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NOTICE The proj ect that is the subj ect of this report was approved by 
the Governi ng Board of the National Research C ouncil, whose members 
are drawn from the C ouncils of the National Academy of S ciences, the 
National Academy of Engineering, and the I nstitute of Medicine. T he 
members o f  the C ommittee responsible for the report were chosen for 
their special competences and with regard for appropriate balance. 

This report has been reviewed by a group other than the authors 
according to procedures approved by a Report Review C ommittee consist
i ng of members of the National Academy of S ciences, the Natio nal Academy 
of E ngineering, and the I nstitute of Medici ne. 

Avai lable from 
Numeri cal Data Advisory Board 
2101 Co nsti tuti on Avenue 
Washington, D. C .  20418 
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PREFACE 

This report concerns a problem that is cruc ial to the scientific and 
technological efforts of the nation , namely,  to determine the level of 
critical evaluation needed to meet our national needs for reliable 
scientif ic data . The report deals spec ifical ly with the critical evalu

ation of numerical data , a special aspect of the more general question 
of communication of information in an evermore complex soc iety . This 
is not a new problem , and indeed it has been studied a number of times 
before . Invariably such studies have concluded that the activity was 
grossly underfunded . To date , however , l ittle budgetary action has 

resulted . 
The suggestion of still another study in this area originated in a 

letter from Sidney Benson ( then at Stanford Research Institute and now 

at the University of Southern California) to National Academy of Sciences 
President Phil ip Handler in 197 3 .  Its planning was encouraged by the 

National Science Foundation (NSF ) , its eventual sponsor . After s trong 
support by the Numerical Data Advisory Board of the National Research 
Council , the proposed study was endorsed by the Executive Committee of 
the Assembly of Mathematical and Phys ical Sciences ( AMPS )  in March 197 5 ,  
funding for the study was secured from NSF , and the present committee 

was appointed to carry it out . 

Three object ives of the Committee ' s  work ,  as spelled out in the pro
posal to NSF were ( 1 )  to survey the organizations that currently carry 

out critical data evaluation and determine the present level of funding 
for such activities ; ( 2 )  to study the role of organized data collections 

and the required depth of evaluation of the data in previous R&D programs 
and assess the benef its of such activities relative to their cos t ;  ( 3 )  
to identify current and future data needs i n  ma j or national R&D programs , 

particularly those concerned with energy , environmental quality, and 
materials utilization . 

As ide from bringing knowledge of existing activities and needs up to 

date , as in the first and last objectives , the s tudy was planned to im
prove on its precursors , insofar as poss ible , by the inclusion of more 

spec ific information , notabl y in respect to the cost/benefit investiga
tions of particular data evaluation programs . 

Although this report addresses only u. s. activities , it should be 
borne in mind that a number of other countries--particularly Germany ,  

the United Kingdom , Japan , and the Soviet Union--have substantial 

vii 
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government- supported data programs. Furthermore, several organiz ations, 
such as the I nternational Atomic E nergy Agency and the ICS U C ommittee 
on Data for S cience and Technology (CODATA), play an active role. C ur
rent u.s. data programs appear to be well coordinated with efforts in 
other countries. I t  is important that this coordination continue, so 
that u.s. scientists and engineers can take maximum advantage of work 
done elsewhere. 

The organiz ation of the C ommittee' s work was greatly assisted by 
William Spindel, E xecutive S ecretary of the O ffice of C hemistry and 
C hemical Technology, National Research C ouncil, and Hendrik van Olphen, 
Executive S ecretary of the Numerical Data Advisory Board until March 
197 7 . E verett Johnson, Consultant, gathered most of the detailed infor
mation and prepared the initial draft report. Robert s. Marvin, Execu
tive S ecretary of the Num erical Data Advisory Board from April 197 7 
through February 1978 ,  is responsible for the organiz ation and most of 
the writing of the final report. 

viii 

Walter H. S tockrnayer, Chairman 

C ommittee on Data Needs 
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1 .  SUMMARY 

1 
SUMMARY 

AND MAJOR RECOMMENDATIONS 

Reliable values of numerical data that express in quantitative terms 

the properties and behavior of materials are essential in all  branches 
of sc ience and technology and are needed to arrive at valid decis ions 

whenever a governmental or industrial decis ion involves elements of 
science and technology.  The scientific l iterature contains many valu

able data covering a wide range of diverse fields . Unfortunately,  it 
also contains many erroneous values . A s ubstantial intellectual effort 

is required to select reliable values from the large and growing total 
of those reported ( see Section 3.1 ). 

The selection of the best avai lable values for data in a given fie ld 
requires the background of a specialist in that field . Most users are 

not specialists in all the fields in which they require data . Further

more it is ineffic ient for many individual s  who need the same data for 
different purposes to each go through this selection process .  

For this reason , a number of specialized data centers have been 
establi shed to compile and evaluate data in a systematic fashion . 
Typical ly ,  such a center gathers all  the data applicable to its limited 
area , assesses the validity of the measurements on which these data 

are based , selects recommended or best values , and attempts to estimate 
how far the "true" values are from those recommended . These results 

are then published and made avai lable to all who need them ( see Chapter 
4 ). 

The cost of this evaluation in established data centers is a fraction 

of 1 percent of the cost of obtaining the original data ( see Chapter 5 ) . 

The benefits to the nation of having compilations of rel iable data 
readily avai lable are substantial . Such compi lations save time for 
engineers and sc ientists in research and development . I f  the reliability 

of a needed set of data is known , designs can be made more precise , 

tolerances reduced , and R&D options narrowed . The resulting savings 

can amount each year to from one to several thousand times the cost of 
evaluation ( see Chapter 6 ) . 

The present level of data evaluation activities is  about one third 

to one hal f  that needed to carry out activities planned for the next 
five years by federal agencies with major mission responsibilities that 

require the use of rel iable scienti fic data ( see Chapter 7 ) . These 

1 
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same data will be used by industry also, but the bene fits of evaluated 
data are spread among so many users that the maj or responsibility for 
f inancing their acquisition must rest with the federal government ( see 
C hapter 8) . 

1 . 2 MAJOR RECOMMENDATIONS 

our three maj or recommendations f ollow: 

1.  The present annual support for organized data evaluation activi
ties of slightly under $7 million should be increased over a period of 
f ive years to $18 million. For reasons outlined in C hapter 8 this sup
port will have to come primarily from the federal government. 

2. When a particular mission relies heavily on results from a field 
of research, responsibility for data compilation and evaluation in that 
field should be accepted by the agency responsible for the mission. The 
Office of S tandard Reference Data of the N ational Bureau of S tandards 
should be responsible for categories of data of very broad utility and 
for general coordination of the overall system. 

3. E ac h  agency should be required to place its responsibility for 
data compilation and evaluation on one key off icial at a level high 
enough to ensure that the agency' s responsibilities in this area will 
be fulfilled. 

Additional recommendations appear in C hapter 8.  

Copy r i gh t  ©  Na t i ona l  Academy  o f  Sc iences .  A l l  r i gh t s  rese rved .
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2 
INTRODUCTION 

The measurement of the inherent properties of substances and materials 
has been a key element in the progres s  of sc ience and the trans lation 

of scientific understanding into useful technology. The data that re
sult from these measurements represent a resource that can be used for a 

variety of applications , often over a long t ime span . In today ' s  world , 
heavily dependent on science and technology,  it is important to under

stand the extent to which time and money are lost as a result of the 
lack of reliable data needed by scientists and engineers for the accom
plishment of their work . 

Unreliable data can be worse than no data at a l l . Their use can lead 
to poorly conceived experiments ,  ineffective or inefficient manufacturing 
plants , and a waste of both effort and resources . To those studying 
bas ic science or practicing its applications in technology,  engineering , 

and industry assurance of reliability of the data base is indispensable. 

The importance of such assurance became apparent in the early days of 

the modern age , when a consensus developed among astronomers that the 
data of Tycho Brahe exceeded in accuracy and precision all  of that ac

cumulated in the previous mil lennium . This gave Kepler the confidence 
needed to devise a model of the solar system consistent with Brahe ' s  data 

and provide the world with an entry into modern times . 
Today ,  the quality of data may have more immediate e ffects . This was 

clearly demonstrated during the development of fission reactors , which 

in turn were crucial to nuclear-weapon development . Initially the pos
s ibility that graphite reactors could be made to work depended entirely 

on the capture cross section of neutrons in carbon . Until it was con
firmed that this neutron absorption cross section was quantitatively 
small enough so that graphite could be used as a moderator for reactors , 

no support could be committed for a maj or development project . Fermi ' s  

1 940 measurement of the carbon capture cross section provided the as

surance necessary for the support, leading soon thereafter to the Hanford 
plutonium production reactors . 

Another option for use as a moderator was deuterium , but here the u.s. 

measurement program was inadequate to guarantee the success of a heavy

water reactor . In Germany, an erroneous measurement of the carbon cross 
section , and moreover an erroneous evaluation of this measurement as 

dependable , effectively stopped their reactor program because the other 
alternative--heavy water--required a much more extens ive industrial effort . 

3 
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During the c ourse of the Manhattan Proj ec t, signific ant efforts 
were expended on the evaluation of vario us nuc lear constants. S ome of 
the more critical ones were the fissio n cross sections, the number of 
neutrons per fission, and the capture cross sec tions of certain fission 
produc t iso topes, such as 135xe. The importance of evaluation lay in 
the fact that often several measurements by different methods differed 
by amounts highly critical to design, or in some cases even feasibility, 
of nuclear-weapon or reactor systems. 

I n  contrast to the above example dealing with an urgent national need 
and having a wel l- defined path from sci enc e to applic ation, the importanc e 
o f  evaluated data to scientific understanding can be ex emplified in 
Maria Goeppert-Mayer's elucidation o f  the shell model of the nuc l eus, 
whi ch led to her shari ng the No bel Pri z e  i n  1963 with Jensen. I n  this 
c ase, the i ntimati ons that the nucleus had a well- defi ned shell struc 
ture had been studied i nco nclusively fo r nearly two dec ades by many 
sc i enti sts. The large masses o f  data o f  di fferent ki nds i n  part o nly 
co nfused matters, but as systematic eval uation proc eeded, i t  was po s
si bl e to place more and more c onfidenc e i n  t he prec i sion and reliabili ty 
of the many thousands o f  data values and, fi nally, to pro duc e a sound 
theory. 

I t  sho uld be noted that thi s was accompl i shed i n  a sho rt period o f  
t ime, at least in part because o f  the syst ematic data evaluatio n that 
either ex isted o r  was done by Goeppert- Mayer hersel f; statements (per
haps apoc ryphal) to thi s effect are o ft en at tri buted di rec t ly to her. 
Just a hundred years earli er, a similar s it uation wi th respec t to atomic 

struc ture instead of nuclear struc ture led Mendeleyev (and Lothar Meyer) 
to propose the periodic table of the c hemic al elements. Again thi s was 
po ssi ble only because of the systematic evaluation o f  a large body of 
o ften inadequate and disc repant data to determine i ts quanti tati ve re
liabil ity and therefo re applic abi li ty. 

These exampl es are illustrative of the power o f  havi ng a reli able 
data base i n  sc i enc e and tec hnolo gy. I ts c redi bili ty must be estab
li shed by syst ematic pro fessio nal evaluati o n  o f  t he i ni t i al raw i nfo r
matio n derived from experiment . S uc h  maj o r  c odi fic atio ns and 
i ntegrati ons of knowledge as those desc ri bed fo r nuclear and ato mic 
structure no t only benefit fundamental sc i enc e but establish a c apabi li ty 
fo r quanti tative interpolatio n, extrapo lat i o n, and new directions of 
underst anding that are particularly effec t ive when applied to tec hnolo gy 
and engi neeri ng. 

The interdisc iplinary nature o f  muc h  of mo dern tec hno lo gy i s  self
evident. So lid- stat e physic i sts requi re data generated by c rystallo g
raphers, metallurgi st s, c hemi s ts, and ot her phys i c i st s. Nuc lear 
engi neers must have no t only nuc lear-phys ics dat a but also nuc lear
chemist ry, mechanic al- property, solid-stat e, and metallurgical data. 
Credible, reliable data i mmedi at ely at hand opt imi ze the ut i li z at io n  
o f  s c i enti fic knowledge fo r t echno logic al purpo ses. 

This report att empt s  t o  plac e i n  pers pect ive t he c os t  of generat ing 
physic al and c hemic al data through labo rato ry measurements and of evalu
ati ng suc h data and prepari ng compi lat i o ns of reli able dat a that are 
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readi ly accessible to a wide variety of users . An estimate will be 

made of the benefits to the nation that accrue from support of such 

compilation and evaluation activities , and , finally a projection of fu
ture needs for re liable data in support of major national programs wil l  
b e  made. 

5 
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3 
SuRVEY oF DATA EvALUATION AcTIVITY 

3. 1 CRITICALLY E VALUATED DATA 

I n  this report w e  discuss critic ally evaluated data, sometimes termed 
standard referenc e data. " Data" as used here means the q uantitative 
results of sc ientific measurements that c an be reproduced at other lo
c ations and times. 

Our attention will be focused on data that represent inherent material 
properties. S uc h  data rarely are numbers read directly from a labora
tory instrument. Rather, suc h numbers must be used in a calculation, 
based on theo ry , to obt ain the value fo r the material property sought 
and more oft en than no t require the use of other numbers not measured 
in the experiment, suc h as a density, a molecular weight, or a value 
for the acceleration of gravity. A part of the process of critic al 
evaluation involves checking the report of the work to make sure that 
both the appropriate theory and the best values of the various constants 
required have been used. Another part invo lves chec king the desc ription 
of the experimental arrangement used, to ensure that the temperature, 
pressure, and other ambient c onditions were adequately controlled and 
that proper c orrections were made where required. 

Another aspect o f  critical evaluation is ascertaining that the 
sample of material measured was actually representative of the material 
of interest. S ometimes chemical purity alone is suffic ient to ensure 
this, but often struc tural details of the sampl e affect the measured 
values. Thus, the requirements for a properly charac terized sample 
depend on the property being measured. This characterization may re
quire a specification of the sample history , for example, the thermal or 
mechanical treatment to which the sample has been subj ected. 

I n  addition, the reported property values c an be chec ked against 
those of related properties of the same material. There are often re
lationships between vario us properties that must be satisfied. I f  they 
are not satisfied the evaluator must decide which measurement was in 
error. Based on such analy ses of all the reported results, a recom
mended o r  " best" value is selected. 

Finally , a full critical evaluation includes a quantitative as
sessment of the effect of various sources of error or uncertainty and 
gives a range about the recommended value within which the " true" 
value is expected to lie. One component of this uncertainty is 

6 
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the prec�s�on of the measurements , representing the reproducibility 

attainable . But the more important contribution is general ly due to 
systematic errors , which include inherent l imitations in the construc

tion and calibration of instruments and (often unavoidable) deviations 

from the conditions assumed in the theory of the measurement . This i s  
often a subtle and difficult quantity to eva luate,  and at times it can 
only be estimated from a comparison of two quite different measurements 
of the same quantity . 

7 

The most familiar examples of this type of evaluation are those in
volving the fundamental constants such as the speed of light, for which 
the total estimated uncertainties are a few parts per mi llion or less . 
But it is the quantitative statement of uncertainty , not its magnitude, 

that is  s ignificant here . An uncertainty of 10 percent may be quite 
acceptable for many purposes if that uncertainty is known. The problem 

is that for most of the data reported in the primary literature or 
tabulated in handbooks , there is no cons istent attempt to estimate the 

uncertainty in the fashion described .  It is quite common to find stated 
uncertainties based entirely on the prec ision of the measurements in
volved , and in such cases the difference between two measurements wi ll 
often be ten times the stated uncertainty of either . A few examples 
wi l l  il lustrate this point : 

(a ) L. J. Kieffer [J. Chem. Documentation 9, 167 , ( 1969)] found that 

two independent measurements of the cross section for the ionization of 
atomic hel ium differed by 25 percent , ten times the uncertainty estimated 

by those making the measurements . 
(b ) Aksel A .  Bothner-By (in Advances in Magnetic Resonance, Vol . I ,  

J. S .  Waugh , ed . ,  Academic Pres s , New York , 1 965), concluded that 90 
percent of the high-resolution NMR coupling constant data published in 
the primary literature were so unreliable as to be not worth considering . 

(c ) H .  J. M .  Hanley and G .  E .  Chi lds [Science 159, 1 1 14- 1 1 1 6  ( 8  March 

1968) ] conc luded that the correct values for the viscosity of gases at 
600 to 2000 K were 10 percent higher than those commonly accepted . 

(d ) R .  w. Powell and Y .  s. Touloukian [Science 181, 999-1008 ( 14 Sep
tember 1973) ] ,  discuss ing the results of a critical evaluation of the 
thermal conductivity of the elements carried out at the Thermophys ical 
Properties Research Center at Purdue Univers ity , pointed out that the 
values selected and those listed in a respec ted and widely used handbook 
di ffered by 18 percent or more for 22 elements .  For 14 elements they 

dif fered by 30 percent or more. 

3. 2 SOURCES OF DATA 

Most of the measurements of interest here are published in one of the 
established profes sional j ournals dealing with physics , chemistry , or 
engineering . We have no def inite figures on the number of articles 

that contain data on material properties , but a high percentage wil l  

contain data , theory , o r  contributions to techniques o f  measurement 
that would be of concern to someone carrying out a critical evaluation 

of the type described above. 
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I n  1976, Chemi cal Abstracts (C . A . ) covered a total of 390 , 90 5  documents 
( not including patents) of which about 328 , 000 were journal articles, 
about 8 4 , 000 of them publ ished in u.s. journals ( figures from Russel 
Rowlett and P aul Swartzentruber of C hemical Abstracts Servic e) . These 
figures probably incl ude mo st, though certainly not all, articles that 
would be needed for a critical evaluation of data on some material 
property. On the other hand, there is a small but unknown fraction of 
these articles that woul d not be pertinent. Since we are interested 
only in an indication of the magnitude of the total problem, rather than 
a precise measure, we may assume that there are somewhat over 300 , 000 
articles published in the world annuall y that have some bearing on the 
critical evaluation of material properties. 

The above number will probabl y continue to grow, though at a slower 
rate than it did during the 1960 ' s. In fact, the number of documents 
in C . A . decreased by 1329 from 1975 to 1976. King Researc h, I nc. , has 
recently published Statisti cal Indi cators of Scientific and Technical 

Communi cation (1960-1980), 1977 edition, NTI S: PB 278- 279 ( P rice C ode 
A- 16) , in which they project the rates of growth of schol arly articles 
published in the United States in several fields of science. For the 
five- year period 1975- 1980 they project a total growth in the number of 
articles in the physical sciences as 7 percent; in engineering, 19 per
cent; and in life sciences, 29 percent ( see their Table 3. 3). The rate 
of growth in some other countries has been greater in recent years. 
The growth in numbers of articl es in C . A .  from 1972 through 1976 was 
17 percent, but the percentage from u.s. journals has declined steadil y 
from 36. 6 percent in 1951 to 25. 8 percent in 1975. Since we must in
clude articles published in othe r countries and som� o�tside the physical 
science category of the King Survey, we assume that the number of arti
cles of concern to us will continue to inc rease at an average rate of 
2 percent per year. 

The C . A . Collective Indexes show a total of 3, 08 5, 199 documents 
co vered over the period 1967 through 1976. This would include 2, 580 , 000 
j o urnal articl es if the percentage has remained constant over this pe
riod. S ince we find ( see C hapter 7 )  that existing data centers have an 
average backlog of two y ears and c over l ess than half of the fields in 
which data evaluation is needed, it seems reasonable to assume that 
over 2 mill ion of these articles remain to be searched and their data 
extracted and anal yz ed. 

To summa rize, we are concerned with about 300 , 000 published articles 
per year, increasing by about 2 percent a year, plus an existing back
log of over 2 mil lion older articles. 

3.3 EXAMPLES OF EVALUATED DATA 

To illustrate both the scientific contributions and the practical im
portance of critical evaluation, we give examples covering two types of 
data, chemical reaction rate constants and thermal conductivity. 
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3. 3 . 1 A C hemical Reac tion Rate C onstant 

The reaction 

CO + OH + C 02 + H 

is a basic chain propagating mec hanism in the combustion of all organic 
f uels and is the princ ipal oxidizing reaction for c arbon monoxide. It 
play s a signif icant role in the water- gas reaction, in air pollution, 
and in atmospheric c hemistry . Reliable values of the rate constant 
and its temperature dependenc e are needed f or atmospheric modeling, f or 
incinerator design, and f or many other industrial problems involving 
combustion. Figure 3. 1 shows the values of this constant available in 
1 976 ( taken, with the ommission of some details, f rom D. L .  Baulch, D. 
D. Drysdale, J. Duxbury, and S. J .  Grant, Evaluated Kinetic Data for 

Hi gh Temperature Reactions, Vol. 3, Buttersworths, London, 1 97 6), with 
the solid line showing the values rec ommended on the basis of a critical 
evaluation. 

The first problem here is to decide which of the grossly discordant 
values at temperatures below 500 K ( 103 T- 1 � 2) should be used, and 
this requires detailed study of the various measurements by a specialist. 
Another problem facing a nonspec ialist is the fac t  that standard reac 
tion rate theory leads to the expec tation of Arrhenius-type behavior, 
which would c orrespond to a single straight line on this plot. To fit 
these data in such a f ashion one would probably use a represenation 
something like one of the two dashed lines shown ( added to the figure 
from Baulch et al. ). Indeed, line s quite similar to both of those 
shown had been proposed in earlier studies. Some of the dif f erences 
shown are over two orders of ma gnitude ( note the logarithmic scale on 
the ordinate) , and extrapo lation to lower temperatures would y ield an 
even greater discrepanc y .  The low- temperature range is the one important 
in atmo spheric modeling. 

I n  1 97 2, J. E .  Wilson, Jr . [J. Phys. Chem. Ref. Data 1 (2), 535-574 
( 1 97 2)] conc luded that the extremely low values shown in Figure 3. 1 
were in error. Baulch et al. agreed and also utiliz ed the results of 
a theoretical c alculation published in 1 97 1  whic h predicted that the 
rate of this reac tion should show a non-Arrhenius behavior. These 
considerations, plus a detailed analysis of the other measurements 
s�own, led to their recommended values shown by the solid line in 
Figure 3 . 1 .  This example illustrate s ( 1) the need f or critic al evalua
tion of data by experts, both to select the "best" values and to eliminate 
those that are grossly in error; (2) the importance of considering the 
best theories for the behavior of a given property (most earlier evalua
tions, particularly those prior to 1 97 2, had attempted to f it the avail
able data with a single straight line, and were obviously unable to 
represent all the valid me asurements) ; and ( 3) the need f or periodic 
re- examination of previously evaluated properties, in the light of 
newer measurements and theories. 
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FIGURE 3. 1 Rate c onstan t f or the reac tion co + OH � co2 + H .  ( From D. 
L .  Baulch, D. D. Drysdale, J .  Duxbury, and s. J .  G rant, Evaluated 

Kinetic Data for High Temperature Reactions, Vol. 3, Butterworths, 
London, 1 97 6. Some detail has been omitted f or c larity, and the 
dashed lines have been added.) 
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1 3  

3.3.2 Thermal C onductivity 

Aluminum oxide is used to make radomes, missile nose cones, spark plug 
cores, valve seats, resistor cores, circuit breakers, elec trical in
sulators, grinding wheels, crucibles, and many other items where its 
excellent abrasion, chemical and thermal shock resistance, thermal con
ductivity, mechanical strength, and dielectric characteristics are im
portant. Obviously reliable values of thermal conductivity are required 
in the design of many of these parts. 

Figure 3.2 shows a plot of the rather discrepant values found in the 
literature and the recommended values selected for a commercially avail
able high- purity dense sample, based on the type of critical evaluation 
described earlier ( R. w. P owell, c. Y .  Ho, and P .  E.  Liley , Thermal 

Conducti vi ty of Sel ected Materi al s, NSRDS- NBS 8 ,  p. 73, 1 966). Note 
that in this case the material characteriz ation requires the specifica
tion of purity, density, and the fact that the material is polycrystal
line. I n  much of the temperature range shown, the highest values shown 
are eight times the lowest, and a nonspecialist would certainly have a 
difficult time choosing a reliable value from those repo rted in the 
original literature. 

To show that such divergence is not peculiar to aluminum oxide, we 
show in Figure 3.3 values f or the thermal conductivity of copper, one 
of the oldest and most extensively studied metals. Here the spread in 
reported values is up to three orders of ma gnitude. (C.  Y .  Ho, R. w. 
P owell, and P .  E .  Liley , "Thermal C onductivity of the E lements, " J. Phys. 

Chem. Ref. Data 3, Suppl. 1 ,  244 ,  1 974). 
These are not isolated examples. Similar cases can be f ound in every 

issue of the Journal of Physi cal and Chemi cal Reference Data and in the 
output of each of the data centers listed in Appendix A. They illustrate 
graphically the problems facing an engineer or scientist if he or she 
must rely on unevaluated research reports to find needed data on material 
properties and the enormous consolidation and rectification of diverse 
findings that is achieved by careful and systematic evaluation. We at
tempt a quantitative assessment of the benefits of such activities in 
Chapter 6. 
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4 
DATA AND INFORMATION (ENTERS 

4 .1 DATA CE NTE RS 

The process of critical evaluation described above requires a substan
tial intellectual effort on the part of scientists with experience in 
the field concerned. Generally, the most competent evaluators are 
active participants in research on the materials and measurements in
volved. Until some 40 or 50 years ago, some of the leading figures in 
e ach fie ld would devote a y ear or so at some stage in their careers to 
carrying out such evaluations in their specialty, much as they might on 
othe r occasions prepare a definitive review article. This was the 
general pattern followed in the compilations contained in the Interna

tional Cri ti cal Tables. The growing volume of the literature, however, 
makes the maintenance of a comprehensive list of publications and ex
traction of the data a task that can be carried out effectively only on 
a continuing, long-term basis. For this reason, the last 30 years have 
seen the gradual development of a number of continuing data centers. 

A data center is a more or less permanent organiz ation that accepts 
the responsibility for accumulating the basic publications and other 
sources of numerical data on material properties within a specified area. 
It files and indexes these sources to permit ready retrieval of the 
numerical data. I t  also normally carries out the function of critical 
e valuation outlined above and may also permit its files to be used by 
others conce rned with data evaluation in its field. 

We have identified 37 such continuing data centers, listed in Ap
pe ndix A. They vary in size from 1 to 26 professionals, with budgets 
ranging from $3000 to $1 , 200 , 000 per year. Two are supported by in
dustrial groups, the others primarily by various branches of the federal 
go ve rnme nt. Not all these centers perform the entire task of literature 
searching, data e xtraction, and critical evaluation. Some, like the 
Phys ical Data Group at La wrence Livermore Laboratory, do not search the 
lite rature ; the ir data are supplied by other centers both here and 
abroad, and they are primarily concerned with critical evaluation and 
preparation of convenient tables of data. Other groups, such as the 
National Nuclear Data C enter, search and extract data from the litera
ture and provide critically evaluated data; they also calculate and 
prepare tables of nuclear data in a form most suitable f or those engaged 
in nuclear reactor design and operation. All 37 centers listed do carry 
out critical evaluation of data in their field. 

14 
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P eriodically, when the data covering a reasonable range of propertie s 
and/or materials are evaluated, a complete account is published, giving 
the original data and references, discussing shortcomings and strengths 
in the various measurements, and, finally, giving a set of recommended 
or "best" values with an estimate of the uncertainties in such values. 
S uch a process represents an enormous consolidation and condensation of 
the original literature, as will be discussed in more quantitative terms 
in the next chapter. 

The various data centers use other means of presenting their results 
to meet special needs. All of them maintain files of their evaluated 
data, and many have established computerized storage and retrieval 
schemes. From these files they frequently assemble tables of selected 
values for particular purposes, answer specific inquiries about data, 
and prepare various special publications addressed to those who need 
se lected portions of the data. I n  some cases data are available on 
computer tapes, which can be purchased or leased. 

Most of these data centers, as well as a number of short- term data 
projects, are part of the N ational S tandard Reference Data S ystem 
(NS RDS ) , which was established by the Federal C ouncil on S cience and 

Technology (FCST) in 1963 . The FCST designated the N ational Bureau of 
S tandards (NBS ) as the focal point in the federal government for promot
ing and coordinating the critical evaluation of numerical data in the 
physical sciences. The " S tandard Reference Data Act, " P ublic Law 90-396 , 
passed by C ongress in 1968 further emphasized the central role of NBS in 
this Sy stem. 

The Off ice of S tandard Reference Data (OS RD) , established at NBS in 
1963 , has the responsibility fo r allocating that part of the NBS budget 
that is spent on critical data evaluation, both within the NBS technical 
divisions and through contracts with outside groups. The staff members 
act as monitors for all projects supported by the Office. They maintain 
clo se contact with other data- compilation activities, both in the United 
S tates and abroad, and attempt to avoid needless duplication and to im
prove coverage of all important technical areas. The Numerical Data 
Advisory Board of the N ational Research C ouncil was established to pro
vide guidance to OS RD and to other federal agencies concerning their data 
problems� it carries out various studies to determine the status of the 
field, identify problem areas, and suggest solutions. 

The major data publication, supervised and edited by the staff of OS RD, 
is the quarterly Journal of Physical and Chemical Reference Data (JPCRD), 

published jointly since 1972 by OS RD, the American I nstitute of P hysics, 
and the American C hemical S ociety. By the end of 197 7 (Vol. 6 ) , it had 
published 109 articles in 687 7 pages plus three supplements with a total 
of 1979 pages. I n  addition, OS RD has published another 78 papers in other 
NBS publication series or private journals and has prepared several data 
tapes. I ndividual articles from the JPCRD are also available for sale. 
All the JPCRD volumes and sup plements are available on microf ilm as well 
as in hard copy . 
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4. 2 INFORMATION ANALYS IS CENTERS 

The data activities discussed in this report c onstitute a subc lass of a 
larger set of activities deal ing with sc ientific and tec hnic al information. 
There are many organized centers that c ol l ec t, anal yz e, and c onsol idate 
tec hnic al information of various types. The Directory of Federal l y  

Supported Information Anal ysis Centers ( 3rd edition, 1974 ), compiled by 
the National Referral C enter of the Library of Congress ( availabl e from 
NTIS,  I SBN 0-8 4 44- 0128- 5), lists 108 suc h c enters. These include most 
of the 37 c enters listed in Appendix A but al so inc lude ma ny others that 
do not deal with material properties or do not carry out data eval uation. 
For example, one compiles meteorological data, another c ompiles and 
anal y zes data on mineral resources, and another on hearing, language, 
speec h, and communication disorders. One center c oll ec ts, evaluates, 
and disseminates information related to machining operations on al l types 
of materials, another serves a simil ar role in the field of nondestruc 
tive testing. Though some of these centers col lect and disseminate 
material properties data and others evaluate various types of inf orma
tion we have included in this study only centers that evaluate data on 
material properties. 
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5 

CosT oF DATA AcQUISITION AND CRITICAL EvALUATION 

one of the chief objectives of this study is to establish both the costs 
and the benefits of critically evaluated data. The cost figures given 
in this chapter are for an operating data center that has al ready 
established its basic f il es and procedures f or searching the literature 
in its f ield, identif y ing and procuring articles of interest, extract
ing the data, f il ing and indexing articl es ( and, in some cases, data 
f rom the articl es) for ready retrieval, and evaluating the data. I t  
woul d take much l onger f or an individual without established files to 
l ocate and extract data, and critical evaluation would probably take 
l onger f or someone without prior experience in evaluation, even though 
such an individual might have al l the experimental and theoretical back
ground required. 

The 37 c enters listed in Appendix A locate and add to their fil es a 
total of 65, 000 documents per year. This represents only those docu
ments selected as pertinent to their mission, as a resul t of examining 
a much l arger number. The budgets of these 37 centers total $ 6, 7 98 , 000 
per y ear. S ince mo st of the time and expense for an established center 
goes into eval uation, rather than l ocating and f il ing documents, the 
cost of l ocating, catal oging, and filing ma terial in a f ashion that 
permits ready retrieval for evaluation is only a f raction of the average 
of $100 per doc ument required f or the f ul l  process. 

Of much greater significance is the average cost of eval uation of a 
group of data points that are presented as a unit. T his "unit" wil l 
vary with the type of data considered; it may be a reaction rate or some 
other property as a function of temperature, pressure, or concentration. 
In other cases, it may be a tabulation of related properties, like various 
thermodynamic properties of a particul ar compound. In practice, the 
original presentations of evaluated data seem to be in terms of "units" 
that are reasonable to use f or the comparisons ma de here. 

Obviousl y,  there is considerable variation in the number of primary 
references used to derive a unit of data and, consequently,  in the cost 
of eval uation. Y. S .  Touloukian, Director of the C enter f or I nf ormation 
and Numerical Data Analysis and Synthesis (CINDAS )  estima tes the cost of 
deriving a typical curve showing the thermal conductivity of aluminum as 
a function of temperature as $ 22, 00 0  ( private communication). This in
volved anal y sis of 7 1  ref erences and covered a temperature range of over 
900 kel vins. 

1 7  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .
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David Garvin, Director of the Kinetic Data C enter at NBS, estimates 
the average time required to evaluate a single reaction rate constant as 
a function of temperature as one man- week, varying from two days to four 
weeks ( private communication) . This involves the time of a P hD with at 
least five years' experience, which corresponds to a cost ( including 
overhead) of about $1000. 

The Joint Army N avy Air F orce (JANAF) Thermochemical Tables data 
center effort has been in operation for approximately 16 years at a 
total cost of $2, 300, 000 [ estimate by J. Masi at the Air Force Office 
of S cientific Research (AFOSR ) ] and has produced 2239 data sheets. This 
again represents a cost of about $1000 per data sheet ( such a sheet 
serving as a unit in this case) . 

The Thermodynamic Data C enter at NBS has been engaged since 1952 in 
the revision of NBS Circular 500, which covers thermodynamic data at one 
standard temperature on all elements, inorganic, and simple organic com
pounds. An estimate based on its funding and output since 1964 gives 
a figure of $8 00 per data sheet. 

We shall use an estimate of $1000 as the average cost of evaluation 
and compilation of one unit of data. To put this cost in perspective, 
we now attempt to estimate the cost of the original research on which a 
typical evaluation was based. A count of the number of references 
and units of data in 12 papers from the Journal of Physi cal and Chemi cal 

Reference Data yields an average of 9. 6 papers per unit, with a high 
of 27 . 3  and a low cf 2. 0. We shall use a rounded figure of 10 references 
for the average. 

J. D. F rame and F .  N .  Narin (Federati on Proceedings 35 ( 14), 2529-
2532, 197 6) , based on a study of the relationship of N I H  grants to uni
versities and the publications resulting from such grants, arrived at an 
estimated cost per paper of $31, 000 in 1967 dollars. B ased on the GNP 
I mplicit P rice Deflator (Stati sti cal Indi cators, loc. ci t., T able 2. 12), 
this translates into $52, 000 197 6 dollars. 

H. S. Milton, in Cost of Research Index: 1920-65 ( quoted by D. J. 
deS olla P rice in Sci ence and Technol ogy, October 1967 ) gives a price tag 
of $20, 000 for basic research papers in all fields worldwide. This 
would correspond to $34, 000 in 197 6 dollars. 

An average of one paper per man- year is often used. For example, 
figures given by L. G. B urchinal (Journal of Li brary Sci ence, 14 ( 2) , 
June 197 7 )  and by A .  H. Rosenfeld and P .  R. Stevens (Proc. 5th Interna

tional CODATA Conference, P ergamon P ress, New Y ork, 197 7 ,  pp. 19- 23) 
yield about this number, and it is consistent with the experience in 
several national laboratories. Using a median annual salary in the 
physical sciences in 197 6 of $22, 600 (Stat. Ind., loc. ci t. , Table 2. 10 ), 
and allowing for 100 percent overhead, this gives a cost of $45, 00 0 per 
paper. 

We shall use the median of these figures, $45, 000, as an estimate of 
the cost of research reported in a single paper used in evaluation of a 
unit of data. There is an additional publication cost per paper of 
about $400 (H. w. Koch, Physi cs Toda y, April 1968 , pp. 41- 4 9). 

Thus, the data reported in ten papers representing an initial research 
cost of $450, 000 and an additional publication cost of $4000 can be eval
uated, summarized in one "unit" of data, and made readily accessible 
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wherever needed f or an additional expenditure of $1 00 0. T he c ost of a 
c omprehensive program of data c ollec tion and evaluation would be less 
than 0.2 perc ent of expenditures f or basic researc h, sinc e not all suc h 
researc h deals with material properties. And it is a muc h smaller f rac 
tion of total R&D expenses, sinc e basic research ac counts for only 1 3  
perc ent o f  those c osts ( N SF 77- 310, National Pa tterns of R&D Resources; 

Funds and Manpower in the United States, 1953-1977). 

I n  the next chapter we demonstrate that the importanc e of this activ
ity f ar outweighs its modest c ost. 
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6 
BENEFITS OF SYSTEMATICALLY EVALUATED DATA 

Reliable data are required in all aspects of research and development 
and in the design of most products, industrial plants, and processes. 
They are also needed to assess the need for and impact of governmental 
programs and regulations concerned with all types of environmental, 
safety, and health questions. 

6. 1 GE NERAL 

I n  most cases data are needed on a wide range of properties and materials. 
At the request of the C ommittee on Data Needs, the Task Group for S cientifiG 
and Technical I nformation of the I ndustrial Research Institute, Inc. (IRI) 
conducted a survey of the data needs of 243 companies belonging to IRI. 
The 7 5  responses represented the categories of industrial chemical, 
electrical/electronic, packaging/paper, equipment/steel, food/drug, and 
personal care/home product companies. The 14 fields covered by the 
questionnaire were atomic structure, microstructure ( two levels), thermo
dynamic, thermal, mechanical and acoustic, optical, electrical, magnetic, 
dielectric, nuclear ( radiation damage), chemical and electrochemical, 
biological, and surface properties. Despite the diversity in categories 
and fields, some companies in each category indicated a need for data 
in each of the fields except for dielectric properties ( one category) 
and radiation damage ( two categories) ( see Appendix B ) . 

An earlier survey by the Materials I nformation C ommittee of the 
Federation of Materials S ocieties ( quoted in Material s Pol i cy Handbook 

prepared by the S cience P olicy Research Division, C ongressional Research 
S ervice, Library of C ongress, June 197 7 ,  S uperintendent of Documents, 
90- 44 3) concluded that there is a broad recognition of the critical im
portance of materials information, including, but not limited to, data, 
and that improvements are needed in the evaluation, condensation, and 
presentation of such data. 

The most obvious benefit of systematically evaluated and readily 
available compilations of recognized reliability is that their existence 
eliminates the need for repetitious searching of the literature by many 
workers to find and select the same values. The cost in each case is 
equal to or greater than that of having the job done once in an estab
lished center and then made available to all. I n  the case of the JANAF 
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Tables, mentioned in Chapter 5, whic h are inc orporated into ma ny computer 
f iles, the savings each year are several thousand times the cost of 
evaluation. 

C onyers Herring (Appendix to Report of the Task Group on the Economics 

of Primary Publication, C ommittee on Sc ientific and Tec hnic al C ommunic a
tion, NAS-NAE, 1970 , p. 119) c onc luded after a survey of several studies 
that researc h c hemists spend an average of five hours or more a week read
ing the prima ry journals, with less time spent by research sc ientists in 
other f ields and by engineers. I f  an average of one hour per week, or 
fifty hours per year, could be saved by having c omprehensive c ompilations 
of reliable data available, this would amount to ( 50/2000) x $4 5, 0 00 = 

$ 1 125 per ma n  per year. ( The figure of $45, 000 is from Stat. Ind. , l oc. 

cit. , Table 2.1 + 100\ overhead.) For the 8 2, 600 physical scientists 
an d  engineers engaged in basic and applied researc h in 197 4 ,  this would 
c ome to $ 93 million per y ear. 

This type of c alculation gives a narrow pic ture of the benefits of a 
data evaluation program, bec ause muc h larger savings can c ome f rom the 
use of reliable data as c ompared with questionable data. I f  the relia
bility of the data is known, designs can be ma de more prec ise, toleranc es 
reduc ed. and R&D options narrowed. The wasteful prac tic e of overdesigning 
industrial plants to allow f or unc ertainties in the data c an be minimiz ed. 
This is partic ularly important today , sinc e rising costs have led to 
strong pressures to eliminate the pilot plant and prototy pe development 
stages by whic h design parameters have traditionally been optimiz ed. 
More and mo re dec isions in all sectors of u.s. industry are being ma de 
on the basis of mathema tic al modeling and simulation, utilizing the 
c apabilities of the mo dern digital c omputers. 

The availability of reliable data bases f or input to these mo dels is 
translated into direc t savings both in capital investment for plants and 
equipment and in operating c osts. I n  addition, other important con
straints suc h as minimiz ing energy consumption and avoiding the discharge 
of environmental pollutants require ac curate data f or input into the de
sign programs. 

Howard B. Hipkin, a senior engineer with the Bec htel C orporation, say s 
( letter dated Marc h 2, 1 977 )  " • • •  inadequate or unreliable data are re
flec ted in exc essive but undefined saf ety factors in design. While it 
is fairly easy to establish the mo ney lost on a plant that does not work, 
it is virtually impossible to estimate the money lost on a plant that 
works well but is overdesigned. " E ven if we c annot quantify these sav
ings, the total c osts are so large that even a small perc entage saved 
is significant. 

P etroleum refineries are about 95 perc ent energy efficient, signif i
c antly better than mo st other industrial plants. An important contribu
tion to reac hing this level has come from American P etroleum I nstitute 
Researc h P roject 4 4 ,  started in 1942 and other data acquisition and 
evaluation projec ts sponsored both by AP I and various individual companies. 
Projec t 44 is now absorbed in the Thermodynamic s Researc h C enter at Texas 
A&M University and has long been rec ognized as the source of much of the 
data needed by the industry . 

There is another significant benefit that comes from the existenc e of 
a sy stematic program of data evaluation. An established data center c an 
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use its files and experience to prepare special compilations in a short 
time. T his time saving can be extremely important when new regulations 
or legislation dealing with environmental, health, or safety problems 
are under consideration. I n  such cases it is also extremely important 
that the data used be recognized as reliable and from an authoritative 
source. The formal publication by data centers of their evaluated data, 
with full documentation, gives assurance that such values are the best 
available. 

We have not attempted to set any total dollar figures on these bene
fits, but we give below some specific illustrations of savings in both 
money and time resulting from the availability of data in existing 
centers. 

6. 2 DES IGN OF NUCLEAR REAC TORS 

T he National Nuclear Data C enter at Brookhaven is an outgrowth of an 
effort by the Atomic Energy C ommission to systematize data handling in 
the early days of atomic power. I t  compiles and evaluates data and also 
calculates various quantities used in the design of nuclear power plants, 
thus ensuring that various designs are based on a common set of data. 
One of the factors calculated, based on data for the radioactive decay 
of various fission products, has until recently had an associated uncer
tainty of 20 percent. Examination of the data showed the need for new 
measurements, which have now been made, permitting a reduction in the 
above uncertainty to 6 percent. T his, in turn, results in a savings 
of at least $10 million per reactor ( letter of March 22, 1977, from the 
Director, NNDC). T his amounts to a saving of $710 million for the 71 
reactors now under construction and a total saving of $1. 5 billion if 
the additional 76 reactors with limited authorization or on order are 
included. ( Numbers of reactors from Status of u.s. Nucl ear El ectric 

Generating Capacity, Divison of Nuclear Research and Applications, 
ERDA, March 1, 1977. ) 

other important sets of figures from the National Nuclear Data C enter 
are the cross sections for neutron capture by fission products. T hese 
affect reactor criticality and hence the amount of uranium-235 needed 
per reactor. A recent re-evaluation has reduced the uncertainty in 
these cross sections by 10 percent, for a saving of $2 million per 
reactor ( letter from Director, NNDC ,  l oc. cit. ). T his is a fuel sav
ing of 5 percent, valued at $294 million for the 147 reactors under 
construction or planned. 

These savings should be contrasted with the estimate [by P .  B. 
Hemmig, C hief, Physics Branch, Division of Reactor Development Demon
stration, ERDA ( now part of the Department of Energy) ] of $50 million 
spent on al l nuclear data compilation activity since its inception 
about 1950. 

6.3 DEVELOPMENT OF ROCKET FUELS 

The JANAF Tables, mentioned in C hapter 5, were started in 1960 to meet 
the need for a central source of reliable thermochemical data for the 
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development of high-performa nce rocket engines. The need was dramatized 

by the failure of an intensive effort in the early 1950 ' s to develop 
rocket fuels containing boron compounds, which had looked prom1 s1 ng on 
the basis of the original information available. One of the problems 
was that the the n ac cepted value for the heat of formation of gase ous 
metaboric acid, HB02 , was significantly in error, but this error was 
disc overed only after the expenditure of considerable time and mo ne y .  
Thi s  was but one of man y thermochemic al values of uncertain reli ability 
on whic h optimistic calc ulations and proposals for new fuels were base d. 
A central sourc e was needed to collect and evaluate existing data, 
selec t recommende d values, assign unc ertainti es to these values, and 
point out c ase s where new measurements were required to resolve existing 
disc repanc ies. 

S inc e 1960, the JANAF Tables have been prepared and published at an 
estimated c ost through 1976 of $ 2.3 million, an average of about $ 14 0, 000 
per y ear. They are now incorporated into computer programs at all the 
major roc ket research and developme nt centers. They are also widely 
used in research on chemicals, explosives, lasers, and ma ny other areas 
unrelated to the original motivation for the project. 

I n  this example we want to concentrate on the potential savings that 
c an be ma de if it is possible to screen out unworkable sy stems, like the 
boron fuels mentioned, on the basis of calculations using reliable data, 
without inc urring the large costs required in testing a new fuel system. 
The procedure for testing a proposed propellant involves 12 or more tests 
using charges of increasing size from 15 to 800 pounds before proc eed
ing to a test with a 2000- pound charge. The costs for the initial tests, 
up to 8 00 pounds, range from $200, 000 to $1, 800, 000, depending on the 
type of propellant. ( Personal communication from Robert Geisler, A. F. 
Rocket P ropulsion La boratory, E dwards Air Force Base, C alifornia.) The 
total cost of the JANAF Tables from 1960 to 1976 was $2.3 million, less 
than the cost of two series of tests at the upper end of this range and 
14 at the lower end. I t  is highly likely that without the JANAF Table s 
or some equivalent source of reliable thermoc hemic al data the HB02 ex
amp le would have been repeated many times between 1960 and 1970 . 

6. 4 STRATOSPHERIC OZONE PROBLEM 

I n  recent y ears there has been widespread c oncern over the extent to 
whic h the ozone conc entration in the stratosphere might be reduced by 
the regular operation of a large numb er of supersonic transports and by 
the continued release to the atmosphere of substantial quantities of 
chlorofluoromethanes used in many aerosol spray cans. The Climatic 
Imp ac t  C ommi ttee of the National Researc h C ounci l  carried out extended 
studies on both of these problems. These studies involved mathematical 
modeling of 91 out of more than 200 known c hemical reactions that occ ur 
in the stratosphere, and the selection of the key reactions required 
reliable values for the reaction rate constants for each. 

These constants were obtained from a table of some 250 constants pro
vided by the C hemical Kinetics I nformation C enter at NBS , which was 
started in 1962. With their extensive files and the experience developed 
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over this period, the C enter was able to provide these critically 
evaluated constants in a short time. Without them, according to a memb er 
of the P anel on Atmospheric C hemistry, Frederick Ka ufman ( University of 
P ittsburgh), " • • •  we would have had to gather an d  evaluate a huge volume 
of scientific data ourselves, and this large added task would have made 
it nearly impossible to complete the required P anel and C ommittee reports 
within the allotted time • • •  Many months' work by several senior investi
gators and many tens of thousands of dollars would likely have been in
volved. " 

P erhaps of even greater importance is the fact that the values selected 
for these key constants had been thoroughly documented in the initial 
evaluations and were recognized as the best available. When there is 
widespread controversy over a proposal, such as that to ban SST ' s  or 
aerosol sprays, both the advocates and opponents have a natural tendency 
to select the data that support their position. We saw in C hapter 3 the 
enormous variations that are often found in values of reaction rate con
stants. Without an authoritative and generally accepted set of values, 
it could easily become politically impossible to reach any decision re
quiring new legislation or regulations. 

C ases of this ty pe will probably occur with increasing frequency be
cause of our growing concern for environmental protection, regul ation of 
hazards, and problems of safety. Thus, data from the C hemical Kinetics 
I nformation C enter, and from many other centers, will no doubt be in 
heavy demand in the future. 

I n  summary , funds spent for data evaluation frequently result in 
savings that are greater than the cost by factors of up to several 
thousand. I n  addition, the existence of recognized sources of reliable 
data can save significant amounts of time and help resolve complex argu
ments in many cases where new legislative or regulatory proposals are 
under consideration. The unsol ved problem is how to al locate a portion 

of these widel y dispersed savings to cover the costs of additional 

eval uation needed for the future. 
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7 
CuRRENT AcTIVITIES AND NEEDS 

7. 1 ACTI VITIES OUTSIDE ORGANIZED DATA CENTERS 

Although most critical data evaluation is carried out within, or with the 
collaboration of, an organiz ed data center, some is done on an intermit
tent or occasional basis in various university and industrial labora
tories. To explore one aspect of such activity , we sent a questionnaire 
to 30 industrial research organiz ations that were thought likely to carry 
out data evaluation in connection with their federal contract research. 
Ten replies, summarized in Appendix c ,  were received. We see that only 
about 20 percent of these results were published in the open literature 
or communicated to an established data center ( with, probably, consider
able overlap), and only 40 percent were reported to the sponsoring 
agency. Thus it appears that the results of over half of these efforts 
were not ma de available to the general scientific community in any form. 

A number of data compilation activities, involving selection of data 
if not a full critical evaluation, are carried out or sponsored by in
dividual companies and voluntary associations like the C opper Develop
me nt Association. I ndustrial companies also finance the participation 
of their personnel in various organiz ations such as the American S ociety 
for Testing and Materials, which often consider material properties data 
in the process of drafting standards and specifications. 

The above are two examples of data collected by industrial companies 
and the voluntary organiz ations that they support that might have muc h 
broader uses than those leading to their compilation. S uch data might 
willingly be released by the compan ies concerned. An assessme nt of 
the extent and value of this potential source should be useful, but 
this would clearly require a separate study . 

7. 2 C URRENT STATUS OF ORGANIZED DATA CENTERS 

The 37 continuing data centers listed in Appendix A operate at an annual 
level (FY 1977) of almost $6 . 8  million. The total funds from various 
sources are given in Table 7. 1. OVer 90 percent comes from agencies 
of the f ederal government. The dominant positions of the Departments 
of E nergy and of C ommerce in this listing reflect their responsibilities 
f or nu clear data and for the operation of the National S tandard Reference 
Data S y stem, respectively . 

25 
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TABLE 7 . 1 Sources o f  F unds for Data E valuatio n C enters, FY 197 7a 

F unds Obligatio ns for Co nduct o f  Research & Develo pment FY 197 7 
fo r 
Data % o f  B asic Applied To tal 

Source Eva! . To tal Research Research Research Develo pment To tal R&D 

Department o f  
E nergyh $ 3, 116 K 4 6. 8 $ 38 9 M $ 4 98 M $ 887  M $ 2, 688 M $ 3, 5 7 5  M 

Department of 
Co mmerce 2, 168 31. 9 23 15 3 17 6 69 24 5 

Department o f  
Defense 35 0 5 . 1 294 1, 4 7 6  1, 7 7 0  9, 118 10, 8 8 9  

National S cience 
F oundation 207 3. 0 625 63 688 9 697 

Department of 
the I nterior 130 1. 9 129 108 237 61 298 

National Aeronautics 
and S pace 
Administration 106 1. 6 4 14 7 91 1, 205 2, 4 7 2  3, 67 7 
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Department o f  
Transportation 86 1 . 3 51 51 270 321 

National Institutes 
of Health 6 0  0 . 9 669 1, 316 1 , 98 5  256 2, 240 

Total , federal 
agencies ( 6  1 223) ( 92. 0 ) 

Otherc 57 5 8 . 5 

Tota l  6 , 7 98 100 .  

Total federal 
ob ligations 2, 9 00 5, 6 37 8 , 537 15, 288 23, 8 25 

a Funds for Data Evaluation from f igures from individual center s , Appendix A .  Ob ligations for Conduct 
o f  Re search and Deve lopment from Spec ial Analy s i s  P ,  Re search and Deve lopment , in Specia l  Ana l yses, 

Budget of the Uni ted States Government, Fi scal Year 1979, Super intendent of Documents , u . s .  Government 
Printing Office , Washington , D . C .  204 02, Stock No . 04 1-001- 00 157 , plus supplemental information from 
National Science Foundation . 
bsource shown in Appendix A as the Energy Research and Deve lopment Agency ( ERDA) , s ince ab sorbed into 
the Department of Energy with about 90 percent of the tota l DOE budget for R&D . 
crndustrial organizations , sale o f  data sheets , univers ity contributions . 
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I t  should be recognized that the re s earch obl igations l i s ted here 
cover programs in many fields . For example , 90 percent of the re search 
financed by the Nat iona l Institutes of Health is in the l i fe sc ienc e s . 
Almost 50 percent of the basic research of the Department of Commerce 
and about 80 percent of that of the Department of the Inter ior are in the 
environmental science s . Both of the se fie lds have data needs and activi
ties not covered in thi s  report . I t  is fair to note , however , that the 
Nat iona l Science Foundation and the Nationa l Aeronauti c s  and Space Admin
istration , with about 25 and 60 percent , re spective ly , of the ir bas ic re
search budgets in the physical sc ience s , seem to give l ittle attention 
to the compi lation and evaluation o f  data from the research they support . 

In some cases , the funds for data evaluation come from the R&D budgets 
shown . In other s ,  they come from budgets for scient i f i c  and technical 
information or other categories not shown . The purpose of inc l uding the 
R&D obl igations here is to demonstrate that for mos t  of the large mission
oriented agenc ies the amounts devoted to data evaluation are such a sma l l  
fract ion of any part of the R&D budgets that the ir importance t o  the suc
cess of the whole R&D mis s ion may eas ily be over looked . 

Most o f  the exi sting centers are unable to keep up with the evaluation 
of current pub l i cat ions in their f i e lds . Thus , 3 2  centers with annual 
budgets tota l ing $6 . 2  mi l l ion report that increases to a total o f  $ 1 1 . 6  
mi l l ion would be required to keep pace with current mater ial . In addition , 
28 center s with annua l budgets total i ng $ 4 . 9  mi l l ion report backlogs 
whose e l imination would require an additional $ 9 . 8  mi l l ion , corre sponding 
to an average of two year s ' operations . In some areas , the backlog i s  
over f ive years . W e  estimate that about $ 1 3  mi l l ion ( total ) i s  needed to 
overcome thi s  backlog in existing centers . OUr conc lus ions as to the 
expansion of activity needed to increase the coverage of exi st ing cen
ters and to cover fie lds with no activities at pre sent are given in 
Chapter 8 .  

7. 3 EVALUATED DATA NEEDS FOR NATIONAL PROGRAMS 

OUr primary concern in thi s  section is to e stimate the l ike ly needs for 
eva luated data in programs of maj or nationa l concern e i ther now in prog
ress or proj ected for the near future . To accomplish thi s  we first 
examine the applicab i l i ty of the output of the existing data centers to 
sc ienti fic and technical programs of various federal agenc i e s . Table 7.2 
g ive s a ( doubtless incomplete ) l i sting of technical programs in which the 
products of various data centers are used and of the agenc ies concerned 
with such programs . The multiple use s of the outputs of most centers 
i s  a te l l ing argument for a systematic program of data evaluation . 

It i s  much more difficult to predict the needs for data in future R&D 
programs . Indeed , exper ience has shown that part icular sets of data 
can suddenly become important for reasons that could not have been an
tic ipated in any normal p lanning proc e s s . Unexpected data needs may 
also ari s e  as new fields of sc ience emerge . However ,  by studying the 
long-range planning documents of federa l agencies it is pos sible to 
identify certain broad classes of data that have a high probabi l i ty of 
being needed , even though spe c i f i c  substance s  and properties cannot be 
pinpointed with certainty . 
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TABLE 7.2 R&D Application--Data Center Interaction Matrix 

Data Center 

Atomic Transition 
Probabilities 

Atomic Line Shapes 
and Shifts 

Atomic Col l i s ion Cross 
Section 

Chemical Thermodynamic s  
Center 

Electrolyte Data Center 
Texas A&M Thermodynamic s  

Research Center 
Cryogenic Data Center 
Thermophysical Properties 

Research Center 
JANAF Thermochemical 

Table s 
Thermochemi stry for 

Steel Making 
Molten Sa lts Data 

Center 

User Application 

Communicat ion 
Laser R&D 
Nuc lear fusion re search 
Plasma physics 
Astronomy 
Space research 
Atmospheric and other 

chemis try re search 
Theoretical chemical 

and physics research 

Energy conservation 
Al l energy convers ion 

systems ( geothermal , 
solar , batter ies , fue l 
c e l l s , etc . ) 

Coal l iqui faction and 
gas i fication 

All chemical plant des ign 
and operation 

Heating and air conditioning 
Nuc lear and fos s i l - fue l 

power p lants ( des ign and 
operation ) 

Rocket and mis sile deve lopment 
Water-quality contro l 
Aircraft and space -vehicle 

de s ign 
Al l engine des ign ( steam , 

diesel , gasol ine ) 
Industrial pol lution 
Iron and steel product ion 
Nonferrous al loy production 
A l l  ore separat ion and 

reduct ion processes 
Sal ine water convers ion 
Petrochemicals 
Petroleum refining 
Thermal and sound insulation 
Exot ic power systems 

29 

Agency 

DOD , NASA , 
DOE , NSF , 
EPA 

DOD , DOT ,  
DOE , 
EPA , 
NASA , 
HEW 
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TABLE 7 . 2  ( cont . ) 

Data Center 

High Pressure Data Center 
Al loy Data Center 
Di f fusion in Metals Data 

Center 
Superconduc tive Mater ia l s  

Data Center 

Nationa l Nuc lear Data 
Center 

Gamma Ray Spectrum 
Catalogue 

Physical Data Group 
Nuc lear Data Proj ect 
Contro l led Fus ion Atomic 

Data Center 
Photo Nuc lear Data 

Cen ter 
Table of I sotopes 

Proj ect 
Berke ley Particle Data 

Center 

Pha se Diagrams for 
Ceramists 

Electrolyte Data Center 
Nat ional Center for 

Thermodynamic Data 
on Minerals 

Rare Earth Informat ion 
Center 

Crystal Data Center 

User Application 

Magnet deve lopment 
Corros ion 
Nonferrous a l loys 
Al loy research 
Materia l s  research 
Electrical transmis s ion 
Electronics 
Sol id- s tate research 
Breeder reactors 
Accelerators 

Al l nuclear reactor design 
Contro l led fus ion research 
Nuc lear weapons systems 
Biological and medical 

research 
x-ray technology 
Radiat ion shie ld ing 
Chemical research 
Theoretical and experimental 

nuc lear-physics research 
Acce lerator research and 

de s ign 
Metalurgical research 
Nuc lear regulation 
Geological dating 
Environmenta l protection 
Space exploration and 

re search 
Exot ic power systems 

Geological research 
Oi l and gas min ing and 

deve lopment 
Ore exploration and extraction 
Coatings 
Sol id- state research 
Forensic chemis try 
Inorganic materia l s  

production 
Electronics 
Mining R&D 
Ceramic s and glass R&D 

Agency 

DOE , 
DOD , 
NSF 

DOE , HEW , 
NASA , DOD , 
EPA 

DOI , DOE , 
u . s .  Geo

logical 
Survey 
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TABLE 7 . 2  ( cont . ) 

Data Center 

Chemical Kinetics Data 
Center 

User Appl ication 

Coal l iqui faction 
Coal gas i fication 

Al l chemical research 
Environmetna l pol l ution 
Exotic power systems 
Explosive s 
Electronics 
Internal combus ion engine 

re search 
Battery research , e lectro

chemi stry 
Rocket and torpedo prope l

lant research 
Medical and biological 

re search 
Production o f  heavy 

chemicals 
Pharmaceutical research 
Industrial pol lution 
Agricultural pol lution 

31 

Agency 

EPA , DOT , 
DOD , NIH , 
NASA , DOE 
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TABLE 7 . 3  Some Data Needs in Current Federal R&D Programs and The ir 
Current Degree of Critical Evaluation 

Types o f  Data 

Re levance 
to Federal 
R&D Programsa 

Pre sent Data 
Center Activity 
in the 
United Statesb 

1. Thermodynamic Data : Energy and Equil ibrium 

Phase equ i l ibria 2a , 2d , 2 i , 2 j , 3k , 4b ,  A8 , Bl , B2 , B 3 , B4 , B5 , 
and solub i l ity 4k , 4n , Sa , 6 f , 6n , 7a ,  B8 , Bl 0 , Bl l , Bl2 , Bl 3 , 

7c , 7d Bl4 

Equ i l ibrium at le , 2d , 2 i , 2 j , 4b , 4c ,  B7 
high pres sure s 4 f , 4 i , 4k , Sd 

Equ i l ibrium at le , 2g , 2 i , 2 j , 4b , 4c ,  B9 
high tempera- 4 f , 4 i , 4k 
tures 

Compre s s ibi l ities 2 i , 2 j , 4b , 4k B4 , B7 
( a l l  states o f  

matter )  

Heat capacities 2d , 2 i , 2 j , 4b , 4k B2 , B4 , BS , B6 , Bl 4  
and entropies 

Heats of formation 2a , 2c , 2d , 2 e , 2 i , 2 j , B2 , B4 , B6 , Bl l , Bl4 
and combustion 4b , 4d , 4 f , 4 i , 4k , 6c 

Chemical 2 d , 2 i , 2 j , 3d , 4d , 4 f ,  B2 , B 3 , B4 , B9 , Bl 2  
equi l ibria 4 s , 6c , 6n , 7a , 7g 

Electrochemical 2 e , 2 i , 2 j , 4n , 4 s , 6c B2 , B3 
( ce l l  potential s )  

Surface tens ions 2 i , 2 j , 4b , 4m , 6b , 6c AS 
and energ ies 

2. Atomic, Mol ecular and Crystal Structure 

Mass spec tra 

x-ray and 
uv spectra 

Vis ible spe ctra 

lc , 2 j , 3 i , 4a , 4b , 4c ,  
4 f , 6b , 6 1 , 6m , 7a , 7b ,  
7 c , 7d 

lc , ld , le , 2 j , 4a , 4b ,  
4c , 4 f , 4g , 6b , 6 1 , 6m ,  
7 a , 7b , 7c , 7d 

lc , ld , le , 2 j , 4a , 4b ,  
4c , 4 f , 6b , 61 , 6m , 7a ,  
7b , 7c , 7d 

A3 , A4 

Al , A2 , A3 , A9 , Al 6  

Al , A2 , A3 , Al6 , Cl , 
C4 

Leve l of 
Evaluative 
Activity in 
the Uni ted 
State sc 

1 

2 

2 

2 

2 

2 

2 

1 

1 

2 

2 

2 
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3 3  

TABLE 7 . 3  ( cont . ) 

Level o f  
Present Data Evaluative 

Re levance Center Activity Activity in 
to Federal in the the United 

Types of Data R&D Programsa United Statesb Statesc 

Infrared and lc , ld , lg , 2 j , 4a , 4b ,  Dl 1 
microwave Sa , 6b , 6 1 , 6m , 7a , 7b ,  
spectra 7c , 7d 

NMR ahd ESR 2 j , 3 i , 4a , 4b , 6b ,  6 1 �.  A7 1 
spectra 6m , 7a , 7b , 7c , 7d 

Photoe lectron lc , ld , 2 j , 4a , 4b , 6b ,  A3 , A4 1 
spectra , ESCA 6c , 61 , 6m , 7a , 7b , 7c 

Dipole moments 4b , 6b , 6c 0 

Atomic and 2 j , 6b , 6c Al , Dl 1 
molecular energy 
leve l s  

Molecular vi- lc , ld , 2 j , 6b , 6c 0 
bration fre-
quenc ies 

Crystal 2 j , 4b , 4n , 4 s , Sa , 6b Cl 2 
structures 

Molecular 2 j , 3g , 4b , 4 s , Sa , 6b ,  Cl , Dl 1 
structures 6c 

3. Dynami cal Data : Rates of Physi cal and Chemi cal Changes 

Rates of gaseous lg , 2e , 2 j , 4d , 4 f , 4 i ,  AS 2 
chemical re- 4k , 4 1 , 4s , 6c , 6 1 , 7 c 
actions 

Rate s  of photo- lc , ld , le , 2b , 2 e , 3 f ,  AS 2 
chemical re- 4b , 4d , 4 s , Sa , 6 1 , 7a ,  
actions 7b , 7c , 7d 

Rate s  of ion- lc , ld , le , 4d , 6k , 6 1 ,  AS 2 
molecule 6m 
reactions 

Rates o f  reaction 2 j , 4 s , 6c , 6i , 7a , 7b ,  A6 1 
in liquid 7c , 7d 
solution 

Rates of heteroge- 2d , 2 j , 4 s , 6 c , 6 i , 6n ,  0 

neous reactions , 7a , 7b , 7c , 7d 

catalysis 
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3 4  

TABLE 7 . 3  ( cont . ) 

Types o f  Data 

Electrode 
kinetics 

Enzyme kinetics 

Membrane kinetics 

Combustion 
kinetics 

Rates o f  phase 
changes ( in
c luding 
evaporation ) 

Biodegradation 
rate s 

Viscos i ty of gases 
and l iquids 

Heat conduc tivity 

Dif fusivities 

Ion mobility 

Re levance 
to Federal 
R&D Programsa 

2 e , 2 i , 4 s , 6c 

2 c , 3g , 3k 

3g , 3h , 3k , 3 1 

2 a , 2e , 4 f , 4 i , 4k , 4p ,  
6h , 7c , 7h 

2d , 2 i , 2 j , 4b , 4n , 4q ,  
7d , 7 f , 5d 

2c , 7a , 7b , 7c , 7d , 7 f  

la , 2 e , 4b , 4c , 4g , 4 i ,  
4j , 4k , 4 1 , 4q , 6c , 6h ,  
6 1 , 6g 

lc , 2a , 2d , 2 e , 2 i , 4e ,  
4 i , 4k , 4 1 , 6g 

2d , 2 i , 3g , 4b , 7c 

3g , 4b 

4 .  Properties of Soli ds 

Mechanical 

Electrical 

Magnetic 

Optical 

2d , 2 i , 4b , 4 i , 4k , 4r ,  
5a , 5d , 6 f , 6g 

2 i , 4b , 4r , 5a 

le , 2 i , 4b , 4n , 4r , 5a 

2 i , 4b , 4n , 4r , 5a 

5. Nuclear Properties 

Neutron cross 
sections 

Nuc lear s tructure 

2 f , 2g , 2 i , 4 f , 4g , 6a , 
6 f  

2g , 2h , 2 i , 6a 

Photon interact ions 2 f , 2g , 2 i , 4 f , 4g 

Present Data 
Center Act ivity 
in the 
United Statesb 

AS 

C2 

B5 , B6 

B5 , B6 

B5 , B6 , C2 

A3 , B 3 

B7 

B6 , Bl 5 , C3 

Bl 5 , C4 

Bl5 

Al4 , Al 2  

Al 4 , Al l , Al 3  

A9 , Al0 , Al4 

Leve l o f  
Evaluative 
Act ivity in 
the Uni ted 
Statesc 

0 

0 

0 

1 

1 

0 

2 

2 

2 

2 

1 

2 

1 

1 

3 

3 

2 
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TABLE 7 . 3  ( cont . ) 

Type s of Data 

Gamma-ray 
spectra 

Fundamental 
part icles 

a 
b

From Appendix D .  

Re l evance 
to Federa l 
R&D Programsa 

2 f , 2g , 2 i , 6a 

2 f , 2 i 

Present Data 
Center Activity 
in the 
Un ited Statesb 

A9 , Al l , Al4 , Al 5  

D2 

35 

Level of 
Evaluative 
Activity in 
the United 
State sc 

3 

3 

From Appendix A .  
cCode for last column : 3 ,  adequate activity ; o ,  no activity or at 
least no organized activity ; 1 and 2 ,  intermediate . 
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Our asse s sment o f  data needs of federal agencies for the near future 
was based on a study of the f ive-year planning documents of a few agencies 
with ma j or miss ion respons ibi l itie s that require the use o f  rel iable sci
enti fic data in var ious areas . Appendix D lists some o f  these areas by 
agency and i l lustrates the extreme ly broad range of sc ientific fie lds 
that are invo lved in the deve lopments and programs proposed . 

In many case s several of the programs l i s ted in Appendix D w i l l  re
quire data from the same field o f  sc ience . Table 7 . 3  gives a sampl ing 
of various scienti fic fie lds in which data evaluation should be proceed
ing . The second column shows the various programs from Appendix D that 
wil l  require rel iable data in the se f ie lds . Column 3 shows the existing 
data centers with some activities in the fields l i s ted in column 1 .  
Column 4 give s a sub j ect ive assessment of the adequacy o f  such coverage . 
"Adequate "  here means a j udgment that the pre sent coverage wi l l  probably 
be suf f ic ient for ant ic ipated needs over the next few years . It doe s  
not imply complete coverage of a l l  data . Even with this definition it 
i s  on ly in the nuc lear properties area that any topic s are cons idered 
to be rece iving adequate coverage at present . 

The quantity o f  data avai lable for evaluation var ies considerably be
tween the various sc ient i fic fields l is ted , as does the pre sent level of 
fund ing . Thus no s imp le averaging of the ratings ass igned in Table 7 . 3  
is j usti fied . Neverthe l e s s , thi s assessment indicate s that the present 
coverage is somewhere between one third and one hal f of that which 
we anticipate wi l l  be needed for the e f fective operation of var ious 
federal programs during the next five years . 
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8 
CONCLUS I ONS AND RECOMMENDAT I ONS 

The cost of operating the existing 37 data centers come s to j ust under 
$7 mi l l ion a year . We conc luded in the previous chapter that a program 
between two and three times the size o f  the pre sent one i s  needed . Thi s  
would repre sent a commitment of about $ 1 8  mi l l ion a year t o  cover the 
data comp i lation and evaluation needs as soc iated with present and pro
j ected federal programs . An add itional $ 1 3  mi l l ion ( total , not yearly) , 
representing about two year s o f  operation at the current leve l , i s  re
quired to catch up with the backlog in exi sting centers . 

Thi s  conc lus ion i s  in reasonably good agreement with that reached by 
a National Re search Counc i l  Evaluation Pane l for the Of fice o f  Standard 
Re ference Data in fiscal year 197 5 , which s tated : "The Panel considers 
the amount of $15 mil l ion [ per year ] as the appropriate funding leve l 
for the Nat ional Standard Re ference Data Sys tem program and an e s sent ial 
minimum with which thi s  nation can exploit e f fective ly its several
thousand- fold- larger annua l inve stment in R&D . " 

The expans ion o f  ac tivi ties sugge sted here i s  based on the needs that 
we foresee to accomplish proj ec ted federal programs , and most of its 
cost should there fore be provided by the federal government . As demon
strated in Tables 7 . 2  and 7 . 3  the output from an individual data center 
is used by many di f ferent groups . In general , no s ingle group can j usti fy 
the cost o f  operating a center for its own exc l us ive use , a lthough it 
is eas i ly j us ti fied when the bene fits to a l l  users are cons idered . 

Thus , to meet the goals set by the Federal Counc i l  on Science and 
Technology in 1 96 3  and by Congre s s  in 1968 ( see Chapter 4 )  we RECOMMEND 
that the federal government increase its annual s upport for organi zed 
data evaluation activities to $ 1 8  mi l l ion over a period o f  five years . 
We suggest as a reasonable schedule , an increase of $ 3  mi l l ion a year 
for the first three years and $1 mi l l ion a year in the fourth and fi fth 
year . 

Figure 8 . 1 shows one way in which these increases might be al located 
between new activit ies and e l iminat ion of the exist ing backlog . 

In general , the most e f fective data center operat ions are those main
taining c lose connections with active exper imental programs in the ir fields . 
Most of the centers are sma l l  one or two person operations . The creat ion 
of the Office of Standard Re ference Data ( OSRD ) at the National Bureau 
of Standards has he lped greatly in coordinating the work and increas ing 
the e ffectivenes s  of these sma l l  operat ions ,  in providing recognized 

3 7  
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3 8  

l?ZZZI Base 

20 c:::J "Catch up" in existing centers 

J::::!:i:;:3 New ectivities in existing end new centers 

15 

5 

o ��UA���������LU������� 0 2 3 4 5 6 

YEAR 

F IGURE 8 . 1 Pos s ible distribution o f  recommended increases . This 
f igure is intended only to sugges t  how the increase s  recommended might 
be used to achieve a reasonable growth of new activities while e l iminat
ing the exi s t ing backlog . The actual d ivision of funds in any existing 
center would have to be worked out by that center and its sponsor ( s )  
to meet the ir needs . 

outlets for the ir results , and in guiding users to the data sources 
they need . 

We conclude that OSRD should retain primary respons ibil ity for over
seeing al l data activitie s and for maintaining the bas ic publ ication 
and dissemination program for evaluated data . However , it would be 
unreasonable and unsound to sugges t  that the Department of Commerce 
should therefore as sume uni latera l ly the increased costs of an expanded 
program . In addition , it is c l ear from the experience of the National 
Nuc lear Data Center and the JANAF Tables proj ect that c lose ties between 
a data center and its primary customer are important . 

Thus we RECOMMEND that when a particular miss ion relies heavily on 
results from a particular field o f  research , respon s ibi l ity for data 
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compi lation and critical evaluation in that field should be as sumed by 
the agency respons ible for that miss ion . This should include some support 

for the data needs o f  basic sc ience from the National Science Foundation . 
When more than one mis s ion or agency is involved in a particular field , 
agreement should be reached on an appropriate divis ion for the support 
of data activities . Areas of general interest , not primari ly associated 
with any one mis s ion , should remain the respons ibi l i ty of the OSRD . 
The f igures in Table 7 . 1  suggest that thi s principle is not being app l ied 
at present . 

Table 7 . 1  also re-emphasizes the conc lus ion reached in Chapter 5 that 
the cost of critical data evaluation is a small fraction of the total 
federal research budget and a much smal ler fraction o f  its total R&D 
budget . Under these conditions , it i s  d i f f icult to ensure that data 
activities are not overlooked among the competing c laims of much larger 
activities . 

For this reason , we RECOMMEND that each agency be required to place 
its re spon s ibi l i ty for data compilat ion and evaluation on one key of
ficial at a leve l high enough to ensure that the agency ' s  re spons ibi lities 
in thi s area w i l l  be ful f i l led . 

We saw in Section 7 . 1  that it i s  d i f f icult to know whether data gen
erated in the private sector and available to those who know of its 
exi stence are being uti l ized as wide ly as they should be . In addition , 
there is a need for a per iodic review o f  priorities among data needs , 
by some group representing data generators , evaluators ,  and users , 
inc luding representatives from industry . The Numerical Data Advi sory 
Board ( NDAB ) of the National Research Coun c i l  seems to be the logical 
group to inve stigate such questions , particularly i f  it can broaden its 
base o f  support and increase its contacts with federal agencies wi th 
emerging data needs . 

Thus , we RECOMMEND that the NDAB seek to broaden its contacts with 
var ious federal agencies and accept the respons ibi l ity for periodic 
reviews o f  priorities in data evaluation . 

Further , we RECOMMEND that the NDAB cons ider a study , or perhaps 
a series of s tudies , of the whole area of e ffective data management and 
dissemination , inc luding the extent and general availab i l i ty of data 
produced by private e f forts . 
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APPENDIX A 

TABLE A . l Data Analysis Centers in the United States 

Center Sponsor Funding , FY 1977 

A. Energy and Envi ronmental Data 

1 .  Atomic Energy Leve l s  Data Center OSRD $ 7 2 , 000 
ERDA a 50 , 000 

2 .  Atomic Line Shapes and Shifts OSRD 1 6 , 000 
ERDA 4 0 , 000 

3 .  Atomic Col l i s ion Cro s s  Section OSRD 14 5 , 000 
NSF 5 5 , 000 

4 .  Ion Energetics Data Center OSRD 6 5 , 000 
( formerly Atomic and NIH 60 , 000 

Mo lecular Ionization 
Proce sses ) 

5 .  Chemical Kinetics Information OSRD 100 , 000 
Center DOT and NASA 7 2 , 000 

ERDA 100 , 000 

6 .  Control led Fus ion Atomic ERDA 8 5 , 000 
Data Center 

7 .  Radiat ion Chemi stry Data OSRD 5 1 , 000 
Center ERDA 51 , 000 

a .  Mol ten Salts Data Center OSRD 3 7 , 000 
NSF 3 0 , 000 

9 . X-Ray and Ionization OSRD 54 , 000 
Radiation Data Center 

10 . Photo Nuc lear Data Center OSRD 61 , 000 

1 1 . Table of I sotopes Pro j ect ERDA 200 , 000 

12 . Phys ical Data Group ERDA 3 5 0 , 000 
NSF 3 5 , 000 

40 
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TABLE A . l ( cont . ) 

center 

1 3 . Nuc l ear Data Pro j ect 

14 . Nat ional Nuc lear Data 
Center 

15 . Gamma Ray Spe ctrum Catalogue 

16 . Atomic Transition Probabilities 
Center 

B. Industri al Process Data 

1 .  Phase Diagrams for Ceramic s  

2 .  Chemical Thermodynamics Data 
Center 

3 .  Electrolyte Data Center 

4 .  Texas A&M Thermodynamics 
Research Center 

5 .  Cryogenic Data Center 

6 .  Thermophysical Properties 
Re search Center 

7 .  High Pre s sure Data Center 

8 .  Al loy Data Center 

9 .  JANAF Thermochemical Tables 

10 . Data on Theoretical Metallurgy 

1 1 . Thermochemistry for Stee lmaking 

4 1  

Sponsor Funding , FY 19 7 7  

ERDA 

ERDA 
Electric Power 

Re search 
Institute 

ERDA 

OSRD 
ERDA 

American 

$ 700 , 000 

1 , 2 00 , 000 

100 , 000 

2 5 , 000 

4 5 , 000 
4 0 , 000 

Ceramic Society 3 , 000 

3 7 0 , 000 OSRD 

OSRD 

OSRD 
AP I 
Sale of data 
Texas A&M U .  

OSRD 
NASA 
American Gas 

Assoc . 

OSRD 
DOD 
ERDA 
DOT 
NSF 
Payment for 

service 
Purdue Univer
s i ty 

7 9 , 000 

105 , 000 
2 5 , 000 

160 , 000 
1 5 7 , 000 

1 0 5 , 000 
7 0 , 000 

3 2 , 000 

1 1 4 , 000 
2 5 0 , 000 
1 0 0 , 000 

5 0 , 000 
5 2 , 000 

7 5 , 000 

70 , 000 

OSRD 3 5 , 000 
Sale o f  Data 10 , 000 

OSRD 62 , 000 

AFOSR 1 0 0 , 000 
ERDA 8 0 , 000 

BuMines 4 0 , 000 

Int . Copper 
Research Assoc . 2 0 , 000 
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4 2  

TABLE A . l ( cont . ) 

Center Sponsor 

12 . Thermodynamic Re search Laboratory 
Data Center OSRD 

1 3 . Thermodynamic Properties of 
Ethylene 

1 4 . Nat ional Center for Thermo
dynamic Data o f  Minerals 

1 5 . Elec tronic Prope rties Infor
mation Center 

C .  Ma t e ri a l s  Uti l i za t i on Da ta 

1 .  Crystal Data Center 

2. Di f fus ion in Me tals Data 
Center 

3 .  Superconduc t ive Materials 
Data Center 

4 .  Rare Earth Informat ion Center 

D. Physi ca l  Sci ence Da ta 

1 .  Microwave Spe ctral Data Center 

2 .  Be rkeley Particle Data Center 

OSRD 

USGS 

DSA ( DOD )  
OSRD 

OSRD 

OSRD 

OSRD 

Industry 

OSRD 

OSRD 
ERDA 
NSF 

a
ERDA is now par t of the Department of Energy . 

Funding , FY 1 9 7 7  

$ 9 0 , 000 

70 , 000 

90 , 000 

1 5 0 , 000 
3 0 , 000 

80 , 000 

2 4 , 000 

9 , 000 

2 0 , 000 

5 6 , 000 

2 2 , 000 
2 00 , 000 

3 5 , 000 
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APPEND I X  B 

NATIONAL RESEARCH COUNC IL 
NUMERICAL DATA ADVISORY BOARD (NDAB )  
COMMITTEE ON DATA NEEDS ( CODAN ) 
INDUSTRIAL RESEARCH INSTITUTE ( IRI ) 
TASK GROUP ON SCIENTIF IC & TECHNICAL INFORMATION 
STUDY : IMPORTANCE OF EVALUATED DATA TO RESEARCH 

& DEVELOPMENT 

The Industr ial Re search Institute , Inc . ( IRI ) , was founded in 1 9 3 8 , 
under the auspices o f  the National Research Counci l , to provide a means 
for coordinated s tudy of organization and management of research and 
deve lopment . 

Currently , the 2 4 3  member companie s in the aggregate repre sent a 
maj or portion of the total industrial R&D e f fort in the United States . 
Member companies are from most industries committed to R&D . The numbers 
of profess ional scientists and engineer s in member companies range from 
under thirty to over several thousand . 

As part of its program to de fine needs particularly for validated 
data , the IRI Task Group for Scient i f ic and Technical Information was 
asked to survey the IRI member companies via a que stionnaire . Of the 
2 4 3  companies belonging to IRI , to whom the que stionnaires were sent , 7 5  
responded by the dead line to meet CODAN ' s  report pub l ication schedule 
( 3 1  percent re sponse ) .  

The 7 5  responding companies represented a number of industries .  The 
material received was divided by industry into six broad categories , 
based on the maj or products manufactured : 

1 .  Industrical chemical s ,  energy (petro leum , coal , etc . ) ,  
and metals 

2 .  Electr ical/e lectronic , instrument , app l i ance s 
3 .  Packaging/containers , paper products , coatings , 

fi lms/ fabr ics , glass 
4 .  Heavy equipment ,  steel products , rubber , transport 
5 .  Food , drugs , pharmaceutical s , diagnostics 
6.  Persona l , home care , detergents , toi letries 

4 3  

3 9 \  
1 5 \  

1 7 \  
1 3 \  

8 \  
8 \  

100\ 

Copyr ight  © Nat iona l  Academy of  Sc iences.  A l l  r ights  reserved.

Nat iona l  Needs for  Cr i t ica l ly  Evaluated Phys ica l  and Chemica l  Data
ht tp : / /www.nap.edu/cata log.php?record_ id=19955

http://www.nap.edu/catalog.php?record_id=19955


44 

Needs for numerical data in the categor ies listed be low for use in 
R&D were requested . The inference can be drawn from the accompanying 
percentages that the use and need for data in industry is s igni ficant 
in a l l  categorie s .  The apparent except ion for nuclear radiation damage , 
however ,  was found to be important in selected industries and not in 
others . 

Categories of Numberical Data (See Exhibit I) % Indicating Need 

Atomic Structure (Crystal lography and Defects ) 61 

Microstructure ( E lectron Microscope Leve l ) 7 1  

Microstructure ( Opt ical Microscope Leve l )  65 

Thermodynamic ( Phase Equ i l ibria , Change of State , e tc . ) 7 1  

Thermal ( Thermal Cond . , Phonons ,  Diffus ion , etc . )  61 

Mechanical and Acoustic ( Strength , Creep , Fatigue , 
Damping , etc . ) 57 

Optical ( Emiss ion , Absorption , Luminescence , Exc itation , 
etc . )  7 3  

Electrical ( Cond . , Electron Trans . ,  Ionic Cond . , 
Thermolec . ,  Inj ection , Carrier Phen . ) 44 

Magnetic ( Ferromagnetic , Resonance , Paramagnetic ) 5 2  
Die lectric ( Ferroe lectric , Breakdown , Loss , 

P iezoe lectric , etc . ) 44 
Nuc lear ( Radiation Damage ) 16 
Chemi cal & Electrochemical ( Corros ion , Battery Phen . , 

Oxidation , F lammabi lity , etc . ) 7 1  
Biological ( Toxic ity , Biodegradib i lity , etc . ) 68 
Sur fact (Absorption , Sur face State s , Cataly s i s ) 68 

For each type o f  data , the fol lowing que stions were asked . The 
average range o f  needs , covering a l l  kinds of data , within an industry 
product category is shown in ranges in parenthe ses . 

Do you? ( See Exhibit I I )  
1. Use numer ical data for R&D? ( 2 5-65 % )  
2 .  Make l i terature searche s for numerical data? ( 2 5-65 % )  
3 .  Compi le data books for use o f  your employee s ?  ( 1 5-2 5 % )  
4 .  Buy commercial or government data service s ?  ( 1 5 - 3 5 % )  
5 .  F ind val idated data reduces pro j ect costs ? ( 35-50% ) 
6 .  Find val idated data improve s proj ect qual ity 

s igni ficantly? ( 3 5-4 5 % )  
7 .  Do laboratory determinat ion o f  nonproprietary 

materials for val idation? ( 3 5-60% , in selected 
data areas ) 

8 .  Do laboratory determination of data o f  proprietary 
materials to produce re l iable data? ( 3 0-50% , in 
selected data areas ) 

In response to the form in which the data would be use ful : 
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71\ would se arch for data i n  literatur e ref ere nce s 
65 \  c ould use data bank c ompilations 
48\ c ould use c omputerize d data banks 

4 5  

The data rece ive d appare ntly sub stantiate the use of , nee d  for, and 
value of the various c ate gorie s of validated nume ric al data. H oweve r, 
i t  i s  worthy to note that seve ral R&D dire ctors, particularly of large 
organiz ati ons, fe lt that ade quate data re sour ce s  do exist, that data 
acqui si ti on i s  not a maj or proble m, and that exte nsive programs in data 
de velopme nt and validation wo uld be dif fic ult to justify. 

Edward P .  Bartkus 
E .  I .  du P ont de Nemo urs & C ompany 
Information Systems De partme nt 
Jul y  6 ,  1 9 7 7  
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SutVEY OF I N DUSTRIAL RES EA RC H  I NSTIT UTE -
A REQUEST BY NATIONA L  R ES EARCH COUNCI L'S 

COMMITT EE ON DATA NEEDS 

Date July 6, 1 9n 

Out of 75 Companies Responclng 

Exhibi t I 

Number Of Companies Out Of Total 
Re1p0r1clng lnclcating Needs For Each 
C loa Of Numeri ca l  Data For R&D 

NEEDS FOR N l.NERICAL DATA { Note that categori • overlap) : 

AMnii � sa. cc. . I I. lind n..l-t.\ 
11 , tl Ml� ·-· u..,..n 
i crc��tructure (I )Dti ca I Mi cr01c:oDe Levell 

nomi c Phase faui R brio · C hanae of State . etc .) 
.mallTherma Cond . Phonons Di ffusion etc .)  
�eehanl cal and Acousti c (Str•ath .  CreeD . Fati aue DamDi na . etc .) 
•Dti cal (Emiaion Ablorotlon lumi nescence Exci tati on etc .! 
ectrl ca l  (Co!'d . ,  Electron Trona . ,  Ioni c Cond . , Thermalec . ,  

lniac:tiDn . Comer Ph.. . l 
laaneti c ( F•romaanetl c Resonance . Paromaaneti d 

I �  l Fermelectrl � .  n t-s Pi•::r:OI!I I ac:trl c •tc . \  
(Raclotion Damaae) 

.. h.ml cal & Electrochemi ca l  {Corroalon, Battery Phen . ,  Oxi dati on ,  "' l l l tv ..t� .\ 
......... ..... l lTmildtv. i hl ll tv .  - �  . .  \ 

44 36 1 1  
53 37 1 7  

35 1 6  
48 20 
40 1 1  
42 1 9  

s.!r 44 20 
' 3:3 3 10 

T 3 , 

53 53 22 
51 53 24 
51 48 1 6  

27 28 
1 9  28 

24 
_34 
24 
30 

3 37 

1 :  26 
1 8  
8 

27 36 
32 39 

30 
26 
25 
31 
23 
29 
35 

21 
2! 
1 

36 
35 

25 
23 
26 
29 
22 
28 
36 

1 
2• 
1 :  

34 
21 
27 

36 
35 
35 
34 
28 
31 
44 

2 

38 
33 
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SutVEY OF I N DUSTRIAL RES EA RC H  I NSTIT UTE 
A REQUEST BY NATIONAL R ES EARCH COUNCIL'S 

COMMITTEE ON DATA NEEDS 

bit II  Exhi 
N umber Of Companies In Each General 
I 
Num 
ndulhy Categol}' Indicating Needs For 

erl ca l  Data For R&D 

N EEOS FOR Nt.NERICAL DATA ( Note thot categori • overlap) : 

Ataml c c:. .. .... (Crwta l l  - •  a nd ... r 

II ... . ... ( lectran Ml , t.vell 
II cn��tNcture ( IDti ca I Mi croacoae Leven 

nami c 'hase Eaul li bria · Chanae of State etc ,)  
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APPEND I X  C 

N AT I O N A L  R E S E A R C H  C O U N C I L  

A S S E M B L Y  O F  M A T H E M A T I C A L  A N D  P H Y S I C A L  S C I E N C E S  
:not Constitution Avenue, N.W., Washington, D. C. 20418 

OFFICE OF CHEMISTRY AND CHEMICAL TECHNOLOGY 

NUMERICAL DATA ADVISORY BOARD 

C ommittee on Data Ne e d s  

D e a r  S i r :  

T he Nat i o nal R e s ea r c h  C ounc il C ommitt e e  o n  Data N e e d s  ( C ODAN) ( li s t  of 
m emb e r s  atta c h e d )  w a s  r e c ently e stabli s he d  und e r  the aegis of  the Nume r i c al 

Data Advi s ory B oa r d, w ith s upport from the N ati o nal Sc i e nc e  F oundati on, i n  

r e s p o n s e  to c onc e r ns f r om the s c i e ntifi c  c ommunity re garding the c u r r e nt 

level of s u pport for the c ompilati on a nd eval uati o n  o f  phy s i c al a nd c hemic al 

p r op e rty d ata utiliz ed i n  b a s i c  a nd appli e d  r e s e a r c h .  

The C omm i tt e e  w ill a naly z e  the s i gnific anc e o f  the s e  data c ompilati on and 
evaluation p r o g r am s  w ith empha s i s  on the i r  c ontributi o n  to maj o r R & D  p r o 

g r am s . Thi s analy s i s  w i ll i nc lu d e  a n  e stimate o f  the b e nefit- c o st rati o of d ata 

evaluati on to R & D. In add it i o n, figu r e s  will be obta ined o n  c u r r ent F e d e ral and 
pr ivate s uppo r t  of data c ompi lati o n  a nd evaluati o n  in the U . S . , and c o mpa r e d  

w i th a n  e s t i mate of the data nee d s  o f  maj o r  nati onal R • D  p r og r am s .  

Maj o r c riti c al data evaluati on pr og rams ar e prima r i ly c a r ri e d  out i n  c e r tain 

i nfor mat i o n  a naly s i s  and d ata evaluat i on c e nte r s .  How eve r, it is r ec ogni zed 

that a c on s i d e rab le effo rt o n  c ri ti cal data analy si s  may b e  expend e d  a s  an int e 

g r al par t  of  exte r nally fund e d  c ont rac t R & D  prog r am s  in the pr ivate s e c t o r . 
Thi s c r i ti c al data a naly s i s  po rti o n  of the pr og ram mi ght b e  expl i c i tly c ited a s  a 

s ubta sk of the ove rall e ffo rt, o r  it m ight b e  ac c ompli s he d  und e r  the umb r e lla 

of the u sual ' ' l ib r ary s ea r c h" a s s oc iated w ith mo s t  R & D  program s .  B y  the 

c r iti c al data analy s i s  w e  mean an exhaus tive lite r atu r e  s ea r c h  w ith in- d e pth 

r evi ew of i nd i vidual r e s e a rc h  pub l i c ati o n s, po s sible applic ati on of the o r etic al 

c o n s i d e r ati ons a nd d e r ivi ng r e c omme nd e d  nume rical value s .  Thi s mi ght i nvolve 

" r e i nte r p r e tati on "  of old data, d ue e ithe r t o  d i s c ove ry o f  pas t  e r r o r s ,  ne w in

s ight s ,  o r  imp roved proc e du r e s .  

The National Research Council is the principal operating agency of the National Academy of Sc iences and the National Academy of Engineering 
to serve government and o ther organizations 
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A s  part of the C ODAN effort,  it i s  imp o rtant to e s ti mate a s  ac c urately a s 

r e as onable the fr ac tion of r e s e a r c h  d olla r s  whi c h  a r e  us e d  for s uc h  c r itic al 
data analy s is . F urthe rm o r e ,  w e  w i s h  to e s tab li s h  what fr ac ti on of th i s  c riti c al 

data analy s i s  r e ache s the ope n lite r ature . The C ommitte e w i she s to evaluate th e 
effec tiv e ne s s  of thi s  appr oach .  

Thi s  le tte r i s  d i r e c te d  to a numb e r  of c o mpanie s ( s e e  l i s ting b e low ) whic h c a r r y  
out c on s id e r ab le R & D s upporte d  by g ove r nme nt fund ing ag e nc ie s .  Th r ough th e 

e nc l o s e d  que s tionnair e ,  w e  h ope to obtai n  i nfor mati on of c ritic al data evaluati o n  

e fforts expe nded as par t  of thi s ty pe of R & D e ffort.  Sinc e the informati on pr o

vide d w ill at lea s t  be par tially propr i e tary, we ple d g e  that s uc h  infor mation 

w i ll only be s e e n  in de tail by the membe r s  of th e C ommitte e and the NR C s taff 
inv olve d .  The C ommitte e w i ll only publish fig ur e s and the name s of c ompanie s 

s upplying i nformation w i thout a s s oc iating i ndividual c ompanie s w ith s pe c ific 
figure s .  

It i s  our unde r standing that y our lab o r atory i s  one whe r e  c ritic al d ata analy s i s 

for outs ide c ontr ac t r e s e ar c h  p r oj e c t s  i s  ofte n c ar r ied out . W e  s e ek your a i d  

in he lping C ODAN ac c ompli sh its g oa l s  by filling out and r e turning the e nc lo s e d  

q ue s ti o nnair e . A re ply b e f o r e  April  1 ,  1 9 7 7  w ould b e  appr e c iate d .  

e n c l o s ur e s  

R e plie s r e c e ived fr om: 

Sinc e r e ly, 

Kurt L.  W r ay 
Memb e r  of th e NAS- NR C C omm itte e o n  

Data Ne e d s  (C ODAN ) 

A e r odyne R e s e a r ch, Inc . , B e dfor d ,  Ma s s . 

Ae r onautic al R e s e a r c h  A s s oc iate s of Pr inc eton, Inc . N . J .  

Avc o Eve r e tt R e s e ar c h  Lab o r atory, Inc . , Eve r e tt, Ma s s .  

B e ll Ae r o s pac e T extr on, B uffalo, N. Y .  

C al s pan C o rporation, B uffalo, N. Y .  

H ughe s R e s e arch Lab o rator ie s ,  Malib u, C alif. 

Mc D onnell D oug las R e s e ar c h  Lab oratorie s ,  St. L oui s ,  M o .  

N o rth r up R e s e arch a n d  T e c h nology C e nte r ,  Haw th o r n e ,  C alif. 

Phy s ic al Sc ie nc e s , Inc . , W oburn, Ma s s .  

R & D A s s oc iate s ,  Mar ina d e l  R ay, C alif. 
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C O D A N  Q U E S T I O N N A I R E 

R etu rn to : 

1 .  Name of Lab o r atory :  

z . Addr e s s :  

Dr . H .  van Olphen 

C ODAN C ommitte e 
National Ac ademy of Sc ienc e s  

Z 1 0 1 C ons tituti on Avenue 

W a sh ington, D. C . Z 04 1 8  

by Apr il 1 ,  1 9 7 7  

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

3 .  T otal annual r e s e a r c h  dollar s expende d  in exte r nally funde d  c ontrac t 

r e s e ar c h: 

4.  E s timate total annual r e s e arch dollar s us e d  to c a r r y  out C ritic al 

Data Analy s i s  effor ts : 

5 .  T otal annua l numbe r of pr oj e c t s  r equi r i ng C ritic al Data Analy s i s  

e ffor t s :  

6 .  F r ac tion of C riti c a l  D ata Analy s i s  efforts which are ac tually s o  

de s ignated i n  c ontrac tual doc uments : 

7 .  F r ac tion o f  C ritic al Data Analy s i s  effo rts which are s ub stantially 

doc umente d in final r e ports s ubmitte d to the r e spon s ible funding 

agency: 

B .  F r ac tion o f  documente d C riti c al Data Analy s i s  e fforts which r each 

the ope n liter atur e :  

9 . F r ac tion of C ritic al Data Analy s i s  effo rts which are submitte d to 

e s tabli she d Data C ente r s :  
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TABLE C . l Survey of Data Eva luat ion E f forts Out s ide Forma l ly Organi zed Data Centers 

Laboratoryd 

A .  

Contract 

Researc h , 

$ 1</year 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 3 , 000 

0 

1 , 200 

3 , 500 

1 , 1 1 3  

700 

2 0 , 000 

7 , 000 

2 5 , 000 

1 , 200 

TOTALS 7 3 , 3 1 3  

B .  

C r i t ical 

Data Ana l 

y s i s  E f forts 

S K/year 

19 

5 

1 50 

3 50 

97 

150 

300 

50 

750 

1 0  

1 , 88 1  

c .  
No . 

Proj ec ts/Year 

Requ i r i ng 

CDA E f forts 

3 

1 

5 

2 0  

1 4  

20 

3 0  

2 

50 

1 

146 

Fractions : Total E ,  F ,  G , /Total B 

a A rb i t r a r y  orde r - - no t  a l ph abe t i c a l .  
bs um , B x E , F , G .  

D .  

Fract ion CDA 

E f forts 

so 

Designated 

1 . 0  

0 

0 . 2 

0 . 1 0  

0 . 3 6 

0 . 80 

0 . 20 

1 . 0  

0 . 3 0 

0 

E .  

Fract ion CDA 

E f forts Docu

mented i n  F i 

na l Reports 

1 . 0  

1 . 0  

1 . 0  

0 . 10 

0 . 57 

0 . 80 

0 . 80 

1 . 0  

0 . 10 

0 

749b 

0 . 398 

F .  

Fract ion CDA 

E f forts Reach

i ng Open 

Li terature 

0 . 3 

1 . 0  

0 . 7 5  

0 . 0 5 

0 . 1 4 

0 . 90 

0 . 0 5 

0 

0 . 02 

0 

3 19b 

Tota l s  
B X E-G 

0 . 169 

G. 

Fraction CDA 

E f forts to 

Estab l i shed 

Center 

0 

0 

0 

0 . 10 

0 

0 . 30 

0 . 0 2 

0 

0 

0 

86b 

0 . 04 5  

U1 
.... 
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APPEND I X  D 
FEDERAL R&D I NVOLVEMENT BY AGENCY 

1 .  National Aeronautics and Space Administration ( NASA Five-Year 

Planning Through 1982 ) Focused Activities 

la . AERONAUTICS 

lb .  EXPLORATION 

OF THE 
UNIVERSE 

lc . FORMATION AND 
EVOLUTION OF 
THE SOLAR 
SYSTEM 

ld . COSMIC 
ENVIRONMENT 

Fue l economy and operating e fficiency o f  

conventional subsonic transport aircraft . 
Provide engines with signi ficantly con
formed e fficiency , advanced aerodynamic 
design , improved control systems , in
creased use of light-weight composite 
materials , VTOL and STOL programs co

ordinated with DOD helicopter program to 
reduce noise and vibration . 

Formation and evaluation of the solar 
system , origin and continuing evolution 
of the cosmic environment . Processes 

by which energy is generated in the 

solar interior and is trans formed into 
solar phenomena . Short- and long-term 

impact of solar processes on man ' s  

environment . Bene fits of space flight 
to terrestrial medicine and biology . 

Continuing study of  the inner planets 
and the moon . Characteristics of Venu

s ian atmosphere , gravitational harmonics , 
topography . Global mapping of the moon : 

compositional , gravitational magnetic , 
and heat- flow characteristics . Develop
ment of the concept of solar sailing . 

Jupiter-orbit probe to study pressure , 
temperature , density , and first-order 
composition of Jupiter atmosphere . 

S imi lar probes to Saturn and Uranus . 

Development of 2 . 4-meter space telescope 
for quantitative investigation of quasars 

and individual stars in nearby galaxies .  
Observations in infrared , ultraviolet , 

5 2  
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le . SOLAR 
TERRESTRIAL 

l f . LIFE 
SCIENCES 

lg . GLOBAL 
INFORMATION 
SERVICES 

lh . PERMANENT 
OCCUPANCY OF 
SPACE 

5 3  

and vis ible regions of the spectrum wi ll 
be made to determine constitution , phys i
cal characteristics , and dynamics of 
celestial bodies and the nature of proces
ses that occur in the extreme conditions 
existing in stel lar objects . 

To study and understand the phys ics of 
the processes that generate energy in the 

sun , transport it to earth , and couple it 
with the terrestrial environment . Study 
and understand the trigger mechanism and 
other phys ical processes in solar flares . 
Study interaction between solar wind and 
the earth ' s  magnetosphere ; study the 
processes that couple the magnetosphere 
with the ionosphere , atmosphere , and 
plasmas in space . Role of those constitu
ents in the chemistry and dynamics of the 
lower atmosphere , beam plasma interactions , 

structure of the magnetospheric e lectric 

and magnetic fie lds , magnetosphere
ionosphere ci rcuit-generator characteris
tics . 

Human wel l  being and performance in 
space flight . Study o f  li fe-controlling 
mechanisms . Application of space tech
nology and space environment to terres
trial medical and biological prob lems . 

Use of observations from space in combina

tion with ground-based analytical tech
niques to provide accurate continuing 

information concerning agricultural pro
tection , environmental quality , natural 
resources , weather forecasts , and climate 

prediction . Includes sources classi fica

tion and e f fects of  pol lutants to our 
water and atmosphere . Measurements o f  

stratospheric ozone wi ll  b e  carried out 
with NOAA ; measurement of radiation in 
space . 

Development of space construction base 
to provide for industrialization o f  
space : solar collectors , communication 
antennas , and materials research . 
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54 

2 .  Department of Energy ( National Plan for Energy Research ) 

2 a .  FOSSIL FUELS 

2b . SOLAR ENERGY 

2c . B IOMASS 

2d . GEOTHERMAL 

2e . CONSERVATION 

Coal : Direct uti lization , new combustion 
methods , fluidized beds , boiler efficiency , 

s tack gas technology , lique faction , low 
and high Btu gas , open-cycle gas turbine s ,  
alkali metal vapor turbine , magnetohydro

dynamics , in situ gasi fication , resource 
asses sment . 

Oil and Gas : Enhanced recovery processes , 
resource asses sment . 

Oil Shale : In s i t u  combustion , gasifica

tion , hydrogenation of shale oil , separa
tion , distil lation , resource assessment . 

Solar electric , solar thermal , photovoltaic , 
wind energy , ocean thermal , advanced re
search and technology for novel materials , 
large-area sil icon sheet production , heat 

storage systems . 

The deve lopment , design , construction , and 
operation of  systems and processes for the 
conversion o f  biological materials to 
energy sources . The technology includes 

such processes as the conversion of wood 
or other plants to alcohol and the fermenta
tion or decomposi tion of organic by
product materials to produce methane or 
other fuels . 

The deve lopment , design , construction , 

and operation o f  systems and components 
to extract and convert the heat energy 
contained in geological formations , hot 
rocks , dry or wet steam , hot brines with 
assoc iated methane , and magma . Research 

on scaling , corrosion , desalinization 
( e lectrodialysi s )  , exploration technology 
( including seismic technology , down hole 

instrumentation) ,  environmental e ffects 
of large-scale geothe rmal deve lopment , 
control o f  geothermal wastes , stress cor
ros ion crack ing , crevice corrosion , de

velopment of materials with improved 
resistance to scaling and corros ion . 

Deve lopment , design , construction , and 
operation o f  bui ldings to minimize energy 

consumption , insulation , consumer appli
ances , heating , cooling , and venti lating 

systems . Advanced devices for converting 
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2 f .  FUSION POWER 

2 g .  FISSION POWER 

5 5  

heat to electricity , fuel cells , thermionic 
thermoelectric , turbine systems that 

employ working fluids other than steam. 
Design and construction of electrical 
transport systems using extra-high-voltage , 
ac-dc underground and cryogenic systems . 
Design and construction of electrical 
propulsion of vehicles ,  ac-dc conversion 
equipment . Hydrogen enrichment of natural 

gas , battery research , e lectric uti lity 
load leveling ( compressed air storage , 

underground pumped hydroelectric and 

thermal energy storage . )  Industrial unit 
operation-combustion efficiencies , stack 

heat los s , detailed analyses for heat 
balances . Transportation energy conserva

tion-engine design and operation , vehicle 

des ign to limit drag . Energy conversion 
systems , steam Rankine cycles , closed 
Brayton gas turbine , ultra-high-temperature 
conversion machines (materials research ) . 

Magnetic fusion-magnetic mirror system , 

ORMAK , TOKAMAK , and the ALCATOR; applied 
plasma physics research ; completion of 

toroidal plasma device . Laser fusion , 
theoretical research and modeling , devel
opment of diagnostic instrumentation 
multiple-beam ion pul ses . 

Liquid metal fast breeder reactors : core 
damage , accident containment , attenuation 
of radiological products , advanced fie ld 

research to develop fue ls with low creep 
and swelling , advanced carbide and nitride 
fuels to develop higher breeder gains . 

Water-cooled breeder : develop capability 

of breeding in pressurized water , study 
physics , thermal , and fue l performances , 
use of thorium cycle , establish thorium 
and fuel recycle capability .  

Gas-cooled reactor : development o f  high
temperature and very-high- temperature 

gas-cooled reactors , deve lopment of 
large-scale heat exchangers , turbamachinery 

and valves , s afety and environmental 
studies .  

Light-water reactors : hydrologic impact 
of thermal and radionuclide release , 

e f fect of release of atmospheric heat , 
improved safety systems , fuel recycling . 
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5 6  

2h . BIOMEDICAL AND 
ENVIRONMENTAL 
RESEARCH 

2 i .  BAS IC ENE RGY 

SCIENCES 

2 j . MOLEC ULAR, 
MATHEMATICAL, AND 
GEOSCIE NCES 

De ve lop rapid biological and biochemical 

automated cytochemi cal s c reen ing tech

nique s , study potential gene tic and de

ve lopmental e f fects of ene rgy production 

by stud i e s  of mutageneses and teratogeneses . 
As s e s s  impac t of sur face coal and uranium 
mine s , o f fshore o i l , and gas deve lopme nt , 

o i l  toxi c ity , e f fects o f  fos s i l- fue l 

combus t ion products . 

Ma teri a l s  sci ences : e l ectroni c , magne t i c , 

opt i c a l , and thermal prope r t i e s  o f  pure 

mate r i a l s  and al loys ; sur face phenomena ; 

phase tran s formations ; s t ab i l ity , mate r i 

a l s  inte rac t ion s ; de fects ; d i f fu s i on and 

r ad i ation e f fe c t s ; the rmodynamic s  and 

e l e ctrochemi s t ry ; low- tempe rature r e s e arch ; 

s upe r conduc t i v i ty ; me chan i c a l  prope rt i e s . 

Nucl e a r  s ci ences : rese arch re lative to 

fu s i on and fus ion reactor s , waste manage

ment , s a fe guards , we apons , b iomedical and 

environmental prob l ems . Propert i e s , 

s tructure , and interact ion o f  nuc lear mat

ter , theore t i c a l  nuc l e ar research , rare 

e l ements , e n r i ched i sotope s ,  deve l op ba

s i c  chemic a l , phys i c a l , and nuc lear data 

for actinide e l ement waste d i sposa l . 

Fundamen t a l  n ucl e a r  resea rch ( h i gh and 

low ene r gy ) : supe r HILAC/Bevalac fac i l ity , 

Hol i f i e l d  heavy- ion fac i l ity , Ande rson 

Me son Phy s i c s  Fac i l i ty , Bate s l inac h i gh

re solution spec trometer , acce le rator 

de s i gn  and deve l opment . 

Deve lop bas i c  unde r s tanding in mole cular , 

ioni c , atomic proce s s e s  pertinent to a l l  

ene rgy deve lopment programs . Chemical 

s truc ture reaction me chani sms , catalys i s . 

Support engine e r ing s c iences programs to 

improve technology tran s fer , l aboratory

s c a l e  demons trat ion of new ene rgy - re l ated 

technol og ie s . 

3 .  Na t i onal Insti t u tes of Hea l th ( Forward P l an 1978- 198 2 )  

3a . AGING Stud i e s  on bas i c  aging proce s s  with em

pha s i s  on b io logic a l  phenomena and age

re lated d i s ease ; c e l lular , b i ochemi c a l , 

nut r i t ional , immunological , phys iological 

proce s s e s ; metabo l i sm o f  the rapeut ic 

drugs ; patho logy . 
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3b . ALLERGY AND 

INFECTION 

3c . METABOLISM AND 
DIGESTIVE 
DISEASES 

3d . DENTAL RESEARCH 

3e . ENVIRONMENTAL 

HEALTH 

3 f . DISEASES OF 

THE EYE 

3g .  MEDICAL 
SCIENCES 

3h . NEUROLOGICAL 

AND COMMUNICATIVE 

DISORDERS 

3i . RESEARCH RESOURCES 

5 7  

Immune system , infections , vaccines , 

antibiotics ,  diagnostic methodology , 

chemotherapy , nucleic acid recombinants .  

Mechanism o f  action o f  insulin , endocri
nology , intermediate metabolites . Role 

of minerals ,  trace elements ,  vitamins , 
protein , amino acids , fats , fatty acids , 
carbohydrates in normal and disordered 
states .  Basic mechanism of kidney func
tion , renal dialysis technology , anemia , 
blood-c lotting mechanism , hemophilia . 

Development of automated blood glucose 
control devices . Basic nutrition studies , 

radioassay of metabolites , use of high

pressure l iquid chromatography , mass 
spectra . 

Chemical action involved in dental carie s , 

antiplaque agents , plaque enzymes . 

Fluoride biochemistry and phys iology . 

Materials research , development of less 
corrodible amalgams , tooth implants , 

dental prosthetics . 

Mechanism of toxicity of environmental 

agents , absorption mechanisms . Identity 
of toxic agents , identification and de

termination of toxic substances in air , 
water , food , and occupational situations 
and marine environments .  

Chemistry of visual pigment , e lectrical 

activity of photoreceptor cells , micro

laser development 

Biophysics of cell structure , biochemical 
and organic chemical studies re lative to 
cell structure and metabolism ,  separation 

and characterization of proteins , trans
port acros s membranes ,  ion mobil itie s , 
structural relationship of chemical s to 
biological activity , factors involved in 
drug metabolism .  

Deve lopment of prosthetic devices for 
deaf , bl ind , paralyzed . Effects of drugs 

and noi se on he aring , neurochemistry , 
l ipid metabolism , chemical s tr1the::> is of 

neuroma! membranes , molecular biology 
of nervous system. 

Use of digital computation , mass spectros

copy , nuclear magnetic resonance , e lectron 
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58 

3j . NATIONAL 
LIBRARY OF 
MEDICINE 

3k. HEART AND 
LUNG 

31. CA NCER 

4 .  Depa rtmen t of Defen s e  

4 a. HUMAN RESOURCES 
AND 
LIFE SCIENCES 

4b. MATERIALS 

mic ro sc opy , computer- based technical 
inf ormat io n c ent er fo r r esearch support, 
ac tivation analy sis. 

Development of  informatio n- transf er sys
tems , use of satellit es fo r informatio n 
c ommunic atio n, info rmation sto rage and 
r etr ieval, applic atio n o f  laser and 
f iber o ptic s to pro vide int er f erence
fr ee lar ge- ba nd c hannels. 

C hemic al ef f ec ts of interactio n of  blo od 
co mponents wit h  for eign materials, drug 
me tabo lis m, s tandardiz ation o f  drugs, 
s epar at io n  and pur if ic at ion o f  bloo d com
p onents , develo pment of bloo d substitutes. 
Re s earc h o n  e nzyme c hemistry, rapid 
e s t imatio n o f  e nzyme conc entr atio ns. 

I dentity of c ancer-c ausing c hemicals, 
met ho ds of analys is, metabo lism of tox ic 
agents, mat hematic al mo deling o f  c ancer 
c aus es and tr eat ment eff ects, nutrition 
s t udies, us e o f  ultr aso nics, development 
of antitumor a gents , met abo lism of  anti
tumor a gents . 

AIR FORCE 

Det ec tio n and identif ication of pollutants 
and other chemicals, detection of electro
magnetic ra diatio n, develo p precise in
st rumental methods of  analy sis ( mass 
spectrosco py , laser technology ) ,  predi c
tio n o f  enviro nmental impact. 

( a) Struct ura l ma teri a l s : development of 
high- tempera tur e mat erials resistant to 
cor ro sio n, thermody namically stable. 
Fundamental r esear c h  in mechanical proper
ties of mater ials, phase- transfo rmation 
kinetic s, met astability , relationship 
between microstr ucture and physical proper
ties, intermetallic compo unds, development 
of c eramics and glasses with impro ved 
strength, creep resistance, thermal fatigue 
and proc essability , titani um- aluminum al
loys, j oining phenomena, surf ac e behavior, 
mec hanism of brittle f racture, plasti c 
defor matio n, co rrosion and str ess corro
sion, composites and poly mers, f unda
mentals o f  metalwo rking. 
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4c . GEOPHYS ICS 

4d . ENVIRONMENT 

4e . AEROSPACE 
VEHICLES 

4 f .  PROPULSION 

59 

(b )  Environmental-resistant materials : 

radiation-res istant materials ,  erosion and 
corrosion resistance , oxidation mechanisms , 

radiation damage mechanisms , material 
coatings , interfacial reactions , diffu
s ion . 

( c )  Electromagnetic materials : develop
ment of new c lasses of lasers , optical 
coating materials , infrared detecting 
materials , fiber-optics materials , magnetic 
bubble materials , new electronic materials 
(organic materials with trans ition metal 

complexes ) , studies on semiconductor
dielectric interfaces , superconducting 
materials , acoustic and optical materials ,  
theoretical studies on electromagnetic 

materials . 

( d )  Fluids, lubricants, and containment 

materials : synthesis and characterization 

of new elastomeric materials , additives 
for high-temperature lubricants . 

Propagation of e lectromagnetic radiation , 

effect of sun radiation , interplanetary 
plasma , magnetosphere and ionosphere and 
their interactions . Optical- infrared 

spectroscopy and sensors , atmospheric 
absorption and scattering , theoretical 

studies , nonequil ibrium radioactive 

phenomena , lasers . Gravity measurements , 
noise and motions in earth ' s  crust , seis
mological and geological studies . 

Phys ical and chemical properties of the 

upper atmosphere , atmospheric composition 
and chemistry , upper-atmosphere predic
tions . 

Structures and structure dynamic s ,  aero
dynamic turbulent boundary- layer flows , 

aerophysics , aerodynamic noise , miss i le 
dynamics ,  heat transfer , trunk flutter , 
mathematical model ing of systems design . 

Rocket propul s ion , sol id propel lants , 
amine propellants , combustion kinetics 
and mechanics , thermophys ical properties 

and rocket systems , plasma propuls ion , 

fluid mechanics , fuels , pol lutants , emis
s ion and control noise , lubrication . 

Batteries ,  solar cells , MHO power genera
tors , MHO lasers . 
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60 

4g . WEAPONRY 

4h . ELECTRON ICS 

4 i . BALLISTICS 

4 j . AIR MOBILITY 

ARMY 

Nuc lear-weapons e ffects , chemical e ffects 
in lower a tmosphere , chemical e f fects in 
upper atmosphere , thermal radiation e f fects , 
shock wave s , e lectromagnetic pul s e s , ra
d iation e f fects in detector materials and 
sate l l ites . Convent iona l weapons , s ubsonic 
and unsteady aerodynamics , mi s s i le guidance 
and cont ro l , mater ials . Electromagnetic 
weapons , gas-dynamic lasers , e lectr ic 
discharge lasers , chemical lasers , charged
particle beams . 

Image sensor s , antenna des ign and s truc
ture s , radar des ign and detec t ion , micro
wave propagation and detection , nuc lear 
magnetic resonance gyroscopes , geodesy , 
r ing lasers , sur face acous t ic-wave modu
lation and detection , time s tandards , 
proces s ing and transmittance o f  image in
format ion , shortwave transmis s ion , 
magnetic-wave device s ,  h igh-power micro
wave tubes , e lectrooptical devices ,  micro
c ircuit res earch , theoretical research on 
e lectromagne tic materia l s . Laser deve lop
ments , near-in frared tunable lasers , short
and ultra- short-pul sed lasers , holography , 
nonl inear optic s ,  propagation of laser 
pul se s , phy s i c s  of high- energy gas lasers . 
Automatic speech recognition , vehicle 
s ignatures .  Computer soft�1are , hardware , 
and s ignal proc ess ing . Metal insulator 
s emiconductor s ,  charge-couple device s , 
rad iation- induc ed transport phenomena . 

Combustion kinetics of prope l lants and 
exp los ive s , heat trans fer and eros ion , 
launch and f l ight dynamic s ,  turbulent 
boundary- layer deve lopment , pro j ectile 
aerodynamics , shaped charge s , muzz l e  gas 
flow . Magnus e f fect on supersonic pro
j ectiles , bal l istic response of materials , 
struc tural respons e  to dynamic h igh
pres sure load ing . 

Aerodynamics mechani sms contr ibuting to dy
namic loads of rotors , rotor blade dynam
ics , s tal l , control sys tem rel iabi lity , 
blade acoustic s ,  var iab le-blade geometries , 
rotary-wing dynamic research , flap- lag
tors ion stab i l ity of elastic blades . 
Structural and aerodynamic des ign . Research 
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4k . MUNITIONS 

41 . BASIC SCIENCES 
AND 

ENGINEERING 

4m . COMMUNICATIONS 
AND 
ELECTRONICS 

4n . MATERIALS 

4p . MATHEMATICS 

on gears , bearings , seals , lubrication , 

powder metal lurgy , composite materials . 

6 1  

Combustion , ignition , detonation of explo

s ives , propellants , pyrotechnics . Ultra

high-pressure physics . Energetic material 

storage . Reaction mechanisms , coatings , 
adhesion , ultra-high-purity alkali halides , 
fracture mechanics , superconductivity , 
structural analys is . Synthesis of ex

plos ives , detection and analysis of explo

s ive materials in liquid and solid media , 
effects of heating rate on pyrolysis of 

explosives , role of free radicals in 
modifying initiation thresholds , fuel-

air explos ive detonation studies . 

Atmospheric sens ing and probing , cloud 
and aerosol physics , biodegradation of 

materials , chemical and biological wea

pons defense , chemistry of surfaces and 
interfaces ,  atmospheric chemistry , 

electronic materials ,  antennas and de

tection of radiation , s ignal process ing , 
man-machine interfacing . Appl ied 
mathematical analysis for heat-trans fer 

studies , statistical techniques for f ield 
data , operations research . Solid mechanics , 
fluid mechanics , engines and fuels . Ceram
ics , polymeric and metallic materials , 
fundamental phys ics research . Nonl inear 
chemical reactions . 

Phys ical electronics , electron devices , 
antennas and e lectromagnetic detection , 

circuits , ne tworks , s ignal process ing , 
information processing . Surfaces and 

interfaces in solid- state electronics , 
high-power pulsed radar , computer-aided 

des ign of hybrid integrated circuits , 
process model ing and s imulation . 

Research in corros ion , oxidation , radia
tion , decomposition . Effects of struc
ture , de fects , and composition on phys ical 

and chemical properties . Chemical compo
s ition and microstructure of special al
loy steels . New synthetic methods . New 

concepts in testing and analysis of ma

terials ( optical probing to detect 
fatigue , magnetic- field interactions ) .  

Applied analys is , numerical analys is , 
operations research , statistics and 
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6 2  

4q . MECHANICS 
AND 

AERONAUTICS 

4r . PHYS ICS 

4s . CHEMISTRY 

5 .  Departmen t of Defense 

Sa . MATERIALS 

ARPA 

probability , computer science as appl ied 
to aerodynamics , heat transfer , structural 
analysis , communication , chemical kinetics 

and combustion , guidance and control mis
s i les . 

Solid mechanics , fatigue and fracture , 
shock , vibration , wave propagation , sur
face mechanics ,  composites , shock loads , 

noise source and abatement , lubrication , 

friction , wear . Fluid mechanics , aero

dynamics , aeroacoustics , bal listics , mis

sile aerodynamics , rotor-generated noise . 
Fuel conservation , propel lants . 

Laser research , crystal growing , miniaturi

zation of laser range finders , rare-earth 

lasers , frequency conversion , thermal 
imaging . Prec i s ion navigation , electric 
discharge phenomena , structure of sol ids , 
crystal de fects , electronic and non

electronic transport properties , surface 
and interface phenomena , dielectric 

properties of materials , photoelectric and 
optoelectronic devices and systems . Hybrid 

and monolithic charge-coupled imagers , un
coated thermal imaging concepts , photo

cathode materials , I I I-V charge-coupled 
devices , pyroelectric vidicons . 

Polymer chemistry , high-energy materials , 
photochemistry , chemiluminescence , sens
ing and detection of chemical agents . 
Photodegradation , atmospheric chemistry . 

Aerosols , microemulsions , chemical lasers , 
e lectrochemical energy convers ion . 

Solid brushes for collection of current in 

high-power density , segmented magnet e lec
trical machines ,  rapidly solidified pow
ders , superal loys for turbine blades and 

aircraft structures ,  ultra-high- strength 
high-carbon s teels , wear theory and monitor

ing analys is , metal matrix compos ites . 

Advanced optical ceramics for all-weather , 

high-Mach , multimode , electromagnetic 

windows . Corros ion-resistant coatings 
us ing laser process ing , infrared laser 

windows , low-heat-loss nozzles . Photo-
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Sb . CYBERNETICS 

Sc . CC»o!PUTER 

AND 
COMMUNICATION 

SCIENCE 

Sd . GEOPHYS ICS 

6 .  Department of Defense 

6a . NUCLEAR PHYSICS 

NAVY 

6 3  

cathodes ,  pyroelectric and ferroelectric 
materials for acoustic transducers and 

uncooled thermal imagers , s i licon infra

red detectors , integrated-circuit design 

and process ing , large-scale integrated 
c ircuits , I I I-V compound semiconductors .  

Learning strategies , self-assessment , 
transformation of written material to 

visual images ,  skil l  acquisition using 
neural man-made l inks , automated group 

decisions , spatial information storage 
and retrieval system , ultra-rapid prose/ 

picture presentation , aids to reasoning , 

problem solving , heuristic mode ling , 

motor skills . 

Automated cartography , intel ligent infor

mation processing , automated Morse code 
operator , complex laser operations , in

formation overload systems . Development 
of memory bits in the 10 1 5_ 1 0 1 7  range , 

archival memory technology , interdependent 

network systems , user support systems , 

distributed file structures ,  intel ligent 
data base systems , advanced terminals , 

advanced network systems . Basic machine 
intelligence , applied machine inte l ligence , 

natural language research , advanced digital 
structures ,  real-time symbolic proces s ing . 

Tunne l (voids ) locating us ing pass ive and 
active sens ing techniques ( e lectromagnetic , 
acoustic , gravity ) using airborne , surface , 

and subsurface methods . Stress-wave propa
gation , plastic yield effect s , planar and 

curved shock fronts ,  e ffects of pre-existing 
stress fields , heterogeneous materials with 

nonplanar boundaries , anisotropy , free sur
face effects , interaction of nonlinear shock 
wave s , cracks and faults in materials . 

Radiation damage , detection , shielding , 
solar and cosmic rays , helium embrittle

ment and creep , dosimetry , radiation damage 
to satellites and other communications sys

tems , magnetic detection systems . De
velopment of a lloys for high-temperature 
high- f lux nuc lear reactors , nuc lear 
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64 

6b . GENERAL PHYS ICS 

6c . CHEMISTRY 

6d .  MATHEMATICAL 

SC IENCES 

activation techniques for improving photo
graphic images . Ion implantation techniques , 

use of e lectron beams for curing adhes ives 
and composites . Charged-particle beams 
and beam propagation . 

Bas ic research on e lectronic , magnetic , 
optical ,  s tructural ,  and thermal proper

ties of materials . Surface and interface 
physics , crystal de fects , high-electric

field carrier transport . Atomic and 

molecular properties relevant to communica
tions , lasers , chemical lasers , chemical 

synthesis , directed energy systems . Laser 

stability , high-power blue-green lasers , 
optical properties of the atmosphere , 

molecular collisions in intense optical 
fields , nonlinear optical effects , inte

grated optical microcircuits , relatavistic 
electron-beam propagation . Phys ical 
acoustics , behavior of sound in nonl inear 
media , nondestructive identi fication of 

microscopic stresses and failure mechanisms 

in solids , interaction of acoustic waves 
with submerged obj ects . Interaction of 

ions , electrons , atoms , molecules , photons 

in ionosphere blackout ; MHO ;  gigawatt micro
wave sources ;  communication enhancement ; 

gaseous discharge devices ; laser systems ; 

l ightning breakdown . Superconductivity ,  
superconducting j unctions and arrays , logic 
switching , information storage , multi

filament superconducting wires . 

Kinetics of chemical lasers , interfaces 

and surfaces ,  analys is of surfaces , ESR 
and NMR techniques ,  adhes ion , lubrication , 

determination of trace meta ls in seawater , 
engine oils , other fluids , synthesis of 
environmental ly stable po lymeric materials , 
caborane , siloxane ,  and phosphazene 
e lastomers , coatings , f luoroepoxies , poly
mers of useful electrical and pryoelec
trical properties . Fue l cells , batteries , 

catalysis , electrochemical reactions . 

Inorganic polymers , ceramics , compos ites , 
piezoelectric materials . 

Mathematical research leading to acqui
s ition and analys is of data , analyses of 
fluid flow in ship and miss i le design . 
Communication systems , structural analysis , 
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6e . ELECTRONICS 

6f . MATERIALS 

6g . MECHANICS 

65 

information processing , storage , and re
trieval . Computing and information pro

cess ing systems and devices . Numerical 
analysis , statistical modeling and analys is , 
digital computer s imulation , applied 
mathematics and control theory , logistics , 

operations research . 

Electromagnetic-wave propagation and 
radiation , reflection , refraction , scat
tering ; antenna theory and radar target 
detection . Phys ical electronics ,  elec

tronic materials , semiconductors , other 

e lectronic materials , surfaces ,  and in

terfaces . Electronic components , micro
wave- and mill imeter-wave devices , ion 

implantation , defects and radiation e f

fects in solids , integrated c ircuits , s ig
nal sources , radiation detectors , circuit 

and control theory , network analysis , 

linear and nonl inear system theory , dis

tributed processing , signal coding , sig
nal processing , and fault analys is . 

Metals and alloys , laser surface treatment , 
amorphous metals , permanent magnets , bubble 

memory , laser welding of titanium al loys , 
fiber reinforcement for high-temperature 
compos ite materials , sustained load crack

ing in titanium alloys , niobium-titanium 
superconductors ,  fat igue , fracture and 

environmental effects . Effects of 
nuc leators for grain growth , superal loys ,  
hybrid compos ites . Corros ion , environ

mental ly asses sed fracture of high- strength 
al loys , hydrogen embrittlement , stress 

corrosion res i stance , hydrogen-metal 
reactions , corros ion fatigue-fai lure 
mechanisms , cathodic protection , corrosion 
behavior of amorphous alloys . Ceramics , 
seal materials , nozzles , sonar ceramics , 
vapor-phase process ing of ceramic s , new 
compos ite concepts for ceramics , role of 

surfaces in degradation of optical proper
ties of insulators . Radiation res istant 
materials . 

Hydrodynamics , numer ical computation of 
free surface flows , boundary-layer 
heating , drag reduction , interaction of 
internal waves and free surface , gas
lubricated bearings , extreme motions of 
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6 6  

6h. ENERGY 
CONVERSION 

6i . OCEANOGRAPHY 

6j . TERRESTRIAL 
SCIENCES 

ships , counterrotating propellers . Aero

dynamics ,  aircraft and missile configura

tions , effect of body temperature on 
boundary-layer transition at supersonic 
speeds , calculation of compressible 
boundary- layer flow ,  minimum wave drag 

configurations , high subsonic airfoils . 
Structural mechanic s , radiation of sound 
from submerged structures ,  structural re
sponse of submarines to high- intensity 

time-dependent coupled thermomechanical 
loading . Failure criteria for composites , 

adhes ive j oints , metals and brittle 

materials . Optimization techniques for 
determining critical wing and external 

stores flutter configurations , influence 
of structural nonlinearities on aero

elastic stability of control surfaces . 

MHO development and research , design and 
construction of a !-megawatt ( thermal ) 

experimental generator . Turbine and 
rocket engine combustion , safe storage 

of high-energy missile propellants and 
explosive s , combustion kinetics , turbine 

and engine efficiency , transonic turbines , 
electr ical high-power dens ity engines , wear 

and lubrication studies . for engine per-
formance . 

· 

Acoustic research , ocean environment ,  

ocean currents , surface and mixed layer , 

internal waves , sea floor , sediment re
flectivity and attentuation . Remote 

sens ing using satellites and radar . Air
borne magnetic anomaly detection . Water 
pol lution , foul ing , corrosion , disposal 

of dredge , spoi ls . Improved sea/swell 
weather forecasting . 

Geography , detection of surface currents , 

nearshore and on-bottom features induced 
by sediment transport ,  develop master 

prediction model of coastline , research 

on over-the-hori zon radar , meteorological 
satellites , wave statistics . Arctic re

search , long-range arctic environmental 
and acoustical forecasting , mass-energy 

exchange between arctic bas in and peripher
al seas , ice-dynamics modeling , remote 

sensing of magnetic field of arctic bas in . 

Copyright © National Academy of Sciences. All rights reserved.

National Needs for Critically Evaluated Physical and Chemical Data
http://www.nap.edu/catalog.php?record_id=19955

http://www.nap.edu/catalog.php?record_id=19955


6k . EARTH PHYSICS 

61 . A'IMOSPHERIC 
SCIENCES 

6m .  ASTRONOMY 

AND 

ASTROPHYSICS 

6n . BIOLOGICAL AND 
MEDICAL 
SCIENCES 

6 7  

Nature and distribution of earth ' s  crust , 

geothermal and earthquake prediction , 

tidal prediction , environmental effects . 

Ionospheric irregularities , effect of 
D-region ionosphere nonlinearities on 
radio communications , theoretical studies 
of spread-F and field-aligned ionospheric 
irregularities . 

Lower atmosphere and marine boundary 
layer , marine fog and aerosol distribu

tion , effects on optical and electro

magnetic transmission , cloud physics . 

Upper atmosphere , ionospheric plasma 
dynamics ,  solar control of the ionosphere 
and atmosphere ,  measurement techniques 

and instrumentation , remote sensing , 

geometry and spectral content of solar 

phenomena , solar flares . 

Celestial radio sources ,  precise astro
nomical pos ition reference systems , 

radio interferometer techniques ,  determina
tion of atmospheric constituents , mea

surement of space emis sions , galactic 
x-ray and gamma-ray measurement , analysis 
of fluxes and energies of cosmic rays 

(heavy partic les ) ,  enhanced solar dis
turbance predictive capability . 

Physiology , diving effects , decompress ion , 
gas mixtures , high-pressure neurological 
effects , frozen blood components , motion 

s ickness , high-pressure deafness , oxygen 
toxicity , e ffects of low- frequency and 
middle- frequency e lectromagnetic fields 

on various biomedical ,  biophysical , and 
biochemical parameters .  Biochemical 
events of inj ury and healing . Marine 
biological processes destructive to 
wood and metal . 

7 .  Department of the Interior, Environmental Protection Agency, Depart

ment of Transpor tation (Near Term )  

7a . TOXIC 
SUBSTANCES 

Identi fication and characterization of 

toxic substances ( j oint with NIH ) . 
Chemical determination in waters , air , 
development of standards ,  chemical de

composition rates in waste water , metabo
lism ,  transport properties , agricultural 
effects , ecological effects . 
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68 

7b . PESTICIDES 

7c . AIR POLLUTION 

7 d . WATER 
POLLUTION 

7e . WATER 
RESOURCE 

7 f . HAZARDOUS 

MATERIALS 

7g . MINING 

AND 
METALLURGY 

Toxic ity , chemical determination in 

groundwater , water drainage systems , de

compos ition rates and products in air and 

water , ecological effects , biochemical 
studies , storage , hydrologic research , 

marine biology . 

Chemistry of the atmosphere , chemical 
reactions in troposphere and stratosphere , 

identification and source of pollutants . 
Toxicology , water solubility , diffusion 

rates of pollutants , engine combustion 

kinetics , fuels , photochemistry of all 

chemical components in upper atmosphere ,  

heterogeneous reactions , deve lopment 

of new and more sensitive techniques for 
chemical reaction rate measurement , molecu

lar spectroscopy , eddy diffus ion models 

with time-dependent coupled transport 
and chemical kinetics , radiation and 
thermal trans fer mechani sms . 

Systematic study of water compos itions , 
contaminents , aqueous oxidation-reduction , 

sources of contaminants , waste-water 
treatment , mine effluents , sewage disposal 

and treatment ,  vapor-pressure data , 

volatilization rates , reaction rates in 
water and saline water . Agricultural 

wastes , hydrology , marine l i fe , ground
water contamination . 

Geological survey , digital cartography , 
hydrologic studies of nuclear landfill 

disposal , hydrologic research , coal re
source development , water quality , mine 
waste runoff , earth-science studies , 

remote- sensed satellite data , remote

sensed imagery data , desalinization , 
demineralization . 

Identification of hazardous materials , 

thermodynamic stability , volati lization 
data , vapor pressures , photochemical 

reaction rates , pipeline transport

hydrogen stress-corrosion cracking , 
hydrogen enbri ttlement , fatigue , cor
rosion . 

Geological data , research on process 

metallurgy , analysi s  for trace elements , 

metallurgical process waste disposal , 
chemical reaction rates , energy con
servation in metal lurgical processes . 
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Stack gas desulfurization , recovery of 

minerals from wastes , deep sea bed minerals , 
oil shale mining . 

Fuel efficiency , emiss ion control , cl imatic 

impact of stratosphere flight , noise abate
ment , fire safety , development of quality
control procedures , remote measurement of 

ice characteristics , remote sens ing and 

detection of oil spills , marine environ

ment , waste-water treatment , solid-waste 
disposal . Satellite navigation aids and 

detection systems , communications , com
puter design . Effects of seismic and 

wind motions on bridges , tunnels . Soil 

mechanics , environmental effects on 
soils , remote-sensing techniques , automated 

signal equipment , advanced propulsion 

systems , regenerative braking , automated 
traffic contro l . 
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