rather being able to carry out some that they
have been half doing, or not doing, for some years already.
They really are more prepared than one might expect.
Senator STEVENSON. Do I take that to mean that you do disagree

and feel that the $13.4 million is a reasonable figure?
Dr. BAKER. I do really disagree, and think it is appropriate.
Senator STEVENSON. What are your views on the proposed coopera-

tive technology program for the Bureau?
Dr. BAKER. Well, sir, I would have to say that that is a vital new

element in the reorganization and, therefore, it is early for us to be
able to judge anything about it. We haven't had the chance to see the
outputs.
We do feel, as we noted, that the other missions of the Bureau, which

have much needed expanded support, are so compelling, along the lines
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I reported to you, for example, in automata, in computers, that it is
going to be a full-time job to get those things done well. Therefore, we
will look with interest but with reservation on whether a quite differ-
ent program, such as the one in cooperative technology, will find the
appropriate attention.
The Bureau's management is very competent, is highly committed

to doing these important things for the country. You can only do so
many things at once.
Senator STEVENSON. I believe you were here during Dr. Baruch's

testimony? You heard him indicate that his program was directed
toward cooperative technology for women's apparel as opposed to
automation. Would you care to respond to his suggestions about the
directions of this program, for disaggregated industries?
Dr. BAKER. I think he very wisely emphasized that we are much

worried in the country about the science and technology, research and
development, available to the so-called disaggregated industries. I be-
lieve, on the one hand, we must heed very keenly Dr. Compton's point
that it is those industries themselves that know what they need, and
it will be very hard to do their research and development for them.
But, on the other hand, we have to agree with Dr. Baruch's implica-
tion, at least that maybe we can get something out of their way.
That is the hand of regulation, of control, of the dealing with ques-

tions of intraindustry communication, that is, being able to have ex-
change of information within an industry. Those things are very seri-
ous constraints on the research -and development for those smaller
industries.
For example, in the high technology part of electronics, where there

are many small industries, it is necessary to clean the materials that
you use—which are semiconductors, metals, all sorts of things. Indus-
try, for generations, has had methods of degreasing, cleaning by cer-
tain solvents. The Toxic Substances Control Act will make it practi-
cally illegal—nobody is quite sure of what—to use a beaker of benzene
in removing contaminants from vital parts of the raw materials from
which the smaller industries make the components that we are dealing
with.
Now, nobody knows whether this is good or bad. If you grow up

inside of a tank full of benzene there are certainly dangers. But one
has not got a set of scales of hazard, which is to adequately enable us
to keep research and development and to keep process technology mov-
ing in industry.
By the way, even the matter of mere demonstration of the quantities

of these alleged toxic materials that are present in processes is some-
thing NBS can contribute u great deal to, by its analytic techniques
and measurement techniques.
Then to turn all the way around and say that Government can do

research and development for disaggregated industries which are
being inhibited in their own solution of technical problems by unmeas-
urable, uninterpretable regulations, I think is of very serious concern.
Senator STEVENSON. Do you have any suggestions for changes in the

Organic Act of the Bureau?
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Dr. BARKER. No. sir, I believe that it has proven to be effective and
versatile. It has met the needs that I have described to you, which I
think are samples of needs which will still be coming on at the end
of this century. It is a good act.
Senator STEVENSON. You and others have cited the personnel prob-

lems at the Bureau. In addition to supporting the fiscal year 1979
budget request for competency building, what else should be done?
Dr. BAKER. I am not quite sure I follow you.
Senator STEVENSON. In addition to supportinc, the request for com-

petency building, what if anything should be done to help solve that
personnel problem?
Dr. BAKER. Specifically, some relief in the matter of 'personnel po-

sitions that the Bureau has been held to. It has—it needs 
Senator STEVENSON. There is some relief contemplated.
Dr. BAKER. Yes.
Senator STEVENSON. Are you familiar with the ceilings proposed in

the budget for personnel?
Dr. BAKER. I have looked very quickly at the budget.
Senator STEVENSON. Should it be higher?
Dr. BAKER. I think it should be higher soon. If—particularly in the

area of funds which the Bureau can manage experimentally and use
for supporting the basic work that will permit these measurement
techniques we are talking about, I do think that should be higher. I
do think there are specific—
Senator STEVENSON. Should there be any ceilings at ?
Dr. BAKER. I am sorry?
Senator STEVENSON. This is a somewhat theoretical question. Why

not make money available and 'forget about the ceilings. Leave it to
the Bureau to determine for itself how best to make use of the funds
made available.
Dr. BAKER. I would hope there would be a strong tendency in that

direction. They are able to do this. The legislation is already very
good, as we have indicated about defining a mission. The demonstra-
tion over 75 years really is that the Bureau management has been
highly realistic about this.
They have tried to relate consistently to the intentions of the Con-

gress. Therefore, the point you are making is really very vital for
maintaining technical excellence.
They should be able to dispose of these funds. An interesting thing

about their reorganization is that they have reduced the fine structure.
They reduced some of the subdivisions in their own internal organiza-
tion. It is a good thing, because they are going to be able to move 'peo-
ple and move programs more readily than before.
They removed, I think the thing they called sections. I think this

puts them in a good position to do what you are implying, that they
should have a little more internal autonomy.

Senator STEVENSON. Anything else you would suggest ?
Dr. BAKER. What?
Senator STEVENSON. Anything else you would suggest for coping

with the personnel problem?
Dr. BAKER. No, thank you, sir. I think this has been a very useful

exchange.
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Senator STEVENSON. Nothing more?
Thank you very much, sir.
[The statement follows:]

STATEMENT OF DR. W. 0. BAKER, BELL LABORATORIES

I am pleased to appear here today to discuss with your Subcommittee the
strengths, problems, and needs of the National Bureau of Standards.

Since 1959, the Department of Commerce and the National Bureau of Standards
have annually invited the National Academy of Sciences to provide an external
evaluation of the technical work of NBS. This is accomplished through a series
of Evaluation Panels. There are currently six major Panels and a number of
Subpanels. The National Academy of Sciences selects and appoints the Panel
members, of which there are at present over 200 people who give freely of
their time. In recent years I have been pleased to serve as the Chairman of
the Steering Committee of the Evaluation Panels.
Today I speak on behalf of the Panels, who are charged with the responsi-

bility of evaluating the technical functions and operations of NBS, and also
as a private citizen and industrial scientist with a keen interest in the vital
functions that the Bureau performs.
As a member of the U.S. industrial community, I can report that the need

for the National Bureau of Standards appears to be more compelling than ever.
The Department of Commerce and the National Bureau of Standards have
worked coopertively with industry in this country for many years, and it is
incumbent on the Congress and this Subcommittee in particular to ensure that
the Bureau is able to continue to make valuable contributions to the scientific
and technological health of the nation. I believe that the Bureau has performed
its role with distinction and that it can continue to do so.
I have sressed the importance of the Bureau to industry, but my colleagues on

the Evaluation Panels from universities and also from other government agencies
attest to the fact that the Bureau is vitally needed by these other segments of
the nation.
During the many years that I have been aware of its activities, the Bureau has

been a forum for the exchange and dissemination of scientific and technical in-
formation, and it has been a major force in the encouragement of innovation.
It not only has furnished an accepted language for science and technology—
the language of measurement—but it also has become a scientific conscience of
these communities. It has set high standards for research. Scientists have be-
come accustomed to expect that they can visit the Bureau to obtain new ideas
and to confirm the validity of their work. My overall assessment is that, through
the National Bureau of Standards, Congress has provided the science and tech-
nology of this nation with invaluable support.

Since the Bureau was founded in 1901, the needs of science and technology
have changed considerably and I must emphasize that the needs of the very
near future are quite beyond those with which we have been familiar. There is
an evolving role of the National Bureau of Standards in its relationship to na-
tional science and technology goals. As the reputation and prestige of the Bureau
has grown, additional responsibilities and tasks have been entrusted to its care.
I want to stress that the role of the Bureau is quite pervasive. It covers many
fields of science and engineering, and it is a crucial base of support for pro-
grams of many other federal agencies.
Because the Bureau furnishes the legal as well as operational bases for

many measurements in this country, it is important that sufficient resources be
made available to the Bureau to maintain the competences necessary to ensure
the quality of measurements, and measurement methods on which the nation
.depends. Since its beginning, the Bureau has been involved with standards for
weights and measures in the marketplace that are necessary to ensure equity
in trade, both within this country and internationally.

Let's look at one type of standard—the standard of length. A century ago, this
standard consisted merely of the space between two scratches on a metal bar.
Today, you will find such a Metal bar in the NBS museum, but not in the lab-
-oratory. Today, the Bureaus is called upon to furnish standards and standard
measurement methods for length that range from astronomical distances to
interatomic spacing. Optical effects of highest precision are nowadays the pen-

.eipal length meter.
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The Bureau has made technical contributions to the Global Positioning Systemof the U.S. Air Force. In this System, precisely timed signals from a group ofsatellites will be used to accurately locate the position of an object on the surfaceof the earth or even in the air to within a few feet. The precision of the instru-ments required in this System are at the forward state of the art.
At the other end of the range of length measurements required in today'stechnology, the Bureau has recently been able to measure absolutely rather thanrelatively the distance between atoms in a silicon crystal. This has far-reachingeffects because until now, these atomic distances had to be expressed in arbitraryx-ray units because the exact relationship to the standard of length was notknown.
In between these two extremes of length are many other examples of much-needed work that is being carried out by the National Bureau of Standards.Everyone is familiar with the revolutionary advancements in the field ofelectronics; advances that are now providing a myriad of consumer products suchas calculators, digital watches, home video games, and many other devices. Itis now possible to construct device, such as a microprocessor, that is smallerthan a postage stamp but contains literally thousands of transistors and as-sociated components. This device is in fact the working part of a computer.

Devices like this one have to be calibrated and are subject to manufacturing
controls that are orders of magnitude greater than before. This nation leadsdramatically in applying such controls, and the National Bureau of Standards
has provided the necessary precision standards.
For electrical measurements, the Bureau provides calibration services by

which many types of electrical measurements throughout the country are co-
ordinated. A dramatic example of the need for these calibration services oc-
curred last year on the Evaluation Panels. The Bureau proposed a cutback in
the number of electrical calibrations. Such a cutback was vigorously protested
by Evaluation Panel members from both the military services and the defense
contrctors. Both stressed the need for such callibrations to be done by a rec-
ognized authority such as the National Bureau of Standards in a third-party
role.

Continual improvement in measurements is vitally important to industry, but
at the same time, there are many challenges in new areas that the National
Bureau of Standards must tackle if our nation is to remain internationally com-
petitive. One such area is dynamic metrology, which could greatly enhance our
ability to compete as a manufacturing nation. Already tremendous advances
have been made in the manufacture of discrete parts through numerically con-
trolled machine tools. The next step is to measure the work in progress dy-
namically without slowing down the machining process. This technique can
result in a significant increase in manufacturing productivity. Even greater in-
creases can be made by providing computer-controlled, continuous adjustment
of the machining process based on these dynamic measurements. This is the kind
of anticipatory research that the National Bureau of Standards is doing and
should be doing. Inspection by automatic pattern recognition is another oncoming
need that is capable of lifting productivity.
In recent years, regulatory agencies have issued a large number of regula-

tions in health, safety, environment, energy, and so forth. In many cases, the
legal enforcement of these regulations depends on the work of the National
Bureas of Standards for calibration, standard measuring methods, and Standard
Reference Materials. Sometimes, new technologies of measurement have had to
be developed. For example, pollutants in the atmosphere often must be measured
to parts per billion, and this requires the highest type of technology. Of course.
it is not the Bureau's mission to determine the maximum allowable level of
pollutants in the air—that is done by another agency. However, it is the mission
of the National Bureau of Standards to provide the calibrations and standards
to enable these measurements to be made.
As you know, the National Bureau of Standards is now in the final stage of an

extensive reorganization. The Evaluation Panels of the National Academy of
Sciences have not been active participants in the planning of the reorganization,
but nevertheless they are extremely interested in any management action that
might affect the technical programs of the Bureau. All organizations find it
necessary to reorganize from time to time, and one always hopes that some of
the problems of the organization will be solved thereby. Although Dr. Ernest
Ambler was only recently sworn in as the new Director of the Bureau, his
association with that organization covers a quarter of a century, and he is well
known to us. Therefore, it is to be expected that the reorganization is being
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done with a very thorough knowledge of the mission and operation of the
Bureau.
In some cases, specific organizational problems pointed out by the Evaluation

Panels have been addressed. For example, it has been previously necessary to
have three separate Subpanels to evaluate the work of the Electricity Division,
the Electromagnetics Division, and the Electronic Technology Division, because
these parts of the Bureau were in separate institutes and separate locations.
The Panels have pointed out the need for improved coordination of these activi-
ties, and in the new organizational structure we find them grouped together.
Included with these three divisions will be a small group in cryoelectronics that
was formerly part of the Cryogenics Division. This move is also viewed as a
positive step by the Panels. And there are other examples.
One of the management problems that cannot be wholly solved by reorganiza-

tion is the difficulty of having a part of the Bureau located in Boulder, Colorado,
which is 1,500 miles from Gaithersburg, Maryland. It might seem that the
obvious solution is to move the entire operation to Gaithersburg, but this is
neither necessary nor desirable. The technical quality of work in Boulder is
high and is enhanced in some cases by the location. For example, the recent
discovery of a new type of molecule important in atmospheric chemistry resulted
from a joint project between NBS and NOAA, another large Department of
Commerce laboratory located in Boulder. Also, the Joint Institute for Labora-
tory Astrophysics (JILA), a joint venture between NBS and the University of
Colorado, is world renowned for its scientific excellence. The work done by the
NBS portion of the JILA is directly related to the mission of NBS, but it is
immeasurably enhanced by interactions with experimentalists and theorists in
the university portion of JILA.
I might point out that one of the original justifications for moving a part of

the Bureau to Boulder was to obtain a better location from which to broadcast
the much-used time and frequency signals from WWV. There is now also a
transmitter in Hawaii. In the not-too-distant future, the time signals will
probably be broadcast from satellites, and the ground location of the Time and
Frequency Division could be anywhere, but the ground-based transmitters must
be maintained for another decade or so.
The Evaluation Panels were not happy with the original reorganizational

plan for the Cryogenics Division in Boulder, but the difficulties appear to have
been resolved satisfactorily. This is one example of how the Bureau has been
very responsive to the findings and recommendations of the Evaluation Panels.
I have discussed the NBS Boulder laboratories in some detail in order to

illustrate that the inherent problem of managing an organization with a smaller
portion located at some remote distance has not resulted in work of any less
significance or quality from that remote location.
The main concern of the Evaluation Panels at this time is that the Bureau is

spread too thin. It has too many responsibilities for the resources available to
it. In many cases, the expertise of the Bureau in a particular field is now only
one person deep.
Over the past few years, the number of short-term tasks assigned to the

Bureau has increased while the ceiling on the number of personnel has re-
mained essentially constant. It appears that this situation has compromised
the Bureau's ability to maintain a balance between short-term applied work and
long-term fundamental research. There is a general impression, both within and
outside NBS, that the amount of fundamental research undertaken by the
Bureau has decreased within the last few years. It is generally believed that
this is primarily due to the fact that additional, short-term, applied respon-
sibilities assigned to the Bureau do not carry concomitant additional personnel
slots, and consequently, the required positions must be generated within a
constant-size staff by reducing the amount of long-range fundamental research.
It would be desirable to find mechanisms to maintain and protect the level of
long-term fundamental research so that it is no lower than about 15 percent of
the total NBS program. It is vital that the necessity of maintaining the ability
to do fundamental research within NBS be formally recognized in the federal
budget approval procedures.
It is important that the National Bureau of Standards do both short-term

applied work and long-term fundamental research. In fact, the ability to do
today's short-term applied work is based largely on the long-term fundamental
research that was done in the past, and there is no doubt that today's long-term
fundamental research will be useful in the applied work of the future. Adequate
long-range planning can determine those areas of fundamental research that are
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most likely to give results that will be needed in the future. We must protect
the ability of the Bureau to be able to respond quickly to the short-term needs
that will arise in the future.
The quality of the science and technology at the Bureau is, for the most part,

excellent, but constant vigilance is required in order to make sure that the
expertise and equipment available at the Bureau are sufficient to meet the evolv-
ing needs. Several years ago, the Evaluation Panels called attention to serious
deficiencies in the equipment of the Bureau due to reduced equipment funding.
At that time, the Secretary of the Department of Commerce began 611 equip-
ment modernization program that has done a great deal to relieve the situation.
However, there will continue to be equipment needs because the Bureau needs
state-of-the-art equipment in order to maintain and disseminate the national
standards of measurement.
The Evaluation Panels have called attention to deficiencies in the central

computing facility at the Bureau, and I understand that plans are under way
to modernize this facility.
in general, the Evaluation Panels have no complaints about the technical

work of the Bureau or the productivity of the staff. In one case involving the
Bureau's nuclear reactor, which is used heavily by other agencies, the Panel
believes that the productivity is actually too high. That is to say that the re-
actor is being used to the maximum exen possible, and only minimum time is
available for reactor operator training and routine safety maintenance. In order
to relieve this, it is proposed in the fiscal year 1979 budget of the Bureau to
install equipment that would allow the maximum power of the reactor to be
doubled to 20 MW, and this is fully endorsed by the Evaluation Panels. The
additional power of the reactor would allow individual irradiations to be accom-
plished more quickly and thus a greater number of them could be done.
The current assessments of the Evaluation Panels highlight three points:

1. The technical work of the Bureau is excellent;
2. The managerial talent at NBS is of high quality; and
3. NBS is being stretched beyond its resource limits.

It appears that new assignments are given to NBS because of the great trust
than can be placed in an institution with such a strong reputation. What the
Bureau is able to do with resources available, it does well. The National Bureau
of Standards continues to provide, as it has in the past, the standards, the
measurement technology, the critical standard reference data, the Standard.
Reference Materials, and the information processing standards that are neces-
sary for increased productivity, equity in trade, continued innovation, and more
efficient government operation.

Senator STEVENSON. We now have been joined by Congressman
Brown. I apologize for keeping you waiting, Congressman.
I thank you for joining us this morning.

STATEMENT OF HON. GEORGE E. BROWN, JR.,
U.S. REPRESENTATIVE FROM CALIFORNIA

Mr. BROWN. I apologize for being late. I intended to be here a little
earlier. I was unable to do so.

Senator, I am taking the liberty of appearing and offering testi-
mony before your subcommittee because of my own interest in this
area, and because of earlier hearings which we held on the House side
which led me to feel that perhaps I could offer some suggestions or
raise some questions that might be helpful.
I have a prepared statement which I hope that you can see fit to

insert in the record. I will try to briefly cover as much of it as I think
is necessary.
Senator STEVENSON. The full statement will be entered in the record.
Mr. BROWN. I want to pay tribute to the work that you have done in

this subcommittee, Senator, in a number of different areas which I
won't belabor.
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I have been involved cooperatively in many of the efforts that have
come before your subcommittee for legislation, such as the earthquake
and climate bills; and I know of the very excellent work that you have
been doing.
I note that the subcommittee shares jurisdiction with the House

Science Committee over NBS, OTA, NASA, and a number of science
policy issues. These may very well enlarge in the future.
As I mentioned, we had in the House oversight hearings on the

Bureau last October. I have been giving some thought to the matter
which you are considering here. I want to pose several questions; and
I wish I could pose the answers to all of them, but I can't.

Briefly, the questions that I think need to be answered—and I hope
will be as a result of these hearings—include, first, what is the mission
of the Bureau, and what forces shape that mission?
The core of that mission, of course, has been to develop and main-

tain national standards of measurements over the years; but bits and
pieces of additional responsibilities have been added, so that we now
have a rather wide variety of activities within the purview of the
Bureau.
These are continually being changed and modified by the capabilities

of the staff; by changes in the Department of Commerce policies; by
congressional action, both legislative and oversight. I think we need
to continually focus in on what is it exactly that we want the Bureau
to do.
I would suggest that we perhaps ought to monitor more closely new

legislation affecting the Bureau so that we insure that any mandates
are consistent with the—with its-own abilities and with past legislative
directions. It is conceivable that the Organic Act possibly should be
amended in order to give cognizance to some of these changes that
have been added more recently; and it is, of course possible—and on
the House side we have tended to make a point Of this business of
annual authorization of appropriations as a way of helping the
agencies under our general jurisdiction, to keep them a little closer
tuned with the feelings of the Congress as a whole.
I don't know whether it will be possible to reach agreement on the

central focus or mission in any precise terms, but I always consider
that this is indispensible to answering most any other questions that
arise in connection with an agency.
The second question that has come to my mind is that of what can

we do to make NBS a part of an integrated network of Federal Labo-
ratories? In fact, what can we do to create that integrated network, a
rationally functioning network, out of the hodgepodge of multimis-
sion laboratories that we have throughout the Government?
I know this is a question that you have been interested in, Senator;

and it is a tremendously complex and important kind of a question.
In thinking about it as far as the Federal establishment as a whole,

NBS, of course, has to play a key role in any such concept.
What I am really interested in is an evaluation of how well the

structure and focus of our laboratories permits them to respond to
changing national needs for a national network of talent and labora-
tory facilities that can serve our national purpose.

I, of course, see this as being an indispensible tool this network of
laboratories, in any process of planning for the future in this coun-

24-751 0-78----12
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try. I have come to feel that we are missing a great opportunity in not
devoting the kind of integrated thought to this laboratory capacity
that we should.
I would suggest in that connection—and it applies to NBS—that

there are several things that can be done to maximize our use of the
labs. There should be a freer exchange of personnel capabilities and
information among the laboratories. There should be a greater oppor-
tunity to make these exchanges between the various levels of Govern-
ment, between the Federal Government, State and local government,'
for the mutual benefit of all of the levels of government.
Of course, the role of the Congress should be in helping to remove

any barriers that exist in terms of that greater capability for the ex-
change of people, and resources to meet changing needs.
I gather you have had some discussion of the role of NBS in encour-

aging innovation in American industry. We feel that this is an im-
portant question which needs to be dealt with.
The systems that we have, such as the patent system and the various

provisions in the Small Business Administration legislation should
be contributing to this goal, but don't seem to be doing it as well as
it should. I don't have good suggestions as to how we can increase this
innovation capability, but in connection with the industrial—major
industrial development in my own area of California, I find that our
steel industry is lagging behind foreign steel development, because of
this failure to innovate.
I know there are many other industries in the same position. I think

that the Bureau should have an important role in assisting in doing
that.
You have already raised questions about the budgetary and staff

levels of the Bureau, and I have come to the conclusion last year that
we had provided more responsibility and less resources than the Bu-
reau needed.
I hope that this year's budget will rectify that. I do want to indicate

that certainly the increases are in the right direction. Possibly they
could be modified, but I have strongly felt that we did need an increase
in both personnel and financial resources for the NBS, and I think that
is developing.
I am sure you have thought about this problem of needs for main-

taining a so-called critical mass of research capability and whether the
various programs in the Bureau do have that. This needs to be con-
stantly analyzed, and the problem of the aging of the Bureau's re-
search staff needs to be looked at in terms of maintaining its historical
excellence. As we fail to draw in new blood at the Bureau, we are miss-
ing the opportunity, of course, to bring new insight, people who have a
different training.
There are generational differences in approach.
I am very much concerned that the personnel management at the

Bureau and the level of personnel be such as to encourage this turn-
over and the attraction of younger scientists.
Mr. Chairman, I think this, in a very brief way, indicates the kind

of questions that I thought needed to be raised and, therefore, very
little in the way of answers, as I indicated.
My longer statement elaborates on some of the points I made. I

think in the interests of time I will confine myself to these remarks.
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Senator STEVENSON. Thank you, Congressman Brown.
You have been one of the leading figures in the country on the activi-

ties of the Federal Government in this whole area of science tech-
nology, and your opinions are valued by all of us as is your continued
cooperation.
We have had a good relationship in the past. I am certain it will

continue in the future.
I am hopeful that together we can answer the important questions

that you have raised. I think you have raised the right ones.
Let me ask one question, if I might. Do you think we would be

helped in the Congress to answer those questions and to better moni-
tor the legislation, as you suggested which assigils a task to the Bureau,
if the Bureau was subject to a periodic authorizing legislation? As
you know, it is open ended.
Mr. BROWN. Yes, Mr. Chairman, I think it is a matter more of

custom and precedent on the House side, in our committee, to use the
annual authorization. We found that it worked very well with the
National Science Foundation, with NASA, with some of the other
agencies. I am not at all sure that it is an indispensable tool or that it
needs to be annual instead of, say, biannual. Oar concern is that there
he some method by which frequent oversight is promoted. These reg-
ular authorization procedures do promote close oversight.

It does not solve all the problems. It can become routine and per-
functory. In considering the tremendous load that exists on the mem-
bers of the Senate, perhaps an annual authorization would be too much
of a burden, but the overriding goal is to make sure that the agency is
responsive to the needs of the public as reflected in the Congress and
that the Congress is aware on a continuing basis of their problems, and
we think that it helps to do that.
Senator STEVENSON. Well, I am glad to hear you say that. I agree

with what you say about annual authorizations.
I don't know—we don't have a period to suggest, whether it is 2

years, 3 years. Maybe it would be a good idea for us to develop some
legislation that would begin a periodic authorizing process and per-
haps include other measures, some, for example, which again slough
off a few of the assignments which the Bureau has taken on or been
given in recent years, which aren't directly related to its fundamental
purposes and might better be taken care of in other agencies.
Mr. BROWN. If I might comment, Mr. Chairman, I think every

agency tends to develop by accretion funds which should be evaluated
and considered as to whether they are still necessary.
Apply the so-called sunset thinking to it. I am not saying this is

true in the case of the Bureau, but I have run into many programs
where there are laws that sometimes go back 50, 100 years that are still
on the books, but no longer even observed.
The opportunity to go back and restructure this authorizing legis-

lation, if that's what it is, to simplify it, to combine it may be a process
of fundamental importance to this whole business of simplifying the
structure of government.
I would hope that it might be and is well worth doing in many

situations.
Senator STEVENSON. I understand that OSTP is reviewing NBS.

Maybe we ought to work with OSTP to come up with a process for
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periodic reviews, as well as beginning now a review of all of the as-
signments which the Bureau has accumulated over the years.
In any event, we look forward to cooperating with you on that, and

we are grateful to you for coming over this morning.
Before you leave, we have reported our climate bill. Would it be too

soon to start reconciling the fairly insignificant differences?
Mr. BROWN. I am very pleased to hear that, Mr. Chairman. We will

do everything possible to facilitate the expeditious agreement on some
version that. will meet both of our needs.
Senator STEVENSON. Now that we have taken care of earthquakes,

we can take care of weather.
Mr. BROWN. Right.
Senator STEVENSON. Thank you, Congressman Brown.
Mr. BROWN. Thank you, Mr. Chairman.
[The statement follows:]

STATEMENT OF HON. GEORGE E. BROWN, JR., U.S. REPRESENTATIVE FROM
CALIFORNIA

Chairman Stevenson and Members of the Subcommittee on Science Technology
and Space, I am delighted to appear before you today to testify regarding the
National Bureau of 'Standards. Your Subcommittee and the Committee on Sci-
ence and Technology of the House, particularly the Subcommittee on Science,
Research and Technology, have enjoyed close and harmonious relations ever
since you, Senator 'Stevenson, assumed the chair at the outset of your Subcom-
mittee's existence. It was a pleasure to co-chair with you the recent jo'nt hear-
ings on the Office of Science and Technology Policy. I would like to thank you
and your staff, also for your work with the House Science Committee on the
Earthquake and Climate bills, leg'slation that was of particular interest to me.
As you know, your Subcommittee additionally shares jurisdiction with the House
Science Committee over the National Bureau of Standards, the Office Of Tech-
nology Assessment, NASA, and science policy issues of recombinant DNA. I hope
and anticipate that our areas of common interest will be larger in the future.
The House Subcommittee on Science, Research and Technology held an over-

sight hearing on the National Bureau of Standards last October. In connection
with NBS oversight I have been thinking about issues that deserve consideration.
I would like to discuss with you six questions about the National Bureau of
Standards which I believe to be important.

First, what is the mission of the National Bureau of Standards, and what
forces shape that mission?

Second, how can the National Bureau of Standards best be made part of an
integrated network of Federal laboratories?
Third, what should be the role of NBS in encouraging innovation in Amer-

ican industry?
Fourth, are the resources assigned to NBS proper for the execution of the

Bureau's mission?
Fifth, what needs and characteristics of the Bureau's staff are important, and

are they now adequately considered?
Sixth, is the current-reorganization of the Bureau conceptually and practically

sound?
I intend to amplify on each of these questions and to suggest partial answers

to some.
MISSION

To reiterate, my first question is: What is the mission of the National Bu-
reau of Standards, and what forces shape that mission?
The core of the Bureau's mission, as you well know, has been to develop and

maintain national standards of measurement. Over the years, especially since
1965, bits and pieces of additional mission have been added to that core, so that
now a wide variety of activities is undertaken at the Bureau: fire research, the
evaluation of inventions, development of labels revealing energy efficiency, fur-
thering metric conversion, risk analysis for consumer products, and so forth. There
is no current NBS activity that seems to me inappropriate to the Bureau, but
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the variety of activity is so great that it is not obvious how it all fits under one

blanket.
Several forces continually mold the Bureau's mission. The abilities and pro-

clivities of the NBS staff, the policies and priorities of the Department of Com-
merce, the needs and desires of other agencies which pay for Bureau services,

and Congressional pressure through legislation and oversight are probably the
principal forces. Legislation has definitely been responsible for much of the va-
riety in Bureau activities. Bureau work is currently authorized by over fifteen
Acts. Legislation can also play a role in determining the success of NBS pro-
grams funded by other agencies.
Actions that m'ght be beneficial—and let me emphasize that I am not now

endorsing these but only recommending they be considered—include (i) closer
monitoring of new legislation affecting the Bureau) (ii) overhauling the Bureau's
organic act—it hasn't been revamped in nearly thirty years, (iii) requiring the
Bureau to obtain periodic reauthorization of appropriations (iv) making the Bu-
reau an independent agency, and (v) amending the authorizing legislation of
agencies using Bureau services.

FEDERAL LABORATORIES

My second question is: How can the National Bureau of Standards best be
made part of an integrated network of Federal laboratories?
I understand, Senator, that your Subcommittee is interested in the general

question of Federal laboratory utilization and is undertaking studies directed at
getting answers. I, too, am convinced of the importance of this issue, and I ap-
plaud your efforts.

Collectively, the Federal laboratories cover a wide spectrum of sizes and sub-
jects. The expertise housed in the laboratories has tremendous depth and breadth.
Additionally, these facilities range from the development oriented laboratories,
such as NASA's to those that are mission oriented like DOD laboratories, and
further to completely unique national facilities, such as the National Bureau of
Standards. This complex montage of organiza (Ions should be networked into a
rational harmonious system if this Nation is to have the optimum benefit of
this excellent pool of scientific, engineering, and technical facilities and talent.
I am suggesting a re-evaluation of how well the structure and focus of lab-

oratories can allow for the proper response to changing national needs, and for
a national networking of talent and facilities. I am not proposing that the lab-
oratories should all be integrated into one organization. In fact, I feel that such
an integration into one organization might be counter-productive to the breadth
of our scientific enterprise by causing a narrowing of administrative viewpoints.
What I am suggesting is that we try to reach a better understanding of the
relative place and capabilities of all the facilities ; and further that we use this
understanding in conjunction with medium and long range planning to optimize
the whole system and avoid actions which, by being either too narrowly focused
or short sighted, optimize one part of the laboratory system at the expense of
the whole.
Our nation is facing problems in several areas which can only be solved through

the scientific and technological input of two or more disciplines. We frequently
hear calls for programs similar in scope to the space program to solve problems
of urban decay and pollution clean-up. We are currently adding problems such
as environmental health threats and one imagines that the future will add yet
more. I question whether the present structure of our laboratory system is best
designed to respond to the challenge.
To respond to such cross-cutting problems we regularly ask the agencies to

cooperate with one another and coordinate their efforts. In spite of these at-
tempts at joint-effort research, feel that presently our laboratories are too con-
stricted and narrowly focused on agency missions, and not adequately networked,
to optimally respond to such interdisciplinary or interagency challenges. As long
as the labs are primarily agency labs, and accountable in terms of the success
or failure of the agency's mission, there is an understandable, but counterpro-
ductive, tendency to solve the agency mission first and undertake joint efforts
second.
Three measures should be considered to maximize the use of our Federal

laboratories.
(a) There should be freer exchange of personnel, capabilities, and informa-

tion among the laboratories.
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In the course of scientific research, whether basic or geared 
towards solving

a particular problem, it is not unusual that an investigator explo
res the fringes

of his own specialty and even researches in a field not i
mmediately pertinent

be of direct value to other researchers.
(b) There should be similar exchange of personnel, ideas and 

technology

among the several levels of Government and private concerns.

The Federal Laboratory Consortium currently provides for such 
exchanges.

The list of examples of how the Consortium has assisted State and local 
govern-

ments is impressive; including such notable ones as protective body armour 
for

our civilian police forces and decompression chambers that have already save
d

the lives of many diving accident victims.
To simply transfer a piece of equipment or a technical report, however, is

often insufficient and leads to frustration and dissatisfaction of local officials

who must cope with an unfamiliar topic. Technology transfer works best when

the scientists are actively reaching out into the community, identifying those

areas where technology can play a role, and consulting with administrators to

gain a firmer grasp of the nontechnical aspects of the problems.

(c) There should be a concerted effort on the part of Congress to remove in-

stitutional barriers to the types of exchanges which I have mentioned.
It is likely that the Congress and the administration would have to relax

constraints on agency budgets and operations and provide for and encourage

pass through funding and subcontracting. Scientists and engineers could then

more freely move to where their expertise can be best used. Perhaps these

practices would be more easily performed (and the problems of joint research

mentioned earlier reduced) if our laboratories and research centers were con-

sidered not as agency but as national facilities. They would be temporarily
assigned to solve specific tasks. This concept of national labs needs to be con-
sidered as a possible solution to our crosscutting problems.
There are other problems in using Federal laboratories for non-Federal pur-

poses that deserve the attention of Congress and the administration before our

laboratory structure can be more broadly used. These potential problems include
the relationship of regulatory agencies to the entities they regulate; military
secrecy; public-private competition and others.

INNOVATION

My third question is: What should be the role of NBS in encouraging innova-
tion in American industry?
This question should be addressed as part of an approach to the broader

question of how the Federal government can encourage innovation in American
industry.
I understand, Senator Stevenson, that you have been interested in the broader

question. I agree with you that this issue is emerging as one of the most im-
portant matters with which the nation will have to deal in the near future. My
own reasons for coming to this conclusion include several factors. First, the
percentage of U.S. patents issued yearly to foreign inventors has been increasing
steadily while the U.S. percentage has been decreasing. Second, in other
countries governments are beginning to cooperate with industry in fostering
innovation; Germany has a national program in automated parts manufacture.
for example, and Japan is investing in large-scale integrated circuits. It is not
clear that U.S. industry can compete wtih entire governments without the
assistance of its own government. Third, the United States balance of trade
is heavily dependent on exports of high-technology equipment. Fourth, in certain
industries—steel, for example—foreign countries clearly lead the United States
in innovation. The long-range fate of these industries may depend unon policies
which rekindle innovative spirit. Fifth, there are indications that U.S. industrial
research is turning toward immediate needs for minor products chances and
toward environmental and health research for mitigating harmful effects of
industry. Such research is essential but generally does not lead to the invention
of new or improved products. Sixth, although the rate of innovation per unit
of investment is highest in small R&D firms, the United States effort to en-
courage such firms is weak. Public financing of new small technical companies
declined from about $350 million in 1969 to almost nothing in 1975.
A number of threads of Federal activity exist. The patent system is an effec-

tive spur to innovation. The Small Business Administration could be contribut-
ing, but seems not to be. The National Science Foundation has an Office of
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Small Business Research and Development, a small business set-aside in the
Applied Research directorate, and a special small business innovation program.
At the National Bureau of Standards there are the Office of Energy Related
Inventions, the Experimental Technology Incentives Program, and, just be-
ginning, the National Centers for Cooperative Technology. The actual effective-
ness of all these programs combined in encouraging innovation may well be
dwarfed by the effectiveness of tax policy. I have not tried to evaluate these
programs, but whatever their individual effectiveness, there is obviously great
fragmentation of effort and lack of coordination.
The Bureau's role in the overall national effort needs to be more clearly

analyzed and defined. I hope our committees will be able to contribute to the
analysis and definition. Your committee has the advantage of jurisdiction over
both commerce and science which we do not enjoy.

RESOURCES

My fourth question is: Are the resources -assigned to NBS proper for the
execution of the Bureau's mission?
During the NBS oversight hearings held by the House Subcommittee on

Science, Research and Technology last October we focused on this question and
discussed it at length. A strong case was made that NBS funding had been
inadequate to carry out fully all the Bureau's missions, especially those as-
signed by recent legislation. In the President's budget for fiscal year 1979 the
request for NBS was significantly higher than the 1978 appropriation, as 1
am sure you are aware. Increases are slated both for NBS for responses to
legislation and for supporting basic competence at the Bureau. I am heartened
by these increases, but I would suggest that our committees continue to monitor
NBS funding.
Just as the definition of the Bureau's missions must be viewed in relation to

the missions of other Federal laboratories, so must the funding of those missions
be considered in relation to the funding of other agencies. This is true both in
the small—for example in fire research and environmental monitoring—and in
large—meaning that NBS must be viewed as part of the overall national research
effort.

STAFF

My fifth question is : What needs and characteristics of the Bureau's staff are
important, and are they now adequately considered?
Does the Bureau maintain a "critical mass" of talent in its mission areas?

That is to ask, are the working groups of the right size and do they contain
enough first-rate researchers to maintain high intellectual power output? The
competency funding requested by the President should allow the Bureau to deal
with this question. Because the intellectual life of the Bureau is essential to its
success and because the competency funding program is new, our committees
should follow its progress with care to determine its effectiveness.

Associated with the "critical mass" question is the problem of aging of the
Bureau's staff. The average age of the staff has increased every year since 1961
and is still increasing at the rate of half a year older each year. The average age
of Bureau employees is now about 44 years old. New blood is needed at the
Bureau at a reasonable rate. NBS is working to attract younger scientists and
visiting scientists to the Bureau for permanent or temporary positions. These
efforts should be encouraged.
For the post of Director and for other high-level positions NBS needs to find

and keep the best talent available. The last two Directors of the Bureau were
drawn away after short terms by jobs they considered better; both received pay
increases. Clearly one major factor in the quality of a job is its salary level. In
the last Congress Representative James Symington recognized that salaries may
be a problem at NBS and introduced a bill that would have raised the pay level
of the NBS Director. Perhaps a similar bill should be introduced now. Serious
consideration should be given to raising the pay •of the principal Bureau
administrators.

REORGANIZATION

My sixth and final question is: Is the current reorganization of the Bureau
conceptually and practically sound?
I understand you investigated this question in some detail in your hearings

earlier this year, Mr. Chairman, so I will not labor the point. My brevity is not
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meant to downplay the importance of the issue. Two particulars with which I
am concerned are: first, will the reorganization in fact acid another layer of
bureaucracy to the Bureau. In terms of funtioning the question may be re-
phrased: Will papers have to cross one more desk for additional approval and
will chains of command and reporting get longer? The second particular is the
apparent concentration of other agency funding in the National Engineering
Laboratory of the reorganized structure.
I have been told that the units which will be made part of the National

Engineering Laboratory obtain eighty percent of their funding from other
agencies. If this is indeed the case, the ability of that Laboratory to maintain a
stable program must be questioned.
That completes my prepared remarks, Mr. Chairman. Let me offer my compli-

ments to you again for the performance of your Subcommittee. These hearings
on the National Bureau of Standards are very much needed. I hope the questions
I have suggested will be helpful to you.

Senator STEVENSON. Now we will turn to S. 2615, the authorization
bill for the Standard Reference Data Act. Our final witness this morn-
ing is Dr. Ambler, the Director of the Bureau. •
You might start by identifying the persons that you brought with

you, Dr. Ambler.

STATEMENTS OF ERNEST AMBLER, DIRECTOR, NATIONAL BUREAU
OF STANDARDS, AND DONALD R. JOHNSON, DEPUTY DIRECTOR
FOR PROGRAMS (DESIGNATE), NATIONAL MEASUREMENT LAB-
ORATORY; ACCOMPANIED BY DAVID R. LIDE, JR.

Dr. AMBLER. Thank you, Mr. Chairman.
I am accompanied today by Dr. Donald Johnson, immediately on

my right, who will provide details of the standard reference data pro-
gram after I conclude my statement. I am also accompanied by Dr.
David Linde, who is chief of the standard reference data program.
As I have testified previously before this committee, NBS conducts

a broad variety of scientific, technical, and engineering investigations.
The product of much of our work, and the work of scientists in labora-
tories around the world, is new information. A great deal of this infor-
mation involves data, data that often is published in the open literature
so that others may use them.
So many papers are published each year that it is practically im-

possible for scientists to keep abreast of the new data in their field of
interest. The mere publication of data is no guarantee that it is
accurate, and in most cases individual readers are unable to make a
sound judgment concerning the reliability of published data.
In 1968 Congress provided NBS with a specific mandate through

passage of the Standard Reference Data Act. That act calls for the
collection, compilation, critical evaluation, publication, and dissemi-

nation of standard reference data." That is a charge that we take most
seriously, Mr. Chairman for we are convinced that standard reference
data are of great value to American scientists, engineers, and
decisionmakers.
Such important activities as basic scientific research, industrial

quality control, development of new and improved processes, develop-
ment of new materials, and measurement and correction of environ-
mental pollution depend on standard reference data of the highest
quality. At this point, let me cite one example of the importance of
standard reference data.
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The chemical known as ethylene represents a $3 billion industry in
the United States; many companies produce it and many more com-
panies, both large and small, buy it as a raw material. It is used in the
manufacture of plastics automotive antifreeze, and many other prod-
ucts. Despite the usefulness of ethylene, its properties were not well
known over a broad range of temperature and pressure. This lack of
data led to problems in custody transfer through pipelines, in under-
ground bulk storage, and in design for a multitude of processes in
which ethylene is used.
At the request of industry, we undertook a two-step response to the

data problem. First, we analyzed the world- literature and for interim
use selected the best available data. Then, we initiated measurement
projects to produce data needed in selected areas. This program, in
which seven ethylene producers are sharing the costs with us, will result
in a data base that should satisfy industrial needs for many years.
Our total standard reference data program serves an extremely

broad and diverse community. For example, engineers in chemical
plants, technicians in hospitals and research students in universities
use the data that we produce. in carrying out this program, we work
closely with other Federal agencies, scientific and engineering societies,
industrial trade associations, and international organizations. In pass-
ing the Standard Reference Data Act, Congress intended that NBS
become the national focus for all of these institutions which are con-
cerned with physical property data. I feel that we do provide such a
focus, and I personally support the continuation of a strong program.
The Secretary has transmitted to the President of the Senate, and

to the Speaker of the House, a draft bill together with a statement of
purpose and need to authorize appropriations for fiscal years 1979,
1980, and 1981 for the standard reference data program. This bill
authorizes appropriations of $3.152 million for fiscal year 1979. I sup-
port this bill and urge its favorable consideration by the committee.
The House Committee on Science and Technology has amended the
bill, adding specific authorizations of $3.75 million for fiscal year 1980,
and $4.5 million for fiscal year 1981.
Dr. Donald Johnson will now review for you the operation of our

program, the progress made since our last hearing, and our plans for
the future.

Senator STEVENSON. Fine. Thank you.
Please proceed, Dr. Johnson.
Dr. JOHNSON. Thank you, Mr. Chairman.
I welcome the opportunity to testify before you today. I have been

personally very close to the standard reference data program for many
years and with the new NBS organizational structure I now have
management oversight for this program.
Mr. Chairman, I would like, with your permission, to make a brief

oral statement and submit a more extensive statement for the record.
Senator STEVENSON. The statement will be entered in the record.
Dr. JOHNSON. Thank you, sir.
Let me begin by clarifying the term "data" for you. Data in the con-

text of the Standard Reference Data Act of 1968 refers to numerical
values for physical or chemical properties of well-characterized mate-
rials. The measurements which generate this kind of information are
made as part of the normal scientific research and development work
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performed daily by scientists and engineers around the world. The
data are reported along with other research results in thousands of
journals and technical papers each year.

Unfortunately, data in the form available in the primary scientific
literature varies widely in quality and often does not cover the range
needed for a given application. Potential users of data are hard pressed
to find the specific numbers they seek or, having found them, to assess
their applicability.
Our job starts with the retrieval of data in a specified subject area

from the primary scientific literature. We evaluate these data for ac-
curacy and consistency, supplement the data to cover the full range
which users require and finally prepare and distribute tabulations for
general use.
This kind of analysis requires considerable experience and it is an

expensive time-consuming process. It goes far beyond the mechanical
operation of collecting the data. It. involves detailed comparison of
experimental values with theory in order to develop techniques for
prediction or extrapolation into new regions. Occasionally a limited
number of measurements must be made to test the theory or the quality
of the predictions.
The final product of such an effort is a complete set of data, well

documented and of known accuracy, which can be used for a wide
variety of applications in research, engineering, and industry. Typical
users will include industrial engineers, quality control engineers, and
researchers in chemistry, physics, engineering, and biology. Applica-
tions are as esoteric as plasma diagnostics in energy production and as
commonplace as the design of street lights.
In passing the Standard Reference Data Act, Congress recognized

the traditional role of NBS as the Nation's foremost measurement
laboratory, where responsibility for the quality and reliability of
technical data could best be placed. It was also recognized that NBS
could help consolidate the results of the Federal Government invest-
ment investment in research and make those results more useful to
science and technology. In accomplishing that end, the SRD program
has been very successful and we feel we can be justifiably proud of our
achievements over the past 10 years.
Our own Journal of Physical and Chemical Reference Data is now

in its sixth year of publication and has evolved into a major outlet for
SRD compilations. The journal currehtly has 1,200 subscribers, in-
cluding subscriptions in 44 foreign countries, and has sold over 19,000
individual offprints of articles in the past 6 years.
It is interesting to note that the journal has gained wide acceptance

in libraries in the academic community; 54 of the 55 leading physics
departments in the United States currently subscribe to the journal
and at least one State university in each of the 50 States is now a sub-
scriber. On the industrial side. 9 out of the 10 top corporations of the
Fortune 500 list subscribe to the journal; 18 of the 20 chemical com-
panies whose sales exceeded $1 billion in 1976 also subscribe. And I
think most importantly, the librarians tell us that the Journal of
Physical and Chemical Reference Data is one of the most frequently
used journals on their shelves.
During the last 10 years a unique management style has evolved

for the SRD programs. We have found that critical evaluations are
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most successfully carried out by experts who are able to keep up to
date in their own specialty. We have therefore physically located our
data projects in active research environments in a variety of different
institutions. This allows us to take advantage of the available talent
and also assures that the knowledge of the most advanced laboratory
techniques can be factored into the evaluation process.
The core of the program is a set of 22 countinuing data centers; 14

of them are located in the technical divisions of NBS, and 8 are lo-
cated at universities and other private institutions. Each has a well-
defined technical scope, in an area where we can foresee a long-term
demand for data.
We also have short-term projects that permit us to respond rapidly

to newly emerging needs for data. Such projects have a more narrow
scope than the continuing centers and often produce a single compila-
tion or critical review on a 1- or 2-year time scale. Most of our con-
tracts are small, ranging from $5,000 to $100,000. In many cases we
obtain appreciable contributions in kind from the institution involved,
which greatly increases the leverage of our directly appropriated
funds.
A list of the 22 continuing data centers and the 31 currently ac-

tive short-term projects has been attached for the record. Together,
these projects which include work at 27 universities and private in-
stitutions are referred to as the national standard reference data
system and they are managed through the Office of Standard Refer-
ence Data at NBS. This Office arranges for publication of all of the
products of the NSRDS efforts. A complete listing of these publica-
tions has also been included in the record.
One of the most difficult tasks that we face in managing NSRDS is to

assess needs for data compilations and to allocate resources to meet
these needs. Clearly, the amount of data reported worldwide each
year is many times larger than we can handle, and we therefore must
establish priorities.

Projects which address needs in important national programs are
given highest priority. We also favor projects whose outputs will be
useful to several different user groups. The availability of an appro-
priate theoretical framework upon which to base the work is another
important factor. Of course, the willingness of other parties to help
support the work, either by joint funding or assistance in kind, gives
us a good indication of the urgency. In this context we are currently
collaborating on a number of projects with other Federal agencies,
professionarsocieties, industrial trade associations, and a variety of
international organizations. These organizations provided a total of
$2 million in fiscal year 1977 to help support our standard reference
data efforts.
Using these general guidelines to set priorities, we have looked at

the needs for new data activities in a wide range of the economy. We
have identified five areas that we consider to be highest in priority.
Thermal data for the organic chemical and fossil fuel industries,
physical reference data for medicine and biology, data on stability of
alloys and ceramic materials, data on fracture properties of structural
materials, and data for chemical modeling of water pollutants.
Let me give you some detail on the first two of these areas to convey

the flavor of what might be possible. The organic chemicals and fos-
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sil fuel industries are among the most energy- and materials-intensive
industries in the American economy. These industries include 40 per-
cent of all chemical processing and the bulk of our gas and electric M-
dustries. They share common resources and common problems: Feed-
stock shortages, rising energy costs, and increasingly stringent pollu-
tion restrictions.
A broad base of material properties is essential for these industries

to respond effectively to the challenges. We believe that direct i,ndustry
support can be obtained for a portion of this work; however, the di-
verse character of the users—large companies and small, suppliers
and consumers, plant construction firms as well as production compa-
nies—makes it appropriate to build from a broad base of Government
funding.
The specific data needed here are thermochemical and thermophysi-

cal data on coal, coal liquids, celluloses, and a variety of fluids both
pure and mixed. Much of the effort of the planned program will be
spent developing procedures for predicting the properties of these sub-
stances over wide ranges of temperature, pressure, and composition.
The ethylene project that Dr. Ambler mentioned earlier serves as an

excellent model for what we are planning in this broader program.
As Dr. Ambler indicated, ethylene has a production worth $3 billion
annually. It is the starting point for the production of plastics, syn-
thetic fibers, antifreeze, solvents, and many other products. Yet the
physical properties of this pure fluid were so poorly known when we
began our study 3 years ago that the resulting uncertainties were un-
acceptable when ethylene was bought or sold.
To remedy these problems, the SRD study is assembling and evalu-

ating existing data and providing certain key measurements. A for-
mula is being developed to generate a value for any desired property
of ethylene at the temperature and pressure of interest. SRD will then
package ethylene data from this generalized base in a variety of dif-
ferent ways to meet the specific needs of end users. Clearly, a very
broad range of producers as well as consumers of ethylene will benefit
from these efforts. The total cost of the 5-year project will be $490,000,
of which 52 percent will come from industrial sponsors and 48 percent
from NBS-appropriated funds.
We can identify at least 16 other industrial fluids that demand the

same kind of attention as ethylene. We believe that a critical SRD
evaluation of these materials will have a significant impact on the af-
fected industries.
Now, in the second area, a serious need has been identified for ref-

erence data from the physical sciences for application in medicine and
biology. The whole range of techniques now used for therapy, diag-
nosis, and research in these areas require quality data to determine
proner application and to internret results.
For example. the delivery of the proper radiation dose to a 'patient

undergoing radiation therapy requires quantitative data on the absorp-
tion of the radiation in the various layers of tissue through which it
must pass. This absorption is a 'physical process, and it can he calcu-
lated from the information on the interaction of the radiation with
each type of tissue. Hospitals now depend on incomplete and poorly
evaluated tables of reference data to check and to control their radia-
tion therapy procedures.

•
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We believe that better data can be made available and that extra-
polation techniques can be developed to extend the existing data into
the appropriate ranges. A new SRD project in this area would have
significant impact on the quality of health care.
In each of these areas we are equally confident that the SRD efforts

can have broad impact.
In summary, Mr. Chairman, let me emphasize that the generation

of standard reference data involves a creative effort, and it adds value
to the enormous U.S. investment in research and development. It pulls
together the results .from many diverse research 

activities, 
and it or-

ganizes these results into a more useful form. Once an SRI) evaluation
has been completed, the whole is definitely greater than the sum of its
parts.
We are enthusiastic about continuing the standard reference data

program
' 
and we are proud of its accomplishments. We urge you to

continue to support these important activities.
I would like to thank you, Mr. Chairman and members of the com-

mittee, for this opportunity to address you. I have Dr. David Lide,
who manages the SRD program, seated here at the table with we. We
shall be happy to attempt to answer any questions that you may have.

Senator STEVENSON. Thank you, Dr. Johnson and Dr. Ambler.
How much does a subscription to the Journal of Physical and Chem-

ical Reference Data cost?
Dr. JOHNSON. Sir, the subscription for the current year is $100.
Senator STEVENSON. That seems awfully low if it is as valuable as

you indicate. Wouldn't the subscribers be willing to pay more?
Dr. JOHNSON. Sir, our publication and subscriptions for the Jour-

nal of Physical and Chemical Reference Data are handled through an
agreement with the American Institute of Physics and the American
Chemical Society. We have a joint arrangement with them.
They are the primary 'professional societies in physics and chemis-

try. They have had considerable experience in this area of publishing
technical journals. They assure us that this price is an appropriate
price for journals of this type on the Market.
Senator STEVENSON. You take their word for it? They do have an in-

terest in a low price, do they not? Don't they represent groups inter-
ested—certainly they would have no interest in paying a higher price?
Dr. JOHNSON. Well, sir, I guess we do have to take their word for

it, since they do have the experience in the market.
The price of the journal is based, in addition to the average market

price, to some extent on the cost of the publication. We do recover an
appreciable portion of the total cost of publication.
Senator STEVENSON. Where does the money go from the subscription

payments received?
Dr. JOHNSON. Sir, the Standard Reference Data Act authorizes us

to use that money to the benefit of the program.
Senator STEVENSON. That's not quite what I was asking. How is it

used for the benefit of the program?
Dr. JOHNSON. Well, it is applied toward the expenses of publication,

sir. I guess that's the most direct answer to your question.
Senator STEVENSON. I will address these questions to all of you. I

don't know who the appropriate answerer is.
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Can you describe the Bureau's procedure for setting priorities for
work to be done under the standard reference data system?
Dr. JOHNSON. Well, sir, I outlined those procedures in my full state-

ment and I shall be happy to expand on them briefly for you.
We have our program divided roughly, sir, into four areas. Those

areas deal with energy and the environment, with industrial process
design, with materials utilization, and with physical sciences.
We have program managers in each of these areas, and our program

managers are in contact with users of the data and with trade organi-
zations. They assess the needs in that way from actual users of the data.
We also have the National Academy of Science EvaluatiOn Panel,

which Dr. Baker was representing for you here today. The evaluation
panels give us advice on priorities. In addition to that, there is a Na-
tional Academy Panel on Data which assesses the needs for data in the
country.
We take advice from those sources. Then we follow the priority pro-

cedures that I outlined.
I am not sure I answered your question completely, sir.
Senator STEVENSON. Well, my objective is not to get answers that are

already covered in the statement. I had understood from the staff that
the statement we received yesterday did not have a full answer to that
question.
Let me ask the staff at this point: Is the question now answered?
The question is now answered. Thank you.
What indicators do you use to determine how extensively the prod-

ucts in the standard reference data program are used and its value to
the users?
Dr. JOHNSON. We get advice in that respect from users in the field

through our program managers. They are also in constant contact with
professional societies, trade associations, and other federal agencies.
We also get some advice from the National Academy panels that we
are involved with.
We have on occasion in the past sent out questionnaires asking sub-

scribers to our information how they use the information and how ex-
tensively it is used.
Senator STEVENSON. What guidelines do you employ for deciding on

a cost-sharing between the Bureau and other agencies and industry?
Dr. JOHNSON. Sir, it is our general feeling that the development of a

broad data base to begin with is a development that is for the benefit
of the country as a whole, and has a fairly substantial uncapturable
benefit.
Once that data base is developed, the specific packaging that is

necessary to meet the needs of an end user, if we can identify the end
user in a direct way—such as another Federal agency—are paid for
totally by the user.
If we are publishing a general compilation, as we do through our

journal, then we use the copyright authorization to return some of
those publication costs.
If we are doing a special project for another Federal agency which

is aimed directly at its mission, we expect that Federal agency to pay
for the entire cost for that special project.
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Senator STEVENSON. You and Dr. Ambler have cited ethylene as a
case where the Bureau and industry have worked together. Is that a
typical mode of operation between the Bureau and industry?
Dr. JonNsoN. Well, it certainly is—I hope it to be typical of the

kind of mode of operation that we will be in in the future and it is an
example of our current operation as well. We are developing more and
more into this style of operation.
It has been difficult in many areas where the industry is repre-

sented by many different firms to get the firms together sufficiently to
acquire the kind of resources to engage in a joint project of this kind.
As Dr. Ambler indicated, there are seven different producers of

ethylene sharing the expenses here with us._
Senator STEVENSON. You said there are five areas of future expan-

sion in the standard reference data program. What kind of impact do
you expect this expansion to have on the budget in the future?
Dr. JoHNsoN. We are currently reviewing program plans in certain

of these areas, and we are at a less mature State with program plans
in other areas; but we do hope that there's going to be an opportunity
for expansion into these areas.
The five areas that I listed for you were indicated to you in priority

order. It is our intention to attempt to follow that priority order in
the budget process.

Senator STEVENSON. I don't know if you were here earlier, but Dr.
Compton suggested getting up to a level of $10 million over about 4
years. The evaluation panel has recommended $15 million; and SRD
is now at $3.15 million; is that adequate?
Dr. JOHNSON. Is that adequate for the current year, sir?
Well, the value that has been approved by the House, $3.152 mil-

lion, of course, tracks the value that is currently in the President's
budget. It does cover existing pay raises, that sort of thing, but it does
not anticipate any programinatic growth for fiscal year 1979.

Senator STEVENSON. What does it do, realy, cover inflation with no
real increases?
Dr. JOHNSON. Well, in fact it covers only the existing or trackable

portion of the inflation. It does not cover, for example, any anticipated
pay raise that may be coming through in the fall.
Senator STEVENSON. Well, I would assume the pay raise was infla-

tion, that's 5.6 percent. That's keeping up with inflation. It doesn't
even track inflation, is that what you are suggesting? It allows no real
growth?
Dr. JOHNSON. It allows no real growth.
Senator STEVENSON. Does it do the opposite? Is there a real decrease?
Dr. JOHNSON. If there is a pay raise in the fall, we estimate that

that pay raise will cost us about $150,000. That, in effect, will be a
decrease in the program if the fiscal year 1979 level is fixed at $3.152
million.
Senator STEVENSON. At $3.152 million?
Dr. JOHNSON. That is the number that is to the present fiscal year

1979 ceiling from the House bill, sir.
Senator STEVENSON. Now Dr. 

Ambler, 
I am going to digress, if I

NASAmight. Is the Bureau working with NSA and the Department of
Energy to analyze the dangers of airborne carbon filaments in corn-
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posite structures; and in particular, the possibility that they can
short-circuit power generators and other electrical circuits?
Dr. AMBLER. Yes, sir. We have been doing some work with both of

those agencies on that subject.
Senator STEVENSON. How is that work coming?
Dr. AMBLER. Our work has been an assessment of experimental work

that was done elsewhere. We have not actually done any experimental
work of our own.
I believe that NASA and I think another Federal agency have

done extensive experiments on this problem; and we have been able
to look at their data and give advice to them and to other parts of
the Federal Government as to the effects of using carbon fibers.

Senator STEVENSON. Well, this is a subject that we have an interest
in. We also have the jurisdiction over NASA. If you could give us a
little bit more information on your relationship with NASA and
DOE, and also on the progress of this work and any findings, we
would be grateful for it. I don't mean now.
Dr. AMBLER. Yes. Our relationship with NASA generally, or on

this particular subject?
Senator STEVENSON. On this particular subject, and DOE, plus the

results of the work, the progress, and what you are concluding. Then
I guess after that, we would be interested in the final results.
[The following information was subsequently received for the

record:]
U.S. DEPARTMENT OF COMMERCE,

NATIONAL BUREAU OF STANDARDS.
Washington, D.C., April 17, 1978.

Hon. ADLAI STEVENSON,
Chairman, Subcommittee bn Science, Technology, and Space, Senate Commerce,

Science and Transportation Committee, Washington, D.C.
DEAR Mn. CHAIRMAN: In response to your request at the recent oversight

hearings of the National Bureau of Standards requesting information on the
details of NBS research on the dangers of airborne carbon filaments in composite
structures, the following information is submitted.
The National Bureau of Standards participated in a White House Interagency

Task Force under the auspices of Frank Press, the President's Science Adviser.
This Task Force met during the period June to December 1977, and issued a re-
port of study on January 20, 1978. The report and press release provided sum-
mary information on the findings of the Interagency Task Force on Carbon
Fibers. Also the NASA Report entitled "Carbon Fiber Study," provides exten-
sive additional information on the entire carbon fiber question and the individual
agency responsibilities.
In response to the findings of the Interagency Task Force, an interagency pro-

gram plan was proposed and accepted by the White House for future work by
the numerous Federal agencies participating in the Task Force. The specific
assignment given to NBS involved commercial and household equipment. Quot-
ing from the action plan of the Interagency Task Force, "Communication and
computer equipment are particularly important. Failure modes must be studied,
design standards for future equipment must be developed in conjunction with
industry, and protective procedures for installed equipment must be worked out.
DoC (NBS) will take the lead. The program will run for two years with the aim
of transferring the lead to industry." NBS has initiated its program in the above
mentioned areas. We are cooperating with NASA, the Department of Defense,
and other Federal agencies in this endeavor. The action plan requires that in-
dividual agency responses be prepared for transmittal in August 1978.
I trust that the above information will be of use to you and your Committee

and I remain available to provide any additional information and answer any
further questions which you may have.

Sincerely,
ERNEST AMBLER, Director.
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Senator STEVENSON. Let me ask you also, Dr. Ambler—I raised with
the other witnesses the possibility of periodic authorizations. I noted
the standard reference data program has a 3-year authorization. How
do you feel about subjecting the Bureau to periodic authorizations,
and perhaps conforming that period to the standard reference data
program?
Dr. AMBLER. I would be very much in favor of it, Mr. Chairman.
Senator STEVENSON. Do you have any suggestions as to the length

of the period?
Dr. AMBLER. Two or three years, I think, would be appropriate.
Senator STEVENSON. As a matter of curiosity, why isn't the Bureau

subject to periodic authorization? Does it reflect disinterest on the
Hill, or is there some historical reason?
Dr. AMBLER. There is certainly a historical reason. We never have

had regular authorization hearings.
Senator STEVENSON. What is it?
Dr. AMBLER. I don't think we have ever had an authorization hear-

ing in the Senate at all. Since I have been at the Bureau, there's been
one authorization—no. I am mixing up authorization and oversight
hearings in the House. There have been no authorization hearings at
all. Oversight hearings have been held rather infrequently.
Senator STEVENSON. Why is that? What's the reason? Most every

agency is subject to periodic authorization.
Dr. AMBLER. I think it is historical. In my opinion, perhaps the

reason that this is now being very Seriously considered is that because
the Bureau has not been communicating regularly with oversight com-
mittees, that it was in the danger of being neglected in several respects.
It is a source of great gratification to me that this committee is

taking an interest in the Bureau. Efforts of the visiting committee and
Dr. Baruch to draw attention to the state of affairs of the Bureau is
perhaps one reason why the Congress is now focusing attention on
the subject. Attention that is very much welcome.

Senator STEVENSON. Well, I agree. I think the failure to subject
the Bureau to periodic authorization is one of the reasons for its
neglect; but I still don't understand the reason for the history, how
it began and what the rationale was for not subjecting the Bureau to an
authorizing process.

It is not particularly important, although if there is a rationale for
it, I guess we ought to know what it is. I was mostly curious.
You don't know?
Dr. AMBLER. No. I would be glad to try to find out. I suspect that

there isn't a reason for it.
Senator STEVENSON. Well, I think there ought to be some changes;

and that's one of them.
Any questions?
That's all. Thank you very much. gentlemen.
Dr. AMBLER. Thank you.
[The statement follows:]

STATEMUNT OF DR. D. R. JOHNSON, DEPUTY DIRECTOR FOR PROGRAMS (DESIGNATE),
NATIONAL MEASUREMENT LABORATORY, NATIONAL BUREAU OF STANDARDS

Mr. Chairman, members of the subcommittee, I welcome the opportunity to
testify before you today on the subject of Standard Reference Data. I have had
considerable personal experience in this area, having spent 9 years out of the

24-751 0-78 13
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past 10 as a bench-level participant in a National Standard Reference Data
System data center. In the new NBS organizational structure I am responsible
for management oversight of the Standard Reference Data Program among
others.
As the members of this Committee know well, this country faces an array of

economic and technical challenges—dwindling energy sources, precarious mate-
rials supplies, environmental problems, crises in many areas of health care—
which can be solved only through the vigorous application of science and tech-
nology. The ready availability of reliable technical information is a major factor
in the efforts to solve these problems. And reliable technical information is what
the Standard Reference Data Program is all about.

I. INTRODUCTION

I would like to spell out a bit more explicitly just what kind of technical
information we will be discussing today. In the present context, "data" refers
to quantitative information on measurable properties of substances of known
composition and structure. These are, for example, the strength of metals data
used by engineers in designing bridges, the spectroscopic and crystallographic
data used by chemists analyzing new drugs, and the superconducting materials
data used by physicists working on the transmission pf electric power. The
measurements which generate these data are made as a part of the normal
scientific research and development work performed daily by scientists and en-
gineers around the world. The data are reported in thousands of scientific jour-
nals and technical reports.
This reservoir of data is an essential element in both the progress of science

and the translation of scientific discoveries into useful technology. Unfortu-
nately, potential users of data are often hard pressed to find the specific num-
bers they seek, or, having found them, to assess their reliability. As a result
there is a very real and continuing user demand for a focussed effort through
which this reservoir of data can be systematically organized, checked for ac-
curacy, and made accessible in a directly usable form. The Standard Reference
Data Program serves precisely this function. Our job is to retrieve all pertinent
reports and papers in specified subject areas from the world scientific literature,
compile the data, evaluate these data for accuracy and consistency, develop
techniques for prediction and extrapolation into new regions, and finally to
prepare and distribute tabulations which NBS can endorse for general use.
Let me say a bit more about the evaluation process itself, because that is the

creative and scientifically demanding part of the work. It is the key reason for
the formal existence of this program and for NBS leadership of it. The data
available in the world scientific literature vaiy widely in quality and often do
not cover the range needed for a given application. As I indicated a moment
ago, a scientist or engineer who goes to the original literature for data often
fails to find exactly what is needed and, even more often, is unsure of the
reliability of what he does find.
Only by analyzing all the data available, including data on other properties,

other materials, other temperature ranges, etc., is it possible to make an intel-
ligent estimate of the desired numbers and to assess their reliability. This
analysis requires considerable experience and is an expensive, time-consuming
process. It goes far beyond the mechanical operation of collecting the data. It
involves detailed comparison of experimental values with theory in order to
develop evaluated mathematical formulations which in turn are used to find data
values in regions that have not been experimentally measured. There is a clear
advantage in carrying out such analyses systematically and making the results
available to the technical community at large. The Standard Reference Data
Program carries out such analyses. It should be emphasized that this is a creative
effort which extends the value of the enormous U.S. (and worldwide) invest-
ment in research and development. It pulls together the results froni many di-
verse research projects, and it organizes these results into a form from which
more complete sets of useful information can be generated. Once such an evalua-
tion has been completed, the whole is definitely greater than the sum of its
parts.
The project on ethylene which Dr. Ambler mentioned serves as a good illustra-

tion of this process. Ethylene is one of the major commodities in the U.S. chemi-
cal industry with an annual production estimated at $3 billion. It is the starting
point for production of plastics, synthetic fibers, antifreeze, commercial solvents.
and many other products. There are many, properties of ethylene of practical

9
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interest—density, thermal properties, and others. Different applications require

' these properties to be known at various temperatures and pressures. For example,

the density must be known very accurately in order to determine how much ethyl-

ene has been transferred from seller to buyer in a commercial transaction. To

measure everything of interest would be extremely expensive, tedious, and clearly

impractical. In our study of ethylene, certain key measurements are being made

to supplement the data retrieved from the scientific literature. The complete set

of data is then being correlated, utilizing well-established theory, to yield a

formula which will generate a value for any desired property of ethylene at the

temperature and pressure of interest. This new, comprehensive data base will

then be packaged in a variety of different ways to meet the specific needs of

each type of end user. The total cost of the five-year program will be $490,000

with roughly half of this amount supplied by the _industry and the remainder

from NBS funds.
In passing the Standard Reference Data Act, Congress recognized the tradi-

tional role of NBS as the Nation's foremost measurement laboratory, where re-

sponsibility for the quality and reliability of technical data could best be placed.

Congress also recognized that NBS could help consolidate the results of the

Federal Government investment in R & D and make them more useful to U.S.

science and technology.
As the Act specified, the NBS Standard Reference Data Program is focussed

on physical and chemical properties of welPcharacterized materials. But let me

emphasize that the products of this program find broad utility in almost every

phase of research, engineering, and manufacturing. Our users include industrial

designers, quality control engineers, and researchers in chemistry, physics,

engineering, and biology. Our data are used in projects as esoteric as plasma

diagnostics for fusion energy research and as commonplace as the design of

street lights.
II. HISTORICAL BACKGROUND

Historically the National Bureau Of Standards has always been a data-

generating and data-evaluating organization. The Organic Act 1901, under which

we operate, specifically authorizes both determination of the properties of mate-

rials and concern for their accuracy.
As early as 1913, NBS ;undertook an extensive study of the thermodynamic

properties of ammonia in a program authorized by an Act of Congress. The

program was responsive to a request from the then-budding refrigeration in-

dustry, and culminated in the publication of NBS Circular 142, "Tables of

Thermodynamic Properties of Ammonia." At that time, ammonia was the most

important heat-exchange medium for refrigeration, especially for large-scale

applications such as meat-packing, cold storage plants, and refrigerated

freight cars. Circular 142 clearly filled a vital need. It remained a standard

reference work for fifty years and went through six GPO printings totalling

30,000 copies. Because parts of the tables were also reprinted in many engineer-

ing texts and trade journals, the actual distribution has probably been several

times higher than the sales total.
The principal technological application for Circular 142 was for data relevant

to the use of ammonia as a refrigerant. Today this application is dwarfed by the

growth in uses for ammonia in agriculture and industry. These new applica-

tions, which were almost unknown in 1913, now require enormous quantities of

ammonia (production in 1973 was 15;200,000 tons compared to 11,700 tons in

1923). Present and proposed uses for ammonia require data in temperature and

density regions much beyond the range covered by Circular 142. An NSRDS-

sponsored update of Circular 142, scheduled for publication in June, 1978, should

meet needs which are just as important as those which evoked the earlier work.

Overlapping the work on ammonia was the monumental International Criti-

cal Tables (ICT) project, in which NBS was deeply involved. The enterprise

was first recommended in 1919 by the International Union of Pure and Applied

Chemistry, and became an active undertaking in 1923 under the patronage of

the National Research Council. U.S. industry contributed heavily to the cost of

this effort. Dr. Edward W. Washburn, Chief of the NBS Division of Chemistry,

was the Editor-in-Chief, and the list of contributions to the seven volumes in-

cludes 33 NBS-affiliated items.
The first volume appeared in 1926, the seventh in 1930, and the comprehensive

index in 1933. From that time until 1964, the ICT were recognized as the
essential critical reference data sources for an English-language scientific
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library. In its commitment to both critical evaluation of data and breadth of
coverage, the ICT were the direct precursor of the NSRDS.

Systematic compilation of thermodynamic data continued at NBS with the
establishment in 1940 of a data project on selected values of Chemical Thermo-
dynamic Properties, and with a companion effort, dating from 1942, on the
properties of hydrocarbons and related compounds. The latter project was
sponsored by the American Petroleum Institute. Both of these undertakings,
which remain active parts of the NSRDS today, were originally directed by Dr.
Frederick D. Rossini, who led the work at NBS until his resignation in 1950.
He has recently (1977) been awarded the National Medal of Science by Presi-
dent Carter for this and associated achievements.
Comprehensive compilation of atomic spectral data began at NBS in 1946,when Dr. Charlotte Moore Sitterly joined the organization. Although she retiredseveral years ago, she is still active in this work. Her volumes of Atomic EnergyLevels are among the most widely used compilations and have brought her in-ternational recognition and many awards. The NBS Atomic Energy Levels DataCenter continues this activity, whih finds important applications in energyresearch and development programs, especially plasma diagnostics for nuclearfusion research.
While these early data projects were well recognized for the contributionsthey made in their special areas, there was no early across-the-board concernfor meeting national needs for reliable data.
In May, 1963, the Federal Council for Science and Technology issued a Fed-eral Policy statement recommending that a coordinated system to supply re-liable data to the scientific and technical community, to be called the NationalStandard Reference Data System (NSRDS), be developed by the NationalBureau of Standards. This recommendation, together with the existing authori-ties provided in the NBS Organic Act, served as the basis for the start of aformal program. Full-time professional staff members were hired, and existingNBS data projects were linked to the newly-established Office of StandardReference Data (OSRD). Initial support consisted of $800,000 transferred toNBS by the Department of Defense, the Atomic Energy Commission, the Na-tional Aeronautics and Space Administration, and the National ScienceFoundation, plus internal funding for on-going data work. Standard referencedata activities were first formally included in an NBS budget submission inJanuary, 1964, and Congress appropriated funds for that purpose for FiscalYear 1965.
In the four years which followed, OSRD built an active, productive program,covering six categories of data: nuclear, atomic and molecular, solid state,thermodynamic and transport, chemical kinetic, and colloid and surface prop-erties. By April, 1968, sixty data projects were active at NBS and elsewhere,and 51 reports had been released. Almost all of these reports were publishedthrough the GPO, a source of information not completely familiar to mostworking scientists. As a result, dissemination of the output of the system wasnot altogether satisfactory.
In 1968 the Standard Reference Data Act (Public Law 90-396), was passedby Congress endorsing the NSRDS efforts and providing authority for utilizingalternate publication channels. On the basis of this authority, the OSRD hasdeveloped an effective and productive system for retrieving and evaluating data,and for preparing and disseminating compilations in forms which are convenientfor users. It has become, as the Congress intended, a coordinating force forsimilar data activities thrroughout the Federal Government. Data centers stm-ported by the Department of Defense, the Department of Energy, and the Depart-ment of the Interior are affiliated with the NSRDS. The Department of Health,Education, and Welfare, the Department of Transportation, the EnvironmentalProtection Agency, and Natiotnal Aeronautics and Space Administration have allcalled on our centers for technical help, and collaborate with us in data dis-semination projects.
One of the principal features of the Act provides the Secretary of Commercewith authorization to copyright publications which result from the programand to assign this copyright to others. Several contracts have been negotiatedunder this authority. In particular, OSRD has contracted with the AmericanChemical Society and the American Institute of Physics to publish the quarterlyJournal of Physical and Chemical Reference Data. The Journal has now com-pleted its sixth year of publication and has been widely accepted as a sourceof reliable reference data. With the appearance of the last issue of Volume 6, 109
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data compilations have been disseminated to users through this medium; in
addition, three major compilations have appeared as Supplements.
While the Journal is now the major outlet for NSRDS-derived data, other

dissemination channels continue to prove useful. The table below summarizes

the published output of the program for the period 1964-1977. A copy of the

NSRDS Publication List (LP81) is appended to this statement. This List pro-

vides more complete information on our published products.

NSRDS DATA OUTPUT, 1964-77

Category Titles
Number of

pages

JPCRD 109 6, 877
JPCRD supplements 3 1,999
NSRDS—NBS serias 68 7,963
Coblentz Society spectral data 6 5,250
Crystal data tables 2 2,596
Wiley-Interscience series in atomic and molecular collisional processes 4 1292
Metallic shifts in NMR (Pergamon Press, 4 volumes) 1 2,350
Miscellaneous monographs, circulars, technical notes, etc 27 4,829

Total 33, 05b

(In addition to these data publications, the NSRDS has provided 69 critical
bibliographies and indexes to data sources, 12 reports providing computer pro-
grams for handling data, 8 magnetic tapes, and 24 translations of products of

the USSR standard reference data system.)

III. ORGANIZATION AND MANAGEMENT OF THE NATIONAL STANDARD REFERENCE DATA

SYSTEM

The many years of experience with critical evaluation of data at NBS have
demonstrated that these activities are intellectually very demanding and that
they are most successfully carried out by experts who are up-to-date in their own
specialty. Since the program covers a very wide scope of technical activities, a
continuing effort must be made by our management to seek out the appropriate
experts to carry out data evaluations. A decentralized system of data projects
located in the laboratory environment has been developed to take advantage of
the technical talent in a variety of institutions. Physically locating these proj-
ects in an active research environment also assures that knowledge of the most
advanced laboratory techniques can be factored into the evaluation process.
The core of the program is a set of 22 continuing data centers; 14 of them

are located in the technical divisions of NBS, and the remainder at universities
and other private institutions. Each has a well-defined technical scope. These
data centers collect all relevant information within that scope from the world
scientific literature, catalog the data, and carry out critical evaluations. Thus,
each center builds up a data base in its area of responsibility, and draws on this
data base for constructing applications-oriented special compilations, for answer-
ing specific data questions, and for more comprehensive multi-use tables. The
data base is revised and expanded as new research results appear.
The work of the continuing data centers is supplemented by short-term proj-

ects which permit us to respond rapidly to newly emerging needs for data evalu-
ation. Such projects have a narrower scope than the continuing centers and
produce a single compilation or critical review on a one- or two-year time scale.
They are generally established to meet a clearly defined need for a compilation
of modest scope, and they frequently receive back-up support from a related data
center.
A list of the 22 continuing data centers and the 30 currently active short-term

projects is appended to this statement. There are 27 universities and other pri-
vate institutions represented on this list. Most of our contracts are small, rang-
ing from $5,000 to $100,000, but the leverage that we obtain with these resources
is very large. In many cases we obtain appreciable contributions-in-kind from
the outside institution involved, thereby supplementing our directly appropriated
funds.
These data centers and other projects are tied together through the Office of

Standard Reference Data at NBS, which acts as the program management office
and arranges for dissemination of the output. The entire set of activities is re-
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ferred to as the "National Standard Reference Data System," or NSRDS. Thelinks among the components of the system vary in character, depending uponthe location of the center and the contractual relationships, but the net resultis a coherent mechanism for delivering data of certified accuracy to the user.The systems concept also helps avoid unnecessary duplication of work and pro-vides users with a mechanism for gaining access to data on a variety of sub-jects through a single point of contact.
Early in 1976, the management of the program was restructured along appli-cation lines rather than by scientific disciplines. Our activities are now categor-ized under four subprograms designated as Energy and Environmental Data,Industrial Process Data, Materials Utilization Data, and Physical Science Data.Briefly, the programs have the following content:
Energy and Environmental Data—Projects dealing with data that have animportant application in some aspect of energy R. & D. or environmental qualityimprovement. Projects in chemical kinetics, nuclear properties, spectroscopicdata, and interaction of radiation with matter are currently incorporated in thisprogram. The output of these projects is particularly important in R. & D. onnew energy sources, environmental monitoring techniques, and prediction of theeffect of pollutants introduced into air, water, or land.Industrial Process Data—Projects dealing with thermodynamic, transport,colloid and surface, and physical properties of industrially important substances.Such data have particular application to design of new processes in the chemi-cal and metallurgical industries, optimization of currently used processes, andgeneral productivity enhancement.
Materials Utilization Data—Properties required for materials selection andR. & D. on new materials. The structural, optical, electric, magnetic, and me-chanical properties of solid materials are included.Physical Science Data—Projects which involve basic data of very broad ap-plicability, or which are associated with an important frontier field of science.Examples are fundamental physical constants, data on fundamental particles,and data relevant to radioastronomy.
The users of NSRDS outputs and services present a very broad spectrum ofinterests. Analysis of the distribution of our publications shows that we fulfillneeds for data in basic research, applied research and development, engineeringdesign, and education. The Journal of Physical and Chemical Reference Datagoes to over a thousand technical libraries which are interested in the full rangeof our outputs. A breakdown of the 1163 subscribers in 1977 is displayed in thefollowing table:

Subscribers to the Journal of Physical and Chemical Reference Data

PercentIndustry (United States)  20University (United States)  30Government (United States)  5Foreign (all categories)  36Miscellaneous (United States) (general libraries, individuals, etc.)  9
It is of interest to note that 9 out of 10 top industrial corporations on theFortune magazine list subscribe to the Journal; these 10 companies had com-bined sales totalling about 250 billion dollars. Eighteen of the 20 chemical com-panies whose sales exceeded one billion dollars in 1976 subscribe to the Journal.On the university side, we find that 54 of the 55 leading physics departmentsin the U.S., which granted 70 percent of the Ph.D. degrees in physics in 1976,subscribed to the Journal. At least one state university in each of the 50 statesis a subscriber.
In addition to these institutional subscriptions to the Journal, 5,000 to 10,000copies of individual compilations and monographs (including off-prints fromthe Journal) are sold in a typical year. A breakdown of purchasers of off-printsin calendar year 1977 is shown below:

Sales of individual compilations from the Journal of Physical and Chemical
Reference Data (1977)

Percent
Industry (United States)  17University (United States)  27Government (United States)  22Foreign (all categories)  30Miscellaneous (United States) (general libraries, individuals, etc)  4
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With the broad range of the NSRDS user community in mind, it is appropri-

ate for me to say a few words about cost recovery policy. As I mentioned earlier,
the Standard Reference Data Act gives NBS the authority to obtain copyright
on data compilations and receive income from their sale. NBS follows the gen-

eral guidance provided to all agencies of the Government by the Office of Man-

agement and Budget in Circular Number A-25: "No charge should be made for

services when . . . the service can be primarily considered as benefitting broadly

the general public."
The evaluation process through which the broad data base is developed is

such an activity. This is also the most expensive portion of the total NSRDS

program and is analogous to research costs in the sense that it results in new

or improved knowledge which has broad national benefits. On the other hand,

the dissemination costs—that is, the costs required to supply previously eval-

uated data to a user in the exact form he needs—can fairly be charged to the

specific user who benefits. The Circular states: "A reasonable charge . . . should

be made to each identifiable recipient for a measurable unit or amount of

Government service or property from which he derives benefit." Our pricing

policy is based on this statement and is designed to recover as much as possible

of these dissemination costs, commensurate with keeping prices at a level which

does not discourage use of the output. Current prices for Standard Reference

Data compilations are toward the high end of the range of prices charged by

private publishers for comparable technical information. In Fiscal Year 1977

income from royalties and licenses amounted to $59,392, and an income of $75,-

000 is projected for FY 1978. By contracting outside for publication, some of the

printing and distribution costs are also avoided which otherwise would be paid

by Government funds.

IV. EXAMPLES OF CUR,RENT ACTIVITIES

Operation of a system of data centers under the management of OSRD offers

a number of unique advantages. For example, NSRDS data centers can pro-

vide a quick and effective response to a specific need of another Government

agency. The Department of Energy's (DOE) Office of Waste Isolation has re-

cently contracted with the Office of Standard Reference Data to assemble and

publish a handbook on the physical properties of salt.
As you know, the disposal Of wastes from nuclear power plants is a matter

of great national concern. Prominent among the techniques being considered is

the storage of encapsulated nuclear fuel wastes in underground salt dome for-

mations. However, the introduction of such wastes into this otherwise stable

environment may cause changes which would affect long-term stability. A hand-

book in which are assembled the pertinent data on salt properties will be impor-

tant in selecting the most effective and safest storage strategy. The Office of

Standard Reference Data has called on three data centers to participate in this

effort. They are the Molton Salts Data Center at Rensselaer Polytechnic Insti-

tute, the U.S. Geological Survey's National Center for Thermodynamic Data of

Minerals, and the Center for Information and Numerical Data Analysis and

Synthesis at Purdue University.
The handbook will contain the physical, chemical, and mineralogical proper-

ties of common salt and of salt mixtures characteristic of those found in nature;

it will serve as a sourcebook for data on the basic properties of salt and as a

guide in designing nuclear waste disposal systems in salt deposits. Plans are

-being made to distribute this handbook to contractors of the Department of

Energy who are active in waste disposal, and to scientists and engineers who

are concerned with mining, manufacturing, and the occurrence of salt in the

environment. The preparation of the handbook is being funded entirely by

DOE; however, the NBS support of the data centers at Rensselaer and Purdue

provided the necessary competence—the comprehensive data files and the ex-

pertise in evaluation methods—for the job to be done promptly and thoroughly.

NSRDS data centers in an entirely qifferent technical area are providing

evaluated data used in the design of new energy sources. The Department of

Energy and the Office of Standard Reference Data are jointly supporting this

work in the Atomic Transition Probabilities Data Center and the Atomic Energy

Levels Data Center, both located at NBS. These centers are compiling and

evaluating information on highly ionized states of atoms, the kind of informa-
tion that is needed for diagnostics of the plasma in a fusion reactor.
The data are used to determine the temperature, density, and other parame-

ters of the plasma while the device is in operation. They are also crucial in the
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calculation of energy losses from the plasma, the factor which ultimately will
determine whether magnetic fusion energy is a feasible source of po vcer. The
data centers involved have developed their competence through long-term
support by OSRD and are recognized worldwide as the primary source of
data in these areas. As in the previous example, they have been able to respond
quickly and edectively to the needs of the DOE program. The data centers in-
volved in this example, as well as those in the previous example, are continuing
NSRDS centers. Each has a clearly defined disciplinary expertise which, when
they are combined, offers a unique ability to contribute to the solution of a
major national problem.
The flexible management style of the NSRDS also allows rapid response to

needs for data by establishing short-term projects. The results of one such
effort, supported entirely by OSRD, will soon be published in the Journal of
Physical and Chemical Reference Data under the title "Critical Review of
Hydrolysis of Organic Compounds in Water under Environmental Conditions."
This work, which was carried out at the Stanford Research Institute in Cali-
fornia, will provide chemical kinetic data which are necessary to predict the fate
of specific compounds, such as pesticides and plasticizers, in our rivers and
lakes.

Short-term projects clearly offer an advantage in cases where the demand
is immediate and a suitable evaluator can be found. On the other hand, the
continuity of the long-term data centers is often an important consideration.
For example, a trade association for the copper industry, the International
Copper Research Association (INCRA), has recently undertaken to print and
distribute a monograph of evaluated data on Diffusion in Copper Alloys, a text
based upon five review articles prepared with OSRD support by the NSRDS
Diffusion in Metals Data Center from 1973 to 1976. These data describe how
fast a material will diffuse into, or intermingle with, a particular metal alloy
with which it is in contact. It is a key property, for example, in the design of
cladding processes to protect base metals from corrosion and in the selection of
materials for cutting tools. INCRA will make this monograph available to the
250 member companies of the association, and there will be additional distribu-
tion to industries which use cooper. As part of the agreement with INCRA,
NBS will receive royalties on the sale of these monographs. In addition, INCRA
plans to supplement the OSRD support of the Diffusion in Metals Data Center,
in order to permit more rapid evaluation of data on other copper alloys.

PRIORITY SETTING AND FUTURE 'DEMANDS

Since the amount of data reported worldwide each year is many times larger
than can be handled at the level of the program, one of the major management
tasks of the Office of Standard Reference Data is to assess needs for data and
set priorities for allocating resources. We obtain information on data needs
from many sources: informal ones, such as laboratory visits, conferences, and
consulting with program managers in other agencies; and formal ones, such as
advisory committees and workshops. We make use of the National Academy
of Sciences-National Research Council through both the NBS Evaluation Panel
structure and the Numerical Data Advisory Board. In this way we identify
application areas where reliable data are needed now or will be needed in
the future. Specific programmatic decisions take into consideration the urgency
of the needs and the importance of having highly reliable, certified data. Projects
which address needs in important national programs are given highest priority.
We also favor projects whose output will be useful to several different user
groups—which is frequently the case, since data on inherent physical properties
often have quite diverse, multiple applications.
A good test of the importance of a proposed project is the willingness of

other parties to help support the work, either by joint funding or assistance in
kind. For this reason, many of our data evaluation projects are jointly sup-
ported by other organizations that are interested in some part of the output.
We are currently collaborating on a number of projects with agencies such
as Department of Energy, Department of Defense, Environmental Protection
Agency, National Institutes of Health, U.S. Geological Survey, National Aero-
nautics and Space Administration, Maritime Administration, and National
Science Foundation.
We work with professional societies such as the American Institute of Physics,

the American Chemical Society, and the American Society for Metals; with
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industrial trade associations such as the International Copper Research As-sociation and the American Gas Association; with National Laboratories suchas Lawrence Livermore and Oak Ridge; and with a variety of internationalorganizations. These organizations provided a total of $2 million in FY 77 tohelp support our standard reference data efforts.
Our analyses have pointed up needs for future NSRDS activities in a varietyof areas including the following five which we consider to be of highestpriority:

Thermal data for organic chemical and power industries;
Physical reference data for medicine and biology;
Stability of alloys and ceramic materials;
Fracture properties of structural materials; and
Chemical modelling data for water pollution.

We also see a need to improve our procedures for disseminating data via
computers. I will discuss each of these areas in somewhat more detail.

First, we have documented a growing need for a reliable data base and pre-
dictive capability for use by the organic chemical and power industries in chemi-
cal engineering design calculations. The chemical and power industries are both
facing a complex set of problems brought about by changing sources of raw
materials, environmental constraints, and the necessity to reduce energy con-
sumption. A broad data base on materials properties is essential for the in-
dustry to respond effectively to these challenges. We believe that direct industry
support can be obtained for a portion of this work; however, the diverse char-
acter of the users—large companies and small, suppliers and consumers, plant
construction firms as well as producing companies—makes it appropriate to
build on a base of Government funding. The specific data needed here are thermo-
chemical and thermophysical data on coal, coal liquids, celluloses, lignins, gas-
eous and liquid fuels, and fluids (pure and mixed) commonly encountered in
industry. Much of the output of the program will consist of procedures for pre-
dicting the properties of these substances over pertinent ranges of temperature,
pressure, and composition. These procedures will be developed and validated in
a coordinated program of data evaluation and measurements on key materials.
In the second area, a serious need has been identified for reference data from

the physical sciences for application in medicine and biology. The whole range
of techniques now in use for therapy, diagnosis, and research in these areas
require evaluated data to determine the proper application and to interpret
results. For example, the delivery of the proper radiation dose to a patient
undergoing radiation therapy requires quantitative data on the absorption of
the radiation in the various layers of tissue through which it must pass. This
absorption is a physical process, and it can be calculated from information on
the interaction of the radiation with the atoms and nuclei in each type of
tissue.

Hospitals now depend on incomplete and poorly evaluated tables of reference
data to check and control their radiation therapy procedures. The introduction
of new types of radiation (e.g., neutrons) for cancer therapy, as well as the
increasing use of automated procedures, is making the demands for reliable ref-
erence data of this type even more intense.
In the third area, we are considering a new activity on the phase stability

of metals and ceramics, a characteristic which is crucial in development of new
materials, extraction of metals from ores, and production of new alloys. At
present the United States needs to develop alternate materials to replace con-
ventional materials which are in short supply. Equally essential are new ma-
terials required by technological changes; for example, those resulting from
efforts to exploit alternative sources of energy. These new uses subject ma-
terials to extreme or corrosive environments. At the same time pollution control
and safety requirements place additional restrictions on materials production
and on in-service performance. The mechanical behavior of materials depends
on their exact composition and morphology, and the behavior of materials in
a given environment depends on their chemical and phase equilibria with the
substances in their environment.
Phase diagrams contain data pertinent to both types of performance. They

give the exact composition that a mixture of substances will have at equilibrium
at a given temperature and pressure, plus information on the structure of each
solid phase present. Phase diagrams are of major importance for both ceramics
and alloys. The affected industries now support or have indicated a willingness
to support SRD activities in each area. A comprehensive, up-to-date, reliable
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compendium of existing phase diagrams is needed in each area, as well as a
capability for predicting additional information in a reliable, timely fashion.
Fourth, advanced data on the performance limitations on structural materials

is badly needed. Theoretical developments in the field of fracture mechanics in
recent years have provided a firm basis for greater understanding of the me-
chanical strength of structural materials in actual-use situations, and this
understanding needs to be translated into better design. Here we are referring
to structures such as highway bridges, railroad track, suspension systems, pres-
sure vessels for nuclear reactors, and bodies of automobiles. What is needed
is a compilation of data on, the pertinent mechanical properties of the mate-
rials used to build these structures, which will serve as input to the analytic
procedures used by engineers as they design them.
We are also considering extending the activities of existing data centers and

initiating additional projects to provide data for the characterization and under-
standing of water quality. The Council on Environmental Quality estimates that
the United States will spend $110 billion for water pollution clean-up for the
period 1975-1984. The _ability to use reliable physical properties data to extend
the measurement capability by modelling the effects of water pollutants is an
important contribution to bringing pollution under control. Such data are funda-
mental to understanding how .substances enter water bodies, how long they
reside, and how they ultimately interact with other dissolved materials.
As I indicated earlier, we see a definite need to improve our procedures for

disseminating data via computers. Users of technical information are beginning
to shift from traditional books and journals to modern computer-based methods
for day-to-day acquisition and use of the data they need. Computer delivery of
data offers several advantages over traditional methods, e.g., (1) ability to search
large files for a substance whose properties met a number of specified condi-
tions; (2) rapidity and low cost of up-dates and corrections; and (3) facility for
direct interfacing of data files with manipulation or design programs which
utilize the data. Computer-based dissemination of numerical data presents a
number of difficult developmental problems which require solution before a viable
delivery system can be installed. Suitable procedures for analytical representa-
tion of various types of data and for interpolator) and extrapolation must be
developed. Flexible search and retrieval programs are required, and a sufficiently
general data base management system will be needed. Once the developmental
phase is completed, the operational costs of the computer-based delivery system
will be financed by user charges, in accordance with our usual policy.
Mr. Chairman, I hope that these examples of potential areas for future pro-

gram activity will serve to illustrate the vitality of our program and the continu-
ing need for specific -reference data. We ask your continued support for these
creative activities so that the evaluated results of research can be moved reli-
ably and efficiently into technological improvements which will benefit our coun-
try, our society, and our quality of life.
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I. Journal of Physical and Chemical Reference Data
Reprints and Supplements to Volumes 1 to 6 (1972-1977)

Reprints from Volume 1 (1972)

1 Gaseous Diffushn Coeffkients, T R. Marrero and E. A. Mason, Vol. 1,

No. 1. pp. 1-118 (1972) $7.00

2. Selectod Values of Critical Supersaturyrtion for Nucleation of
Liquids from the Vapor, G. M Pound, Vol. 1, No.1, pp. 119-134 (1972)

$3.00

3 Selected Val.. of Evapor.tion and Cond.nsation Coefficients of
Simple Substances, G. M. Pound, Vol. 1, 90.1, pp 135-146(1972)

$3.00

4. AS.. of the Obs.rvod Alksorption Spectrum of Carbon Monoxide
between 1060 and 1900 X, S G Tifford and J. D. Simmons, Vol. 1,
No. 1 pp 147-188 (1972) $4.50

5. Tables of Molecular Vibrational Frequencies, Nut 5, T. Shimanouchi,
Vol. 1, No. I. pp. 109-210(1972) 04.00

6. Seiected 811110.40 of Heats of Combustion and Heats of Formation of
Organic Compounds Containing the Elements C, H, 6,0. P. .00 5,
Eugene S Doffrialski, Vol. 1. No 2, pp_ 221-278 (1972) $5.00

7. Thermal Conductivity of the Elements, C. Y. Ho, R. W. Powell, and P.
E. Ljley. Vol. 1, No 2, pp 279-422 (1972) $7.50

8. The Suctrum of Moiecular Oxygen, Paul H. Krupenie, Vol. 1, No. 2,
pp. 423-534 (1972) S6.50

9. A Critical Roviow of th. Gas-Phas• Reaction KinartIcs of th.
Hydroxyl Radical, W. E. Wilson, ff., Vol. 1. No. 2. pp. 535-574 (1972)
$4.50

10. Molten Salts: Volume 3, Nitrates, Nitrit., and 'Myhre., Electrical
Conductance, Donstty, Viscosity, and Surface Tension Data, G. J.
Jan!, Ursula Krebs, H F Siegenthaler, and R. P. T. Tomkins, Vol. 1,
No. 3, pp. 561-746 (1972) $8.50

11. High Temperature Properties and Decomposition of inorganic
Salts-Part 3, Nitres. and Nitrites, Kurt H. Stem, Vol. 1, 90. 3.
pp. 747-772 (1972) 64.00

12. High-Pressure Calibration: A Critical RrivIew, 0 L Decker, W. A.
Bassett, L Merrill, H. T. Hall and J. D. Barnett, Vol. 1, No. 3, pp. 773-836
(1972) $.5.00

13. The Surface Tension of Pure Liquid Compounds, Joseph J. Jasper,
Vol. 1,96. 4. Pp. 841-1009 (1972) $8.50

14. Microwave Spectra of Molecules of Astrophysical 1111.18.1, I.
Formaldehyde, FormarnIdo, and Thoformal.hyde, Donald R.
Johnson, Frank J L,oan, and William H. Kirchhoff, Vol. 1, No. 4,
pp. 1011-1045 (1972) $4.50

16. Osmotic Coefficients and Moan Activity Cutticients of Uni-unlval.nt
Electrolytes In Water at 25°C, Welter J. Hamer and Yung Chi Wu, Vol.
1, No. 4, pp. 1047-1099 (1972) 15.00

16. Th. Viscosity and Thormal Conductivity COstficionts of Gas•ous
and Liquid Flyorine, H. J. M. Hanley and R. Prydz, Vol. 1, No. 4.
pp. 1101-119.3 (1972) $3.00

Reprints from Volume 2 (1973)

17. Microwave Spectre of Molecules of Astrophysical interest II.
Mothylenlmine, William H. Kirchhoff. Donald R Johnson, and Frank J.
Lovas, Vol. 2. No. 1.00. 1-10 (1973) $3.00

18. Analysis of SpocifIc Heat Data In Ow Critical R.glon of Magnetic
Solids, F J. Cook, Vol. 2. No. 1,00. 11-24 (1973) S3.00

19. Evaluated Ch.mical Kinetic Rine Constants for Various Gas Phase
Re.ctions, Keith Schofield, Vol 2, No. 1, pp. 25-84 (1973) 65.00

20. Atomic Transition Probabillti.s for Forbidd.n Lines of the Von
Group Elements. (A Critical Data Compilation for Selscted Lines),
M W. Smith and W L Wiese, Vol 2, No 1,00 85-120 (1973) S4.50

21. Tablirs of Molecule, Vlbrstional Frequryncles, P.rt 6, T. Shimanouchi,
Vol. 2. No 1, pp. 121-162 (1973) S4.50

22. Compilation of Energy  Band Gaps in Eienwntal and Birwry
Compound Semiconductors and Insulator., W H. Strehlow and E. L.
Cook, Vol. 2, No. I. pp. 163-200 (1973) 34.50

23. Microw.ve Spectra of Molecules of Astrophysical Interest, III.
Methanol, R M. Lees, F J Lovas, W. H. Kirchhoff, and D. R Johnson,
Vol 2. No 2,00. 205-214 (1973) $3.00

24. Ilicrowove Spectra of Molecules of Astrophysical interest, IV.
Hydrog.n Sulfide, Paul Helminger, Frank C De Lucia, and William H.
Kirchhoff, Vol. 2, No. 2, pp. 215-224 (1973) S3.00

25. Tables of Moleculsr Vibrational Frequencies, Part 1,7. Shimenouchf,
Vol. 2, No. 2, pp. 225-256 /1973)04.00

26. Energy  LanA. of N.u.I Helium OH. I), W. C. Martin, Vol. 2. No. 2,
pp 257-266 (1973) 63.00

27. Survey of Photochemical .04 6.0. Data for Twenty-eight Reactions

of interest in Atmosphere Chemistry, R. F. Hampson, Editor,
W. 001211, 0. L Brown, D Garvin, J. 7.90110,',, R. E. Huie, M. J. Kurylo,

A. H. Laufer, J. D. McKinley. H. Okebe, M. D. Sheer, W. Tsang, and
D. H. Stedman, Vol. 2, No. 2, pp. 267-312 (1973) $4.50

28. Compilation 01 11. Static Dielectric Constant of inorunic Solids,
I) F. Young and H. P. R. Frederikse, Vol. 2, No. 2, pp. 313-410 (1973)

$6.50

29: Soft X-Ray Emission Spectra of Metallic Solids: Critical Review of

Selected Systems, A. J. McAlister, R C. Dobbyn. J. R. Cuthill, end

M. L Williams, Vol. 2. No. 2, pp. 411-426 (1973) 03.00

30. Ideal Gas Thermodynamic Properties of Ethane and Propane,

J Chao, R. C. Wilhort. and 0 J Zwolinski, Vol. 2, No. 2, pp 427-438

(1973) $3.00

31. An Analysis of Cosxistence Curve Data for Sev•al  Ellrisry Liquid
Mixtures Neer Their Critical Points, A Stein and G. F. Men, Vol. 2,
NO. 3, pp. 443-466 (1973) $4.00

32. Rate Constants for the Reactions 01 610660 Oxygen (01P) with

Organic Compounds 10th. Gas Phase, John 7 Herron and Robed E.

Hive, Vol. 2, No. 3, pp. 467-518 (1973) $5.00

33. First Spectra of Neon, Argon, and Xenon 136 In the 1.2-4.0 f..m

Region, Curtis J. Humphreys, Vol. 2, No. 3, pp. 519-530 (1973) $3.00

34. Elastic Properties of Metals and Alloys, 1.1000, Nickel, and
Iron-Nickel Alloys, H. M. Ledbetter and R. P. Reed, Vol. 2, No. 3,

PP. 531-618 (1973) S6.00

35. The Viscosity and Thermal Conductivity Coefficients of Dilute
Argon, Krypton, and Xenon, H. J. M. Hanley, Vol. 2. No. 3, pp 619-642

(1973) $4.00

36. Diffusion in Copper and Copper Alloys. P.11 1. Volume and Surface
Self-Diffusion In Copper, Daniel B. Butrymowcz, John R. Manning,

and Michael E. Read, Vol 2. No. 3, pp. 643-656 (197)3) S3.00

37, The 1973 Laast-Squares Adjustment of the Fundamental Constants,
E Richard Cohen and B. N Taylor, Vol. 2, No. 4, pp. 663-734 (1973)

$5.50

38. The Viscosity end Thermal Conductivity Coefficients of Dilute
Nitrogen ind Oxygen, H. J. M. Hanley and James F. Ely, Vol. 2. No. 4,
pp. 735-756 (1973) S4.00

39. Thormodynamic Properties  of Nitrogen Including Liquid and Vapor
Phases from 6310 to 200016 with Pressures to 10,000 Bar, Richard T.

Jacobsen and Richard B. Stewart, Vol. 2, No. 4, pp. 757-922 (1973)

$0.50

40. ThsrmodynamIc Propertios of Hslium 4 horn 210 15006 at
Pressur. to Ur Pa, Robert D. McCarty, Vol. 2, No. 4, pp. 923-1042

(1973) $7.00

Reprints from Volume 3 (1974)

41. Molten Salts: Volume 4, Part 1, Fluorides and Mixtures, Electrical
Conductince, Density, Viscosity, and Surfs. Tension Data, G J.
Janz, G. L Gardner., Ursula Krebs, and R. P. T. Tomkins, Vol. 3, No. 1,
pp. 1-115 (1974) $7.00

42. Ideal Gas Thwmodynamic Properties of Eight Chloro- and
Fluorornethanes, A. S Rodgers, J. Chao, R. C. W,/hod. and B. J.
Zwolinsio, Vol. 3. No. 1, pp. 117-140 (1974) S4.00

43. Ideal Gas Thermodynamic Properties of Six Chloroethsnes,J. Chao,
4.0. Rodgers, R. C. Wilhoit, and B. J. Zwolinski, Vol. 3, No. I,
pp. 141-162 (1974) 64.00

44. Criticil Analysis of Heat-Capacity Data and Evaluation of
Thermodynamic Properties of Ruthenium, Rhodium, Palladium,
iridium, and Platinum from 010 30010. A Survey 01 111. Literature
Data on Osmium, George 7 Furukawa, Martin L. Reilly, and John S.
Gallagher, Vol. 3, No. 1, pp 163-209 (1974) $4.50

45. Microwave Spectra of Molecules of Astrophysiul interest V. Water
Vapor, Frank C. On LUCI• Paul Helminger. and William H. Kirchhoff,
Vol. 3.90 1, pp. 211-219 (1974) S3.00

46. Microwave Spectre of Molecules of Astrophysical interest VI.
Carbonyl Sulfide and Hydrogen Cyanide, Arthur G. Maki, Vol. 3,
No. 1, pp. 221-244 (1974) $4.00

47. Microwave Spectra of Molecules of Astrophysical Interat, VII.
Carbon Monoxide, Carbon Monosuffide, and Silicon Monoxide,
Frank J. Lovas and Paul H Kruperve. Vol 3, NO 1, PP- 245-257/1974)
$3.00

48. Microwave Spectra of Molecules of Astrophysical Interest, 11111.
Sulfur Monoxide, Eberhard Tiemann, Vol. 3. No. 1. pp. 259-208(1974/
1.3.130

49. Tables of Molecular Vibrational Frequencies. Pert 8, T. Shimanouchi,
Vol. 3, No. 1. pp. 269-308 (1974) 34.50
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50. JANAF ThermochemIcal Tables, 1974 Supplement, M. W. Chase,
J. L Cumutt, A T. Hu, H Prophet, A. N. Syverud, and L C. Walker,
Vol. 3, No. 2, pp. 311-480 (1974) $8.50

51. High Tempersture Properties and Decomposition of inorgenic Setts,
Part 4. Ory-Setts of the Halogens, Kurt  H. Stem, Vol. 3, No. 2.
pp. 481-526 (1974) 54.50

52. Diffusion in Copper and Copper Alloys, Part II. Copper-Silver end
Copper-Gold Systems, Daniel B, Butrymov•cz, John R. Manning, end
Michael E. Read, Vol. 3, No. 2, pp. 527-602 (1974) $5.50

53. Microwave Spectral Tables, I. Diatomic Molecul., Frank J. Loos
Old Eberhard Ttemann, Vol. 3, No 3, pp. 609-770 (1974) $8.50

54. Ground Levels and ionization Potentials for Lanthanide and
Actinide Atoms and Ions, W. C. Martin, Lucy Hagan Joseph Reader,
and Jack Sugar, Vol. 3. No 3, pp. 771-780(1974) $3.00

55. Behavior of the Eiernents at High Pressures, John Francis Cannon,
Vol 3, No. 3, pp. 781-824 (1974) S4.50

56. Reference Wavelengths from Atomic Spectra /0th. Range 15 St to
25000£. Victor Kaufman and Bengt Ed/do, Vol. 3, No. 4. pp. 825-895
(1974) $5.50

57. Elastic Properties of Metals and Alloys, II. Copper, H M. Ledbetter
and E. R. Naimon, Vol. 3, No 4. pp. 897-935 (1974) S4.60

SS. A Critical Review of H-Atorn Transfer in the Liquid Phase, Chlorine
Atom, Alkyl Trichloromethyl, Alkoxy, and Alkylperoxy Radicals,
D. G. Hendry, T. Mill L. Piszkeritcz, J. A Howard, 8160 0. K.
Eigenmann, Vol. 3, No. 4, pp. 937-978 (1974) $4.50

59. The Viscosity and Thorn.' Conductivity Coefficients for Dense
Gaseous and Liquid Argon, Krypton, Xenon, Nitrogen, and OxyiPim,
H. J. M. Hanley, R. a McCarty. and W. M. Haynes, Vol. 3, No. 4,
pp. 979-1017 (1974) $4.54

Reprints from Volume 4 (1975)

60. JANAF Thermochemical Tobles, 1975 Supplement, M. W. Chase,
J. L. Cumuli, H. Prophet, R. A. McDonald, and A. N. Syverud, Vol. 4,
No. 1, pp. 1-175 (1975) S8.50

61. Diffusion in Copper and Copper Alloys, Part ill. Diffusion in Systems
involving Elements of the Groups IA, OA, IIIB, IVB, VB, VIB, and VI18,
Daniel B. Butrymowicz, John R. Manning, and Michae. Read, Vol. 4,
No. 1, pp. 177-249 (1975) S8.00

62. Ideal Gas Thermodynamic Properties of Ethylene end Propylene,
Jing Chao and Bruno J. Zwolinski, Vol. 4, No. 1, pp. 251-261 (1975)
$3.00

63. Atomic Transition Probabilities for Scandium and Titanium (A
Critical Data Compilation of Allowed Lines), W. L. Wiese and J. R.
Fuhr, Vol. 4, No. 2, pp. 263-352 (1975) $6.00

64. Energy Levels of iron, Fe I through Fe XXVI, Joseph Reader and Jack
Sugar, Vol. 4, No. 2, pp. 353-440 (1975) $6.00

65. Ideal Gas Thermodynamic Properties of Six Fluoroethenes, S. S.
Chen, A. S Rodgers, J. Chao, R. C. Wilhoit, .00 0. J. Zwolinski, Vol. 4,
No. 2, pp. 441-456(1975) $3.00

66. Ideal Gas Thermodynamic Properties of the Eight Bromo. and
lodomethenes, S. A. Kudchadker and A. P. Kudchadker, Vol. 4, No. 2,
pp 457-470 (1975) S3.00

67. Atomic Form Factors, Incoherent Scattering Functions, end Photon
Scattering Cross Sections, J. H. Hubbell, Wm. J. Veigele, E. A Briggs.
/A T. Brown, a T. Cromer, and R. J. Howerton, Vol. 4, No. 3,
pp. 471-528(1975) $5.50

68. Binding Energies in Atomic Negative ions, H. Hotop and W. C.
Lineberger, Vol. 4, No. 3, pp. 539-576)1975) $4.50

69. A Survey of Electron Swarm Data, J. Dutton, Vol. 4, No. 3,
PP. 577-856 (1975) $12.00

70. Ideal Gas Thermodynamic Properties and Isomerization of n-Butane
and isobutene, S. S. Chen, R. C With., and B. J Zwolinski, Vol. 4,
No 4, pp. 859-870 (1975) $3.00

71. Molten Salts: Volume 4, Part 2, Chlorides and Mixtures, Electrical
Conductance, Dertslty, Viscosity, and Surface Tension Data, G. J.
Jon, R. P. T. Tomkins, C. B. Allen, J. R. Downey, Jr., G. L. Gardner,
U. Krebs, and S. K Singer, Vol. 4, No. 4, pp. 871-1178 (1975) $13.00

72. Property index to Volumes 1-4 (1972-1975), Vol. 4, No. 4,
pp. 1179-1192 (1975) S3.00

Reprints from Volume 5 (1976)

73. Spied Equation of State Parameters for Gases In the Critical
Region, J. M. L. Leve/r-Sengers, W L Greer, and J. V. Sengers, Vol. 5,
No. I. pp. 1-51 (1976) S5.00

74. Microwave Spectra of Molecules of Astrophysical Interest, IX.
Acetaldehyde, A Bauder, F J. Lovas, and a R. Johnson, Vol. 5, No. 1,
pp. 53-77 (1976) S4.00

75. Micro... Spectra of Molecules of Astrophysical interest, X.
Isocyanic Acid, G. Winnewisser, W. H. Hocking, and M. C. L Gerry,
Vol. 5, No. 1, pp. 79-101 (1976) 54.00

76. Diffusion In Copper and Copper Alloy., Part IV. Diffusion In
Systeme Involving Elements of Group VIII, Daniel B. Butrymowicz.
John R. Manning, and Michael E. Read, Vol. 5, No. 1, pp. 103-200
(1976) $8.50

77. A Critical Review of the Stark Widths and Shifts of Spectral Lines
from Non-HydrogenIc Atoms, N. Konlevic and J. R. Roberts, Vol. 5,
No 2, pp. 209-257 (1976) S5.00

78. Experimental Stark Widths and Shifts for NorrItydrogenic Spectral
Lines of Ionized Atoms, N. Korvevic and W. L. Wiese, Vol. 5, No. 2,
pp. 259-308 (1976) $5.00

79. Mies of the Absorption Spectrum of Nitric Oxide (NO) between 1420
and 1250*, E. Mtescner and F. Alberti, Vol. 5, No. 2, pp. 309-317
(1976) 53.00

80. Ideal Gas Thermodynamic Properties of Propanone and
2-Bute000e, J. Chao and B. J. Zwolinsk, Vol. 5, No. 2. pp. 319-328
(1976) S3.00

81, Refractive Index of Alkali Halides and Ks Wavelength and
Temperature Derivatives, H. H. Li, Vol. 5, No 2, pp. 329-520(19761
$9.50

82. Tables of Critically Evaluated Oscillator Strengths tooth. Lithium
isoelectronic Sequenp, G. A Martin and W. L. Wiese, Vol. 5, No. 3,
pp. 537-570 (1976) $4.50

83. Ideal Gas Thermodynamic Properties of Six Chlorofluoromethenes,
S. S. Chen, R. C Wilho,l, and B. J. Zwolinski, Vol. 5, No. 3, pp. 571-580
(1976) $3.00

84. Survey of Superconductive Materials and Critical Evaluation of
Selected Properties, B. W. Roberts. Vol. 5, No. 3, pp. 581-821 (1976)
S12.50

85. Nuclear Spins and Moments, Gladys H. Fuller, Vol. 5, No. 4,
PP. 835-1092 (1976) $11.50

86. Nuclear fAoments and Moment Ratios as Determined by Mosabauer
Spectroscopy, J. G. Stevens and B. D. Dunlop, Vol. 5, No. 4.
pp. 1093-1121(1976) $4.00

87. Rate Coefficients for Ion-Molecule Reactions, I. Ions Containing C
and H, L. Wayne Sieck and Sharon G. Lias, Vol. 5, No. 4, pp. 1123-1146
(1976) S4.00

88. Microwave Spectra of Molecules of Astrophysical interest, XI.
Silicon Sulfide, Eberhard Tiemann, Vol. 5, No.4, pp. 1147-1156(1976)
$3.00

89. Property index and Author index to Volume 1-5 (1972-1976), Vol. 5.
No. 4, pp. 1161-1183 (1976) S4.00

Reprints from Volume 6 (1977)

90. Diffusion In Copper and Copper Alloys, Part V. Diffusion in Systems
Involving Elements of Group VA, Daniel B. Butrymowicz, John R.
Manning, and Michael E. Read, Vol. 6, No. 1, pp. 1-50 (1977) $5.00

91. The Calculated Thermodynamic Properties of Superfluld Helium-4,
James S. Brooks and Russell J. Donnelly, Vol. 6, No. 1, pp. 51-104(1977)
55.00

92. Thermodynamic Properties of Nortnal and De.... Methanolo,
S. S. Chen, R. C. Wilhoit, and B. J. Zwolinski, Vol. 6. No. i,pp. 105-112
(1977) S3.00

93. The Spectrum of Molecular Nitrogen, Alf Lorthus and Paulo. Krupenie,
Vol. 6, No. 1. pp. 113-307 (1977(00.56

94. Energy Levels of Chromium, Cr I through Cr XXIV, Jack Sugar and
Charles Corliss, Vol. 6, No. 2. pp. 317-383 (1977) n.50

95. The Activtty and Osmotic Coefficients of Aqueous Calcium Chloride
at 298.15 K. Bort R. Staples and Ralph L Nunall, Vol. 6, No. 2, pp. 385-407
(1977) S4.00

96. Mott. Saha: Volume 4, Part 3, Bromides and Mixtures; Iodides and
Mixture.. - Electrical Conductance, Denstty, Viscosity, and Surface
Tension Ds., G. J. Janz, R. P. T. Tomkins, C. B. Allen, J R. Downey, Jr.,
and S. K. Singe, Vol. 6, No. 2, pp. 409-596 (1977) $9.00

97. The Viscosity end Thermal ConductMty Coefficients for Den.
0.11•04.111 and Liquid Methane, H. J. M. Hanley, W. M. Haynes, and 8.2.
McCarty, Vol. 6, No. 2, pp. 597-809 (1977) $3-00

2
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•

98. Phase Diagrams and Thermodynamic Properties of 
Ternary Copper-Silver Systems, Y. Austin Chang,
Daniel Go dberg, Joachim P. Neumann, Vol. 6,
No. 3, pp. 621-673 (1977) $6.00

99. Crystal Data Space-Group Tables, Alan D. Mighell,
Helen M. Ondik, and Bettijoyce Breen Molino,
Vol. 6, No. 3, pp. 675-829 (1977) $8.00

100. Energy Levels of One-Electron Atoms, Glen W. '
Erickson, Vol. 6, No. 3, pp. 831-869 (1977)
$4.50

101. Rate Constants for Reactions of C10 of Atmos-
pheric Interest, R. T. Watson, Vol. 6, No. 3,
pp. 871-917 (1977) $4.50

102. NMR Spectral Data: A Compilation of Aromatic 
Proton Chemical Shifts in Mono- and Di-Substi-
tuted Benzenes, B. L. Shapiro and L. E. Mohrmann,
Vol. 6, No. 3, pp. 919-991 (1977) $5.50

10. Tables of Molecular Vibrational Frequencies.
Consolidated Volume II, T. Shimanouchi, Vol. 6,
No. 3, pp. 993-1102 (1977) $6.50

104. Effects of Isotopic Composition, Temperature,
Pressure, and Dissolved Gases on the Density 
of Liquid Water, George S. Kell, Vol. 6, No. 4,
pp. 1109-1132 (1977) $4.00

105. Viscosity of Water Substance - New International 
Formulation and Its Background, A. Nagashima,
Vol. 6, No. 4, pp. 1133-1166 (1977) $4.50

106. A Correlation of the Existing Viscosity and 
Thermal Conductivity Data of Gaseous and Liquid 
Ethane, H. J. M. Hanley, K. E. Gubbins, and
S. Murad, Vol. 6, No. 4, pp. 1167-1180 (1977)
$3.00

107. Elastic Pro.erties of Zinc: A Compilation and 
Review, H. M. Ledbetter, Vol. 6, No. 4, pp. 1181-
1204 (1977) $4.00

108. Behavior of the AB-Type Compounds at High 
Pressures and High Temperatures, Leo Merrill,
Vol. 6, No. 4, pp. 1205-1252 (1977) $4.50

109. Energy Levels of Manganese, Mn I through Mn XXV,
Charles Corliss and Jack Sugar, Vol. 6, No. 4,
pp. 1253-1330 (1977) $5.50

Supplements

Vol. 2, Suppl. 1, 420 pp. (1973), Physical and 
Thermodynamic Properties of Aliphatic Alcohols,
R. C. Wilhoit and B. J. Zwolinski

Hardcover $33.00
Softcover 30.00

Vol. 3, Suppl. 1, 796 pp. (1974), Thermal Conductivity 
of the Elements. A Comprehensive Review,
C. Y. Ho, R. W. Powell, and P. E. Liley

Hardcover $60.00
Softcover 55.00

Vol. 6, Suppl. 1, 783 pp. (1977), Energetics of 
Gaseous Ions, H. M. Rosenstock, K. Drool,
B. W. Steiner, and J. T. Herron

Hardcover
Softcover

$70.00
65.00

3

Special Reprint Packages

A (10 parts)
Thermodynamic Properties of Industrially Impor-
tant Compounds 
Consisting of Reprint Nos. 6, 30, 42, 43, 50,
60, 62, 65, 66, 70.

If purchased individually $45.00
Package Price 25.00

B (4 parts)
Molecular Vibrational Frequencies 
Consisting of Reprint Nos. 5, 21, 25, 49.

If purchased individually $17.00
Package Price 10.00

C 5 parts)
Chemical Data Relevant to Air Pollution 
Consisting of Reprint Nos. 1, 9, 19, 27, 32.

If purchased individually $26.00
Package Price 15.00

D (7 parts)
Metal Properties Data 
Consisting of Reprint Nos. 29, 34, 36, 52, 57,
61, 76.

If purchased individually $34.50
Package Price 20.00

E (3 parts)
JANAF Thermochemical Tables 
Consisting of Second Edition of JANAF Thermochemi-
cal Tables - 1971, Reprint Nos. 50, 60.

If purchased individually $32.60
Package Price 25.00

F (8 parts)
Thermophysical Properties of Fluids
Consisting of Reprint Nos. 16, 35, 38, 39, 40,
59, 97, 106.

If purchased individually $37.00

Package Price 20.00

G (13 parts)
Atomic Spectral Data
Consisting of Reprint Nos. 20, 26, 33, 54, 56,
63, 64, 68, 77, 78, 82, 94, 109.

If purchased individually $61.00
Package Price 35.00

Journal of Physical and Chemical Reference Data
Subscription Prices for Volume 7, 1978
(not including supplements)

Members
(Affiliated and
member societies)

All Others

USA, Canada, Mexico $25.00 $100.00
Foreign (surface mail) 29.00 104.00
Air freight Europe 31.00 106.00
Air freight Asia 37.00 112.00

Subscriptions to be sent to the
American Chemical Society
1155 Sixteenth Street, N. W.
Washington, D. C. 20036

Inquiries on microfilm subscription should be sent to
American Institute of Physics
Department S/F
335 East 45th Street
New York, New York 10017
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NSRDS-NBS Series

NSRDS-NBS 1 National Standard Reference Data System
Plan of Operation
E.L. Brady and M.B. Wallenstein
(1964)

NSRDS-NBS 2 Thermal Properties of Aqueous Uni-
univalent Electrolytes

V.B. Parker (1965)

NSRDS-NBS 3 Selected Tables of Atomic Spectra,
Sec. 1 Atomic Energy Levels and Multiplet

Tables, Si II, Si III, Si IV
C.E. Moore (1965)

NSRDS-NBS 3 Selected Tables of Atomic Spectra,
Sec. 2 Atomic Energy Levels and Multiplet

Tables, Si I
C.E. Moore (1967)

NSRDS-NBS 3 Selected Tables of Atomic Spectra,
Sec. 3 Atomic Energy Levels and Multiplet

Tables, CI, CII, CIII, CIV, CV, CVI
C.E. Moore (1970)

NSRDS-NBS 3 Selected Tables of Atomic Spectra,
Sec. 4 Atomic Energy Levels and Multiplet

Tables, N IV, N V, N VI, N VII
C.E. Moore (1971)

NSRDS-NBS 3 Selected Tables of Atomic Spectra,
Sec. 5 Atomic Energy Levels and Multiplet

Tables, N I, N II, N III
C.E. Moore (1975)

NSRDS-NBS 3 Selected Tables of Atomic Spectra,
Sec. 6 Atomic Energy Levels and Multiplet

Tables, H I, D, T
C.E. Moore (1972)

NSRDS-NBS 3 Selected Tables of Atomic Spectra,
Sec. 7 Atomic Energy Levels and Multiplet

Tables, 0 I
C.E. Moore (1976)

NSRDS-NBS 4 Atomic Transition Probabilities, Vol. I.
Hydrogen Through Neon

W.L. Wiese, M.W. Smith, and
B.M. Glennon (1966)

NSRDS-NBS 5 The Band Spectrum of Carbon Monoxide
P.H. Krupenie (1966)

NSRDS-NBS 6

NSRDS-NBS 7

NSRDS-NBS 8

NSRDS-NBS 9

Tables of Molecular Vibrational
Frequencies, Part 1

T. Shimanouchi (1967)
Superseded by NSRDS-NBS 39

High Temperature Properties and
Decomposition of Inorganic Salts,
Part 1. Sulfates

K.H. Stern and E.L. Weise (1966)

Thermal Conductivity of Selected
Materials

R.W. Powell, C.Y. Ho, and P.E. Liley
(1966)

Tables of Bimolecular Gas Reactions
A.F. Trotman-Dickenson and G.S. Milne
(1967)

4

NSRDS-NBS 10

NSRDS-NBS 11

NSRDS-NBS 12

NSRDS-NBS 13

NSRDS-NBS 14

NSRDS-NBS 15

Selected Values of Electric Dipole
Moments for Molecules in the Gas Phase

R.D. Nelson, Jr., D.R. Lide, Jr.,
and A.A. Maryott (1967)

Tables of Molecular Vibrational
Frequencies, Part 2
T. Shimanouchi (1967)

Superseded by NSRDS-NBS 39

Tables for the Rigid Asymmetric Rotor:
Transformation Coefficients from
Symmetric to Asymmetric Bases qnd
Expectation Values of P;

R.H. Schwendeman (1968)

Hydrogenation of Ethylene on Metallic
Catalysts
J. Heriuti and K. Miyahara (1968)%

X-Ray Wavelengths and X-Ray Atomic
Energy Levels
J.A. Bearden (1967)

Molten Salts: Vol 1. Electrical
Conductance, Density, and Viscosity
Data
G.J. Janz, F.W. Dampier, G.R.
Lakshminarayanan, P.K. Lorenz, and
R.P.T. Tomkins (1968)

Thermal Conductivity of Selected
Materials, Part 2

C.Y. Ho, R.W. Powell, and P.E.
Liley (1968)

Tables of Molecular Vibrational
Frequencies, Part 3
T. Shimanouchi (1968)

Superseded by NSRDS-NBS 39

Critical Analysis of the Heat-Capacity
Data of the Literature and Evaluation
of Thermodynamic Properties of Copper,
Silver, and Gold from 0 to 300 K

G.T. Furukawa, W.G. Saba, and M.L.
Reilly (1968)

NSRDS-NBS 19 Thermodynamic Properties of Ammonia as
an Ideal Gas

L. Haar (1968)

NSRDS-NBS 20 Gas Phase Reaction Kinetics of Neutral
Oxygen Species
H.S. Johnston (1968)

NSRDS-NBS 21 Kinetic Data on Gas Phase Unimolecular
Reactions
S.W. Benson and H.E. O'Neil (1970)

NSRDS-NBS 22 Atomic Transition Probabilities, Vol. II.
Sodium Through Calcium, A Critical Data
Compilation
W.L. Wiese, M.W. Smith, and B.M.
Miles (1969)

NSRDS-NBS 23 Partial Grotrian Diagrams of Astrophysical
Interest

C.E. Moore and P.W. Merrill (1968)

NSRDS-NBS 16

NSRDS-NBS 17

NSRDS-NBS 18

•

•

•
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NSRDS-NBS 24 Theoretical Mean Activity Coefficients

of Strong Electrolytes in Aqueous

Solutions from 0 to 1000 C
Walter J. Hamer (1968)

NSRDS-NBS 25

NSRDS-NBS 26

NSRDS-NBS 27

NSRDS-NBS 28

NSRDS-NBS 29

NSRDS-NBS 30

NSRDS-NBS 31

NSRDS-NBS 32

NSRDS-NBS 33

NSRDS-NBS 34

NSRDS-NBS 35

Electron Impact Excitation of Atoms
B. L. Moiseiwitsch and S. J. Smith

(1968)

Ionization Potentials, Appearance
Potentials and Heats of Formation of
Gaseous Positive Ions
J. L. Franklin, J. G. Dillard,
H. M. Rosenstock, J. T. Herron,
K. Draxl, and F. H. Field (1969)

Thermodynamic Properties of Argon from

the Triple Point to 300 K at Pressures
to 1000 Atmospheres

A. L. Gosman, R. D. McCarty, and
J. G. Must (1969)

Molten Salts: Vol. 2, Section 1.
Electrochemistry of Molten Salts:
Gibbs Free Energies and Excess Free
Energies from Equilibrium-Type Cells

G. J. Janz and C.G.M. Dijkhuis;
Section 2, Surface Tension Data

G. J. Janz, G. R. Lakshminarayanan,
R.P.T. Tomkins and J. Wong (1969)

Photon Cross Sections, Attenuation
Coefficients, and Energy Absorption
Coefficients from 10 keV to 100 GeV
J. H. Hubbell (1969)

High Temperature Properties and
Decomposition of Inorganic Salts,

Part 2. Carbonates
K. H. Stern and E. L. Weise (1969)

Bond Dissociation Energies in Simple

Molecules
B. deB. Darwent (1970)

Phase Behavior in Binary and
Multicomponent Systems at Elevated
Pressures: n-Pentane and Methane
Pentane

V. V. M. Berry and B. H. Sage (1970)

Electrolytic Conductance and
Conductances of the Halogen Acids in
Water

W. J. Hamer and H. J. DeWane (1970)

Ionization Potentials and Ionization
Limits Derived from the Analyses of
Optical Spectra

C. E. Moore (1970)

Atomic Energy Levels as Derived from
the Analyses of,Optical SpecW,

l. I. H to Xi Vol. UL c5mto
Vol. III. Mo to a, f

to 9Ac
C. E. Moore (1971)

NSRDS-NBS 36 Critical Micelle Concentrations of
Aqueous Surfactant Systems
P. Mukerjee and K. J. Mysels (1971)

NSRDS-NBS 37 JANAF Thermochemical Tables, Second
Edition

D. R. Stull, H. Prophet (1971)

5

NSRDS-NBS 38 Critical Review of Ultraviolet Photo-
absorption Cross Sections for Molecules

of Astrophysical and Aeronomic Interest
R. D. Hudson (1971)

NSRDS-NBS 39 Tables of Molecular Vibrational
Frequencies, Consolidated Volume I
T. Shimanouchi (1972)

NSRDS-NBS 40 A Multiplet Table of Astrophysical
Interest, Revised Edition, Part I.
Table of Multiolets; Part II. Finding

List of All Lines in the Table of
Multiplets

C. E. Moore (1972)

NSRDS-NBS 41 Crystal Structure Transformations in
Binary Halides
C.N.R. Rao and M. Natarajan (1972)

NSRDS-NBS 42 Selected Specific Rates of Reactions
of the Solvated Electron in Alcohols

E. Watson, Jr. and S. Roy (1972)

NSRDS-NBS 43 Selected Specific Rates of Reactions
of Transients from Water in Aqueous
Solution, I. Hydrated Electron

M. Anbar, M. Bambenek and A. B.
Ross (1972)

NSRDS-NBS 43, Supplement
Selected Specific Rates of Reactions
of Transients from Water in Aqueous
Solution. Hydrated Electron,
Supplemental Data

A. B. Ross (1975)

NSRDS-NBS 44

NSRDS-NBS 45

NSRDS-NBS 46

NSRDS-NBS 47

NSRDS-NBS 48

NSPDS-NBS 49

NSRDS-NBS 50

NSRDS-NBS 51

The Radiation Chemistry of Gaseous
Ammonia

D. B. Peterson (1974)

Radiation Chemistry of Nitrous Oxide
Gas. Primary Processes, Elementary
Reactions, and Yields
G.R.A. Johnson (1973)

Reactivity of the Hydroxyl Radical
in Aqueous Solutions

Leon M. Dorfman and Gerald E.
Adams (1973)

Tables of Collision Integrals and
Second Virial Coefficients for the
(m,6,8) Intermolecular Potential
Function

Max Klein, H.J.M. Hanley, Francis
J. Smith and Paul Holland (1974)

Radiation Chemistry of Ethanol: A
Review of Data on Yields, Reaction
Rate Parameters, and Spectral
Properties of Transients

Gordon A. Freeman (1974)

Transition Metal Oxides, Crystal
Chemistry, Phase Transition, and
Related Aspects
C.N.R. Rao and G. V. Subba Rao (1974)

Resonances in Electron Impact on
Atoms and Diatomic Molecules

George J. Schulz (1973)

Selected Specific Rates of Reactions
of Transients from Water in Aqueous
Solution, II. Hydrogen Atom

Michael Anbar, Farhataziz and
A. B. Ross (1975)

24-751 0 - 78 - 14
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NSRDS-NBS 52 Electronic Absorption and Internal
and External Vibrational Data of
Atomic and Molecular Ions Doped in
Alkali Halide Crystals
J. C. Jain, A. V. R. Worrier and
S. K. Agarwal (1974)

NSRDS-NBS 53 Crystal Structure Transformations in
Inorganic Nitrites, Nitrates and
Carbonates

C. N. R. Rao, B. Prakash, and M.
Natarajan (1975)

NSRDS-NBS 54 Radiolysis of Methanol: Product Yields,
Rate Constants and Spectroscopic
Parameters of Intermediates

J. H. Baxendale and Peter Wardman
(1975)

NSRDS-NBS 55 Property Index to NSRDS Data
Compilations, 1964-1972

David R. Lide, Jr., Gertrude B.
Sherwood, Charles H. Douglass, Jr.,
and Herman M. Weisman (1975)

NSRDS-NBS 56 Crystal Structure Transformations
in Inorganic Sulfates, Phosphates,
Perchlorates, and Chromates
B. Prakash and C. N. R. Rao (1975)

NSRDS-NBS 57 Yields of Free Ions Formed in Liquids
by Radiation

A. V. Allen (1976)

NSRDS-NBS 58 Drift Mobilities and Conduction Band
Energies of Excess Electrons in
Dielectric Liquids

A. V. Allen (1976)

NSRDS-NBS 59 Selected Specific Rates of Reactions
of Transients from Water in Aqueous
Solution, III. Hydroxyl Radical and
Perhydroxyl Radical and Their Radical
Ions

Farhataziz and Alberta B. Ross
(1977)

NSRDS-NBS 60 Atomic Energy Levels - The Rare Earth
Elements, The Spectra of Lanthanum
Cerium, Praseodymium, Neodymium,
Promethium, Samarium, Europium,
Gadolinium, Terbium, Dysprosium,
Holmium, Erbium, Thulium, Ytterbium,
and Lutetium

W. C. Martin, Romuald Zalubas, and
Lucy Hagan (1978, in press)

NSRDS-NBS 61 Physical Properties Data Compilations
Part I Relevant to Energy Storage

I. Molten Salts: Eutectic Data
George J. Janz, Carolyn B. Allen,
Joseph R. Downey, Jr., R. P. T.
Tomkins (1978)

NSRDS-NBS 62 Compilation of Rate Constants for the
Reaction of Metal Ions in Unusual
Valancy States
George V. Buxton and Robin M. Sellers
(1978, in press)

6
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Ill. NSRDS-NBS Data Compilations
from Other Publishers

Coblentz Society Evaluated Infrared Reference Spectra

Edited and Published by the Coblentz Society,

sponsored by the Joint Committee on Atomic and

Molecular Physical Data (1969-1974). Available

from Sadtler Research Laboratories, Philadelphia,

Pa., 19104. (Microfilm available from the

Coblentz Society.)

Vol. 6, 1000 Spectra
Vol. 7, 1000 Spectra
Vol. 8, 1000 Spectra
Vol. 9, 1000 Spectra
Vol.10, 1000 Spectra
Cumulative Coblentz Indices

$295.00
295.00
295.00
295.00
295.00
50.00

Contributions to the Data on Theoretical Metallurgy:

XVI. Thermodynamic Properties of Nickel and Its

Inorganic Compounds
Allah D. Mah and L. B. Pankratz (1976). Published

by the U. S. Bureau of Mines as its Bulletin 668.

Available from SDGPO, see page 24.

Crystal Data, Determinative Tables, Third Edition

Volume 1. Organic Compounds (1972)

Volume 2. Inorganic Compounds (1973)

J. D. H. Donnay and Helen M. Ondik
Published jointly by the U. S. Department of

Commerce,National Bureau of Standards and the

Joint Committee on Powder Diffraction Standards,

V. 1 - $30.00, V. 2 - $50.00
Available from: Joint Committee on Powder

Diffraction Standards
1601 Park Lane
Swarthmore, Pennsylvania 19081

Derived Thermodynamic Properties of Ethylene,
Roland H. Harrison and Donald R. Douslin
Journal of Chemical and Engineering Data 22 (1)
24-30 (January 1977)

The Desk Book of Infrared Spectra
Clara D. Craver, Editor (1977, in press)
The Coblentz Society, P. O. Box 9952, Kirkwood,

Missouri 63122
CSC - 1, Hardcover $90.00

Dissociation in Heavy Particle Collisions
G. W. McClure and J. M. Peek (1972)
Published in the Wiley-Interscience Series in
Atomic and Molecular Collisional Processes,
Wiley-Interscience, New York $13.95

Electron Impact Ionization Cross-Section Data for

Atoms, Atomic Ions, and Diatomic Molecules: I.
Experimental Data,

L. J. Kieffer, G. H. Dunn
Rev. Mod. Phys. 38 (1) 1-35 (1966)

Excitation in Heavy Particle Collisions
E. W. Thomas (1972)
Published in the Wiley-Interscience Series in
Atomic and Molecular Collisional Processes,
Wiley-Interscience, New York $22.50

Infrared Spectra of Halogenated Hydrocarbons
Clara D. Craver, Editor (1978, in press)
The Coblentz Society, P. O. Box 9952, Kirkwood,

Missouri 63122
CSC - 2, Hardcover $40.00

Loose-leaf 40.00

7

Infrared Spectra of Plasticizers and Other Additives

Clara D. Craver, Editor (1978, in press)
The Coblentz Society, P. O. Box 9952, Kirkwood,

Missouri 63122
CSC - 3, Hardcover $60.00

Loose-leaf 60.00

Ion-Molecule Reactions
E. W. McDaniel, V. Cermak, A. Dalgarno, E. E.
Ferguson, and L. Friedman (1970)
Published in the Wiley-Interscience Series in
Atomic and Molecular Collisional Processes,
Wiley-Interscience, New York $21.50

Metallic Shifts in NMR: A Review of the Theory and

Comprehensive Critical Data Compilation of Metallic

Materials
G. C. Carter, L. H. Bennett, D. J. Kahan (1977)
Volume 20 in Progress in Materials Science,in
four volumes, Pergamon Press, Oxford, New York

$300.00

($200.00 to subscribers to the Progress in Materials

Science Series)

The Phase Relationships in the Cu-Fe-O-S-SiO, System

Elliott, et al. (1978, in press)
To be published by the International Copper Research

Association, Inc., New York (Monograph V)
Price not set.

Pressure, Volume, Temperature Relationships of Ethylene ,

D. R. Douslin and R. H. Harrison
J. Cher, Thermodynamics 1976 (8) 301-330 (August

1976)

Selected Thermodynamic Values and Phase Diagrams for

Copper and Some of Its Binary Alloys
R. Hultgren and P. D. Desai (1973)
Published by the International Copper Research
Association, Inc., New York (Monograph I) $10.00

Selected Values of the Thermodynamic Properties of

Binary Alloys
R. Hultgren, P. D. Desai, D. T. Hawkins, M. Gleiser,

and K. K. Kelley (1973)
Published by the American Society for Metals,
Metals Park, Ohio $30.00

Selected Values of the Thermodynamic Properties of

the Elements
R. Hultgren, P. D. Desai, D. T. Hawkins, M. Gleiser,
K. K. Kelley, and D. D. Wagman (1973)
Published by the American Society for Metals,
Metals Park, Ohio $20.00

The Thermodynamics and Phase Diagrams for Copper
Ternary Systems
Chang, et al. (1978, in preparation)
To be published by the International Copper Research
Association, Inc., New York (Monograph VII)
Price not set

Thermodynamic Properties of Aqueous Inorganic Copper
Systems

Paul Duby (1977, in press)
To be published by the International Copper Research

Association, Inc., New York (Monograph IV)
Price not set

Thermodynamic Properties of Copper and Its Inorganic
Compounds

E. G. King, Alla D. Mah, and L. B. Pankratz (1973)
Published by the International Copper Research
Association, Inc., New York (Monograph II) $10.00



200

The Thermophysical Properties of Liquid Copper and
Copper Alloys
Freeman, Hepworth, Tye, Bitler (1978, in preparation)
To be published by the International Copper Research
Association, Inc., New York (Monograph VI)
Price not set

Thermodynamic Properties of Copper-Slag Systems
Paul Duby (1976)
Published by the International Copper Research
Association, Inc., New York (Monograph III)

Theory of Charge Exchange
R. A. Mapleton (1971)
Published in the Wiley-Interscience Series in Atomic
and Molecular Collisional Processes, Wiley-
Interscience, New York $19.95

Theory of the Ionization of Atom by Electron Impact,
M. R. H. Rudge
Rev. Mod. Phys. 40 (3) 564-590 (1968)

Total Electron-Atom Collision Cross Sections at
Low Energies - A Critical Review,
Benjamin Bederson, L. J. Kieffer
Rev. Mod. Phys. 43 (4) 601-641 (1971)

LNG Materials 8, Fluids, A User's Manual of Property
Data in Graphic Format, First Edition
Douglas Mann, General Editor
Cryogenics Division, National Bureau of Standards
(1977)
Loose leaf $35.00
Make check or money order payable to "National
Bureau of Standards. Department of Commerce" and
send to:

LNG Materials and Fluids Users' Manual
Cryogenic Division
National Bureau of Standards
Boulder, CO 80302

For additional information, contact Douglas Mann
at the same address, or telephone (303) 499-1000
X 3652.
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IV. Compilations of Data
In Other NBS Series

NBS Tech. Note Selected Values of Chemical Thermo-

270-3 dynamic Properties, Tables for the

First Thirty-four Elements in the
Standard Order of Arrangement

D. D. Wagman, W. H. Evans, V. B.
Parker, I. Halow, S. M. Bailey,
and R. H. Schumm (1968)

NBS Tech. Note Selected Values of Chemical Thermo-

270-4 dynamic Properties, Tables for
Elements 35 through 53 in the
Standard Order of Arrangement

D. D. Wagman, W. H. Evans, V. B.
Parker, I. Halow, S. M. Bailey,
and R. H. Schumm (1969)

NBS Tech. Note Selected Values of Chemical Thermo-

270-5 dynamic Properties, Tables for
Elements 54 through 61 in the
Standard Order of Arrangement

D. D. Wagman, W. H. Evans, et al.
(1971)

NBS Tech. Note Selected Values of Chemical Thermo-

270-6 dynamic Properties, Tables for
the Alkaline Earth Elements (Elements

92 through 97 in the Standard Order
of Arrangement)

V. B. Parker, D. D. Wagman, and
W. H. Evans (1971)

NBS Tech. Note Selected Values of Chemical Thermo
-

270-7 dynamic Properties, Tables for the

Lanthanide (Rare Earth) Elements

(Elements 62 through 76 in the

Standard Order of Arrangement)
R. H. Schumm, D. D. Wagman, S.
Bailey, W. H. Evans, and V. B.
Parker (1973)

NBS Tech. Note Compendium of ab-initio Calculations

438 of Molecular Energies and Properties
M. Krauss (1967)

NBS Tech. Note Critically Evaluated Transition

474 Probabilities for Ba I and II
B. M. Miles and W. L. Wiese (1969)

NBS Tech. Note A Review of Rate Constants of

484 Selected Reactions of Interest in
Re-Entry Flow Fields in the
Atmosphere

M. H. Bortner (1969)

NBS Tech. Note Chemical Kinetic and Photochemical

866 Data for Modelling Atmospheric
Chemistry

Robert F. Hampson, Jr. and
David Garvin, editors (1975)

9

ABS
70,

NBS
70,

Monograph Microwave Spectral Tables, Diatomic

Vol. I Molecules
P. F. Wacker, M. Mizushima, J. D.
Petersen, and J. R. Ballard (1964)

Monograph Microwave Spectral Tables, Line

Vol. II Strengths of Asymmetric Rotors
P. F. Wacker and M. R. Pratto (1964)

NBS Monograph Microwave Spectral Tables, Polyatomic

70, Vol. III Molecules with Internal Rotation

P. F. Wacker, M. S. Cord, D. G.

Burkhard, J. D. Petersen, and
R. F. Kukol (1969)

NBS Monograph Microwave Spectral Tables,Polyatomic

70, Vol. IV Molecules without Internal Rotation

M. S. Cord, J. D. Petersen, M. S.

Lojko, and R. H. Haas (1968)

NBS Monograph Microwave Spectral Tables, Spectral

70, Vol. V Line Listing
M. S. Cord, M. S. Lojko, and
J. D. Petersen (1968)

NBS Monograph Thermodynamic and Related Properties

94 of Parahydrogen from the Triple Point

to 100 K at Pressures to 340
Atmospheres

H. M. Roder, L. A. Weber, and R. D.

Goodwin (1965)

ABS Monograph The Calculation of Rotational Energy

115 Levels and Rotational Line Intensities

in Diatomic Molecules
Jon T. Hougen (1970)

NBS Monograph Space Groups and Lattice Complexes

134 Werner Fisher, Hans Burzlaff,

Erwin Hellner, and J. D. H. Donnay

(1973)

NBS Monograph The First Spectrum of Hafnium (Hf I)

153 William F. Meggers and Charlotte E.

Moore (1976)
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JILA Report
No. 6

JILA Report
No. 7

JILA Report
No. 13

Compilation of Low Energy Electron
Collision Cross Section Data, Part I

L. J. Kieffer (1969)

Compilation of Low Energy Electron
Collision Cross Section Data, Part II

L. J. Kieffer (1969)

Compilation of Electron Collision
Cross Section Data for Modeling Gas
Discharge Lasers

L. J. Kieffer (1973)

Low Energy Electron-Collision Cross
Section Data, Part III: Total
Scattering; Differential Elastic
Scattering

L. J. Kieffer
Atomic Data 2 (4) 293-391 (1971)

NBS Circular 488
Sec. 1 and 2

NBS Circular 488
Sec. 3, 4 and 5

NBSIR 75-968

NBSIR 76-1034

NBSIR 77-860

NBSIR 77-1300

An Ultraviolet Multiplet Table
Section 1. The Spectra of Hydrogen
through Vanadium; Section 2. The
Spectra of Chromium through Niobium

Charlotte E. Moore (1950, 1952)

An Ultraviolet Multiplet Table,
Sec. 3. The Spectra of Molybdenum
through Lanthanum and Hafnium
through Radium; Section 4. Finding
List for Spectra of the Elements
Hydrogen to Niobium (o = 1 to 41);
Section 5. Finding List for Spectra
of the Elements Molybdenum to
Lanthanum (0 = 42 to 57); Hafnium
to Radium (8 = 72 to 88)

Charlotte E. Moore (1962)

Selected Thermochemical Data Compatible
with the CODATA Recommendations

V. B. Parker, D. D. Wagman, and
D. Garvin (1976)

Chemical Thermodynamic Properties of
Compounds of Sodium, Potassium, and
Rubidium: An Interim Tabulation of
Selected Material

D. D. Wagman, W. H. Evans, V. P.
Parker, R. H. Schumm (1976)

Provisional Thermodynamic Functions of
Propane, from 85 to 700 K at Pressures
to 700 Bar

R. D. Goodwin (1977)

A Computer Assisted Evaluation of the
Thermochemical Data of the Compounds
of Thorium
D. D. Wagman, R. H. Schumm, and
V. B. Parker (1977)

10

V. Compilations of the
Berkeley Particle Data Group
Lawrence Berkeley Laboratory
Berkeley, CA 94720

UCRL-20000/ A Compilation of YN Reactions
'IN Particle Data Group (1970)

UCRL-20000/ Wand W Interactions (above 0.5
NN GeV/c)- A Compilation

Particle Data Group (1970)
UCRL-20030 .N Partial-Wave Amplitudes

eN Particle Data Group (1970)

LBL-53 .+p, .4.11, and Interactions - A
Compilation: Parts I and II
Particle Data Group (1973)

LBL-55 K7N Interactions - A Compilation
Particle Data Group (1972)

LBL-58 NN and ND Interaction - A Compilation
Particle Data Group (1972)

LBL-63 wN Two-Body Scattering Data I. A
User's Guide to the Lovelace-Almehed
Data Tape
Particle Data Group (1973)

L8L-100 Review of Particle Properties
Particle Data Group (1976)

Review of Particle Properties, 1976
Edition
Particle Data Group
Rev. Mod. Phys. 48 (2) Part II (1976)

New Particle Searches and Discoveries,
A Supplement to the 1976 Edition of
"Review of Particle Properties"
Particle Data Group
Physics Letters 688 (1) 1-30 (9 May 1977)

Copies of the Berkeley compilations are available
on request from:

In the Western Hemisphere and Far East:
Technical Information Division
Lawrence Berkeley Laboratory
Berkeley, CA 94720, USA

All other areas:
CERN Scientific Information Service
CH1211 Geneva 23
Switzerland
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VI. Critical Bibliographies and Indexes
in NBS Series

NBS Misc. Publ. Bibliography on Flame Spectrosconv,
281 Analytical Applications, 1800 to

1966
R. Mavrodineanu (1967)

NBS Spec. Publ. Bibliography on the Analyses of
306-1 yipi!Igl Atomic Spectra, Section 1,

C. E. Moore (1968)

NBS Spec. Publ. Bibliography on the Analyses of
306-2 QVical Atomic Spectra, Section 2,

Cr- 'Pb
C. E. Moore (1969)

NBS Spec. Publ. Bibliography on the Analyses of
306-3 Nio!i;L:toyil f!leqrca, Section 3,

C. E. Moore (1969)

NBS Spec. Publ.
306-4

Bibliogranhy on the Analyses of
25.tia9UtomAAScnstrsa, Section 4,

C. E. Moore (1969)

NBS Spec. Publ Bibliography on Atomic Transition
320 Probabilities, January 1916

through June 1969
B. M. Miles and W. L. Wiese (1970)

NBS Spec. Publ. Bibliography on Atomic Transition
320,Suppl. I Probabilities, July 1969 through

June 1971
J. R. Fuhr and W. L. Wiese (1971)

NBS Spec. Publ. Bibliography on Atomic Transition
320,Suppl. II Probabilities, July 1971 through

June 1973
J. R. Fuhr and W. L. Wiese (1973)

NBS Spec. Publ. The NBS Alloy Data Center: Permuted
324 Materials Index

G. C. Carter, D. J. Kahan, L. H.
Bennett, J. R. Cuthill, and
R. C. Dobbyn (1971)

NBS Spec. Publ. Heavy-Atom Kinetic Isotope Effects,
349 An Indexed Bibliography

M. J. Stern and M. Wolfsberg (1972)

NBS Spec. Publ. Chemical Kinetics in the C-O-S and
362 HNOSSystems: ABibliography -

1899 through June 1971
F. Westley (1972)

NBS Spec. Publ. Bibliography on Atomic Energy Levels
363 and Spectra, July 1968 through

June 1971
L. Hagan and W. C. Martin (1972)

NBS Spec. Publ. Bibliogranhy on Atomic Energy Levels

363, Suppl. 1 and Snectra, July 1971 through June
1975.

Lucy Hagan (1977)

NBS Spec. Publ. Bibliography on Atomic Line Shapes

366 and Shifts (1899 through March 1973)
J. R. Fuhr, W. L. Wiese, and
C. J. Roszman (1972)

NBS Spec. Publ. Bibliography on Atomic Line Shapes
366,Suppl. 1 and Shifts (April 1972 through

June 1973)
J. R. Fuhr, L. J. Roszman, and
W. L. Wiese (1974)

11

NBS Spec. Publ. Bibliography on Atomic Line Shapes

366-2 and Shifts (July 1973 through
May 1975)
J. R. Fuhr, G. A. Martin, and
B. Specht (1975)

NBS Spec. Publ. Soft X-Ray Emission Spectra of

369 Metallic Solids: Critical Review
of Selected Systems and Annotated
Spectral Index

A. J. McAlister, R. C. Dobbin,
J. R. Cuthill, and M. L. Williams
(1974)

NBS Spec. Publ. A Supplementary Bibliography of

371 Kinetic Data on Gas Phase Reactions
of Nitrogen, Oxygen and Nitrogen
Oxides

F. Westley (1973)

NBS Spec. Publ. Supplementary Bibliography of

371-1 Kinetic Data on Gas Phase Reactions
of Nitrogen, Oxygen, and Nitrogen
Oxides (1972-1973)

Francis Westley (1975)

NBS Spec. Publ. Photonuclear Reaction Data, 1973

380 E. G. Fuller, H. M. Gerstenberg,
H. Vander Molen, and T. C. Dunn

(1973)

NBS Spec. Publ.
380-1

Photonuclear Reactions Data, July
1973 to December 1977

E. G. Fuller and H. M. Gerstenberg
(in preparation)

NBS Spec. Publ. Bibliography of Ion-Molecule

381 Reaction Rate Data (January 1950
through October 1971)

George A. Sinnott (1973)

NBS Spec. Publ. Vibrationally Excited Hydrogen

392 Halides: A Bibliography on
Chemical Kinetics of Chemiexcitation
and Energy Transfer Processes (1958
through 1973)

Francis Westley (1974)

NBS Spec. Publ. Critical Surveys of Data Sources:

396-1 Mechanical Properties of Metals
R. B. Gavert, R. L. Moore, and
J. H. Westbrook (1974)

NBS Spec. Publ. Critical Surveys of Data Sources:

396-2 Ceramics
Dorothea M. Johnson and James F.
Lynch (1975)

NBS Spec. Publ Critical Surveys of Data Sources:

396-3 Corrosion of Metals
Ronald B. Diegle and Walter K.
Boyd (1976)

NBS Spec. Publ Critical Surveys of Data Sources:

396-4 Electrical and Magnetic Properties
of Metals

M. J. Carr, R. B. Gavert, R. L.
Moore, H. W. Wawrousek, and
J. H. Westbrook (1976)
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NBS Spec. Publ. Bibliography of Low Energy Electron
426 and Photon Cross Section Data

(through December 1974)
Lee J. Kieffer (1976)

NBS Spec. Publ. Bibliography of Infrared Spectroscopy
428 through 1960, Parts 1, 2, and 3

C. N. R. Rao, S. K. Dikshit, S. A.
Kudchadker, D. S. Gupta, V. A.
Narayan and J. J. Comeford (1976)

NBS Spec. Publ. Chemical Kinetics of the Gas Phase
449 Combustion of Fuels (A Bibliography

on the Rates and Mechanisms of
Oxidation of Aliphatic C, - C20
Hydrocarbons and of Their Oxygenated
Derivatives)

Francis Westly (1976)

NBS Spec. Publ. An Annotated Bibliography of Sources
454 of Compiled Thermodynamic Data

Relevant to Biochemical and Aqueous
Systems (1930-1975)
Equilibrium, Enthalpy, Heat Capacity,
and Entropy Data for Biochemical and
Aqueous Systems
George T. Armstrong and Robert N.
Goldberg (1976)

NBS Spec. Publ. Nitrogen Oxychlorides: A Biblio-
478 graphy on Data for Physical and

Chemical Properties of CINO, C1NO2,
and C1NO,

Francis Westley (1977)

NBS Spec. Publ. A Bibliography of Sources of Experi-
485 mental Data Leading to Activity or

Osmotic Coefficients for Polyvalent
Electrolytes in Aqueous Solution

R. N. Goldberg, B. R. Staples,
R. L. Nuttall, and R. Arbuckle
(1977)

NBS Tech. Note A Bibliography on Ion-Molecule
291 Reactions, January 1900 to March

1966
F. N. Harllee, H. M. Rosenstock,
and J. T. Herron (1966)

NBS Tech. Note Annotated Accession List of Data
554 Compilations of the NBS Office of

Standard Reference Data
H. M. Weisman and G. B. Sherwood
(1970)

NBS Tech. Note A Bibliography of the Russian
848 Reference Data Holdings of the

Library of the Office of Standard
Reference Data
G. B. Sherwood and Howard J.
White, Jr. (1974)

NBSIR 76-1061 Annotated Bibliography on Proton
Affinities

K. Hartman, S. Lias, P. J.
Ausloos, and H. M. Rosenstock (1976)

2

NBS-OSRDB-70-1 High Pressure Bibliography 1900-
001. 1 1968, Volume I, Section I -

Bibliography, Section II- Author
Index

Leo Merrill (1970)

NBS-OSRDB-70-1 High Pressure Bibliography 1900-
Vol. 2 1968, Volume II, Subject Index

Leo Merrill (1970)

NBS-OSRDB-70-2

NBS-OSRDB-70-3

NBS-OSRDB-70-4

NBS-OSRDB-71-1

NBS-OSRDB-71-2

The NBS Alloy Data Center: Author
Index
G. C. Carter, D. J. Kahan, L. H.
Bennett, J. R. Cuthill, and R. C.
Dobbyn (1970)

Semiempirical and Approximate
Methods for Molecular Calculations
Bibliography and KWIC Index

George A. Henderson and Sandra
Frattali (1969)

Bibliography of Photoabsorption
Cross Section Data

Robert D. Hudson and Lee J.
Kieffer (1970)

Bibliography on Properties of
Defect Centers in Alkali Halides
S. C. Jain, S. A. Khan, H. K.
Sehgal, V. K. Garg, and R. K.
Jain (1971)

A Bibliography of Kinetic Data on
Gas Phase Reactions of Nitrogen,
Oxygen, and Nitrous Oxides

Francis Westley (1970)

Bibliography of High Pressure Research
Leo Merrill, Compiler
Volume X (1977) Bimonthly
Annual subscriptions: U. S. 8.00

Overseas, surface mail 8.00
Overseas, airmail 12.00

Remittance must be in the form of a U. S. bank draft
for the indicated amount.
Send subscription and renewal orders to

High Pressure Data Center
5093 HBLL
Brigham Young University
Provo, Utah 84602 USA
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VII. Critical Bibliographies and Indexes VIII. Indexes to Radiation Chemistry Litera
ture

from Other Publishers from the Radiation Chemistry Data Center

Binary Fluorides, Free Molecular Structures and 
Force

Fields, A Bibliography (1957-1975)

Donald T. Hawkins, Lawrence S. Bernstein, Warren E.

Falconer, and William Klemperer (1976)

IFI/Plenum, New York $25.00

Bulletin of Chemical Thermodynamics, Vol. 20

The annual index, bibliography, and review for

published and unpublished research in the int
ersecting

areas of thermodynamics and chemistry

Robert D. Freeman, Editor (1977)

Prepared under the auspices of IUPAC

Commission 1.2 on Thermodynamics and Thermochemi
stry

With Volume 20/1977, this publication returns to
 its

original name, found WI Volumes 1 (1958) to 4 (1961).

Volumes 5 (1962) to Volume 19 (1976) were the Bu
lletin

of Thermodynamics and Thermochemistry.

Subscription prices: Vol. 20, 1977 $25.00

To: Bulletin of Chemical Thermodynamics

Department of Chemistry
Oklahoma State University
Stillwater, OK 74074 USA

A Compilation of Volumes 1-10 of the Bibliograph
y on

High Pressure Research with Author and Subject I
ndexes

Volumes I and II
J. F. Cannon and L. Merrill (1972)

Published by and available from the

High Pressure Data Center
Brigham Young University
Provo, Utah 84601

Equilibrium Properties of Fluid Mixtures, A Biblio-

graphy on Fluids of Cryogenic Interest

M. J. Hiza, A. J. Kidnay, and R. C. Miller (1975)

IFI/Plenum, New York $25.00

A Guide to Sources of Information on Materials

Robert S. Marvin and Gertrude B. Sherwood

Chapter 10, pp. 603-627 in

Handbook of Materials Science, Volume III

Nonmetallic Materials and Publications

C. T. Lynch, Editor
CRC Press, Cleveland (1975)

Liquid-Vapor Equilibria on Systems of Interest in

Cryogenics, A Survey
A. J. Kidnay, M. J. Hiza, and R. C. Miller

Cryogenics 13 (10) 575-599 (October 1973)

13

Semiannual Cumulations of the Weekly List of 
Papers 

on Radiation Chemistry have been prepared for

Volumes IV to VI, 1971-1973, and are available f
rom

NTIS as listed below:
Weekly List of Papers on Radiation Chemistry, In

dex 

and Cumulation,
Vol. IV, Nos. 1-26, Jan. through June 1971

COM-71-01103
Vol. IV, Nos. 27-52, July through Dec. 1971

COM-72-10266
Vol. V, Nos. 1-26, Jan. through June 1972

COM-72-10621
Vol. V. Nos. 27-52, July through Dec. 1972

COM-73-10281
Vol. VI, Nos. 1-26, Jan. through June 1973

COM-73-11878/8AS
Vol. VI, Nos. 27-52, July through Dec. 1973

COM-74-10899

Annual Cumulations of the Biweekly List of Papers on
 

Radiation Chemistry have been prepared for Volum
e VII

(1974) to the present and are available from NTIS

as listed below:
Biweekly List of Papers on Radiation Chemistry,

Annual Cumulation with Keyword and Author Indexe
s,

Vol. VII, 1974
COM-75-11475

Vol. VIII, 1975
PB 257 025

Vol. IX, 1976
PB 268 699

Vol. X, 1977
Available from the Radiation Chemistry Data Center

Subscriptions to the Biweekly List of Papers on 

Radiation Chemistry (Vol. XI, 1978) and the Annual

Cumulations for the previous year are available on a
subscription basis from the:

Radiation Chemistry Data Center

Radiation Laboratory
University of Notre Dame
Notre Dame, Indiana 46556

Subscription Information:
Biweekly List only (Vol. XI, 1978)

Biweekly List (1978) and Annual Cumulation
(1977)

Annual Cumulation only (1977)

Overseas Airmail Postage
Biweekly List (1978)
Annual Cumulation (1977)

Half-year Subscriptions
Biweekly List (July-Dec. 1978)
Biweekly List (July-Dec. 1978) and Annual

Cumulation (1977)
Overseas Airmail (Biweekly List, July-Dec.

1978)

UND-RCDC-1 Thesaurus for Radiation Chemistry,

March 1977
Alberta B. Ross (1977)

$21.00

$28.00
$15.00

$24.00
$12.00

$11.00

$18.00

$12.00
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IX. Other Non-Data Publications
from NSRDS-Related Projects

NBS Spec. Publ.
463

Materials Information Programs,
An Interagency Review of Federal
Agency Activities on Technical
Information about Materials
(Proceedings of a Conference held
at the National Bureau of Standards,
Gaithersburg, Maryland, April 16-17,
1974)
S. A. Rossmassler, Editor (1977)

NBS Spec. Publ. Workshop on Applications of Phase
496 Diagrams in Metallurgy and Ceramics

G. C. Carter, Editor (1978, in
press)

NBS Tech. Note The NBS Alloy Data Center: Function,
464 Bibliographic System, Related Data

Centers, and Reference Books
G. C. Carter, L. H. Bennett,
J. R. Cuthill, and D. J. Kahan
(1968)

NBS Tech. Note Critical Evaluation of Data in the
947 Physical Sciences - A Status Report

on the National Standard Reference
Data System, January 1977
Stephen A. Rossmassler, Editor
(1977)

NBSIR 75-910

NBSIR 76-1002

NBSIR 76-1130

The Role of Chemical Kinetics in
Energy Conservation

H. M. Rosenstock, D. Garvin,
J. T. Herron, and W. Tsang (1975)

Industrial Process Data for Fluids:
A Survey of Current Research at the
National Bureau of Standards
Howard J. White, Jr., Editor (1976)

Program and Abstracts, Symposium on
Nonbiological Transport and Trans-
formation of Pollutants on Land and
Water: Processes and Critical Data
Required for Predictive Description,
May 11-13, 1976, National Bureau of
Standards, Gaithersburg, Maryland

L. H. Gevantman, Editor (1976)

NBSIR 76-1147 A Combined Least Sums and Least
Squares Approach to the Evaluation
of Thermodynamic Data Networks

D. Garvin, V. B. Parker, D. D.
Wagman, and W. H. Evans (1976)

JILA Report
No. 12

Proceedings of the Workshop on
Dissociative Excitation of Simple
Molecules, Appendix B. Line and
Band Emission Cross Section Data
for Low Energy Electron Impact

L. J. Kieffer (1972)

The Compilation and Evaluation of Chemical Kinetics
Data; A Descriptive Survey of Current Efforts

Lewis H. Gevantman and David Garvin
International Journal of Chemical Kinetics V, 213-230 (1973)

14

Cooperation Between Professional Societies and A
Government Agency: The Journal of Physical and
Chemical Reference Data

David R. Lide, Jr.
IEEE Transactions on Professional Communications 
PC 18 (3) 127-129 (September 1975)

The NSRDS Experience
David R. Lide, Jr.
CODATA Bulletin No. 14, pp. 6-8 (Feb. 1975)

Reaction Rate Data Compilation and Evaluation Activities
Robert F. Hampson, Jr. and David Garvin
Journal of Physical Chemistry 81 (26)
(December 29, 1977) In press.

The Standard Reference Data System
David R. Lide, Jr.
Chemical Engineering Progress 67 (11) 77-78

(November 1971)

Status on Critical Compilation of Physical Chemical
Data

David R. Lide, Jr. and Stephen A. Rossmassler
Annual Review of Physical Chemistry 24, 135-158
(1973)

Survey of Analytical Spectral Data Sources and Related
Data Compilation Activities

Lewis H. Gevantman
Analytical Chemistry 44 (7) 30-48 (June 1972)
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X. Computer Programs ror
Handling Technical Data

NBS Tech. Note Reform: A General-Purpose Program

444 for Manipulating Formatted Data

Files
R. C. McClenon and J. Hilsenrath

(1968)

NBS Tech. Note Edpac: Utility Programs for

470 Computer-Assisted Editing, Copy-

Production, and Data Retrieval

C. G. Messina and J. Hilsenrath

(1969)

NBS Tech. Note Edit-Insertion Programs for

500 Automatic Typesetting of Computer

Printout
C. G. Messina and J. Hilsenrath

(1970)

NBS Tech. Note
700

NBS Tech. Note
740

NBS Tech. Note
760

NBS Tech. Note
820

NBS Tech. Note
903

NBS Tech. Note
928

NBS Handbook
101

NBS Handbook
125

COMBO: A General-Purpose Program

for Searching, Annotating, Encoding-

Decoding, and Reformatting Data

Files
Robert McClenon and J. Hilsenrath

(1972)

SETAB: An Edit/Insert Program for

Automatic Typesetting of Spectro-

scopic and Other Computerized

Tables
Robert C. Thompson and Joseph
Hilsenrath (1973)

Description of the Magnetic Tape

Version of the Bulletin of Therma,

dynamics and Thermochemistry, No.

14
R. McClenon, W. M. Evans, D.
Garvin, and B. C. Duncan (1973)

Complete Clear Text Representation

of Scientific Documents in Machine-

Readable Form
Blanton C. Duncan and David

Garvin (1974)

The NIRA Computer Program Package

(Photonuclear Data Center)
H. J. Vander Molen and Henry M.

Gerstenberg (1976)

Computer Programs for the Evaluation

of Activity and Osmotic Coefficients

Bert R. Staples and Ralph L.
Nuttall (1976)

OMNITAB, A Computer Program for

Statistical and Numerical Analysis

J. Hilsenrath, G. G. Ziegler,
C. G. Messina, P. J. Walsh, and

R. H. Herbold (Revised January

1968)

OMNIDATA, An Interactive System for

Data Retrieval, Statistical and

Graphical Analysis, and Data Base

Management. A User's Manual
Joseph Hilsenrath and Bettijoyce

Breen Molino (1978, in press)

15

NBS Spec. Publ. A contribution to Computer Type

424 setting Techniques: Table of

Coordinates for Hershey's Repertory

of Occidental Type Fonts and Graphic

Symbols
Norman M. Wolcott and Joseph
Hilsenrath (1976)

XI. NBS Magnetic Tape Series

NBS Magnetic
Tape 1

NBS Magnetic
Tape 2

NBS Magnetic
Tape 3

NBS Magnetic
Tape 4

NBS Magnetic
Tape 9

NBS Magnetic
Tape 10

OMNITAB II Magnetic Tape and
Documentation Parcel

David Hogben, Sally T. Peavy,

and Ruth Varner (1970)

Fortran Programs for Text Editing

File Manipulation and Automatic

Typesetting
C. G. Messina, R. McClenon, and

J. Hilsenrath (1973)

Bibliography and Index to the
Literature in the NBS Alloy Data

Center
G. C. Carter and D. J. Kahan (1973)

Magnetic Tape Version of the Bulletin

of Thermodynamics and Thermochemistry

No. 14 (1971)
Robert McClenon and Blanton Duncan

(1973)

Crystal Data Tape, Derived from the

3rd Edition of Crystal Data
Determinative Tables

H. M. Ondik and A. D. Mighell (1975)

Atomic Spectral-Line Intensities

W. F. Meggers, C. H. Corliss, and

B. F. Scribner (1975)

NBS Magnetic Tables of Coordinates for Hershey's

Tape 12 Repertory of Type Fonts and Graphic

Symbols
Norman M. Wolcott and Joseph
Hilsenrath (1977)

NIH/EPA/MSDC Mass Spectral Data Base
Stephen R. Heller, G. W. A. Milne
(1977)
Requests for Information and
Orders should be sent to the
Office of Standard Reference Data
National Bureau of Standards
A537 Administration Building
Washington, D. C. 20234
Telephone: (301) 921-2229
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XII. Translations from the Russian

A number of products of the Russian standard reference
data system have been translated with support of the
National Science Foundation at the request of the
National Bureau of Standards.

Electric Conductivity of Ferroelectrics
V. M. Gurevich (1969, translated 1971)
TT70-50180

Handbook of Hardness Data
A. A. Ivan'ko; G. V. Samsonov (editor)
(1968, translated 1971)

TT70-50177

Handbook of Phase Diagrams of Silicate Systems,
Vol. I. Binary Systems, Second Revised Edition
N. A. Toropov, V. P. Barzakovskii, V. V. Lapin,
and N. N. Kurtseva; N. A. Toropov (editor) (1969,
translated 1972)
TT71-50040

Handbook of Phase Diagrams of Silicate Systems,
Vol. II. Metal-Oxygen Compounds in Silicate Systems,
Second Revised Edition

N. A. Toropov, V. P. Barzakovskii, I. A. Bondar,
and Yu. P. Ulalalov; N. A. Toropov (editor)
(1969, translated 1972)

TT71-50041

Handbook of Thermodynamic Data
E. B. Naumov, B. N. Ryzhenko, and I. L. Khodakovsky
(1971, translated 1974)

PB 226 722

Heavy Water, Thermophysical Properties
Va. Z. Kazavchinskii, et al.; V. A. Kirillin
(editor) (1963, translated 1971)

TT70-50094

Isochoric Heat Capacity of Water and Steam
Kb. I. Amirkhanov, G. V. Stepanov, B. G. Alibekov;
M. P. Vukalovich (editor) (1969, translated 1974)
T172-52002

Properties of Liquid and Solid Hydrogen
B. N. Esel'son, Yu. P. Blagoi, V. N. Grigor'ev,
V. G. Manzhelii, S. A. Mikhailenko, and N. P.
Neklyudov (1969, translated 1971)
TT70-50179

Rate Constants of Gas Phase Reactions, Reference
Book

V. N. Kondratiev, translated by L. Holtslag and
R. Fristrom (1970, translated 1972)
COM 72-10014

Surface Ionization
E. Va. Zandberg and N. L. Ionov (1969, translated
1971)
TT70-50148

Thermodynamic and Thermophysical Properties of Com-
bustion Products, Vol. I. Computation Methods

V. E. Alemasov, A. F. Dregalin, A. P. Tishin, and
V. A. Khudyakov; V. P. Glushko (editor) (1971,
translated 1974)
TT74-50019

Thermodynamic and Thermophysical Properties of Com-
bustion Products, Vol. IL Oxygen-Based Propellants

V. E. Alemasov, A. F. Dregalin, V. A. Khudyakov
and V. N. Kostin; V. P. Glushko (editor) (1972,
translated 1975)

TT74-50032
6

Thermodynamic and Thermopnysical Properties of
Compustion Products, Vol. III. Oxygen- and Air-Based
Propellants

V. E. Alemasov, A. F. Dregalin, A. P. Tishin,
V. A. Khudyakov, and V. N. Kostin; V. P. Glushko
(editor) (1973, translated 1975)

TT75-50007

Thermodynamic and Thermophysical Properties of
Combustion Products, Vol. IV. Nitrogen Tetroxide-
Based Propellants

V. E. Alemasov, A. F. Dregalin, A. P. Tishin,
V. A. Khudyakov, and V. M. Kostin;V. P. Glushko
(editor) (1973, translated 1976)

TT76-50007

Thermodynamic and Thermophysical Properties of Helium
N. V. Tsederberg, V. N. Popov, and N. A. Morozova;
A. F. Alyab'ev (editor) (1969, translated 1971)
TT70-50096

Thermodynamic and Transport Properties of Ethylene
and Propylene

I. A. Neduzhii, et al. (1971, translated 1972)
NBSIR 75-763

Thermophysical Properties of Air and Air Components
A. A. Vassermen, Va. A. Kazavchinskii, and V. A.
Rabinovich; A. M. Zhuravlev (editor) (1966, trans-
lated 1971)
1170- 50095

Thermophysical Properties of Freon-22
A. V. Kletskii (1970, translated 1971)
TT70-50178

Thermophysical Properties of Gases and Liquids, No. 1
V. A. Rabinovich (editor) (1968, translated 1970)
TT69-55091

The other volumes of this series have the English
title "Thermophysical Properties of Matter and
Substances."

Thermophysical Properties of Gaseous and Liquid
Methane

V. A. Zagoruchenko and A. M. Zhuravlev (1969,
translated 1970)
TT70-50097

Thermophysical Properties of Liquid Air and Its
Components

A. A. Vasserman and V. A. Rabinovich (1968,
translated 1970)
TT69-55092

Thermophysical Properties of Matter and Substances,
Volume 2

V. A. Rabinovich (editor) (1970, translated 1974)
TT72-52001

Volume 1 of this series has the English title
"Thermophysical Properties of Gases and Liquids,
No. 1."

Thermophysical Properties of Matter and Substances,
Volume 3

V. A. Rabinovich (editor) (1971, translated 1975)
TT73-52009

Thermophysical Properties of Matter and Substances,
Volume 4

V. A. Rabinovich (editor) (1972, translated 1975)
TT73-52029
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)(111. Ordering Instructions

The National Standard Reference Data Syste
m publications are available from a var

iety of sources,

including the American Chemical Society (A
CS); American Institute of Physics (AIP); 

the Superintendent

of Documents, U. S. Government Printing 
Office (GPO); the National Technical Infor

mation Service (NTIS);

the Office of Standard Reference Data (OSR
D); as well as private publishers and s

ocieties. Ordering

information for publications listed previo
usly is included in Section XIV. It provides the following

information for each publication: the publication number; date of publicatio
n; number of pages; hard

copy source code, order number, and price 
or price code; microfiche source code, ord

er number, and price

code. The source codes used in the table are 
explained below.

Source Code 
Ordering Instructions 

ACS Business Operations
Books and Journal Division

American Chemical Society
1155 Sixteenth Street, N. W. - Room 616

Washington, D. C. 20036

Orders must be prepaid. Make check or money order payable to the A
merican Chemical

Society.

Bulk Rates: Subtract 20% from the listed price for orders
 of 50 or more copies of any

one item. No book dealer discount other than the bul
k rate.

YIP American Institute of Physics

Department S/F
335 East 45th Street
New York, New York 10017

Write for price quotes and further informa
tion.

GPO Superintendent of Documents

U. S. Government Printing Office

Washington, D. C. 20402

Payment must accompany the order. Make postal money order, express money 
order, or

check payable to the Superintendent of Doc
uments. Foreign remittances should be made

either by international money order, draft
 on an American bank, or UNESCO coupons.

Postage stamps will not be accepted.

NTIS

No charge is made for postage on documents
 sent to points in the United States and i

ts

possessions. In computing foreign postage, the charge f
or surface mail is approximately

one-fourth of the current selling price of th
e publication.

National Technical Information Service

U. S. Department of Commerce

5285 Port Royal Road
Springfield, Virginia 22161

TELEX 89-9405
Telephone. Customer Service (703) 557-4650

Rush Orders (703) 557-4700

Orders placed with NTIS may be paid by one
 of the following methods:

Charge to your NTIS deposit account

Purchase Order
----Check or money order, made payable to

 the National Technical Information Servic
e,

----drawn on an American Bank

Billed ($5.00 extra per order)

Charge to your American Express Card accou
nt number

Foreign prices are double domestic prices.

Priority mail, domestic $2.00 extra per item

Priority mail, foreign 3.00 extra per item

NTIS price codes are used for all items in th
is list. As an aid to users of this list,

the price code schedule in effect October 
1, 1977 through March 31, 1978 follows:

17
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NTIS Price
Code P.ge Range North American Foreign

A01 Microfiche $ 3.00 $ 4.50A02 001-025 4.00 8.00A03 026-050 4.50 9.00A04 051-075 5.25 10.50A05 076-100 6.00 12.00

A06 101-125 6.50 13.00427 126-150 7.25 14.50A08 151-175 8.00 16.00409 176-200 9.00 18.00

A10 201-225 9.25 18.50All 226-250 9.50 19.00Al2 251-275 10.75 21.50413 276-300 11.00 22.00

Al4 301-325 11.75 23.50415 326-350 12.00 24.00A16 351-375 12.50 25.00Al7 376-400 13.00 26.00

A18 401-425 13.25 26.50Al9 426-450 14.00 28.00A20 451-475 14.50 29.00A21 476-500 15.00 30.00

A22 501-525 15.25 30.50A23 526-550 15.50 31.00A24 551-575 16.25 32.50A25 576-600 16.50 33.00A99 601-up .*

Add $2.50 for each additional 100-page increment from 601 pages up.** Add $5.00 for each additional 100-page increment from 601 pages up.

Computer products (magnetic tapes) have a different price code and pricing system. Writefor details. There are also a number of specialized items which are "exceptions" to thenormal pricing policy. These are given an "E" code. Write for details.

In certain foreign countries, NTIS has arranged that dealers be the exclusive agents forNTIS products there. Please direct your orders to the appropriate dealer if ordering fromone of the countries listed below:

United Kingdom
Republic of Ireland

Microinfo Limited
The Post House
High Street
Alton, Hampshire
England GU 34 1EF
Telephone: ALTON 84300

France
Belgium
Switzerland

The Center for Business Information
7, rue Buffon
75005 Paris
France
Telephone: 707 2614 (Mme. deDampierre/Mlle. O'Neill

18



211

OSRD

Japan
Mitsubishi Research Institute, Inc.

8-1, Yuraku-Cho 1-Chome
Chiyoda-Ku, Tokyo 100
Japan

Office of Standard Reference Data
Administration Building - Room A521

National Bureau of Standards
Washington, D. C. 20234

Payment must accompany the order. Checks should be drawn on an American Bank and made

payable to the National Bureau of Standards.

19
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XIV. Pace List
Journal of Physical and Chemical Reference Data (JPCRD)

Reprints

No. Date alej_ Source Price No. Date 12L19_e_ Source Price
1 1972 1-118 ACS $ 7.00 56 1974 825-895 ACS $ 5.502 1972 119-134 ACS 3.00 57 1974 897-935 ACS 4.503 1972 135-146 ACS 3.00 58 1974 937-978 ACS 4.504 1972 147-188 ACS 4.50 59 1974 979-1017 ACS 4.505 1972 189-216 ACS 4.00 60 1975 1-175 ACS 8.50
6 1972 221-278 ACS 5.00 61 1975 177-249 ACS 6.007 1972 279-422 ACS 7.50 62 1975 251-261 ACS 3.008 1972 423-534 ACS 6.50 63 1975 263-352 ACS 6.009 1972 535-574 ACS 4.50 64 1975 353-440 ACS 6.0010 1972 581-746 ACS 8.50 65 1975 441-456 ACS 3.00

11 1972 747-772 ACS 4.00 66 1975 457-470 ACS 3.0012 1972 773-836 ACS 5.00 67 1975 471-538 ACS 5.5013 1972 841-1009 ACS 8.50 68 1975 539-576 ACS 4.5014 1972 1011-1045 ACS 4.50 69 1975 577-856 ACS 12.0015 1972 1047-1099 ACS 5.00 70 1975 859-870 ACS 3.00
16 1972 1101-1113 ACS 3.00 71 1975 871-1178 ACS 13.0017 1973 1-10 ACS 3.00 72 1975 1179-1192 ACS 3.0018 1973 11-24 ACS 3.00 73 1976 1-51 ACS 5.0019 1973 25-84 ACS 5.00 74 1976 53-77 ACS 4.0020 1973 85-120 ACS 4.50 75 1976 79-101 ACS 4.00
21 1973 121-162 ACS 4.50 76 1976 103-200 ACS 6.5022 1973 163-200 ACS 4.50 77 1976 209-257 ACS 5.0023 1973 205-214 ACS 3.00 78 1976 259-308 ACS 5.0024 1973 215-224 ACS 3.00 79 1976 309-317 ACS 3.0025 1973 225-256 ACS 4.00 80 1976 319-328 ACS 3.00
26 1973 257-266 ACS 3.00 81 1976 329-528 ACS 9.5027 1973 267-312 ACS 4.50 82 1976 537-570 ACS 4.5028 1973 313-410 ACS 6.50 83 1976 571-580 ACS 3.0029 1973 411-426 ACS 3.00 84 1976 581-821 ACS 12.5030 1973 427-438 ACS 3.00 85 1976 823-1092 ACS 11.50
31 1973 443-466 ACS 4.00 86 1976 1093-1121 ACS 4.0032 1973 467-518 ACS 5.00 87 1976 1123-1146 ACS 4.0033 1973 519-530 ACS 3.00 88 1976 1147-1156 ACS 3.0034 1973 531-618 ACS 6.00 89 1976 1161-1183 ACS 4.0035 1973 619-642 ACS 4.00 90 1977 1-50 ACS 5.00
36 1973 643-656 ACS 3.00 91 1977 51-104 ACS 5.0037 1973 663-734 ACS 5.50 92 1977 105-112 ACS 3.0038 1973 735-756 ACS 4.00 93 1977 113-307 ACS 5.5039 1973 757-922 ACS 8.50 94 1977 317-383 ACS 4.0040 1973 923-1042 ACS 7.00 95 1977 385-407 ACS 4.00
41 1974 1-115 ACS 7.00 96 1977 409-596 ACS 9.0042 1974 117-140 ACS 4.00 97 1977 597-609 ACS 3.0043 1974 141-162 ACS 4.00 98 1977 621-673 ACS 5.0044 1974 163-209 ACS 4.50 99 1977 675-829 ACS 8.0045 1974 211-219 ACS 3.00 100 1977 831-869 ACS 4.50
46 1974 221-224 ACS 4.00 101 1977 871-917 ACS 4.5047 1974 245-257 ACS 3.00 102 1977 919-991 ACS 5.5048 1974 259-268 ACS 3.00 103 1977 993-1102 ACS 6.5049 1974 269-308 ACS 4.50 104 1977 1109-1132 ACS 4.0050 1974 311-480 ACS 8.50 105 1977 1133-1166 ACS 4.50
51 1974 481-526 ACS 4.50 106 1977 1167-1180 ACS 3.0052 1974 527-602 ACS 5.50 107 1977 1181-1204 ACS 4.0053 1974 609-770 ACS 8.50 108 1977 1205-1252 ACS 4.5054 1974 771-780 ACS 3.00 109 1977 1253-1330 ACS 5.5055 1974 781-824 ACS 4.50
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Journal of Physical and Chemical Reference Data 
(JPCRD)

Supplements

Volume Vats !Ig.tL Source ]os. Price

RepdntPackages

p_lc_La.;ae Parts Price Source

Vol. 2, No. 1 1973 420 ACS Hardcover $33.00 A 10 parts $25.00 ACS

ACS Softcover 30.00
AIP Microfilm 4 parts 10.00 ACS

Vol. 3, No. 1 1974 796 ACS Hardcover 60.00 5 parts 15.00 ACS

ACS Softcover 55.00
AIP Microfilm * 7 parts 20.00 ACS

Vol. 6, No. 1 1977 783 ACS Hardcover 70.00 3 parts 25.00 ACS

ACS Softcover 65.00
AIP Microfilm 8 parts 20.00 ACS

* Microfilm copies of the supplements are available G 13 parts 35.00 ACS

as an addition to the microfilm for the entire
volume. Write to HIP for details.

National Standard Reference Data System (NSRDS) Series

Hardcover Microfiche

Publication No. Date platL Source Order No. Price Source Order No. Price

1 1964 12 GPO SNO03-003-06627-1 $0.55 Not available

2 1965 68 NTIS NSRDS-NBS-2 A04 NTIS NSRDS-NBS-2 A01

3, Sec. 1 1965 31 NTIS NSRDS-NBS-3 A03 NTIS NSRDS-NBS-3 A01

3, Sec. 2 1967 22 NTIS NSRDS-NBS-3-2 A02 NTIS NSRDS-NBS-3-2 A01

3, Sec. 3 1970 73 NTIS COM 72-50056 A04 NTIS COM 72-50056 A01

3, Sec. 4 1971 46 NTIS COM 71-50346 A03 NTIS COM 72-50346 A01

3, Sec. 5 1975 80 GPO 59003-003-01444-3 $1.80 NTIS COM 75-10953/AS A01

3, Sec. 6 1972 32 GPO SNO03-003-00998-9 1.15 NTIS COM 72-50994 A01

3, Sec. 7
4

1976
1966

33
153

GPO
NTIS

SNO03-003-01558-0 0.85
A08

NTIS PB 253 231
NTIS

A01
A01

5 1966 87 NTIS NSRDS-NBS-5 A05 NTIS NSRDS-NBS-5 A01

6 1967 56 Superseded by NSRDS-NBS-39

7 1966 38 OSRD NSRDS-NBS-7 $0.85 Not available

8 1966 68 NTIS PB 189 698 A04 NTIS PB 189 698 A01

9 1967 129 NTIS NSRDS-NBS-9 A07 NTIS NSRDS-NBS-9 A01

10 1967 49 NTIS NSRDS-NBS-10 A03 NTIS NSRDS-NBS-10 A01

11 1967 38 Superseded by NSRDS-NBS-39

12 1968 98 NTIS NSRDS-NBS-12 A05 NTIS NSRDS-NBS-12 A01

13 1968 62 GPO SNO03-003-00622-0 $3.00 Not available

14 1967 66 NTIS NSRDS-NBS-14 A04 NTIS NSRDS-NBS-14 A01

15 1968 140 NTIS NSRDS-NBS-15 007 NTIS NSRDS-NBS-15 A01

16 1968 146 NTIS NSRDS-NBS-16 A07 NTIS NSRDS-NBS-16 A01

17 1968 39 Superseded by NSRDS-NBS-39

18 1968 49 GPO 09003-003-00628-9 $1.15 Not available

19 1968 10 GPO SNO03-003-00629-7 0.65 Not available

20 1968 49 OSRD NSRDS-NBS-20 0.95 Not available

21 1970 645 NTIS PB 191 956 A99 NTIS PB 191 956 A01

22 1969 268 NTIS AD 696 884 Al2 NTIS AD 696 884 A01

23 1968 65 NTIS NSRDS-NBS-23 A04 NTIS NSRDS-NBS-23 A01

24 1968 271 OSRD NSRDS-NBS-24 $6.10 Not available

25 1968 116 NTIS NSRDS-NBS-25 A06 NTIS NSRDS-NBS-25 A01

26 1969 289 Superseded by J. Phys. Chem. Reference Data 6, Supplement 1 (1977)

27 1969 153 GPO SNO03-003-00637-8 $1.80 Not available

28 1969 116 NTIS NSRDS-NBS-28 406 NTIS NSRDS-NBS-28 A01

29 1969 85 NTIS NSRDS-NBS-29 A05 NTIS NSRDS-NBS-29 A01

21
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Hardcover Microfiche

Publication No. Date Eati Source Order No. Price Source Order No. Price

30 1969 27 NTIS NSRDS-NBS-30 503 NTIS NSRDS-NBS-30 A01
31 1970 48 NTIS PB 189 028 A03 NTIS PB 189 028 A01
32 1970 79 GPO 55003-003-00729-3 $1.15 Not available
33 1970 37 NTIS PB 192 183 A03 NTIS PB 192 183 A01
34 1970 22 GPO SNO03-003-00770-6 $1.65 Not available

35, Vol. I 1971 358 GPO SNO03-003-00949-1 9.25 NTIS COM 72-50282 A01
35, Vol. II 1971 263 GPO SNO03-003-00935-1 7.95 NTIS COM 72-50216 A01
35, Vol. III 1971 289 GPO SNO03-003-00950-4 8.30 NTIS COM 72-50283 A01
36 1971 222 NTIS COM 71-50203 A10 NTIS COM 71-50203 A01
37 1971 1141 GPO SNO03-003-00872-9 $15.60 NTIS COM 71-50363 A01

38 1971 114 NTIS COM 71-50351 A06 NTIS COM 71-50351 A01
39 1972 167 GPO SNO03-003-00845-1 $5.10 NTIS COM 72-50742 A01
40 1972 261 NTIS COM 72-50439 512 NTIS COM 72-50439 A01
41 1972 57 NTIS COM 72-50849 A04 NTIS COM 72-50849 A01
42 1972 27 NTIS COM 72-50886 A03 NTIS COM 72-50886 A01

43 1973 69 GPO SNO03-003-01083-9 $1.05 NTIS COM 73-50537 A01
43, Suppl. 1975 53 GPO SNO03-003-01429-0 1.10 NTIS COM 75-10737/AS A01 1•4

44 1974 41 NTIS COM 74-50175 503 NTIS COM 74-50175 A01
45 1973 29 GPO SNO03-003-01165-7 $0.65 NTIS COM 74-50060 A01
46 1973 72 NTIS COM 73-50623 A04 NTIS COM 73-50623 A01

47 1974 161 GPO SNO03-003-01125-8 $2.25 NTIS COM 74-50641 A01
48 1974 44 GPO SNO03-003-01166-5 0.80 NTIS COM 74-50310 A01
49 1974 140 GPO SNO03-003-01190-8 1.70 NTIS COM 74-50715 A01
50 1973 120 NTIS AD 771 200 506 NTIS 50 771 200 A01
51 1975 66 GPO 55003-003-01414-1 $1.20 NTIS COM 75-10617 A01

52 1974 55 GPO SNO03-003-01262-9 1.15 NTIS COM 74-50696 A01
53 1975 55 GPO SNO03-003-01426-5 1.15 NTIS COM 75-11437 A01
54 1975 33 GPO SNO03-003-01406-1 0.85 NTIS COM 75-10625 .A01
55 1975 21 GPO SNO03-003-01431-1 0.85 NTIS COM 75-10917/AS A01
56 1975 37 GPO SNO03-003-01396-0 0.85 NTIS PB 248 991 A01

57 1976 24 GPO SNO03-003-01609-8 0.55 NTIS PB 255 004 A01
58 1976 23 GPO SNO03-003-01627-6 0.70 NTIS PB 254 470 A01
59 1977 126 GPO SNO03-003-01731-1 1.90 NTIS PB 263 198 A01
60 1978 GPO In press Not set
61, Part I 1978 GPO In press Not set

62 1978 GPO In press Not set

NBS Circular (NBS Circ.)

488, Sec. 1 8, 2 1950- 200 NTIS PB 252 093 A09 NTIS PB 252 093 A01
1952

488, Sec. 3,4, 5 1962 196 NTIS PB 252 094 A09 NTIS PB 252 094 A01

NBS Handbooks (NBS Hdbk.)

101 1968 256 NTIS NBS-H-101 512 NTIS NBS-H-101 A01
125 1978 GPO In press Not set

NBS Interim Reports (NBSIR)

75-763 1972 206 NTIS COM 75-11276 510 NTIS COM 75-11276 A01
75-910 1975 122 NTIS PB 248 646 A06 NTIS PB 248 646 A01
75-968 1975 358 NTIS PB 250 845 503 NTIS PB 250 845 A01
76-1002 1976 55 NTIS PB 257 469 504 NTIS PB 257 469 A01
76-1034 1976 73 NTIS PB 254 460 A04 NTIS PB 254 460 A01

76-1061 1976 51 NTIS PB 256 328 A04 NTIS PB 256 328 A01
76-1130 1976 181 NTIS PB 257 347 A09 NTIS PB 257 347 A01
76-1147 1976 41 NTIS PB 259 637 503 NTIS PB 259 637 A01
77-860 1977 239 NTIS PB 272 355 All NTIS PB 272 355 A01
77-1300 1977 93 NTIS PB 273 171 A05 NTIS PB 273 171 A01

22
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NBS Monographs (NBS Mono.)

Publication No. Date Elg.t

Hardcover

Price

Microfiche

PriceSource Order No. Source Order No.

70, Vol. I 1964 171 NTIS PB 168 072 A08 NTIS PB 168 072 A01
70, Vol. II 1964 349 NTIS PB 189 714 Al5 NTIS PB 189 714 A01
70, Vol. III 1969 275 NTIS COM 74-10794 Al2 NTIS COM 74-10794 A01
70, Vol. IV 1968 419 NTIS COM 74-10795 A18 NTIS COM 74-10795 A01
70, Vol. V 1968 533 NTIS COM 74-10796 A23 NTIS COM 74-10796 A01

94 1965 116 NTIS N65-32001 A06 NTIS N65-32001 A01
115 1970 54 NTIS PB 192 874 A04 NTIS PB 192 874 A01
134 1973 177 NTIS COM 73-50582 A09 NTIS COM 73-50582 A01
153 1976 123 GPO SNO03-003-01651-9 $1.35 NTIS PB 256 586 A01

NEISCHiloecd Standard Reference Data illblIcyjmoliles (C)S41()B)

70-1, Vol. 1 1970 692 NTIS PB 191 174 A99 NTIS PB 191 174 A01
70-1, Vol. 2 1970 748 NTIS PB 191 175 A99 NTIS PB 191 175 A01
70-2 1970 413 NTIS COM 71-00722 A18 NTIS COM 71-00722 A01
70-3 1970 293 NTIS AD 705 110 Al3 NTIS AD 705 110 A01
70-4 1970 47 NTIS COM 71-00025 A03 NTIS COM 71-00025 A01

71-1 1971 293 NTIS .COM 71-00248 A13 NTIS COM 71-00248 A01
71-2 1971 140 NTIS COM 71-00841 A07 NTIS COM 71-00841 A01

NBS Miscellaneous Publication (NBS WI

281 1967 155 NTIS NBS MP 281 A08 NTIS NBS MP 281 A01

FIBS Special Publications (N13S, SP)

306, Sec. 1 1968 80 NTIS NBS SP 306 A05 NTIS NBS SP 306 A01
306, Sec. 2 1969 57 NTIS NBS SP 306-2 A04 NTIS NBS SP 306-2 A01
306, Sec. 3 1969 37 NTIS PB 264 245 A03 NTIS PB 264 245 A01
306, Sec. 4 1969 48 NTIS COM 73-10870 A03 NTIS COM 73-10870 A01
320 1970 104 NTIS AD 701 614 A06 NTIS AD 701 614 A01

320, Suppl. 1 1971 70 NTIS AD 730 356 A04 NTIS AD 730 356 A01
320, Suppl.. 2 1973 65 NTIS COM 74-50034 A04 NTIS COM 74-50034 A01
324 1971 683 NTIS COM 71-50070 A99 NTIS COM 71-50070 A01
349 1972 43 NTIS COM 72-50807 A03 NTIS COM 72-50807 A01
362 1972 75 GPO SNO03-003-01000-6 $1.15 NTIS COM 72-50466 A01

363 1972 109 GPO SNO03-003-00962-8 1.45 NTIS COM 72-50676 A01
363, Suppl. 1 1977 190 GPO SNO03-003-01673-0 2.50 NTIS PB 263 199 A01
366 1972 168 GPO SN003-003-01044-8 2.80 NTIS COM 72-50943 A01
366, Suppl. 1 1974 76 NTIS COM 74-50063 A05 NTIS COM 74-50063 A01
366, Suppl. 2 1975 79 GPO SNO03-003-01544-0 $1.35 NTIS PB 246 714 A01

369 1974 180 GPO SNO03-003-01124-8 1.85 NTIS COM 74-50302 A01
371
371, Suppl. 1

1973 93
1975 91

NTIS COM 73-50245
GPO SN003-003-01422-2

A05
$1.45

NTIS QM 70(On
NTIS COM 

7 21
380 1973 134 GPO SNO03-003-01109-6 2.10 NTIS COM 73-50244 A01

380, Suppl. 1 1978 GPO In press Not set

381 1973 71 NTIS COM 73-50932 A04 NTIS COM 73-50932 A01
392 1974 84 GPO S8003-003-01272-6 $1.30 NTIS COM 74-50348 A01
396-1 1974 90 GPO SNO03-003-01274-2 1.25 NTIS COM 74-51060 A01
396-2 1975 56 GPO SNO03-003-01457-5 1.10 NTIS PB 248 989 A01
396-3 1976 42 NTIS PB 250 844 A03 NTIS PB 250 844 A01

396-4 1976 96 GPO SNO03-003-01572-5 $1.35 NTIS PB 258 537 A01
424 1976 177 GPO SNO03-003-01599-7 2.90 NTIS PB 251 845 A01
426 1976 222 GPO SNO03-003-01465-6 3.30 NTIS PB 252 687 A01
428, Part I 1976 2414 GPO SNO03-003-01541-5 28.50 NTIS PB 249 160 A01

Part II 1976 Available from GPO only NTIS PB 249 161 A01
Part III 1976 as 3-part set NTIS PB 249 162 A01
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Hardcover Microfiche 

Publication No. Date Pages Source Order No. Price Source Order No. Price

449 1976 142 GPO SNO03-003-01677-2 $2.00 NTIS PB 263 122 A01
454 1976 71 GPO SNO03-003-01666-7 1.65 NTIS PB 257 765 A01
463 1977 275 GPO SNO03-003-01701-9 3.25 NTIS PB 262 887 A01
478 1977 58 GPO SNO03-003-01824-4 2.00 NTIS PB 270 972 A01
485 1977 57 GPO SNO03-003-01812-1 2.00 NTIS PB 270 367 A01

496 1978 GPO In press Not set

NE4lrechnicsiNotes(PMMilrech.hkde)

270-3 1968 264 GPO SNO03-003-00406-5 $3.25 Not available
270-4 1969 152 GPO SNO03-003-00407-3 2.10 Not available
270-5 1971 49 NTIS COM 71-50171 A03 NTIS COM 71-50171 A01
270-6 1971 124 GPO SNO03-003-00932-6 $1.90 NTIS COM 71-50608 A01
270-7 1973 84 GPO SNO03-003-01139-8 1.25 NTIS COM 73-50435 A01

291 1966 40 NTIS NBS-TN-291 A03 NTIS NBS-TN-291 A01
438 1967 139 NTIS AD 665 245 A07 NTIS AD 665 245 A01
444 1968 25 NTIS NBS-TN-444 A02 NTIS NBS-TN-444 A01
464 1968 163 NTIS NBS-TN-464 A08 NTIS NBS-TN-464 A01
470 1969 76 NTIS NBS-TN-470 A05 NTIS NBS-TN-470 A01

474 1969 22 NTIS AD 681 351 A02 NTIS AD 681 351 A01
484 1969 62 NTIS AD 692 231 A04 NTIS AD 692 231 A01
500 1970 47 NTIS PB 191 352 A03 NTIS PB 191 352 A01
554 1970 196 NTIS A09 NTIS A01
700 1972 72 NTIS COM 73-50015 A04 NTIS COM 73-50015 A01

740 1973 32 GPO SNO03-003-01210-6 $0.55 NTIS COM 73-50986 A01
760 1973 54 GPO SNO03-003-01112-6 0.90 NTIS COM 73-50242 A01
820 1974 58 NTIS COM 74-50140 A04 NTIS COM 74-50140 A01
848 1974 23 NTIS COM 74-50934 A02 NTIS COM 74-50934 A01
866 1975 127 GPO SNO03-003-01441-9 $1.85 NTIS COM 75-10958/AS A01

903 1976 34 GPO SNO03-003-01578-4 0.85 NTIS PB 249 541 A01
928 1976 60 GPO SNO03-003-01711-6 1.10 NTIS PB 262 600 A01
947 1977 88 GPO SNO03-003-01776-1 2.20 NTIS PB 268 513 A01

Joint institute for Laboratory Astrophysics (JILA) Reports

No. 6 1969 104 NTIS PB 189 127 A06 NTIS PB 189 127 A01
7 1969 176 NTIS AD 696 467 A08 NTIS AD 696 467 A01
12 1972 NTIS AD 745 417 A08 NTIS AD 745 417 A01
13 1973 150 NTIS COM 74-11661 A08 NTIS COM 74-11661 A01

University of Notre Dante, Radiation Chemistry Data Center (UND-RCDC) Reports

Vol. IV, No. 1-26 1971 283 NTIS COM 71-01103 A13 NTIS COM 71-01103 A01
No.27-52 1971 276 NTIS COM 72-10266 A13 NTIS COM 72-10266 A01

Vol. V. No. 1-26 1972 315 NTIS COM 72-10621 A14 NTIS COM 72-10621 A01
No.27-52 1972 334 NTIS COM 73-10281 Al5 NTIS COM 73-10281 A01

Vol. VI, No. 1-26 1973 414 NTIS COM 73-11878/8AS A18 NTIS COM 73-11878/8AS A01
No.27-52 1973 352 NTIS COM 74-10899 A16 NTIS COM 74-10899 A01

Vol. VII 1974 553 NTIS COM 75-11475 A24 NTIS COM 75-11475 A01
Vol. VIII 1975 670 NTIS PB 257 025 A99 NTIS PB 257 025 A01
Vol. IX 1976 707 NTIS PB 268 699 A99 NTIS PB 268 699 A01
Vol. X 19/7 RCDC Volume 10, 1977 Available March 1978
UND-RCDC-1 1977 NTIS PB 267 655 A06 NTIS PB 267 655 A01

U.S.Bureau of Mines Bulletin

668 1976 GPO 128.3:668 $2.70 NTIS A01

24
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Translations from the Russian

Hardcover Microfiche

Publication No. Date Source Order No. Price Source Order No. Price

COM 72-10014 1972

_pe_l

434 NTIS COM 72-10014 419 NTIS COM 72-10014 A01

NBSIR-75-763 1972 206 NTIS COM 75-11276 A10 NTIS COM 75-11276 A01

PB 226 722 1974 340 NTIS PB 226 722 Al5 NTIS PB 226 722 A01

1T69-55091 1970 214 NTIS TT69-55091 A10 NTIS 1169-55091 A01

TT69-55092 1970 255 NTIS 1T69-55092 Al2 NTIS TT69-55092 A01

TT70-50094 1971 273 NTIS 1T70-50094 Al2 NTIS TT70-50094 A01

TT70-50095 1971 402 NTIS TT70-50095 Al8 NTIS TT70-50095 A01

TT70-50096 1971 260 NTIS TT70-50096 Al2 NTIS TT70-50096 A01

TT70-50097 1970 251 NTIS 1170-50097 Al2 NTIS TT70-50097 A01

TT70-50148 1971 NTIS TT70-50148 NTIS TT70-50148 A01

TT70-50177 1971 69 NTIS TT70-50177 A04 NTIS 1170-50177 A01

TT70-50178 1971 72 NTIS TT70-50178 A04 NTIS TT70-50178 A01

TT70-50179 1971 126 NTIS 1170-50179 A07 NTIS 1170-50179 A01

1170-50180 1971 366 NTIS TT70-50180 Al6 NTIS TT70-50180 A01

1171-50040 1972 730 NTIS 1171-50040 A99 NTIS 1171-50040 A01

TT71-50041 1972 329 NTIS TT71-50041 Al5 NTIS TT71-50041 A01

1172-52001 1972 395 NTIS TT72-52001 A17 NTIS TT72-52001 A01

TT72-52002 1974 215 NTIS 1172-52002 A10 NTIS 1172-52002 A01

1173-52009 1975 212 NTIS 1173-52009 A10 NTIS 1173-52009 A01

TT73-52029 1975 179 NTIS 1T73-52029 A09 NTIS 1173-52029 A01

1174-50019 1974 453 NTIS TT74-50019 A20 NTIS TT74-50019 A01

1174-50032 1975 505 NTIS 1174-50032 A22 NTIS 1174-50032 A01

1175-50007 1975 NTIS PB 248 719 NTIS PB 248 719 A01

1176-50007 1976 540 NTIS TT76-50007 A23 NTIS 1T76-50007 A01

NBS Magnetic Tape Series

Tape 1 1970 NTIS NBS Magnetic Tape 1 TO5
2 1973 NTIS NBS Magnetic Tape 2 T05

3 1973 NTIS NBS Magnetic Tape 3 105
4 1973 NTIS NBS Magnetic Tape 4 105

9 1975 NTIS NBS Magnetic Tape 9 199

10 1975 NTIS NBS Magnetic Tape 10 105

12 1977 NTIS NBS Magnetic Tape 12 1.10

NIH/EPA/MSDC 1977 OSRD NIH/EPA/MSDC Mass $500.00
Spectral Data Base
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CARBON FIBER STUDY

EXECUTIVE SUMMARY

Carbon fibers were produced nearly a century ago in the search for an incandescent
lamp filament. During the 1950's and 1960's, experimentation resulted in stronger
fibers and the use of their special strength properties in new materials called
composites. These materials, which are composed of carbon or graphite fibers (the
difference being the temperature of pyrolysis during manufacture) embedded in a
resin binder, have opened a wealth of new structural engineering and consumer
product opportunities. In the next decade, composites may become as important to
the United States economy as the steel and aluminum they replace. No other
materials now in prospect offer equivalent advantages.

The potential benefits of composites are manifold. Higher strength, lighter weight
military and commercial products portend energy savings and increased safety.
Unfortunately, these benefits are not realized without risk. The carbon (or
graphite) fibers used in the present generation of composite materials are finer
than human hair, extremely -good electrical conductors, and virtually
indestructable. They are so light that millions are contained in a gram mass. If
released into the air, they can easily be transported by winds or currents. In
contact with electrical devices, they can create resistive loading, short circuits,
and arcing, resulting in stoppages or destruction. A variety of actual incidents can
be cited supporting the hazards the fibers pose to electrical equipment. Their
health impact is not fully known and requires careful research and analysis before
any firm conclusions can be reached. But at current manufactured diameters and
lengths, based upon currently available information, they are primarily an irritant
to the eyes and skin, like fiberglass, rather than carcinogenic or destructive to lung
tissue.

In July 1977, the Director of the Office of Science and Technology Policy was
directed by the President to conduct a study of graphite composite materials
analyzing the potential problems and providing a plan for possible Federal action.

The study revealed that current uses of carbon/graphite fibers worldwide entail
about 700,000 pounds of material. At least six countries are currently producing
composites and fabricating them into products. Major uses today are in military
and commercial aircraft, with a growing list of consumer products, e.g., skis,
fishing rdds, golf clubs, etc. The major anticipated use is in automobiles where
weight reductions necessary to realize fuel economies can only be achieved by
replacing steel and aluminum with composite materials. Worldwide use, by 1990,
could reach one billion pounds.

Inadvertent fiber release, during manufacture or by destruction of the resin binder
in fire, is the major hazard associated with composites. Major manufacturers are
aware of the unique problems associated with these materials and have successfully
applied controls to avoid the in-plant problems. With the expected rapid growth in
the use of these materials in aircraft and automobiles, however, vehicle accidents
followed by fire could become a substantial possible source of fiber release.
Further, the uncontrolled incineration of industrial waste and of discarded
consumer products could create serious problems.
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In some cases, protection might be realized by seclusion of equipment through
protective covering or air filtering. New generations of electrical and electronic
equipment can be manufactured with added protection at relatively modest cost.

Three courses of action are open to the Federal Government: (1) do nothing at this
time, (2) support further investigation of effects and solutions, or (3) impose
regulatory restraints on all or parts of the life cycle of composite materials. The
study supports further investigation and coordinated action by a number of Federal
departments and agencies with existing relevant responsibilities.



220

Action Plan

Carbon Fibers

I. Introduction

This paper presents a coordinated Federal Government action plan for
dealing with the potential problems arising from the increasing use of graphite-
fiber-reinforced composite materials in both military and civilian applications. The
plan addresses the required dissemination of declassified information and outlines
near-term and continuing Government actions to minimize the social and economic
consequences of proliferated composite material applications. The plan includes
budget, organizational, and scheduling considerations.

Agency Actions and Responsibilities 

A. Information Dissemination

Several goals must be met by the overall information program, without
stimulating unwarranted and undesirable reactions in any part of the public.
Government agencies and both operating and producing industries must be aware of
the hazards and the need to develop and use protective measures; the technical
community must start to work on means to cope with the problem.

The hazardous effects under consideration are insidious and, though
hopefully incidents will be rare, they would affect many sectors of society. In
order to reduce the likelihood of a serious incident, there must be widely
disseminated information about the potential hazards and means to protect against
them. While technical means for protection have been devised, they are at the
laboratory stage and not yet ready for commercial development. Work is also
underway on the development of alternative composite materials which will not
present an electrical hazard, but this effort is now in the earliest exploratory
stages. To promote further technical alternatives and to develop inexpensive and
effective means of protection, the scientific community must be thoroughly
informed. All possible information will be declassified by the government.

The DOC, assisted by NASA, DOE, DOS, DOT, and DOD will review and
make a selection of elements of Congress, Federal agencies, state and local
jurisdictions, major industrial firms, specialized constituencies (e.g., professional
societies, labor organizations, environmental organizations, etc.) to receive
information. DOS will determine which foreign Governments and international
bodies must be informed of the technical facts and projections. Typical industries
are:

Aircraft operations
Aircraft equipment
Power generation and distribution utilities
Heavy electrical equipment
Surface transportation
Consumer electrical equipment

3
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Communications: radio, TV, telephone operations,
equipment manufacture

Computers
Electronic components.

Examples of professional societies and industrial associations are:

AIAA, IRI, EPRI, IEEE.

NASA will prepare technical information in a "technical note" form that
can be used initially to lay out the pertinent facts in a low-key and authoritative
manner.

NASA, assisted by other Federal agencies as required, will prepare briefing
strategies and necessary material, and will help coordinate the various agency
briefing terms.

The above actions will be completed within 30 days after action plan
approval.

B. Near-Term Responses 

The present and projected near-term use of carbon fiber composites is
limited, but increasing. A USG program must be developed to deal with the pos-
sibility of incidents which might occur before long-term solutions are developed in
order to limit the possible harmful side effects of the materials.

An incident created by accidental release is thought likely to occur first
through aircraft crash and fire. Aircraft are a current and projected major user of
composites and an aircraft crash often involves conditions favorable to fiber
release. DOT, supported by NASA and DOD, shall develop a procedure for identi-
fying and reporting all aircraft accidents which could result in carbon fiber related
incidents.

For incidents arising through other applications of composite materials, it
will be necessary to have a field organization that is ready to assist local govern-
ment bodies, at least until the phenomenon is more widely understood. Defense
Civil Preparedness Agency is well-suited in that its offices exist throughout the
country, it is well-organized, it is accepted readily by local authority and it is
experienced in helping with disasters. DCPA assistance would presumably be
required only during the early years when use of the composite material has
become more widespread than at present, but technical methods of protection are
not yet widely in use. The DCPA will prepare a plan to render such assistance by
March 1, 1978.

The DCPA shall maintain records and shall provide written analyses of
incidents which may occur, including information on sources, damage, effectiveness
of clean-up, etc. DOD and NASA shall support the DCPA with laboratory analysis
as required.
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C. Continuing Efforts to Minimize Material Effects 

Research and Development - There are three facets of approach that must
be pursued simultaneously: (1) understanding the details of damage mechanisms to
equipment and personnel and what protective measures can be employed; (2)
prevention of introduction of fiber into the atmosphere; and (3) modification of
material so that the damaging effects can be avoided. Specific programs in each of
these areas are listed below.

Commercial aircraft equipment. Studies of vulnerability of
commercial grade avionics and control equipment, and other systems essential to
the safety of flight, including ground-based equipment, has been started, but data
are inadequate to permit assurance of protection or accurate assessment of
vulnerability. Assisted by consultation with and advice from DOT (FAA), NASA has
responsibility for establishing a suitable test program and design of protective
measures in concert with the aircraft industry. This program will include studies of
crash plus fire scenarios and will be reviewed after one year to establish a
completion date.

Surface transportation equipment. Virtually no data have been
generated on the vulnerability of typical civilian surface transportation equipment.
DOT will take the lead with assistance from NASA. This program will include
studies of surface transportation crash plus fire scenarios. The program will take
two years, and will be reviewed at that time for possible continuation.

Power generation and distribution equipment. Little work has been
done in this area, although DOD has a limited data base. Examination of the
failure modes of typical equipment and the design of suitable protective features
for new equipment and backfit measure for existing equipment is essential. DOE
will take the lead in working with the power industry. The program will take at
least three years. Detailed annual review for progress is required.

Other commercial and household equipment. Communication and
computer equipment are particularly important. Failure modes must be studied;
design standards for future equipment must be developed in conjunction with
industry; and protective procedures for installed equipment must be worked out.
DOC (NBS) will take the lead. The program will run for two years, with the aim of
transferring the lead to industry.

Monitoring Equipment. Instruments for continuous environmental
monitoring and for site surveys must be developed. EPA will take the lead, with
assistance from the DOD.

Health-related Effects. There is strong clinical correlation between
inhalation of certain fibrous material, such as asbestos, and illness. The clinical
effects of other materials, such as fibers of glass or carbon, are not equally clear.
In all cases, the specific mechanism of insult is not well understood. Lacking such
understanding, exposure standards can be developed only by analogy ahd such
standards may either fail to protect or be needlessly restrictive and expensive.
HEW (PUS) will undertake a three year program to elucidate the specific

•
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mechanism of damage by fibrous materials in order to improve treatment and to
provide a solid base on which to establish safety standards.

DOL (OSHA) will prepare and promulgate regulations necessary for
the protection of industrial workers handling carbon fiber material. These will
include prescription of safe industrial practice, and will be based on a prudent
extension of available clinical evidence on the deleterious effects of fibrous
materials.

Environment. Uncontrolled disposal of discarded consumer goods and
of industrial scrap generated during the manufacture of fiber and the fabrication of
objects from the material could be a major source of release to the atmosphere.
EPA, in concert with industry, will conduct a two-year study of means to control
such disposal, including establishing identification of effective methods.

The most dangerous method of disposal is incineration, which may
burn away the binder of the fiber material without necessarily destroying the fiber.
EPA, in concert with industry will conduct a three-year study of safe methods of
incineration, will develop the control technology necessary for this purpose, and
will determine what methods may be suitable. At the end of that study, if
required, EPA will issue regulations governing the disposal of carbon fiber material.
Within the same period necessary atmospheric monitoring systems will be set up in
the vicinity of major manufacturing facilities, and carbon fiber will be included in
the monitoring of the effluent of major incinerators. Essentially nothing is known
about the ecological effect of carbon fiber invasion of the natural water system
and long-term accumulation in the environment. EPA will conduct a modest study
of observation of concentrations of carbon fiber in the vicinity of manufacturing
facilities, where free carbon fiber can be expected.

Alternative Materials. Since hazards arise from the high
conductivity, general indestructabilfty and ease of airborne transport of present
carbon fibers, desired characteristics of alternative materials are clear: the
substitute fibers should be of comparable cost and strength, but should not be able
to produce the electrical effects feared unless conductivity is required for special
applications. A complementary approach is to arrange that the fibers do not
become airborne, or settle out so quickly that the problem is purely local. Given
the desired strength and cost characteristics, investigators can look for fibers that
are larger and thus settle out, are poorly conductive, or have an insulating coating.
Research can seek a binder that does not burn below the ignition temperature of
the present fibers, or seek a way of igniting the present fibers at temperatures
characteristic of the disintegration of the present matrix. Finally, the technology
program can seek a binder resin that chars and does not release fibers into the
atmosphere when there is a fire. The technical history of development of
composite materials indicates that between the introduction of a new fiber or a
new matrix, when found, and the development of adequate engineering design data
is a period of several years. Thus, an alternate material is not considered an early
solution to the problem addressed here. It would seem that the earliest success is
likely to appear in the form of a matrix binder material that will char rather than
disintegrate.
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NASA will take the lead in investigating alternative materials, with
DOD assistance. Work will be aimed at larger diameter fibers, reduced
conductivity, insulating coatings, and lower ignition temperatures for the fiber.
Work on organic matrices will aim at non-combustible higher ignition temperatures
and char characteristics. Work on charring matrices should produce results in two
years; the other programs will take from three to five years. Development of
engineering design data on candidate alternatives will not be complete before five
years.

Composite Material Data Monitorins and Analyses. DOC shall
undertake a continuing responsibility for maintaining the available data base,
current industry practices, in-service protection procedures, etc., in order to assess
the likelihood of incidents. The resulting analyses will provide the basis for
continuing evaluation by OSTP/NSC and OMB as to budget requirements and
priorities.

Assessment of Regulatory Requirements. Methods and necessary
rules are to be developed by OSHA for the protection of industrial workers exposed
to carbon fiber and by EPA for the control of release into the atmosphere during
the ultimate disposal of carbon fiber composite materials. If present regulatory
authorities are not adequate, draft legislation will be prepared by the cognizant
agency.

International Considerations. Foreign production of carbon composite
materials will increase, and there will be continuing sales of material or finished
products to the U.S. Attempts to exclude importation of such material are
inappropriate until we are assured either of a satisfactory alternative or that
regulatory controls are necessary. DOS will prepare suitable advisories to
governments of other countries producing or using large amounts of carbon
composite material to inform them of U.S. actions in this area.

Budget_

Lead agencies for actions are responsible for preparing reprogramming
plans for FY 1978 and budget requirements for FY 1979-82 in time for the
President's decisions on the FY 1979 budget. OSTP, NSC, and OMB will collaborate
in reviewing and approving those plans.

IV. 01Ta aal

The execution of the broad aspects of this plan are agency responsibilities.
Coordination and central monitoring for consistency, effective dates, etc. are
required. OSTP, assisted by NASA, will assume this responsibility during the early
stages. Continuing lead responsibility will pass to DOC in three to five years or at
a time when commercial applications have increased to the point of being the
dominant source of inadvertent release. To reduce duplication and confusion in
dealing with local jurisdictions, states, cities, police departments, fire
departments, etc.:

7
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- DOC will develop and coordinate all contracts with industry except
for research and development projects.

NASA will coordinate Federal research and development projects.

- EPA will develop and coordinate all contacts with local governments
and their substructures.

An annual report of progress, problems, and budget recommendations is to
be submitted to OSTP in August of each year. NASA will assist OSTP in the
consolidation and review of the total program and in judging the progress made and
the work remaining.

V. Schedule

Completion of various functions is indicated in the sections above. Key
targets are as follows:

- Agency R&D plans for assigned work are to be submitted to OSTP in
time for the President's budget review. Budget requirements for FY 79-82 will be
shown, along with planned allocations from FY 78 appropriations.

8
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CARBON FIBER STUDY

I. INTRODUCTION

Carbon graphite composites are a family of important, new, lightweight and

high-strength materials finding very rapidly growing use in military and civil

aircraft, in space systems, and in a variety of consumer products ranging from

sporting goods to automobiles. Carbon graphite composites may become as

important to the United States and the international economy as the steel and

aluminum they replace.

In a letter to the President, the Deputy Secretary of Defense and the

Administrator, National Aeronautics and Space Administration (NASA), recognized

the benefits and increasing usage of composite materials. They also worried that
the carbon fibers if inadvertently released into the atmosphere posed a potential
hazard to electrical equipment and possibly to the health of individuals.

The President directed the Office of Science and Technology Policy (OSTP)

to review these matters and recommend an action plan. To accomplish this task,

an interdepartment/interagency committee was formed under OSTP aegis to
prepare a report and develop the action plan. The carbon fiber study presented

below is the result of the OSTP sponsored review.

II. BACKGROUND

A. History of Composite Materials 

The history of carbon fibers and filaments extends back for many years.
In his classic work on the incandescent lamp, Edison made carbon filaments before
1880 by carbonizing natural cellulose fibers, such as cotton and linen. A further
development occurred in 1909 when Whitney patented a process for coating carbon
fiber% from cellulose with pyrolytic graphite by flashing at temperatures up to
4,000 C. However, after the introduction of tungsten filaments, interest in carbon
for lamp applications declined.

In the 1950's, the search for new materials for structural composites
generated an upsurge of interest in carbon fibers. Early work at this time on
pyrolyzed viscose rayon, sponsored by the Air Force Materials Laboratory (AFML)
at Wright-Patterson Air Force Base, produced relstively strong flexible fibers by
stretching the fiber during carbonization at 2,000 C. Although the process for
producing high strength fibers was not very reproducible, reliable low-strength
carbon and graphite yarns and fabrics could be manufactured. These low-strength
fibers found application in tape configurations for strategic missile re-entry vehicle
heat shields and rocket nozzles in the early 1960's.

A significant breakthrough in carbon fiber technology occurred in the
period 1963-1965 when it was discovered that very high strength carbon filaments
could be obtained by subjecting the precursor fiber to a rigidly controlled
continuous tensile stress during the high-temperature treatment. It is the high
values of the specific modulus and specific strength that make these ne).v carbon
fibers attractive materials as structural reinforcing agents.

9
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Commercial carbon and graphite fibers are made from any carbonaceous,
fibrous, raw material that pyrolyzes to a char, does not melt, and leaves a high
carbon residue. The physical properties of the final carbon fiber materials are
extremely sensitive not only to the type of precursor material, but also to such
manufacturing variables as rates of heating, maximum baking temperature, time at
maximum baking temperature, the baking environment, and the strain applied to
the fiber during pyrolysis. Technically, the term "carbon fiber" is applied correctly
to fibers that have been pyrolyzed at temperatures of 1,100° C. to 1,200° C. and
consist essentially of amorphous carbon networks. The term "graphite fiber" is
applied to the carbon fibers that have been heat treated at temperatures on the
order of 2,200° C. to 2,700

0
C, resulting in a crystalline fiber structure. (For

purposes of this report, the two terms will be used interchangeably, since the
hazards under consideration are generally common to both.)

The starting material, called the precursor, for carbon fibers is usually
continuous and may be a single fiber or a multistrand filament. Prior to 1973, most
major U. S. producers of carbon fibers preferred rayon precursors; however, by
1976, most major producers in the U. S. and abroad preferred a polyacrylonitrile
(PAN) precursor. Production of carbon and graphite fibers from a low cost pitch or
tar precursor has received considerable attention recently, primarily from Union
Carbide Company in the United States, and Taiyo Kaken in Japan. Union Carbide
has its pitch-based process well along in development and Taiyo Kaken is expected
to be producing this type of fiber during the next few years. The fibers derived
from pitch precursors will probably be considerably less expensive to produce than
those derived from PAN.

Very high modulus (of elasticity) graphite fibers in the form of a
continuous yarn have been developed through the application of stress o a carbon
fiber yarn during heat treatment at temperatures exceeding 2,200 C. This
procedure creates a more ordered microstructure in the fiber, leading to a 10-fold
increase in the elastic modulus and a simultaneous increase in the electrical and
thermal conductivity in the direction of the fiber axis.

The outstanding mechanical properties of carbon fibers only become of
practical interest when they can be efficiently translated into a visible structural
form, such as a carbon fiber composite. To this end, significant effort has been
expended in developing compatible matrix materials (to bind the fibers together),
composite manufacturing methods, and optimized design configurations. The
present generation of carbon fiber composites has unique combinations of
properties which result in a significant capability for reduction in structural weight
of both aerospace and nonaerospace transportation systems. Moreover, these same
properties make possible significant economy of certain industrial operations with
accompanying increases in safety for both static and rotating machinery. Finally,
carbon fiber composites provide entirely new capabilities to consumers in the areas
of sporting goods, medical equipment, electronic components, etc.

10
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Studies based on experience gained from R&D programs and production of

advanced composite aerospace structures indicate that extensive utilization of

carbon fiber composites in the next generation of aerospace systems will provide
significant benefits in the form of either reduced weight, size, and cost or in
improved performance.

(1) Improved Performance (structural and aerodynamic):

o More efficient structure/lighter weight (higher specific stiffness
and strength);

o Greater ability to dynamically tailor the structure; and

o Greater ability/flexibility relative to advanced geometric shapes
and structural concepts.

(2) Improved Safety and Survivability:

o Improved fatigue characteristics;

o Greater damage tolerance;

o Improved flight safety (characteristically a redundant structure)
-- slow, soft failure with advanced warnings; and

o Satisfactory ballistic tolerance.

(3) Reduced Cost:

o Acquisition - fewer parts, greater automation of fabrication (less
labor intensive), less scrappage of basic materials, less testing required.

o Life cycle - improved performance - improved mission
effectiveness - reduced maintenance (improved repairability) inherent corrosion
resistance.

Commercial aircraft have begun to use carbon fiber composites and are
expected to use more significant amounts of these materials with the introduction
of the next generation of new or derivative aircraft. Weight reductions made
possible in commercial aircraft are expected to be realized by improved fuel
economy with a full fleet fuel savings of about 200 million gallons of gasoline per
year projected on the basis of the quantities of graphite composites expected to be
used in commercial transports by 1990.

The Federal automobile average fuel economy standards are expected to
cause automobiles to be by far the largest user of graphite fiber by 1990. In this
time period, the U. S. automotive industry alone may use more than 1,000 times the
volume of graphite fiber used by the nonmilitary aerospace industry. Use of
graphite composites in automobiles could result in full fleet fuel savings of as much
as 2 billion gallons of gasoline per year based on the projected estimates for
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graphite usage in the 1990 automobile. If the automotive industry does substitute
even a relatively small amount (90 lb./auto) of graphite composites for structural
steel in automobiles, this will sufficiently reduce the cost of graphite fibers and
sufficiently enhance the technology base that the trucking industry likely will apply
large amounts of composites to new trucks. This should result in an approximate
15% increase in either fuel economy or load capacity. Likewise, the rail freight
industry will apply composites in an amount which is likely to result in a 7%
increase in rail freight capacity.

Future projections indicate that as the price of carbon fibers decreases,
there will be an increase in other industrial uses of carbon fiber composites due to
weight and cost savings as well as to increased safety. Also, the reduced cost will
lead to a rapid expansion of use by the general public in the form of sporting goods
and other recreational articles, due to the increased performance capability that
carbon fiber products will offer to the consumer.

B. Nature of the Hazard

There are two categories of potential hazards that must be recognized and
dealt with in the use of carbon fibers. These are: (1) accidental interference with
electrical equipment, and (2) health impacts.

(1) Accidental Interference with Electrical Equipment

The only proven hazard of working with graphite fibers lies in their
effects on unprotected 

 
electrical and electronic equipment. Release into, the

atmosphere of even a few )3r-ams of these fibers (actually millions of fibers) may 
damage unprotected electrical _equipment. High electrical conductivity of the
carbon fibers is a prime factor in causing the electrical hazard; however, other
properties such as small fiber qiameter (8 um), generally short length (6-10 mm),
and low density (1.5-1.9 gm/cm ) are also important contributing factors. These
fiber characteristics permit any small movement of air to cause free fibers to
become airborne. The nominal fall rate of the fibers is 1 m/min. in still air.
Therefore, fibers which are accidentally released can be transported over very long
distances by normal atmospheric motion. Moreover, fibers which have settled out
of the atmosphere are easily resuspended by minor atmospheric turbulence or
mechanical agitation. As can be seen, therefore, depending on prevailing
atmospheric conditions, localized release of a small quantity of carbon fibers can
lead to contamination of a very large geographical area. As an example, it has
been estimated that an accident involving burning of an aircraft containing 1,300
pounds of composite material can result in atmospheric exposure levels at distances
5 km away from the accident site which are equivalent to those which have
produced electrical damage.

Because of their high conductivity and their physical inertness,
carbon fibers which settle on or across electrical contacts or circuits can cause one
of three types of electrical effects. They can cause: (1) resistive loading; (2)
temporary, but possibly damaging, shorts; or (3) electrical arcing.

Single fibers of the type used in structural composites do not
normally cause resistive loading in low voltage, solid state circuits. However, two
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24-751 0 - 78 - 16



230

or more such fibers in parallel can provide a sufficiently low resistance to
adversely affect even these circuits. This effect, which is obviously somewhat
dependent on the circuit impendence and voltage as well as the terminal or circuit
board surface material, can lead to malfunctions of the equipment containing the
circuit. These effects are most commonly associated with low voltages.

Single carbon fibers of the type normally used can cause shorts at
voltages below 10 volts. The specific voltage at which such shorts begin is
somewhat dependent on contact spacing and the surface of the contacts. (The
existence of a contact potential is often the largest contributor to the overall
resistance of the short circuit created by the fiber. However, for carbon fibers,
even this contact resistance drops to a very low level at quite low voltages.) Due to
the high conductivity of the fiber, it will carry quite high currents at relatively low
voltages. The fiber will, however, burn out in the manner of a fuse because of its
fine diameter. Nevertheless, even the momentary short formed can blow fuses in
the equipment or can cause stressing of electrical and electronic components so
that they no longer operate within specification.

Single fibers can also initiate arcing (air breakdown) between
contacts either by effectively narrowing the air gap between contacts or by
vaporizing (or causing the conductor material to vaporize) and producing ions to
initiate air breakdown. Once the arc is initiated, it will often lead to extensive
destruction of the equipment through fire. Even if the arc is not self-sustaining,
the initial arcing can lead to vaporization of the carbon fiber which may
recondense as a "carbon streak" on associated insulating surfaces. This highly
conductive carbon deposit will then maintain the short circuit even in the absence
of the arc.

Research has 'been conducted on various types of carbon fibers
possessing a range of mechanical properties. In general, the electrical conductance
increases with increasing modulus of the fibers. Therefore, the present commercial
trend to higher modulus (and higher strength) fibers will, if anything, make the
electrical hazards more severe. However, it should be noted that the carbon and
graphite fibers presently being used for structural applications all have such high
conductances that, except for very low voltage effects, all carbon and graphite
fibers should be considered to cause nearly equivalent hazards.

The specific effect of fiber length in determining hazard severity has
not been completely identified. Neither has the distribution of lengths which is
likely to be produced in a typical accidental release scenario. Short fiber lengths
favor easy distribution and penetration while long fiber lengths might be expected
to cause more incidents by bridging wider gaps. However, it is not necessary for an
individual fiber to bridge a gap in order to cause an incident since the fibers are
polarizable in strong electrical fields, and the dipoles created can link up to bridge
a gap which is wider than an individual fiber length. Whether or not this will
actually occur in any particular case is dependent on the competition between
electrostatic force and other external forces (e.g. wind).

13
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As will be discussed later, protection methods are available; these
include insulating circuits and/or contacts with a variety of insulating materials.
However, preliminary research indicates that electrostatically charged carbon
fibers may, in some cases, actually penetrate polymeric or resin type insulations
leading to an electrical incident in a supposedly "protected" circuit.

The electrical hazard is a poorly correlated and an unpredictable
phenomenon. However, the research done to date and the limited number of
documented incidents are sufficient to prove that the hazards are real. Limited
test data indicate that electrical equipment tolerance to free carbon/graq)ite fiber
interference can be characterized in terms of exposure, or (f4bers/m ) x sec;
electrical interference seems to begin in the exposure range of 10 - 10 7 (fibers/m
x sec.

(2) Health Implications

The carbon fibers of concern are often approximately 8 micrometers
(pm) in diameter and typically 6-10 mm. in length. Tests conducted by the U. S.
Army Environmental Hygiene Agency did not show a significant number of fibers
with diameters of less than 6virn, but it is known that exposure to fibers of smaller
diameter (such as asbestos) can produce severe respiratory problems.

While at the present time available information does not provide a
basis to conclude whether man-made fibers (as opposed to asbestos) are or are not
carcinogenic in man, smaller fibers can penetrate more deeply into the lungs than
larger fibers. Until more definite information is available, the possibility of
potentially hazardous effects warrants special consideration.

The fiber itself (not the carbon from which it is made) would appear
to create the principle health significance, based on an extrapolation from other
fiber materials, namely, asbestos, fiberglass, etc. The maximum permissible
occupational exposure levels for carbon fibers is comparable to that for other
fibers. For example, the Department of Labor, Occupational Safety and Health
Adgninistration (OSHA), has a current asbestos permissible exposure limit of 2.0 x
10° fibers/rril foE an 8-hotir time weighted average and has proposed to lower that
level to 0.5 x 10 fibers/m for an 8-hour time weighted average for asbestos fibers
greater than 511m in length because of the known human carcinogen risk associated
with asbestos fibers. The National Institute for Occupational Safety and Health,
DHEW, has rscommended a level for asbestos of 0.1 fibers greater than 5 um in
length per m on an 8-hour time weighted average with peak concentrations not
exceeding 0.5 fibers greater than 5 1m in length per m based on a 15-minute
sampling period.

NIiSH recegtly recommended a maximum occupational exposure
level of 3.0 x 10 fibers/m for up to a 10-hour workshift in a 40-hour workweek for
fibrous glass, as well as other man-made mineral fibers, having a diameter equal to
or less than 3.5 um and a length equal to or greater than 10 Um.
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The discussion of asbestos fibers is only to provide general
background data and should not be extrapolated to apply to carbon fibers on the
basis of any existing toxicologic or epidemiologic data.

The potential health hazards associated with exposure to small
diameter fibers may include:

(a) Acute skin and eye irritation;
(b) Skin sensitization;
(c) Chronic lung disease;
(d) Carcinoma of the lung; and/or
(e) Pulmonary and abdominal mesothelioma.

Of principle health concern are possible human exposures resulting
from the manufacture, formulation, and rework (cutting, grinding, etc.) of such
fibrous material, particularly as increased production occurs and as new
commercial applications are developed. Another concern, although not yet
observed, is the potential degradation or breakdown of the existing 8 p m diameter
fibers thus resulting in a significant respiratory hazard, or a change in current
manufacturing processes which would allow greater use of smaller diameter (less
than 3.5 p m) fibers.

Acute human exposures from accidental release of carbon fibers into
the environment will be less than occupational exposure during manufacture of
various carbon fiber-containing products when considered as a time-weighted
average exposure. It is unlikely that a significant risk to human health would occur
from an acute exposure following an environmental incident.

(3) Biological Studies

An extensive literature review and evaluation of the biological
effects of exposure to fibrous glass was recently completed by the U. S. Public
Health Service, National Institute for Occuptational Safety and Health, in its
"Criteria for a Recommended Standards --- Occupational Exposure to Fibrous
Glass," DHEW (NIOSH) Publication No. 77-152. These recommendations also relate
to all man-made fibers and, therefore, by analogy are important to this project.

Carbon fibers like other fibers (including man-made and mineral)
would appear to have carcinogenic potential if smaller fibers (both diameter and
length) were produced, or if currently produced fibers were to break up into smaller
units. At the present time, no carbon fiber is reportedly being produced with
diameters less than 5 pm. Smaller diameter carbon fibers would have less desirable
structural and electrical properties. Therefore, production of smaller diameter
carbon fibers seems unlikely at this time. Industrial hygiene evaluations conducted
to date have failed to demonstrate any significant breakup into smaller diameter
fibers, even though breakup into shorter lengths occurs in both occupational
settings and following environmental release. Additional studies of possible
breakup of different types of carbon fibers under various occupational and
environmental conditions appears to be highly desirable. However, considering the
lack of demonstrated breakdown into smaller diameter fibers in occupational and
environmental settings, and the relatively small amount that would be released into
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•

the environment following an incident, any potential carcinogenic risk to man from
fibers of currently produced diameters seems exceedingly small.

Human exposures to man-made fibers have indicated few reported
health changes except those related to skin and respiratory tract irritation. The
absence of such reports may be due to the short time that small diameter man-
made fibers have been in commercial production, along with the short duration of
exposure of adequate study groups. (Effects from asbestos exposures often are not
indicated for 20-30 years after exposure.)

Large diameter fibers have been demonstrated to exhibit different
effects in biological systems than small diameter fibers. Studies indicate that
3.5prn approximates the diameter of the thickest long fibers observed in lungs of
rats following inhalation exposure and that 90% of the fibers in lungs of deceased
fibrous glass workers were less than 3.5vm in diameter.

Previous exposures to humans have been mostly to large diameter
fibrous glass and the health effects that have been observed include skin, eye, and
upper respiratory tract irritation; a relatively low frequency of fibrotic changes,
and a very slight indication of an excess mortality risk due to nonmalignant
respiratory diseases.

An epidemiologic study of the mortality experience of 12,000
workers, sponsored by the Thermal Insulation Manufactures Association (TIMA), is
now in progress on occupational exposures to manufactured (man-made) mineral
fibers. The study, consisting of 3 groups of workers, is scheduled to be completed
in phases between June 1977 and May 1978. Another current study, also sponsored
by TIMA, will provide additional information on environmental concentrations,
fiber characterizations, and durations of exposure.

(4) Industrial Environmental Data

In 1974, the U. S. Public Health Service reported on investigations of
airborne particulates in 10 fibrous glass production facilities. The study consisted
of four facilities producing fibers used in standard home insulation (designated as
large diameter fibers) and six facilities producing or using fibers measuring less
than 1 m in diameter (designed as small fibers).

In facilities where large diameter fibers were prod,icfd or used, mean
airborne fiber counts ranged from 60,000 to 130,000 fibers/m (0.063 to 0.13
fiber/cm 3 ). The highest single concentration was 830,000 fibers/m% (0.83
fiber/cm 3). Mean total dust concentrations ranged from 0.34 to 2.73 mg/rrr . The
highest concentration was 14.5 mg/m 3. The median diameter of the fibers found in
the various plants ranged from 1.1 to 4.3 pm. In most operations sampled, over
50% of the fibers were less than 3.5 vrn in diameter.

In facilities where small diameter fibers were present, fiber
diameters ranged from less than 0.1 to 2.0 Pm with the majority being less than
1.0 pm and 40% to 85% less than 0.5vm. Mean airborne fiber counts for these
facilities ranged from 1,000,000 to 21,900,000 fibers/m 3 . (1.0 to 21.9 fibers/cm3);
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the single highest concentration was 44,100,000 fibers/m 3 (44.1 fibers/cm3 ). In
bulk handling 

operations, 
four of six facilities had a mean concentration in excess

of 5,000,000 fibers/m 3. (5.0 fibers/cm3 ). All operations studied had mean
gravimetric concentrations less than 1.0 mg/m3 with the single highest observed
concentration being 2.0 mg/m3.

C. F_iber Release

Waste disposal by incineration of either industrial scrap or discarded
composite products represents a source of carbon fibers capable of causing
hazardous effects. Those who have responsibility for disposal are generally
unaware of the hazardous potential of the fibers, thereby increasing the probability
of inadvertent occurrence of a fiber releasing event.

Another possible fire-related accident which could cause fiber release is a
crash plus associated fire of either an aircraft or surface transportation vehicle
containing carbon fiber composites. Since the major near term use of carbon fiber
composites for structural application is expected to be in military and civilian
aircraft, the possible crash and burning of composite containing aircraft represents
one of the immediate threats for release of carbon fibers. Most crashes of military
aircraft involve fire followed by an explosion, and preliminary test data indicate
that up to 15% of the carbon fibers contained in a composite undergoing this
sequence of events may be released in a hazardous form; i.e., as single fibers or
lint.

D. History. of. -Incidents

The discovery of the damaging effects of the impingement of carbon
fibers on electrical equipment came about quite accidentally. In 1968, the Air
Force was conducting electronic interference experiments. Test personnel noted
that electronic equipment exposed to the carbon fibers malfunctioned. Laboratory
tests substantiated the effects of carbon fibers on electrical equipment.

On May 12, 1972, during a clean-up of an area in the Union Carbide's
Carbon Fiber Production building at Fostoria, Ohio, a cardboard carton containing
untwisted filaments of fine strands or carbon fibers 6 to 42 inches long was
inadvertently placed in the plant incinerator rather than going to land fill.
Subsequently, fibers were emitted from the stack, and conveyed by air over the
plant and surrounding areas. The loose fibers were experimental material from
development work; carbon fiber composite material was not involved. The
electrically conductive strands settled on several electrical substations at the
plant, causing short-circuits and power outages in three of the substations. The
carton of fibers was placed on a burning pile of wood in the incinerator with a stack
about 125 feet high and five feet in diameter at the top. The incineration occurred
at 9:00-9:15 a.m., on May 12, 1972, a Friday. Within minutes, fiber strands were
being discharged from the stack top. Strands (both single and in tumble-weed like
clumps) were observed floating around in the air, settling on wires, roofs, and in the
yard area. Some unburnt fibers were pulled from the fire and ' the fire was
extinguished. The fibers were probably in the incinerator for 20 to 40 minutes.
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Between 9:25 a.m. and 10:00 a.m., the 4000-volt circuits in two substations at the
Union Carbide plant about a half mile downwind from the stack were shorted out.
Power was restored in these substations by 2:00 p.m. A third substation nearby
shorted out at 5:15 p.m. on the same afternoon. Startup of this substation was
delayed until the following day pending an inspection of temporary repairs. Eight
other open air substations and a metering station at the plant which were downwind
from the stack did not short out. A newspaper account in the Fostoria Review
Times on May 12, 1972, reported the Union Carbide power failure and also quoted a
spokesman for the Ohio Power Company as indicating that three or four power
outages were reported in the city at 9:10 a.m. The Ohio Power Company spokesman
also said failures occurred within 15 minutes of each other at Ohio Power's east end
substation, which is adjacent to the Union Carbide plant, and its west end
substation which is some 3 miles to the west (downwind) of the plant. A power
outage was also reported on Saturday, May 13, 1972, from 1:25 p.m. to 3:17 p.m.
which darkened most of the downtown area of the city east of Main Street. Ohio
Power's east end substation adjacent to the Union Carbide plant was reported as
losing six 4000-volt line insulators.

E. Interests of the United States Government

There is a considerable range of Federal interest in the widespread use of
graphite composite materials and potential hazards therefrom. Composites may
offer the transportation industry the only economically viable means of meeting
the automotive fuel consumption standards established for the 1980's. Composites
are now integral to a number of key aeronautical and space systems being
developed and procured by the military and civil agencies of the Government; in
certain cases (F-18, Space Telescope), the mission objectives cannot be met
without its use.

Composite materials are of growing importance to the entire national
industrial economy as they find use in many different applications; they offer an
improvement in performance and weight in comparison to the metals they replace.
The Federal responsibilities for the public welfare encompass the full range of the
possible threats posed by graphite fiber release, including environmental
protection, human health, public safety, and degradation of such basic services as
power and communications. Federal responsibilities for informing the public as to
the positive and negative implications of new developments may not be explicit in
every case but are nonetheless real, especially in light of the Government's dual
promotional and protective interests. Considerable foreign use is being made of
graphite composites and a significant amount, both as raw material and in finished
consumer products, is being imported by the United States.

Federal R&D programs, notably within NASA, have focused on expanding
the use of composites in the civil aviation field; Federal procurement programs,
notably within the military, have specified these high-performance, lightweight
materials; and Federal automotive fuel consumption standards virtually require
conversion from present metals to new lighter materials. The role of the Federal
Government, therefore, has included both the promotion of economically and
socially beneficial new materials and the protection of the society from deleterious
side effects.
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III. PRESENT PRODUCTION AND APPLICATION

A. Production

Worldwide production capacity of carbon fibers was over 900 tons in 1976,
and will probably be more than 1,500 tons in 1977. The industry as a whole,
however, was operating at only about 40% of full capacity in 1976 with total sales
of about 300 tons. Six of the leading carbon fiber producers accounted for about
80% of the world capacity and about 85% of the total carbon fiber sales in 1976.
Producers of significant quantities of carbon fibers are listed in Table 1, along with
estimated production capacity and some sales statistics. Marketing experts are
currently predicting more than a 400% increase in the worldwide carbon fiber
demand and production by 1980. Such increases will depend, in part, on further
development of lower cost continuous, high-modulus, pitch-based graphite fibers;
the utilization of carbon fiber technology in the automotive industry; the
availability of Government aerospace and defense contracts; and the ability of
producers to reduce the price of PAN-based graphite fibers below $10/1b.

B. Applications 

The consumption of carbon and graphite fibers in the free world, by the
general industrial and sporting goods industries, accounted for over 75% of the
total output in 1976, with the remainder being consumed primarily by military and
aerospace applications. By 1985, all sectors of the industry will be consuming
larger volumes of carbon fibers with the automotive industry expected to consume
a sizeable fraction of the total. Applications of carbon fibers in the aircraft and
aerospace industries will continue to increase, especially in the area of structural
load-bearing applications. Significant carbon fiber applications are listed in Table
2. There are over 250 fabricators using carbon fiber materials in the United States
alone and probably as many more in the rest of the world. Hundreds more may be
attracted to the field in the next 10 years as the market expands.

IV. POTENTIAL USAGE

A. Projected Military Usage 

Of materials technologies which have emerged during the past ten years,
the graphite composite technology appears to have the most significant across-the-
board impact on future military systems. For this reason, the military is projecting
the use of graphite fiber composites in virtually all new aircraft being considered.
Table 3 lists these aircraft along with the anticipated weight and location of the
graphite fiber components. Of the aircraft listed, two are worthy of special note.

The Navy F-18 aircraft is being designed for extensive use of graphitefiber composites. The use of this relatively large amount of graphite fibercomposites will enable this aircraft to achieve mission and performance capabilitythat could not presently be obtained with any other carrier-based aircraft designedwithout the extensive use of composites. Similarly, the VTOL aircraft, AV8B, isdependent on the use of large amounts of graphite fiber composites to provide thisaircraft with adequate range and payload.
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Table 2

APPLICATIONS OF CARBON AND GRAPHITE FIBERS

Structural components for commercial airlines

Antenna for Jupiter flyby satellite

Equipment section for third stage of TRIDENT missile

Space Shuttle cargo doors

Rocket motor combustion chambers and nozzle components

Access doors, empennage parts and speed brakes for fighter aircraft

Helicopter tail boom

Sporting goods, such as: fishing rods, shafts for golf clubs, CB antennas, tennis
racket frames, javelins, bats, hockey sticks, etc.

Experimental automotive parts, such as: drive shafts, spring leaves, side intrusion
beam, bumper parts, frame rails, valve trrain pushrods, gears, bearings, brake
linings

Lightweight oil field derrick

Textile equipment
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B. Projected Civilian Aerospace Usage 

As for all other segments of the nonmilitary marketplace, the projected
use of graphite composites cannot be determined with a high degree of certainty
since the anticipated volume of use is dependent on price, which is likewise
dependent on volume. However, since the benefits of lightweight structures to
aerospace applications are so great, this segment of the market will likely continue
to grow quite rapidly even if the optimistic estimates of price reductions are not
realized. The relatively wide ranges given below, of projected weights of graphite
fiber to be used, are due primarily to price uncertainties. Since the aerospace
industry is expected to be a relatively minor user of graphite composites as
compared to the ground transportation industry in the time period beyond 1985,
decisions of the aerospace industry, in this time period, should not have a
significant impact on price.

The major use of graphite fibers, in the commercial aerospace market,
will be in airframe structures. A significant fraction, however, will be in engines
and miscellaneous commercial aerospace components including civilian rockets and
spacecraft, aircraft brakes, interior components, etc.

The Aircraft Energy Efficiency (ACEE) Program estimate for volume of
graphite fiber usage in 1990 is plotted on Figure 1. As can be seen, volume of
nonmilitary aerospace use is expected to increase by about a factor of 5 each 5
years until at least 1990.

C. Potential Usage in Surface Vehicles 

The interest in graphite composites for automotive manufacturing has
risen lacgely because of the pressure to conserve energy in accord with national
policy. The truck and freight car industries are also motivated by their interest in
means of reducing vehicle weight to increase maximum useful load carried. Their
usage will be based on cost effectiveness.

The achievement of automotive fleet average fuel economy standards set
for 1985 (27.5 mpg) by Congress does not necessarily depend upon the use of
graphite composites. These objectives are now being met by downsizing, improved
engine efficiency, and light metal substitution. By 1990, however, the need for
even greater fuel economy will require further alternatives such as smaller cars,
lower performance, and higher efficiency engines and power trains, or more
emphasis on exotic lightweight structures. Government specifications provide only
performance requirements; therefore, it can be expected that decisions to use new
materials such as CF composites will be dependent on materials costs.

There is general agreement, based on references from industry sources
and the literature, that the price of fiber composites will be down to $5 - $10 per
pound by 1985. At these lower prices, they would move into a range where they
would be competitive with metals.
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Several automotive components made from graphite fiber composites are
currently found in test vehicles: leaf springs, drive shafts, car-door intrusion
beams, truck frame elements, and wheels. Future application potentials are for:
push and connecting rods, rocker arms, oil pan, etc., in the engine area; shafts, axle
and axle-housing, yoke, and transmission-housing in the drive train area; leaf
springs, frame components, brake linings, wheels in the chassis and suspension area;
and secondary body components including the air conditioning, transmission and
radiator supports and brackets, bumper beams, and whole bumper systems.

Estimates of around five pounds of graphite composites per average car in
1985 and possibly 90 pounds per average car in 1990 are reasonable, based upon a
technical review by the Department of Transportation (DOT). At an estimated 10
million car production rate in 1990, the projected consumption of composites wouldbe 450,000 tons per year in 1990 or about half that number in fibers, which
constitute roughly 50% of the composite weight.

References on applications to the truck and railroad industries are sketchyas to the market potential. However, one can expect the market for graphitecomposite components in trucks to be second only to the automotive insignificance. The freight car usage will be a small fraction of the passenger car
usage based on the considerably fewer number of units manufactured annually.Other surface transportation applications, in buses and light rail vehicles, will alsoshare in the development but the market share of these vehicles is dwarfed by theautomotive industry.

D. Other Uses

The major current use of graphite fiber is in consumer products such assailboat masts and spar structures, golf clubs, tennis rackets, fishing rods, oars, andlightweight, high-performance bicycles. In addition to these consumer applications,carbon fiber composites are being used in selected industrial applications for suchproducts as gears, flywheels, and structural members. While it is extremelydifficult to get hard data on current and projected use of carbon fiber compositesin this wide range of applications, it is estimated that 50,000 pounds are currentlyin commercial use; this will possibly increase to 100,000-150,000 pounds by 1980.There are no market surveys in existence covering commercial utilization of thesematerials which could provide a further breakdown on uses. Also, manufacturersseem particularly reluctant to discuss their plans for use of these materials whichmay be indicative of ongoing research and development programs for new marketapplications.

V. CONSIDERATIONS FOR THE FUTURE

A. Projected Rate of Electrical/Electronic Incidents 

Given the relative scarcity of data on inadvertent release of graphitefibers from composite materials, on their dissemination in the atmosphere, on theirpersistence after release, on the ways in which fibers in the atmosphere reachelectronic or electrical components likely to be affected, and on the severity of
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damage likely to be produced, it is nearly impossible to currently project the rate

of future graphite fiber induced electrical incidents. Both NASA and DOD are

currently involved in experimental test programs and risk analyses to improve the

capability to make such assessments. Nevertheless, in order to provide some

quantification of the near-term and far-term risks involved in the civilian use of

graphite composites, NASA has carried out two very preliminary calculations to

provide a basis for discussion. The first deals with the near-term risk due to the

use of small amounts of graphite composites in commercial transport aircraft, and

the second deals with the projected far-term risk due to their use in automobiles.

Commercial aircraft applications were selected for assessment since they

are expected to be the second largest nonmilitary use of graphite composites in the

near time frame, and since the small amount of data available for the risk

assessment calculation are most suitable for this application. (The largest

nonmilitary user in the near time frame will be consumer products such as sporting

goods, but assessment of incidence rate for this application cannot be done now due

to a complete lack of data on disposal by incineration which is the only significant

fiber releasing scenario applicable to these products. Moreover, since these

products are currently quite costly and durable, substantial disposal of them does

not appear to be likely for the next several years. Automobiles, of course, present

an entirely different situation, but their disposal will not involve a carbon fiber

issue in the near term.)

In the context of the following discussion, a graphite fiber induced

electrical incident refers to a single electrical anomaly. This would include any

small or large electrical short or component failure which would cause the

malfunction of an electrical instrument or appliance. An incident is then clearly

differentiated from a graphite releasing accident which could causeeither many

incidents or none at all depending on the various factors to be discussed below. At

present, the incident rate can be discussed only in statistical terms with very little
account given to the possible consequences of a particular incident. Some attempt

will be made, however, to illustrate examples of consequences of the two examples

used below.

In general, the way in which the incidence of graphite fiber induced

electrical hazard can be evaluated is to determine: the number of fiber releasing

accidents which are likely to occur; the number of fibers released in each accident;

the integrated exposure of all areas due to the accident; the density of equipment

in the affected area; the site; and the probability that the exposure at the damage

site will cause damage. Based on the available data base, assumptions or statistics

can be used to place a value on each of these factors. However, a high to very 12iLL-1

dekree of uncertainty must be placed on each of these values because of the very 

limited amount of data currently available. Table 4 lists the assumptions used to

assess the incidence rate -a ue to near term commercial aircraft use of graphite
composites and provides judgmental remarks concerning their certainty. Table 5

shows some factors which were not evaluated.

The following calculations are included for illustrative purposes only and

only relative significance can be attached to the actual numbers developed. In

most cases, the values assigned to the various factors represent highly conservative
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Table 5

FACTORS NOT EVALUATED

Factor Remarks

Turbulence, Additional
Energy Sources

Equipment Concentration

Mechanisms which keep fibers airborne
increase risk. Washout mechanisms
decrease risk.

Major Power Generating and
Transmission Equipment

Washout, Fog, and Rain

Material Life and
Redeposit ion

Material Length Effects of material length,
Distribution life, and redistribution are

unknown.
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(worst case) conditions. No account was taken of natural protection offered by
buildings, containers, filters, etc. (This will be discussed more extensively below.)
Accidents were assumed to occur exclusively in populated areas and only worst
case atmospheric conditions were considered. No account was taken of actual fire
failure modes as opposed to "worst-case" fire plus explosion.

A calculation of possible near-term incidence rate was made for the case
of a fleet of 40 narrow bodied (Boeing 737) aircraft each containing 10 lbs. of
graphite fiber in a composite form. This scenario closely approximates the actual
use of graphite composites in NASA-sponsored flight demonstration projects at
present. The results of the calculation show that this usage produces the possibility
of between 35 and 50 incidents of graphite fiber induced electrical failure per year,
arising from one expected craft accident involving fire every five years in a
fleet size of 40 aircraft. This value is undoubtedly very conservative (high, perhaps
by several orders of magnitude) because of the assumptions discussed earlier and
because of the assumption that each fire related accident would involve and
consume all the composite material. This same statement cannot necessarily be
made for aircraft use of graphite composites in the future. The quantities of
material per aircraft may increase by a hundredfold and the number of aircraft
involved may also increase by the same factor.

A similar calculation can be made for the case of incidents caused by
graphite composites used in the 1990 automobiles. For this calculation, many of
the same factors can be used. It should be cautioned, however, that for this case,
the values assigned to the various factors are even less certain because of a total
lackOne-st data directly applicable to automotive crash scenarios. However, for
purposes of illustration, such a calculation was done.

Statistics from the National Highway Safety Council provide a "best
estimate" that 0.1% of the 17 million automotive accidents occur each year involve
fire in various degrees of severity. Using a value of 10,000 fire accidents per year
to account for the severity, it is possible to show that if the average automobile in
1990 contained 90 pounds of graphite fiber, the rate of fiber induced electrical
incidents might be very high based on the factors of population, transfer
coefficient, etc., in Table 4.

An additional factor which should be considered in a more extensive risk
assessment, but one which is difficult to quantify at this time, is related to the
possible consequences of a given incident. Two electrical incidents which may
cause approximately equal damage to a given piece of equipment may have vastly
different consequences. Using the two examples given above, it is easy to imagine
that an accident at a commercial airport which caused temporary or permanent
failure of a critical communications component could have a much more severe
impact in terms of both safety and costs than would equivalent damage to a
personal radio or television set. The failure of the communications link could
result in the requirement to close the airport entirely resulting in a large economic
loss, or, in the worst case, could result in the crash of other aircraft. The auto
accident, however, would be more likely to result in "nuisance failure" of consumer
products which would result in inconvenience to individuals and businesses
accompanied only by minor economic loss unless major structural fires resulted.
These sorts of factors must be evaluated in future studies when more source and
vulnerability data are available.
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As indicated in Table 4, the transfer coefficient describing the ratio
between fiber exposure levels in the free atmosphere to those at site of electrical
hazard can vary from 1 to 0. The value used for the above calculations was 1.
However, relatively simple protection methods such as providing well sealed
cabinets and consoles for electronic assemblies, using fitted filters with all chassis
ventilation fans, conformally coating all circuit boards, and either increasing the
spacings between terminal strips or covering the terminals themselves have been
shown to decrease the transfer coefficient and thereby decrease the incidence rate.
Reductions in the coefficient of one or two orders of magnitude should not be
difficult to achieve with equipment for which it is possible and practical to provide
sealed cabinets and filter protection.

B. Future Health Implications 

Future health implications relate to three primary areas of consideration:

(I) Lack of definition of size and shape and other factors related to
carbon fibers.

(2) The implications of controlled and uncontrolled incineration, from
occupational considerations as well as general waste disposal, related to air, water,
and soil contamination.

(3) Future increases in production and distribution as related to manu-
facturing, commercial products, and other composite matrixes.

If total composite material recycling could be developed and inititated
now, many of the occupational and environmental health implications could be
significantly reduced. In addition, this would enhance conservation of resources
and provide for increased energy savings through utilization of lighter and stronger
materials for secondary structural applications.

Overall health implications of the carbon fiber can also be reduced when
the fibers are incorporated into a stable composite matrix. Other steps, such as
coating of the fibers, may reduce possible health implications.

Care must be taken during the development of any alternate materials so
that a more significant health risk is not developed.

In summary, we need to know more about carbon fibers, including their
interaction with the human body, industrial hygiene and environmental
considerations, and future implications of an expanded commercial usage. The U.S.
Public Health Service may inititate efforts to better determine sampling and
analytical methods, fiber size and shape determinations, fiber transport
mechanisms, control technologies, and toxicological and epidemiological studies to
better define the nature of any associated health risks to both workers and the
general public.
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C. Protective and Remedial Measures

The electrical hazards created by carbon fibers could be protected against
or remedied by a number of methods. Obviously, one method would be to regulate
or terminate the manufacture and sale of the fibers, the composite material, or
certain end-products. The following discussion assumes that the anticipated
benefits to the U. S. of continued use of composite materials preclude
consideration of such action at this time.

(1) Protective

A partial list of possible methods of protecting against electrical incidents
is given in Table 6. These fall into three broad classifications: (1) protection of
equipment; (2) limiting dissemination of hazardous fibers; and (3) modification of
the hazard causing material. Limited test data suggest that all of the listed
methods of equipment protection can be very effective. However, more research
of the type to be discussed later in this section is needed to quantify the potential
of each method. The added cost of protecting equipment will depend very
significantly on the degree to which the electronics industry has already begun to
move in a direction which will provide some measure of protection to electronic
circuit boards and terminal strips. They have, for some time, been conformally
coating circuit boards for aerospace applications which might be subject to
contamination from debris in either short- or long-term weightless conditions.
Some companies now indicate that they are applying similar coatings to boards for
consumer applications to increase reliability. The cost of such coatings is
apparently small compared to other production costs. This would probably hold
true for production of protected or redesigned terminal strips for new equipment.
Improved sealing and filtered ventilation for consoles and chassis could probably be
used on new equipment at only a small fraction of the overall product
manufacturing cost.

(2) Remedial

Existing electrical and electronic equipment would be much more difficult
and costly to protect than would new equipment. Such costs cannot be reasonablyestimated at this time. However, based on the number of years before the use ofgraphite composites reaches the large volume projected for 1990, it is likely thatmost of the equipment now being produced will be obsolete and out of servicebefore a significant problem exists. Therefore, if manufacturers were made awareof the potential problem now and if they introduced improvements in new productlines, it is likely that only a small fraction of equipment existing in the 1990'swould have to be retrofitted with protective materials and devices.

One area of uncertainty regarding costs of hazard prevention in the futureis tied to the unknown persistence and redistribution of graphite fibers in theenvironment. If liberated graphite fibers retain their high conductivity and persistas individual particles for long periods of time, it is possible that they couldrepresent a continually increasing background capable of electrical contaminationand hazard throughout the country. If this occurred, it is conceivable that it wouldbe necessary to use "clean room" procedures whenever producing or repairing any
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Table 6

METHODS OF PROTECTION

Protection of Equipment:

o Conformal Coating
o Filters
o Sealed Cases
o Clean Rooms

Limiting Dissemination:

o Safety Regulations for Transport, Storage, and

Use
o Warning Labels Against Burning and about Storage, and Use

o Safety Regulations for Handling During Manufacturing

o Firefighting Techniques
o Disposal Techniques
o Precipitators on Incinerators
o Burial of Waste

Modification of Material:

o Changes in Conductivity, Fall Rate, Fiber Length, Clumping

Characteristics
o Improved Matrix Materials
o Containment of Residue
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equipment containing open electrical circuitry. The costs for establishing this
much higher degree of cleanliness for the electronics industry and for society in
general would undoubtedly be enormous.

(3) Material Modification

Of the three classes of protective methods shown in Table 6, only material
modification holds the promise of elimination of the electrical hazard entirely.
Modifications which could dramatically reduce the conductivity of the fibers or
could drastically reduce the potential for atmospheric dissemination could reduce
the risks sufficiently that the hazard would be effectively eliminated. However,
while some approaches which might lead to such amelioration have been identified
and will be discussed later in this section, there are no proven technical means
currently existing.

(4) Repair and Cleanup

Very little is known concerning the cost and complexity of repair and
cleanup of either accident sites or affected electrical equipment. A joint
NASA/Navy full scale test program is to develop methods to neutralize or minimize
the release of graphite fibers in the case of an aircraft crash and fire. It will
include studies of the best ways to fight crash-related aircraft fires, the
containment of graphite fibers and lint, decontamination of the affected area, and
disposal of debris.

The cost of cleanup and repair of electrical equipment which has been
contaminated by fibers is also under investigation by both NASA and DOD.Preliminary DOD data indicate a wide variation in both time required andeffectiveness of known decontamination procedures. Standard cleanup proceduresinvolve vacuum cleaning the affected equipment, washing with a detergent solutionwhich is harmless to electronics, and air drying. The estimated time for cleanup ofspecific equipment has been reported to be as little as one-half a manhour to manymanhours. Sometimes the cleanup procedure has been reported as being very
effective; in other cases, a new failure has been noted immediately after the
equipment is re-energized. Considerably more data must be acquired before thecost and effectiveness of cleanup procedures can be determined.

Similarly, the cost of repair of affected equipment is widely variable
depending on the specific component or circuitry involved. Incidents which involveshorts across low voltage circuits, or on the "load" side of a power supply may berepaired by either decontaminating the equipment alone or by replacing a minorcircuit component after decontamination. Incidents which are caused by fiberinduced shorts on the high voltage or power generating portion of the equipmentmay lead to massive destruction of the electronic circuitry and may require
replacement of the equipment. Due to the random nature of the specific eventswhich can occur within any particular piece of electrical equipment, a conservativeestimate of the cost of repair of affected equipment would be equal to the cost ofreplacement of the equipment.
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D. Good Work Practices and Protective Measures to Safeguard Human Health 

(1) Users of carbon fiber materials should be made aware of the potential
health hazards.

(2) Engineering controls should be installed in work areas to minimize
exposure to the fibers.

(3) Properly designed local exhaust systems should be used in manu-
facturing processes where possible to prevent the dispersion of airborne fibers.
Where exposures may occur, proper protective clothing, gloves, respirators, etc.,
may be advisable, depending on fiber size and degree of exposure.

(4) Appropiate protective equipment (coveralls, gloves, eye shields, and
respirators where necessary) should be made available to workers as well as
adequate wash and shower facilities.

(5) Hand wash and shower facilities should be available to exposed
persons. General good housekeeping procedures such as vacuum cleaning,
washdown procedures, and wet sweeping should be followed. More extensive
recommendations are provided in Appendix A.

E. Research and Technology Development Needs 

Many of the characteristics and effects associated with carbon fibers are
incompletely known. The relative newness of the problem, and the limited
resources thus far devoted to addressing the problem all have led to the relative
scarcity of data related to: understanding the details of damage mechanisms to
equipment and people, and what protective measures can be employed; prevention
of introduction of carbon fibers into the atmosphere; and modification of material
so that the damaging effects can be avoided.

Further research is needed in the following areas:

(1) Sources of Free Fibers - How they are released or disseminated
from the material in question:

(a) Aircraft/Spacecraft

Small scale and large scale tests are currently underway to
determine release rates, dispersion characteristics, etc., in the case of aircraft
crashes accompanied by explosion. Testing involving aircraft accidents involving
large pool fires (not involving explosion) and in-flight fire plus explosion is needed.
The possibility of accidental release from graphite fiber composites on spacecraft
which might suffer an explosion and/or fire on the launch pad or might undergo
burn-up as a result of an unplanned reentry also needs investigating.

(b) Surface Transportation

Small scale and full scale tests are needed on graphite/polyester
composite automotive components under a wide range of conditions to simulate the
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various accident scenarios representative of automobiles, trucks, and freight cars.
The tests should provide data on both chopped fiber composites and continuous
fiber composites of the types expected to find application.

(c) Handling/Disposal

Tests are needed to determine proper handling and disposal
procedures for both carbon-fiber-containing scrap and discarded products
containing carbon fibers. The effectiveness of current filters/precipitation of
commercial incinerators requires assessment. Economical methods for separating
carbon fibers from other scrap materials need to be investigated.

(d) Persistence

The likelihood of previously dispersed fibers being a source for
continuing incidents at future times requires study. Data are needed on the
degradation of fibers, their tendency to cluster into less hazardous forms,
possibilities of transport on water, etc. Such data, and data on the cumulative
buildup of released fibers will permit assessment of the statistical incidence of
threat due to this background as a source.

(2) Vulnerability - The degree of susceptibility of electronic and
electrical equipment to damage by the graphite fibers.

(a) Airport/Aircraft

Tests are currently underway to develop an understanding of
vulnerability (i.e., critical exposure levels, transfer functions, etc.) for both critical
airport navigation and communication equipment as well as essential aircraft
electronics.

(b) Consumer/Business

The vulnerability of a wide range of civilian consumer and
business equipment requires study: home and building electrical circuits, home
appliances, business machines, computers.

(c) High-Power Generation and Distribution Systems

A test program to determine the statistical vulnerability of
utility power generation and distribution equipment is needed to identify the
susceptibility of power turbines, power substations, high voltage transmission lines
and insulations, etc., to fibers of various lengths and from various sources, and to
assess the consequences of various types of incidents.

(3) Protection and Alleviation - Procedures designed to protect
equipment from damage by exposure to the fibers, as well as
possible modification of composite materials to minimize the
damaging effect:

(a) Firefighting, Cleanup, and Disposal
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Large scale tests, under a variety of conditions, are needed to
develop methods to minimize the release of carbon fibers in the case of various
accident scenarios. Because of the different equipment available and various
degrees of control possible, many different accident scenarios need attention.
These are listed below:

o Aircraft crash at airport
o Non-airport aircraft crash
o Automobile crash plus fire
o Incinerator release

Such tests should identify optimum firefighting techniques,
containment of residue, decontamination of the affected area, and disposal of
residue.

(b) Equipment/Building Protection

The possibility of devising economical techniques for protecting
specific electrical equipment and for "hardening" entire buildings from intrusion by
carbon fibers needs investigation. These might include: packaging techniques,
filters, conformal coating of components, component redesign, improved
ventilation filtering systems, and building (door and window) sealing techniques.

(c) Safety Regulations

Methods for reducing the threat from accidental release by
defining safety regulations and containers for transport, storage, and use of
graphite fiber containing material, using warning labels on products containing
graphite fibers, and by promoting user education require consideration.

(d) Material Modification

A substantial national effort is required to develop modified
materials which eliminate or reduce the threat of graphite-induced electrical
incidents. Approaches to material modification which have been identified to date
fall into the following three categories:

- Fiber modification to reduce the conductivity or to modify
the dispersement characteristics of released fibers. Approaches to modifying the
conductivity include "doping" the precursor fiber in some way which reduces the
conductivity without affecting the mechanical properties, developing surface
treatments which reduce the conductivity, or developing alternative fibers.
Methods of modifying the dispersement characteristics include developing "fatter"
fibers, bundling fibers together, etc.

- Matrix modification to provide a much greater degree of
containment of the fibers in the case of a fire related accident. Methods for
accomplishment of this include development of more resistant matrices,
development of matrices which degrade to a stable char rather than melt or
vaporize etc.
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- Containment of the entire composite residue by wrapping
the laminate with a single ply of stable, fire resistant material such as a thin,
metallic coating or a layer of ceramic fibers.

Many other materials modification techniques may be identifiedin addition to those listed above when a broader spectrum of the scientificcommunity is made aware of the problem.

(4) Risk Assessment - To enable trade-off decisions between
anticipated benefits of and risks inherent in extensive use of
graphite composite materials:

(a) Near-term Risk

Analytical risk analyses are currently underway to assess theimmediate threat to airport environs and urban population centers from the crashof both military and civilian aircraft containing graphite composites. Theseanalyses are being developed from available data on sources of graphite fiberapplicable to the crash plus fire scenario, measured vulnerability of representativeequipment and from atmospheric dispersion models developed in related studies.These studies do not yet deal with spacecraft accidents and other fiber releasescenarios, with methods of disposal of consumer products (including industrialscrap), with characteristics of commercial incinerators, or with product "wear-out"rates.

(b) Future Risk

Continuing studies to redefine the overall risk associatedwith the widespread future use of graphite composites in all projected commercialapplications would guide the direction of, and the need for, future researchactivities and budget requirements.

(5) Health Hazards

(a) Fiber Effects

Although preliminary test data show graphite fibers to notpose a significant health hazard, this is an area of obvious public concern whichrequires much fuller understanding.

(b) Resin Toxicity

Laboratory tests and statistical analyses are needed todetermine the additional risk to humans from toxic products formed by burning ofcomposite matrix materials, including both conventional resins and modified resinswhich might be developed under a materials modification program.
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VI. COURSES OF ACTION FOR UNITED STATES GOVERNMENT
CONSIDERATION

The spectrum of responses to the graphite fiber situation open to the
Federal establishment, at this time, appears to range from taking limited actions to
immediate recognition of the potential threat through regulation of composite
material producers and users. A key factor in selecting a course of action appears
to be the amount of factual information available at the moment.

A. To take no action at this time would presuppose that the data in hand
support a position that no present or future risks of any magnitude exist at either
current or estimated usage levels of graphite fibers. The current state of
knowledge, as noted in Sections IV and V, does not offer a sufficiently categorical
assurance that the public welfare might not suffer from governmental inaction at
this time.

B. A number of intermediate or preliminary steps are open to the
Government in response to the perceived problem of minimizing the social and
economic impacts of useful graphite fiber materials. These include:

(1) Informing potentially affected sectors of society (importers,
manufacturers, processors, users, disposers, and the general public at large) of the
potential hazards.

(2) . Encouraging private sector solutions to questions of
vulnerability, alternative materials, and disposal techniques.

(3) Developing a broad data base on material sources and usage, on
fiber effects across a full range of facilities and equipments, and on incidents
related to carbon fibers and their analogues.

(4) Focusing Federal R&D on defensive measures, alternate and
modified materials, and disposal techniques.

C. Regulatory measures up to and including a ban on the manufacturing,
fabrication, or end-use of carbon/graphite composites in the United States require
careful consideration of technical data and legal authority. In the absence of
evidenced health effects, unilateral regulatory actions by the United States
Government could be challenged as restraint of commerce; legislation might be
required. The paucity of analogous precedents dealing largely with hazards to
property and equipment, but of uncertain or second order public health impact,
warrants further development of information before regulation can be
contemplated. It is not clear that existing legal authorities would permit a
substantial ban on a structural material which is not hazardous in its fabricated
form, but which may become so if released through accidents which are beyond
Governmental control.

Nevertheless, various Federal agencies do have existing authorities to
regulate the use of certain hazardous materials. Specific controls over clearly
dangerous (e.g., toxic) materials and products governing their production,
fabrication, waste disposal and product disposal has been effected by rule making.
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To date, some "self-regulation" over graphite composites has been realized as a
result of information disseminated to some material producers and fabricators: (1)
earlier processing techniques which put plants at risk and posed potential liabilities
to their operators are being corrected; (2) manufacturing waste is being disposed of
voluntarily by burial rather than incineration. However, because of the Govern-
ment's inability to prevent accidents or effectively control actions of individual
consumers, regulation short of a ban would seem of little value in coping with the
fully developed array of composite material applications foreseen for the future.
Regulation, therefore, should be looked to, if needed, to insure compliance in the
highest risk activities of the material life cycle, e.g., production, fabrication, and
disposal.

At the moment, the hazards to neither equipment nor human health and
safety appear to support a total ban on graphite composites. The potential energy
savings, safety, and other benefits are sufficient to warrant continued exploration
of positive approaches to minimizing adverse effects. There is no evidence of
restraints abroad against use of the material, and their general advantages make it
unlikely that other governments would follow suit domestically if a U.S. ban on
import or manufacturing were imposed. However, if safe fiber manufacturing
techniques, safe composite applications, post-accident controls, and nonhazardous
disposal methods cannnot be developed, nor nonhazardous alternative materials
developed, selective (use-oriented) or total bans remain possible Federal courses of
action for the future.
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7

APPENDIX A

Protective Measures to Minimize Exposure to Mineral Fibers

The areas of the body most susceptible to hazards from fibers are the skin, eyes,
and respiratory system. Prevention of contact with these areas can be
accomplished by the interposition of protective equipment and protective clothing.

Respiratory protection is necessary in those operations where high volumes of dust
are generated and where adherence to environmental exposure limits cannot be
achieved by engineering controls. While the primary concern is for fibers having
diameters of 3.5 urn or less, larger diameter fibers are also potentially deleterious
to the nasopharngeal region. Fibers capable of causing laceration in the nasopharnx
can be prevented from entering the nose by disposable respirators.

Respirators are recommended where engineering controls cannot be applied in
operations involving fibers 1 u m or less in diameter, because of the extreme
respirability of such fibers. To insure that very small fibers (those less than 1 u m
in diameter) will not penetrate the lungs, respirators should be used even if
engineering controls are present.

The observance of good personal hygiene is of primary importance if dermatologic
problems are to be avoided or minimized. Conveniently located hand washing
facilities should be provided and persons should be instructed as to the importance
of their proper use. In addition, exposed people should shower at the end of the
exposure period.

Special consideration should be given to the laundering of contaminated clothing.
Contamination of other clothes that came in contact with these clothes in laundry
machines has been observed. In operations where clothes are laundered under
contract, it is important to inform contractors of the hazards of laundering clothes
contaminated with fibers.

Most skin problems arise from direct contact with fibers through handling rather
than from airborne fibers or dust. Decisions on whether to use gloves or other
protective clothing will depend on the nature of the work as well as the nature of
the materials involved. Where the exposure is limited to fibers, experience has
generally demonstrated that the use of gloves is not always indicated. Some people
regularly exposed seem to become toughened to the fibers and may not need to
wear gloves. Those with only intermittent exposures may not become "hardened"
to the fibers.

Good housekeeping practices are essential for minimizing exposures. Vacuum
cleaning, washdown procedures, and wet sweeping should be used where practical to
control or reduce airborne concentrations of fibrous glass dust. Dry sweeping or
the use of compressed air to remove dust should be prohibited. Scrap materials
should be placed in suitable, covered storage containers located as close as possible
to the point of origin of the waste. Disposal should be by methods which will
ensure that fibers will not disperse into the atmosphere.
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The feasibility of engineering control methods such as dilution or exhaust
ventilation and enclosure will vary, depending on whether operations are being
performed at fixed locations or in the field, including construction sites.

Respiratory protective devices are generally not needed for fiber exposures below
recommended environmental limits. For situations where airborne concentrations
may exceed the limits recommended, respirators could be used but not as a
substitute for feasible engineering controls. When feasible, exhaust ventilation of
the enclosure should be used to provide general room air changes and limit the need
for wearing respirators. The air should not be exhausted into other work areas.
Respirators are not recommended to be used as primary control measures in lieu of
appropriate environmental engineering controls during routine, ongoing operations.

Eye protection, consisting of safety goggles or face shields and goggles are
recommended for use in work necessitating tear-out, or blowing, or at any time
when there is the likelihood of getting large quantities of airborne fibers in the
eyes.

Well-designed and properly maintained local exhaust systems with appropriate
capture velocities can minimize contamination of workers' breathing zones in
production facilities. Manufacturing operations are often conducted at fixed
locations where established principles of engineering control (e.g., ventilation,
enclosure, or isolation) of operations could be applicable. In the majority of
applications of fibers, certain operations are performed which have the potential
for dispersing fibers into the air. These operations include cutting, sawing,
grinding, sanding, and polishing. As with any other material subjected to such
particulate dispersing operations, the basic engineering objective should be to
prevent the particles from entering the general workplace air. The most generally
applicable control measure is local exhaust ventilation, including high velocity, low
tool attachments. Such ventilation should follow the principles presented in
Industrial Ventilation, a Manual of Recommended Practices, published by the
American Conference of Governmental Industrial Hygienists, or in Fundamentals
Governing the Design and OReration of Local Exhaust Systems, Z9.2 (1971),
published by the American National Standards Institute. Other control measures,
including enclosure, isolation, or change of process could be useful in many
situations and should be given consideration.

The use of compressed air to clean off various cutting surfaces or machinery often
results in increasing airborne dust. Appropriate capture hoods should be used when
compressed air is used.

Senator STEVENSON. With that, the hearing is adjourned.
[Whereupon, at 12:16 p.m., the hearing was adjourned.]
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