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In 1955, John von Neumann wrote an article for Fortune 

called "Can We Survive Technology. " He answered his 

question with a qualified yes. "Yes, " he said, "if a long 

series of small decisions are correctly taken. " 

That wise and prudent statement was made, I remind you, 

shortly before the beginning of the golden decade for 

science in the industrialized world. For 10 years, the 

scientists and engineers of Europe, the Soviet Union, the 

United States and Japan enjoyed unprecedented influence, 

support, even admiration. The race to the moon, the 

European determination to close the technology gap, the 

announced-in-advance industrial aspirations of Japan and 

the cold war were among the driving forces. 

Decisions were big ones, and they were not always 

correctly made. We were too impatient to be cautious, too 

eager to fulfill the exaggerated expectations that the 

public was encouraged to entertain. Viewed from the 

perspective of the technical community, it was an 

exhilarating period of extraordinary achievement -- while 

it lasted, but it failed to build a solid infrastructure 

for science and technology. Then came the morning after, 

with attendant regrets and a crisis of confidence in the 

efficacy of science. 
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In the late 1960s, we began to think through how the world 

had gotten into the trouble it faced. The technologies we 

had stressed were largely irrelevant to the world' s most 

crucial unmet needs, although they were all too relevant 

to the arms race. When the environmental costs and risks 

were confronted, the reaction was to slow down and take a 

hard look at the social consequences of new technologies. 

Technology assessment was born to serve primarily as an 

early warning system. 

The scientific and engineering community was until 

recently, I think, discouraged about the prospects, but we 

have reached a turning point in our view of science and 

technology. Today we see, throughout the Congress and the 

public at large, a very serious conviction that science 

and engineering capability, knowledge and, most of all, 

education are key to economic success. People have a 

pragmatic view about searching for policies that will 

build a strong nation and a healthy society. 

Fifteen years ago, looking at this issue, I wrote the 

following: "It is clear, everyone agrees, that a serious 

problem in information storage and retrieval faces 

scientists today. But the real problem is that the reader 

does not know what to believe in the surfeit of so-called 
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' information' that retrieval systems disgorge. It is just 

as absurd for the user to tap the total collection of raw 

material for his data as it would be for a jeweler to 

order six tons of gold-bearing ore when he wants to make a 

cuff link. What is the solution? We must increase the 

density of useful information in the literature. We need 

better quality control in science. " 

Today more than ever, now that everyone is focusing on 

productivity improvement, let' s not forget the need for 

increased R&D productivity, especially in the billions 

invested by the private sector to use knowledge created by 

scientists. With the Government spending some $47 billion 

a year on R&D , it seems to me penny-wise and pound-foolish 

not also to invest in evaluation, integration and end user 

packaging of this knowledge produced at Federal expense so 

that it can and will be put to use by the private sector. 

More effort in this area would greatly enhance the leverage 

of economic benefits from the Federal government' s investment. 

Data and access to it are critical to every R&D project. 

Recently, in checking our own experience, I discovered 

that, in one typical IBM lab and plant library, 25 percent 

of the reference collection is primarily concerned with 

scientific and technical data. Some 15 percent of the 
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volumes in circulation and over a third of the journals 

deal heavily with numeric data. This is a very heavily 

used collection. 

When accurate, pertinent data are available, work can 

proceed. If not, work must stop while a researcher 

invents a different approach, develops (or redevelops) 

missing data, or must experimentally verify unevaluated 

data reported in the literature before daring to commit 

another period of time and effort on a project that is 

heading down a critical path. 

Progress isn' t made by stopping work, or by shifting the 

goal away from the one you must achieve toward the one you 

� achieve. That' s a good practice in research. It' s a 

terrible way to do business. 

There is no way to measure this loss in R&D productivity 

-- the cost in problems not pursued because they are 

unpursuable, or in new knowledge delayed 

of the present policy is obviously high. 

but the cost 

As materials science and process technologies mix with 

piece-parts assembly in high technology manufacturing, we 

will see another whole new wave of industry requirements 
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for basic scientific data. In this case, the requirements 

read directly on manufacturing effectiveness and 

productivity, as well as on the research and development 

process that most people associate with science and 

technology data. 

Getting a product out the door is no longer a simple 

linear process, if, indeed, it ever was. Ideas don' t 

necessarily originate in research and flow to development, 

to manufacturing engineering, to production and to 

marketing. The relationship we now confront is a 

triangular one among partners in research, development 

and manufacturing. It is not unusual today in my company 

to find large numbers of research scientists -- Ph. D. ' s  

from our corporate laboratory -- working side by side 

with manufacturing and development engineers. We are 

often preparing to manufacture with processes that deal 

with phenomena science has not yet fully mastered. Here, 

instead of scientific knowledge at risk because of 

missing data, it might be a whole new product line; 

it might be several billion dollars in revenue. 

None of this is news to many of you. The famous Weinberg 

Report of the President' s Science Advisory Committee that 

was, in some sense, the starting point for this whole 
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is now more than 20 years old. The National 

Bureau of Standards' National Standard Reference Data 

System is also 20 years old. It is still healthy, I 

understand, but it has had flat funding for the last 

decade, and it certainly does not represent a growing 

segment of our national technical activity. 

From the point of view of the dedicated scholars in the 

data evaluation and review literature field, no doubt 

progress has been made. They certainly have done yeoman 

service for the technical community and for the country. 

But from the point of view of engineers and scientists in 

a company that employs over 20, 000 of them in the United 

States, the general perception is that one cannot, in 

general, expect to find existing reliable, evaluated data, 

even on matters you know have been subjected to 

scientific research and publication. Handbooks are 

generally out of date and incomplete; caveat emptor 

governs the application of results from the primary 

literature. 

That very perception damages progress. I think that, as a 

nation, we are so far from doing the job properly that 

there is little demand pressure to get it done, simply 

because expectations are so low. Another reason, of 

Copyright © National Academy of Sciences. All rights reserved.

Collected Presentations Presented at the Workshop Towards a National S&T Data Policy
http://www.nap.edu/catalog.php?record_id=19521

http://www.nap.edu/catalog.php?record_id=19521


- 8 -

course, is that the job is not as simple as many people 

make it out to be. They erroneously focus their attention 

on access and distribution, rather than on the scholarship 

required to put data in a form in which users will dare 

rely upon it. 

Institutions end up delegating the job back to individuals 

and, in most company situations, an individual who 

confronts a data problem in the middle of a piece of 

committed work, with a committed schedule, has no choice 

but to try to get around it empirically. In most cases, 

there is no time to remedy the situation, and there 

certainly is no time to alter the knowledge environment. 

The knowledge environment is assumed by most companies 

to be something they cannot affect, at least not in first 

approximation or in the near term. 

Government today depends on professional societies to 

sustain the journals for both the primary and secondary 

literature. Yet, there is coming into being a commercial 

capability to provide science and technology data collec­

tions through computer networks in a form attractive to 

users. 
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·I' m sure you' re all aware that value-added data 

communications networks such as Telenet and Tymnet are now 

rapidly growing in capability. They represent roughly a 

billon dollar a year market, and explosive growth is 

predicted. 

What a lot of people don' t realize is that there is a 

business four to five times larger in this country, called 

remote computer services. These companies operate some of 

the biggest networks in the world, and they are providing 

access to information and to compute-capability, in a 

business running close to $5 billion a year. 

The fall 1982 Directory of Online Databases -- itself an 

old fashioned book, I might point out -- describes 1,350 

databases, up 40 percent from the year before. The 

publishers anticipate that their spring 1983 edition will 

show 20 percent additional growth. Mind you, those are 

not all science and technology databases; they represent 

the whole panaply of information for sale via networks 

and other electronic access methods. 

These capabilities can be a vehicle for private sector 

access to science and technology data, but ensuring 

reliable, retrievable data is not a function we should 
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leave exclusively to professional societies, the 

publishing industry or the private sector. The cost of 

the scientific expertise required to evaluate the data 

and put it in a form attractive to end users is small 

compared to the cost of the original research, but it 

represents a large, high risk front-end investment. I 

know of no case of a data vendor deciding to invest from 
-

scratch in both original research and the means for 

providing commercial access, at prices adequate to recover 

the cost of the original knowledge, the cost of added 

evaluation and the cost of dissemination. 

Thus, it seems to me very appropriate for the private 

sector to provide access to knowledge and as much of the 

analysis as can be business-justified. Government should 

accept the premise that funding the review literature 

and data evaluation is a responsibility integral to 

funding research activities. Government research 

agencies should fund both the generation and the 

evaluation and user-packaging of the knowledge. 
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A national science and technology data policy would have 

six elements: 

1. Productivity of the research and development 

process, half of which is sustained with 

Federal funds, should be a major Federal concern. 

Agencies sustaining the science and technology 

infrastructure should be held accountable for 

increasing R&D productivity. 

2. Funding of research to produce generally useful 

knowledge carries with it a responsibility, not 

only to ensure publication of results but also 

their evaluation and preparation in a form suitable 

for application and the assurance of public access 

at reasonable cost. Again, all agencies funding 

research should be held accountable. 

3. The private sector should be encouraged to take 

an increasing, but not exclusive, role in the 

provision of access to evaluated data, but 

commercial companies cannot be expected to finance 

the depth of scholarship required for data analysis 

and evaluation. That must be viewed as the obligation 
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of the sponsor of the original research. User 

fees for the allocated cost of access are appropriate 

for Government-provided information systems. 

4. Unrestricted access to unclassified data, generated 

at public expense, is a cardinal requirement for 

a dynamic, high technology economy. The desire 

to frustrate technical progress by hostile nations 

must not be allowed to impede the competitiveness 

of our own economy in its dependence on available 

scientific and technical data. 

5. It is strongly in the U. S. interest to make 

agreements with other nations, to share the costs 

and scarce skills for data evaluation and access. 

We should take the lead in this worldwide 

cooperative effort as, indeed, we have done in 

the past. For, as the nation with the most 

innovative economy, most dependent upon being 

innovative in the future, we stand to gain the 

most from global cooperation. 
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6. The task of evaluating and preparing for application 

published scientific and technical data of general 

utility is a joint responsibility of user 

institutions in the private sector, private 

information vendors, professional associations and 

societies and agencies funding, producing and using 

research. Some national body with Federal and 

private participation should monitor the adequacy 

of this science and technology information system 

and provide policy guidance to the Federal agencies 

and recommendations to the private sector. 

I am sure that other and more specific ideas will emerge 

from this workshop. I' ve not given you a recipe for 

how to bring whatever policy, in the workshop's judgment, 

is correct into being. 

In truth, I' m not even very optimistic. My recommendation 

number six, for example, was in place in the fifties and 

sixties when COSATI was in the Office of Science and 

Technology Policy. The executive coordinating function 

for science and technology information policy has been 

moved and downgraded ever since. 
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We will not make much progress in this area until the 

Government takes a very pragmatic view of its whole science 

and technology policy -- not just a data policy. I have 

long advocated such an overall policy, but I do it with 

a certain amount of concern. 

The science and technology policy I suggest would expend 

Federal funds on assuring that those solving problems in the 

interest of our society -- whether they be in the public 

or private sector -- have the best and most appropriate, 

most available technical means for doing so. 

Now, if that were our Federal science policy, the number 

one priority would be to make available existing knowledge. 

Most existing knowledge is very badly underutilized. 

If users benefitted greatly from information services, 

there would be an increased demand for new knowledge to 

fill in the gaps -- because massive gaps there are -- and 

we would have a driving force for the basic research 

investment. 
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lforksboo 

Towards a National S&T Data Polley 

WASHINGTON� D.C. -- APril 14� 1983 

INTRODUCTION 

Dr. Hollis L. Cuell 
Labot'lltory Director 
II!M Corp •• E. Fishkill 
Rt. 52 
ifopeNell Jet., NY 12533 

WE'VE ALL READ OR HEARD OF THE 

GREAT ADVANCES WHICH HAVE BEEN 

MADE IN SILICON TECHNOLOGY. 

THIS OF COURSE IS THE TECHNOLOGY 

WHICH HAS LED TO RAPID IMPROVE­

MENTS IN THE COST PERFORMANCE 

OF DATA PROCESSING EQUIPMENT� 

THE AVAILABILITY OF HOME VIDEO 

GAMES� AND THE CURRENT RUSH 

TOWARD PERSONAL COMPUTERS I 

t10ST PEOPLE ARE AWARE OF THE 

PROGRESS, FEWER ARE AWARE OF THE 

PROBLEMS WHICH HAVE HAD TO BE 

OVERCOME TO ACHIEVE THIS PROGRESS. 

IT'S FREQUENTLY WHEN ONE IS IN 

DIFFICULTY THAT THE AVAILABILITY 

OF GOOD SOLID SCIENTIFIC DATA 

ARE PRICELESS IN TERMS OF HELPING 

TO ARRIVE EXPEDITIOUSLY AT A 

SOLUTION TO A KEY PROBLEM. YOU 

MIGHT ASK, •CAN'T A COMPANY THE 

SIZE OF IBM GENERATE ITS OWN DATA 

AS REQUIRED?• THE ANSWER IS 

. •YES• BUT THERE IS A PRICE AND 

THE PRICE IS THE TIME TO GATHER 

THE SKILLS, SET UP THE REQUIRED 

APPARATUS, PERFORM THE EXPERI­

MENTS, AND ANALYZE THE RESULTS. 

FREQUENTLY, BY THEN, IT'S TOO LATE. 

I'D LIKE TO CITE SEVERAL EXAMPLES 

TO ILLUSTRATE THE VALUE OF GOOD, 

PUBLISHED INFORMATION IN SOLVING 

PROBLEf1S I THESE ARE EXAMPLES OF 

WHERE WE AT IBM DID HAVE TO 

GENERATE KEY DATA WITHIN THE 

COMPANY BECAUSE IT WAS NOT 

AVAILABLE IN THE LITERATURE, · 

AND WHERE MISLEADING RESULTS 

DELAYED PROGRESS IN AN EX­

CITING ANALYTICAL FIELD. 
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I WILL START BY GIVING YOU AN 

EXAMPLE OF WHERE SOP1E RESEARCH 

WHICH MOST PEOPLE WOULD HAVE 

CONSIDERED TO BE VERY ESOTERIC 

HAD A PROFOUND IMPACT UPON SEMI­

CONDUCTOR DEVICE DESIGN. THE 

TIME PERIOD WAS THE LATE 1960's 

AND 1811 WAS WORKING TO DEVELOP 

A LEADING EDGE HIGH PERFORMANCE 

PROCESSOR, THE PROCESSOR USED 

A NEW SET OF HIGH PERFORMANCE 

TRANSISTORS. IT'S NOT UNUSUAL 

FOR A NEW SYSTEM WITH NEW TECH­

NOLOGY TO EXPERIENCE MODULE 

FAILURES DURING THE SYSTEM ENGI­

NEER! NG PHASE, HOWEVER NORMALLY 

THE RATE OF THESE FAILURES FAULS 

OFF AS MORE EXPERIENCE IS GAINED 

WITH THE TECHNOLOGY AND SUITABLE 

CORRECT! ONS ARE MDE. HOWEVER 

IN THE CASE OF THIS PROCESSOR 

THE MODULE FAILURES DID NOT 

DECREASE AND IT WAS VERY CLEAR 

THAT WE HAD A PROBLEM. HOWEVER 

IT WASN'T EQUALLY CLEAR WHAT 

THE PROBLEM WAS. ALL OF OUR 

IORMAL FAILURE ANALYSIS ROUTINES 

- 1 6  -

INDICATED THE fii)DlJLES HAD FAILED 

BECAUSE OF AN ELECTRICAL OVER­

LOAD, BUT THERE HAD NOT BEEN 

ANY RECOGNIZED ELECTRICAL OVER­

LOADS. ONLY AFTER A DETAILED 
. 

EXAMINATION OF THE SEMICONDUCTOR 

CHIPS MOUNTED ON THE MODULE DID 

WE FIND THAT THERE WAS A VERY 

FINE HAIRLINE CRACK IN THE 

ALUMINUM METAL USED TO CARRY 

CURRENT ON THE CHIP. 

IN FACT THE CRACK COULD ONLY BE 

SEEN UNDER VERY HIGH MAGNIFICATION 

ON SAMPLES WHICH HAD BEEN SPECIALLY 

PREPARED AS SHOWN IN THE FIRST 

SLIDE. A LITERATURE SEARCH WAS 

INITIATED TO SEE WHAT EFFECTS 

HAD BEEN OBSERVED IN METALS 

CARRYING CURRENTS, WE LEARNED 

FROP1 THIS SEARCH THAT A PROFESSOR 

BY THE NAME OF H.B. HUNTINGTON 

AT RENSSELAER POLYTECHNIC INSTITUTE 

HAD MADE A NUMBER OF MEASUREMENTS 

ON WIRES CARRYING HIGH CURRENTS._ 
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HE HAD BEEN STUDYING A PHENOMENON 
' 

CALLED ELECTROMIGRATION AND BEEN 

ABLE TO SHOW THAT THE ELECTRONS 

ASSOCIATED WITH CURRENT FLOW 

INTERACTED WITH THE METAL ATOMS 

IN A WIRE AND THESE VERY LIGHT 

ELECTRONS COULD ACTUALLY MOVE 

THE METAL ATOMS FROM ONE END OF 

THE WIRE TO THE OTHER. OF COURSE 

AS ATOMS PILED UP AT ONE END OF 

THE WIRE THEY CREATED AN ABSENCE 

OF ATOMS AT THE OTHER END OF THE 

WIRE. AS THAT END GOT THINNER, 

MORE CURRENT HAD TO FLOW THROUGH 

THE REMAINING MATERIAL AND THE 

MOVEMENT OF ALUMINUM ATOMS IN­

CREASED. FINALLY THE WIRE FAILED. 

THE SIGNIFICANCE OF THE HUNTINGTON 

WORK WAS THAT THIS WASN'T AN 

EFFECT WHICH WAS INTUITIVELY 

OBVIOUS. FOR EXAMPLE, IT TAKES 

APPROXIMATELY 50,000 ELECTRONS 

TO EQUAL THE MASS OF ONE 

ALUMINUM ATOM. THUS TRYING TO 

MOVE ALUMINUM ATOMS WITH 

ELECTRONS IS A BIT LIKE ATTEMPT-

- 17 -

lNG TO MOVE A BOULDER WITH A 

PEA SHOOTER. HOWEVER, IN 

MATERIALS THE INTERACTIONS ARE 

VERY COMPLEX AND ELECTROMIGRATION 

IS THEORETICALLY POSSIBLE BE­

CAUSE OF COOPERATIVE FORCES 

BETWEEN ELECTRONS. 

I SHOULD MENTION THAT IN FABRI­

CATING THE DEVICES USED IN TH IS 

HIGH PERFORMANCE PROCESSOR, WE 

HAD MADE THEM MORE SUSCEPTIBLE 

TO ELECTROMIGRATION EFFECTS 

BECAUSE WE HAD MADE THE ALUMINUM 

VERY THIN. IT WAS MADE THIN 

BECAUSE WE HAD TO ETCH VERY 

FINE PATTERNS IN THE ALUMINUM 

· AND THIS WAS EASIER TO DO WITH 

THIN ALUMINUM. FOR EXAMPLE 

THE FOUR FINGER STRIPES SHOWN 

ON THE NEXT SLIDE HAVE A WIDTH 

LESS THAN ONE TWENTIETH THE 

THICKNESS OF A HUMAN HAIR. 

THUS IN ATTEMPTING TO SOLVE 

THE ETCHING PROBLEM WE HAD 

UNKNOWINGLY CREATED ANOTHER 

PROBLEM. EVEN TODAY AFTER THE 
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DEVELOPMENT OF ALLOYS WHICH ARE 

MUCH LESS SUSCEPTIBLE TO ELECTRO­

MIGRATION THAN PURE ALUMINUM� 

ELECTROMIGRATION STILL POSES A 

FUNDAMENTAL DESIGN CONSTRAINT ON 

MANY SB11CONDUCTOR DEVICES. 

WITHOUT THE PIONEERING WORK OF 

HUNTINGTON AND CO-WORKERS IT WOULD 

HAVE UNDOUBTEDLY TAKEN FAR MORE 

TIME AND EFFORT TO HAVE IDENTIFIED 

THE CAUSE OF THESE FAILURES AND 

ACRE TIME TO ARRIVE AT SUITABLE 

IMPROVEMENTS FOR HIGH PERFORMANCE 

COMPONENTS. 

LET ME GIVE YOU ANOTHER EXAMPLE 

DEALING WITH ELECTROMIGRATION; 

ONE WHERE IBM HAD TO GENERATE 

FUNDAMENTAL DATA BECAUSE THEY 

WERE NOT READILY AVAILABLE IN 

THE LITERATURE. IBM USES A 

TECHNOLOGY CALLED C4 TO MAKE 

INTERCONNECTIONS TO THEIR 

SILICON CHIPS. THE NEXT SLIDE 

SHOWS A PHOTOGRAPH Of A SILI­

CON CHIP WITH THE LEAD ALLOY 

SOLDER PADS ON TOP OF THE CHIP. 

- 1 8  -

THE CHIP IS SURROUNDED BY 

GRAINS OF SALT FOR REFERENCE 

PURPOSES. THIS CHIP IS THEN 

FLIPPED OVER AND SOLDERED 

DOWN TO A SUBSTRATE AS SHOWN 

IN THE NEXT SLIDE. SIGNALS 

AND POWER ARE BROUGHT TO 

THE SILICON CHIP FROM THE 

OUTPUT PINS� THROUGH THE 

· CERAMIC SUBSTRATE TO THE 

SOLDER COLUMNS WHICH SUPPORT 

THE CHIP. THE NEXT SLIDE 

SHOWS AN ACTUAL CROSS SECTION. 

BECAUSE THE CURRENT DENSITIES 

ARE RELATIVELY HIGH IN THESE 

SOLDER COLUMNS THERE'S A CON­

CERN HERE WITH ELECTROMIGRA­

TION. WHAT ACTUALLY CAN 

OCCUR IS THAT VOIDS CAN BE 

FORMED NEXT TO THE SILICON CHIP 

AND ULTIMATELY LEAD TO FAILURE 

OF THE C4 PAD. 
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THE INFORMATION NEEDED IS DATA 

ON THE RATE AT WHICH METALS 

DIFFUSE IN THE SOLID STATE 

. THROUGH THESE LEAD ALLOYS. 

EVEN AT TEMPERATURES AROUND 

ROOM TEMPERATURE .. ATOMS MOVE 

IN THESE SOLID ALLOYS. WHAT 

WE NEEDED TO KNOW WAS THE 

DIFFUSION RATES OF LEAD IN 

LEAD., OF TIN IN LEAD .. AND THEN 

THE DIFFUSION RATES OF THESE 

TWO ELEMENTS IN LEAD ALLOYS 

CONTAINING VARIOUS AMOUNTS OF 

TIN .. INDIUM .. GOLD., AND COPPER. 

THESE DATA ARE SIMPLY NOT 

AVAILABLE. EXPERIMENTS WERE 

INITIATED AT THE THOMAS J, 

WATSON RESEARCH CENTER IN 

YORKTOWN., NEW YORK TO OBTAIN 

THESE DATA. WE ALSO CONTRACTED 

WITH H.B. HUNTINGTON AT RPI 

TO OBTAIN SIMILAR DATA ON THE 

FAST DIFFUSERS IN THESE HIGH 

LEAD ALLOYS I THE WORK CONTINUES 

TO THIS DAY. 

- 19 -

AS THESE DATA IE�E AVAILABLE 

WE WERE ABLE TO REFINE THE 

METALLURGICAL COMPOSITIONS OF 

. OUR C4 JOINTS AND OBTAIN IN­

CREASED RESISTANCE TO ELECTRO­

MIGRATION. THIS IS BUT ONE 

EXAMPLE OF WHERE VERY PRACTICAL 

CONSIDERATIONS HAVE LEAD US TO 

SEEK RATHER FUIDAMENTAL MATERIALS 

ORIENTED DATA. 

IN THIS CONNECTION .. THE CURRENT 

PROPOSAL SPONSORED BY THE AMERICAN 

SOCIETY FOR METALS AND THE 

NATIONAL BUREAU OF STANDARDS 

ON ALLOY PHASE DIAGRAMS IS OF 

INTEREST TO US. PHASE DIAGRAMS 

TELL WHAT HAPPENS AS ONE MIXES 

TWO OR PIORE ELBENTS TOGETHER. 

THEIR PROPOSAL IS TO MAKE AVAIL­

ABLE TO REMOTE COMPUTER TERMINALS., 

METALLURGICAL PHASE DIAGRAMS 

FOR BINARY .. TERNARY., AND HIGH 

ORDER ALLOY SYSTEMS I THIs Is 

THE TYPE OF DATA BASE WHICH WILL 

ASSIST MANY IN THEIR WORK. 

Copyright © National Academy of Sciences. All rights reserved.

Collected Presentations Presented at the Workshop Towards a National S&T Data Policy
http://www.nap.edu/catalog.php?record_id=19521

http://www.nap.edu/catalog.php?record_id=19521


LET ME GIVE YOU ANOTHER EXAMPLE. 

THIS HAS TO DO WITH THE IMPACT OF 

NUCLEAR PARTICLES ON SEMICONDUCTORS. 

WHAT HAPPENED SEVERAL YEARS AGO 

VAS THAT COMPUTER ENGINEERS FOUND 

THAT THEY WERE OBSERVING VERY 

STRANGE MEMORY ERRORS IN THEIR 

COMPUTER SYSTEMS. THE SOURCE OF 

THESE ERRORS WAS ULTIMATELY TRACED 

TO MINUTE QUANTITIES OF RADIO 

ACTIVE MATERIAL CONTAINED IN THE 

P�CKAGES AND MATERIALS USED TO 

FABRICATE THE SILICON MEMORY 

DEVICES. THESE RADIO ACTIVE 

MATERIALS WERE EMITTING ALPHA 

PARTICLES WHICH ARE CHARGED HELIUM 

NUCLEI. THESE PARTICLES WHEN THEY 

STRUCK THE SILICON SURFACE CREATED 

ERRORS IN THE COMPUTER STORAGE 

ELEMENTS. THIS EFFECT WAS HIGH­

LIGHTED IN A PAPER PRESENTED IN 

1978 BY MAY & WOODS AT THE 16th 
RELIABILITY SYMPOSIUM. THIS 

PUBLICATION SAVED THE COMPUTER 

INDUSTRY MUCH 

- 2 0  -

EFFORT SINCE
1
0NCE THE PROBLEM 

WAS IDENTIFIED, SOLUTIONS 

EVOLVED RAPIDLY. THE KEY HAD 

BEEN TO RECOGNIZE THE SOURCE 

OF THE ERRORS AND INFORPJ THE 

TECHNICAL COMMUNITY OF THE 

PROBLEJ1. 

HOWEVER COSMIC RAYS PRESENTED A 

SIMILAR, BUT POTENTIALLY MORE 

DIFFICULT PROBLEM SINCE COSMIC 

RAYS ARE VERY ENERGETIC AND IT 

IS IMPOSSIBLE TO STOP COSMIC 

RAYS FROM INTERACTING WITH COA­

PUTER COMPONENTS. COSMIC RAYS 

ORIGINATE WHEN VERY HIGH 

ENERGETIC PARTICLES FROM OUTER 

SPACE STRIKE ATOMS IN THE 

EARTH'S UPPER ATMOSPHERE. 

THESE COLLISIONS RESULT IN 

SHOWERS OF PARTICLES KNOWN AS 

COSMIC RAYS WHICH RAIN DOWN 

ON THE EARTH. 
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THUS THE UNLIKELY SITUATION 

DEVELOPED �HERE PEOPLE CON­

CERNED WITH COMPUTER MEMORIES 

BECAME INTERESTED IN THE COSMIC 

RAY DATA CONTAINED IN THE 

EVALUATED NUCLEAR DATA FILE 

PUBLISHED BY THE NATIONAL 

NUCLEAR DATA CENTER AT THE 

BROOKHAVEN NATIONAL LABORATORY 

IN UPTON NEW YORK. WITH THESE 

DATA IT WAS POSSIBLE TO GO 

THROUGH AND ASSESS POTENTIAL 

ERROR RATES THAT ONE WOULD EN­

COUNTER IN COMPUTER MEMORIES. 

ACTUALLY TO VERIFY SOME OF 

. THESE RESULTS COMPUTER MEMORY 

DEVICES WERE FLOWN IN AIRPLANES 

AT HIGH ALTITUDE AND T�E SAME 

TYPE OF DEVICES WERE OPERATED 

IN VERY DEEP GOLD MINES IN 

ATTB1PTS TO ASSESS COSMIC RAY 

EFFECTS. THUS A VERY UNLIKELY 

SOURCE OF RATHER FUNDAMENTAL 

DATA IN A FIELD COMPLETELY 

FOREIGN TO COMPUTER SCIENCE 

TECHNOLOGY PROVED TO BE 

- 2 1 -

VALUABLE WHEN COfiPUTER TECH­

NOLOGY RAN INTO THE QUESTION 

OF ASSESSING THE ROLE OF 

COSMIC RAYS IN MEMORY ERROR 

RATES. NEEDLESS TO SAY 1 IF 

YOU'RE WORKING WITH SPACE 

ELECTRONICS� THESE COSMIC 

RAY DATA ARE OF SIGNIFICANCE 

TO YOU AS YOU ASS£SS RELI A­

B I LI TV CONCERNS. 

JI1Y LAST EXAMPLE IS ONE DESIGNED 

TO ILLUSTATE THE IMPORTANCE OF 

HAVING GOOD RELIABLE SCIENTIFIC 

DATA. IT DEALS WITH ONE OF THE 

MOST POWERFUL ANALYTICAL TOOLS 

AVAILABLE IN OUR INDUSTRY TODAY; 

THE SCANNING ELECTRON MICROSCOPE. 

THIS IS AN EXTREMELY POWERFUL 

TOOL IN THAT IT PERMITS PICTURES 

TO BE TAKEN WHICH ARE EXTREMELY 

CLEAR AND PROVIDE A THREE 

DIMENSIONAL REPRESENTATION, 

LET ME SHOW YOU SEVERAL SLIDES 

TO ILLUSTRATE THE POWER WHICH 

THE SEM OFFERS. THE FIRST IS 

A PHOTOGRAPH TAKEN WITH A HIGH-
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QUALITY O�TICAL MICROSCOPE OF 

METAL PATTERNS WHICH HAVE BEEN 

FORMED UPON THE TOP SURFACE OF 

A SILICON WAFER. YOU'LL NOTE 

THAT TH E RESOLUTION OR THE 

ABILITY TO SEE DETAIL IS FAIRLY 

GOOD. HOWEVER WHAT THE SLIDE 

LACKS IS ANY INFORMATION UPON 

THE DEPTH IN THE STRUCTURE. 

IF THE SAME SAMPLE IS EXAMINED 

WITH A SCANNING ELECTRON MICRO­

SCOPE THEN YOU FIND DEPTH PER­

CEPTION IS GREATLY ENHANCED 

AS SH OWN NEXT. FURTHERMORE� 

THE ELECTRON MICROSCOPE HAS 

GREATER RESOLUTION CAPABILITY 

SO THAT WE CAN MAGNIFY STRUC­

TURES MORE AS SHOWN IN TH E 

NEXT SLIDE TO SEE GREATER 

DETAIL. ONE CAN LITERALLY 

FIND CRACKS AND VOIDS IN THESE 

STRUCTURES WH ICH ARE JUST NOT 

EVIDENT IN AN OPTICAL MICROSCOPE. 

THE NEXT SLIDE IS ANOTHER ILLUS­

TRATION OF THE THREE DIMENSIONAL 

DETAIL THE SEM DISCLOSES. 

- 2 2  -

INTERESTINGLY ENOUGH THERE ARE 

THOSE IN THE FIELD WHO BELIEVE 

DEVELOPMENT OF THE SCANNING 

ELECTRON MICROSCOPE WAS DELAYED 

BECAUSE OF A TECHNICAL PUBLICA­

TION. IN 1942 A RESPECTED 

LABORATORY PUBLISHED RESULTS 

OBTAINED WITH AN EXPERIMENTAL 

SEM. THESE RESULTS DID NOT 

LOOK ENCOURAGING AND DIS­

COURAGED OTHERS FROM ENTERING 

THE FIELD. IT WASN'T UNTIL 

1963 THAT THE SEM CONCEPT WAS 

SHOWN TO BE PRACTICAL. ONCE 

THIS WAS DONE PROGRESS WAS 

RAPID AND THE SEM HAS LONG 

SINCE BEEN A VALUABLE ANALYTI­

CAL TOOL I HOWEVER� TWENTY 

YEARS HAD PASSED FROM THAT 

KEY PUBLICATION IN 1942 TO A 

RE-AWAKENING OF INTEREST IN 1963. 
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HOWEVER� IN THE SAME FIELD THERE 

IS AN EX�1PLE OF WHERE AN EARLY 

PUBLICATION PROVED OF GREAT 

VALUE MANY YEARS LATER. ONE OF 

THE PROBLB�S FACED IN ELECTRON 

BEAM EQUIPMENT WAS THE TUNGSTEN 

FILAMENT WH ICH WAS USED AS A 

SOURCE OF ELECTRONS. THIS 

FILAMENT WAS HEATED VERY HOT 

AND HAD A LIMITED LIFE ASSOCIATED 
• 

WITH IT. REPLACING A TUNGSTEN 

FILAMENT AND REALIGNING IT IN 

THE ELECTRON BEAM COLUMN WAS 

A TIME CONSUMING AND TEDIOUS 

TASK. A SCIENTIST BY THE NAME 

OF ALEC BROERS WAS LOOKING FOR 

A BETTER SOURCE OF ELECTRONS. 

IN SEEKING A MATERIAL FOR THIS 

APPLICATION HE WENT BACK SOME 

16 YEARS TO A PAPER PUBLISHED 

IN THE JOURNAL OF APPLIED PHYSICS 

IN 1950 BY J.M. LAFFERTY OF THE 

GENERAL ELECTRIC RESEARCH 

- 2 3  -

LABORATORY IN SCHENECTADY� NEW YORK. 

THIS PAPER INDICATED THAT LANTHANUM 

HEXABORIDE COULD SERVE AS A SOURCE 

FOR THESE ELECTRONS. THIS LED IN 

1966 TO A PUBLICATION IN THE 

JOURNAL OF APPLIED PHYSICS ENTITLED 

'ELECTRON GUN USING LONG-LIFE 

LANTHANUM HEXABORIDE CATHODE'. 

WITH THIS DEVELOPMENT THE LIFE­

TIME OF THE CATHODE WAS EXTENDED 

BY OVER 100 TIMES FROr� THAT 

AVAILABLE WITH A TUNGSTEN HAIR­

PIN. FURTHER DEVELOPMENTS HAVE 

LED TO THE AVAILABILITY OF 

SINGLE CRYSTAL LANTHANUM HEXABORIDE 

WHICH HAVE EXTENDED THE LIFETIME 

OF THESE FILAMENTS EVEN MORE. 
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IN CONCLUSION� I'D LIKE TO CITE 

SOME LIBRARY STATISTICS FROM 

IBM SINCE I BELIEVE THESE 

STATISTICS PERHAPS REFLECT 

THE VALUE WHICH TH E IBM CORPO­

RATION PLACES UPON MAKING 

AVAILABLE TECHNICAL DATA TO 

ITS SCIENTISTS AND ENGINEERS. 

THE IBM CORPORATION H AS LABOR­

ATORIES THROUGHOUT THE WORLD 

AND EACH OF THESE LABORATORIES 

HAS ITS OWN LIBRARY CONTAINING 

TECHNICAL INFORMATION APPRO­

PRIATE FOR THAT LABORATORY'S 

MISSION. HOWEVER� THE RESEARCH 

DIVISION LABORATORY LOCATED AT 

YORKTOWN HEIGHTS� NEW YORK 

IS OUR LARGEST LABORATORY AND 

I'D LIKE TO CITE A FEW 

STATISTICS FOR IT. 

- 2 4  -

THIS LIBRARY HAS 82�000 BOUND 

JOURNALS AND BOOKS� RECEIVES 

1800 JOURNALS FROM 21 COUNTRIES� 

. HAS 3500 REELS OF MICROFILM 

AND AN OPERATING BUDGET FOR 

1983 OF APPROXIMATELY S1M. I 

CAN PERSONALLY VOUCH FOR THE 

FACT THAT THE LIBRARY IS USED 

EXTENSIVELY AT ALL HOURS OF 

THE DAY AND NIGHT. THE IN­

FORMATION THE LIBRARY CONTAINS 

HAS BEEN IMPORTANT TO OUR 

SUCCESS. IT '·S EQUALLY IMPOR­

TANT THAT FREE FLOW OF INFOR­

MATION AND AVAILABILITY OF 

KEY DATA CONTINUE IN THE FUTURE. 
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EXAMPLES OF DATA UTILIZATION AND NEEDS IN THE AUTOMOTIVE INDUSTRY 

Julius J. Harwood 
Research Staff, Ford Motor Co�pany 

Dearborn. Michigan 

Workshop on "Towards a National S&T Data Pol icy" 

April 14, 1983 

It is self evident that the availability of reliable, verifiable and 

reproducible engineering information is intrinsic to the successful operation 

of a technologically based industrial enterprise. The needs for a broad and 

diverse range of data underlie the challenges of high productivity in industrial 

design, product development and manufacturing operations. 

We are coming to understand more and more that in a modern manufacturing 

organization, a principal activity of people is creating, analyzing, trans­

mitting and managing data and not just the actual transformation of material. 

Coupled to this are the associated needs for engineering standards and sophis­

ticated techniques and procedures for generating information quickly and with 

high degrees of accuracy and sensitivity. The spectacular growth in the 

development and utilization of computer aided technology has underscored the 

realization that our new strategic resource is information, equal in power to 

the past effects of ca pital and physical resources. The power of the computer 

to integrate and process information has led to the search for better tests 

and new types of properties characterizations to better simulate real-life 

service conditions and to more efficient product design methodologies. 

This presentation will cite briefly three examples of property data 

generation and utilization to illustrate the importance of the availability 

and accessibility of relia ble data for automotive product design and develop­

ment. The first deals with the need for materials property data, particularly 

cyclic fatigue data, for assur·ing product reliability and component life 
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predict� on capabilities. The second cites the critical need for engineering 

data characterizing the properties and performance of plastics and fiber 

reinforced composites to enable their design and utilization as vehicle 

structural materials. The ·third illustrates the power of new sophisticated, 

analytical techniquesfor rapidly generating data on trace contaminants in 

exhaust atmospheres and the indispensability of such data for evaluation in 

emission control procedures and its broad applicability to atmospheric chemistry 

and gaseous mixtures. 

(1) Fatigue Characterization of Engineering Materials 

The ability to accurately predict component fatigue performances has 

become a goal of increasing importance in engineering design practice. Much 

progress has been made in developing improved fatigue analysis procedures 

due, in large measure, to detailed studies of the cyclic deformation behavior 

of materials. Such studies have led to a better understanding of the fatigue 

process and a much improved quantitative basis for evaluating material 

fatigue characteristics. 

Central to these developments are sets of cyclic properties describing a 

materials' cyclic deformation behavior and fatigue resistance. -The success 

of modern fatigue prediction techniques has stimulated a number of related 

and cooperative efforts concerned with specifying standard testing and analysis 

methods for determining the required materials properties and the establishment 

of material property data bases to assure the ready availability of such infor­

mation to designers. Standards also help assure the quality and uniformity of 

data. In the United States, much of this activity fs carried on in the respec­

tive fatigue committees of the American Society for Testing and Materials (ASTM ) 
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and the Society of Automotive Engineers (SAE). Other societies and govern­

ment activities al so ar� playi ng key roles in other technical standard areas. 

A past obstacle to the implementation of fatigue analysis procedures 

has been the lack of an adequate materials property data base. Part of this 

problem has been overcome in that cyclic properties are now available for a 

�de range of engineering alloys. Much of this data has been generated by 

materials users, such as Ford Motor Company and by their materials vendors 

and suppliers (Fig. 1). We have worked for over 1 0  years in getting standard 

procedures established such that vendor companies are now more "comfortable .. 

in providing materials information. 

However, no central repository yet exists for this information and it fs 

not as accessible to product designers as we desire. To date. data compilations 

have generally taken the form of handbooks produced by industrial organizations 

for their own internal use or by technical societies such as the Annual SAE 

Handbook. While these have been helpful, this format for large·amounts of data 

can become cumbersome to manage. 

Current activities are focussing on the development of computer based data 

banks and systems (Fig. 2). Together with the Materials Property Council, the 

National Bureau of Standards and others. we have been promoting the establish­

ment of centralized data banks for mechanical properties. The availabi lity and 

accessibility of such·systems are of tremendous value to users. Properties for 

particular alloys can be output in the form of data sheets or graphical plots. 

Materials with specified characteristics can be found through search and sort 

routines. Materials properties can be accessed by other programs to perform 

cumulat ive damage analysis and life predictions. Systems of this type are now 

under development in a numbet• of organizations. There also 1s a growing interest 

Copyright © National Academy of Sciences. All rights reserved.

Collected Presentations Presented at the Workshop Towards a National S&T Data Policy
http://www.nap.edu/catalog.php?record_id=19521

http://www.nap.edu/catalog.php?record_id=19521


- 36 -

in the development of more centralized data banks which would be more exten­

sive in content and readily accessible by the technical community at large. 

With the development and availability of a variety of new and powerful 

design analysis tools has come an increased reliance on analytical design 

studies for engineering structures (Fig. 3}. Mechanical properties of materials 

play an essential role in such approaches. The coupling of a materials data 

base with modern structural analysis programs, e. g. finite element analysis, 

allows design iterations and materials selection decisions to be made early in 

the design process in a quick and relatively 
·
inexpensive way. 

Such a computerized fatigue analysis procedure also provides a convenient 

basis for accounting for the effects on fatigue performance by materials 

processing effects. The designers can now better anticipate performance 

problems caused by manufacturing operations. or to enhance fatigue resistance 

through the judicious choice of materials processing. 

With the development of a more sophisticated fatigue analysis capability, 

there exists an urgent need for better and more extensive cyclic materials 

property data. Standard testing and analysis procedures for determining 

cyclic properties appear to be sufficiently well developed to allow for the 

generation of statistically valid data on a large scale. In the longer term, 

the more pressing need is for the establishment of automated data bases so 

that materials information will be readily accessible to engineering design 

functions. Implementation of these computer aided design/information systems 

will assist greatly in the development of ever more reliable structures, with 

high engineering efficiency and cost-effectiveness, and in the optimal selection 

of materials and processing operations. 
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We see the need for a coordinated effort involving industrial laboratories, 

government centers. universities and professional societies for aggressively 

pushing to establish central data banks appropriately located. It is our 

understanding that a proposal of this type is being formulated by the Materials 

Properties Council. Efforts along these lines are moving rapidly in foreign 

countries and we need to push ahead with our own resources. Somehow the vast 

amounts of data being generated under government R&D and contracts and in 

government centers needs to be addressed as to how to better serve these goals. 

(2) Characterization of Structural Plastics 

Emphasis on higher efficiency, more fuel economical vehicles has focussed 

attention on the utilization of lightweight materials for vehicle weight reduc­

tion. Structural plastics and fiber reinforced composites, as a new engineering 

class of materials, offer exciting potential for weight reduction opportunities. 

The Ford graphite fiber experimental car demonstrated that an overall vehicle 

weight reduction of over 25% was achievable through the use of advanced composite 

technology, with individual components achieving weight reductions of 50-70%. 

However. for these advanced plastics/composites the understanding and data 

available are in a stage of infancy compared to documentation about metals and 

alloys. The extensive use of structural plastics in advanced vehicles will 

occur best with the state of materials characterizations and property data 

development typical of the information in hand about engineering alloys. The 

scope of the task cannot be minimized. The wide variety of plastic materials 

and processing methods in the generic fiber reinforced plastic class of materials 

makes engineering characterization classification an enormous issue. 

Copyright © National Academy of Sciences. All rights reserved.

Collected Presentations Presented at the Workshop Towards a National S&T Data Policy
http://www.nap.edu/catalog.php?record_id=19521

http://www.nap.edu/catalog.php?record_id=19521


- 3 8  -

Some of the materials characterization information needs are as follows: 

(1) Well documented data base about materials properties. 

(2) Information on the effect of temperature and environment and 

time dependent behavior. 

(3) Durability and fatigue data. 

(4) Energy absorption (crush resistance} data - essential for 

structural integrity and crash resistance. 

(5} Characterization of failure modes. 

(6) Control over variability of materials properties. 

(7) Statistically reliable data base for efficient design; statistical 

studies of mechanical property data to assess degree of scatter. 

(8} Better correlation between properties of test coupons and 
. 

behavior of large sheets and components. 

(9} Effects of processing varia bles on mechanical properties. 

(10) Effects of composition variations, fiber distribution and fiber 

orientation on mechanical properties. 

(11) Effects of aging on properties and performance. 

(12} NOT techniques - quality control procedures for defect 

identification. 

Some of the specific data in these categories can be developed for 

selected materials by·the automotive industry and our associated vendors and 

suppliers. However, the development of generalized FRP methodologies and the 

establishment of the desired data base transcends our capabilities and 

resources. The involvement of university research programs and government 

laboratories in assisting.in transforming these advanced composites into 

engine?ring materials classes would be of major benefit. The type of 
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interacti
'
ons, coordinations and R&D programs which historically underl•y the 

characterization and standardization of engineering alloys and, in more 

recent times, which made silicon such a thoroughly characterized semi-conductor 

material, now needs to be applied to the plastic/composite materials classes. 

As already i�dicated in the previous section, the possibility of creating 

readily accessible computerized data banks, incorporating materials data banks, 

processing infonnation, and design methodologies would be a major step forward 

in accelerating the cost-effective, highly efficient design and application of 

these materials in structural components in future vehicles. 

(3) Analytical Data for Emission Control Systems 

The challenge of developing reliable and effective auto emissions control 

systems surfaced the need for a laboratory technique capable of providing 

detailed compositional analysis of tail pipe emissions. The technique needed 

to be quantitative over an extended range of concentrations; adequately differ­

entiate among individual molecular species; be sensitive to sub-parts-per­

million concentrations, even in the presence of huge amounts of water vapor and 

carbon dioxide; and be rapid in generating the required chemical spectra. The 

best available technique, prior to the '70s, was infrared absorption spectros­

copy, but this had the unfortunate characteristic of requiring prohibitive 

times for acquisition·of the requisite spectra. Over 25 hours of data recording 

was needed to obtain a single record. 

Fortunately in the mid '70s Fourier Transform Infrared Spectroscopy came 

about. This new technique afforded a speed enhancement over lOOOX greater than 

conventional spectroscopic methods, computerized the data and yielded spectra 

of outstanding wavelength precision and excellent reproducibility. The desired 
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. 

infrared spectrum could now be obtained in under a minute' s time. At this 

point there arose the need for "scientific data". The spectra now available 

could be processed in such a way as to represent the sum of the spectra of 

the molecular species making up the subject gas, each in proportion to the 

amount of species present in the sample. 

All that was needed to round out the method was a library of reference 

spectra. This library \'tould consist of spectra of pure compounds diluted by 

pure synthetic air to concentrations comparable to those encountered in the 

exhaust analysis. These reference s.pectra could, in fact,. qualify as "standards", 

in the sense that once recorded they would stand forever. To satisfy the require­

ments of the exhaust analysis work perhaps 50 such reference spectra would be 

required. 

Over the years, such a fibrary has been established by Ford Research. It 

services the needs of our basic research atmospheric chemistry groups as well 

as the emissions analysis work and spans a diverse range of chemical compounds. 

At present, it includes some 250 spectra of about 225 molecules, each run under 

standardized conditions and calibrated on average to better than 10%. Those 

spectra of critical importance are known to better than 1%. Each record i-s 

stored on a computer disc and backed up in a magnetic tape archive. 

Figure 4 illustrates the nature of the spectral data provided by the FTIR 

method. The lower trace shows the complete spectrum of a CVS bag sample. 

Each of the myriad features here distinguishable can be traced to a specific 

molecule and identified in the corresponding reference spectrum. The middle 

trace shows on an expanded scale one segment of the total spectrum, with 

several prominent features labeled by the molecular species causing it- i. e. 

methane (CH4 - 11 p�•l), nitrogen dioxide (N02 - 47 ppm) and formaldehyde 
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{CH20 - 2 . 3  p pm ) . The u pper tra c e  s hows a nother s e gment wi t h expa nded verti c a l  

s ca l e ,  an d  i de nt i fi es fea tures d u e  t o  e t hyl e n e  ( C2H4 - 6 . 7  ppm ) , propyl ene 

{ C3H8 - 3 . 6  p pm ) , i so bu tyl e n e  ( I C4H8 - 1.5 ppm ) a n d  n i trous a c i d { HONO - 4 . 9  ppm ) . 

The power of t h i s tec hn i qu e  i n  terms o f  s e n s i ti v i ty ,  s peed , a c c ura cy and 

rel i a bi l i ty ,  cou p l ed wi th the a va i l a bl e  l i bra ry o f  s ta ndard s pectra ha v e  l ed to  

i ts wi des pread use  i n  Ford Moto r Compa ny a s  a n  on - l i ne te s ti n g  sys tem for eva l ­

uat i n g the e f fec t i v e n e s s  a nd rel i a bi l i ty o f  em i s s i o ns control sys tems . Wi th 

effi c a c i ou s  s am p l i ng metho d s , i t  ha s a l s o  bee n u sed fo r  detect i n g  t race amounts  

of contami n a t i o n  i n  ma ny o t he r  a tmo s ph er i c  e n v i ronments . Too , i t  ha s proven 

to be a tool o f  ex c ep ti o n a l  va l ue i n  stud i es o f  t he c hemi s try of the a tmos phel'·e 

wh i c h  ha v e  l ea d  to t he i d enti fi c a t i on o f  numero u s  reac t i o n  pa t hways , i n termed i a t e  

c hem i c a l s pec i es ,  a nd ev en to t h e  i de nti fi cati on o f new ,  sta bl e a tmo s pher i c  

co n st i tu ents . 

( 3 ) Use of Mecha n i c a l  P ropert i es 

Mecha n i c a l  P.rcpert i e s  fi n d  a maj o r  us e i n  the a s s ura nce of component 

and s t ructura l re l i a b i l i ty .  Some of the ma te r i a l  cons i dera ti ons fac i ng a 

de� i g n e n g i neer a re i nd i ca ted i n  Fi g .  s .  Ba sed on the envi s i oned mech a n i ca l 

e n v i ronme n t , the des i g n e r  mus t fi rs t  cons i de r  pos s i bl e  fa i l u re modes i n h i s 

s tru ctura l d�s i gn .  Mecha n i c a l  p roperty i nfo rma t i on  then p rovi des a n  i nd i ca ­

t i on of the res i s tance of va ri o u s  mater i a l s t o  thes e i de n t i fi ed fa i l ure 

modes . E n v i ronmen ta l  a n d  p roces s i ng . i nfl uences a re gene ra l l y  a s s es sed 

th rough  thei r effe ct o n  mecha n i ca l  p roperti es . 

I n  Fi g .  6 are l i s ted the more common ma ter i a l s tes ts for whi c h  s tanda rd 

procedures ex i s t  or a re be i ng deve l oped . Al s o  s hown a re typ i ca l  p roperti es 

u s e d  to descri be the e l a s ti c , fl ow and frac tu re be ha v i or of a ma teri a l . 

L a rge amo u n t s  of da ta from such  tes ts now e x i s t  fo r vi rtua l l y  a l l c l a s s e s  of 
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e n g i nee r i ng a l l oys . Howeve r ,  th i s  i nfo�a ti on i s  often not read i l y  a cces s ­

i bl e .  The des i gner i s  thus p u t  i n  the d i ffi c u l t pos i ti on  o f  maki ng 

eng i neer i ng j udgments wi th i na deq u a te i nfo rma ti on . 

An i mporta n t  fa c to r  i mpacti ng mecha n i cal  property u s a ge i s  t he rap i d  

deve l opme n t  o f  compu ter- ba s e d  des i gn a n d  ma teri a l  s e l ecti on a i ds . These 

i nc l ude routi nes for s t ructura l a n a l ys i s ,  mec ha n i ca l property and fa ti g ue 

l i fe pre d i c t i o n , and mode l i ng o f  compone n t  p rocess i ng s eq uences . Nearl y a l l 

o f  these p rog rams req u i re s ome type of ma teri a l  prope rty i nput ( Fi g .  7 ) . 

Th i s  s e rves to po i n t  o u t  the des i rabi l i ty of ha vi ng a n  o n - l i ne data ba s e . 

I n  fact , s u c h  a da ta ba s e  i s  e s s e n t i a l  to the e ffect i ve u t i l i z a t i on o f  thes e 

a i ds i n  the des i gn proces s .  

Of g re a ter va l ue to the des i gn eng i nee r i s  the a bi l i ty to acce s s  

mecha n i ca l p rope rt i e s through i n te g ra ted des i gn · a na l y s i s  prog rams . S uc h  

p rog r�ms a re i nd i ca t i ve o f  a g rowi ng  trend towa rd t h e  use of ana lyti ca l 

des i g n s tud i e s i n  componen t  d e v e l opme n t . The s e  proced ure s uti l i ze a 

fi n ; te e l eme n t  mode l  wh i c h c a n  be s ubj e c ted to vari ous  s e rv i ce l oa d i ng  

cond i t i on s  i n  orde r to a s s e s s  l i ke l y  component perfo rma nce p�i or to the 

b u i l d i ng of prototypes . Mecha n i c a l  p rope r t i es a re used both i n  the s truc­

tura l ana l y i s to determi ne l oc a l  s tres s e s  and s t ra i ns and i n  the fa ti g ue 

a n a l ys i s  to dete nm i ne the re s i s ta Rce of a p a rti cu l a r  ma teri a l  to the i mposed 

l oa d i ng . After con s tructi on of the probl em s o l uti o n  components , s e n s i t i v i ty 

a n a l y s e s  can be q u i c k l y  pe rfo rmed through sys tema ti c va ri a t i on of geometry , 

ma teri a l  and l oa d i ng . S u c h  des i g n p rocedu res hol d g re a t  poten t i a l  for 

deve l opi ng better eng i nee red s t ru c tures i n  a s ho rter peri od of t i me .  

Tes t  s tandard i z a t i on wi l l  take on even g rea ter i mpo rtance . The goal 

of such acti v i t i es mus t be to mo re ca refu l ly spec i fy tes t  procedu res a nd 

c l e a r l y  defi ne the properti e s  de ri ved from tes t data . Thi s s hou l d be done 

i n  the context of a utoma ted tes ti ng  wi th ful l uti l i zati o n  of the compu te r ' s  
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ca p a b i l i ty to i ns u re conformi ty to standards. Standard tests wil l undoubt­

ed l y be come a va f l a b l e on ca s s ettes or d i s cs for di re c t  i nput i nto a u toma ted 

sys tems . The tes t  e ng i neer wi l l  then be l ed th ro ug h the p roced ure by 

res pond i ng to keyboa rd q ue ri e s a n d  comma nds . P ropert i e s  wi l l  be de te rmi ned 

by the comp ute r  i n  a s p e c i f i ed ,  unbi a s ed way . A g re a t  dea l of effo rt wi l l  

obv i o us l y be req u i re d  to a c h i eve these goa l s a s  q u i c k l y a s  pos s i bl e .  

The i mpo rta n ce of ge n e ra t i ng prope rti e� that h a ve demonstra ted des i gn 

s i g n i fi cance c an no t be ove r  emphas i zed . S kept i c i sm pers i s ts i n  many ci rc l es 

concern i ng t h e u se of i n forma t i on ga i ned from simple l a bora tory tes ts i n  

a s s es s i n g component per forma nce i n  s e rv i ce env i ronment s . Thi s stems 

l a r ge l y  from 0 1Jr  l ong term rel i a nc e  on " ea s i l y  determi ned " p ro pert i es s u c h  

a s  yi el d s trength , u l t i ma te s tren gt h , e l onga t i on , i mpa c t  energy a nd 

end u ra nc e l i mi t .  T h e s e  propert i es we r e  d ev el oped i n  res pon s e  to pro bl ems 

o f  a no t her t i me ;  a s  suc h ,  t h ey often offer l i tt l e gu i da nce for ·t he s o l u t i on 

of  cu rrent pro bl ems . There i s  amp l e  ev i dence from recent effort s  i n  defor­

mat ion  a nd fra cture r es earc h to s how t hat prop ert i e s  deri v ed from t es ts 

de s i g ned to c l o se l y  s i mu l a t e  serv i ce l oad i ng a nd e nv i ronment c a n  prov i de. 

va l ua b l e  d es i g n i n format i on .  The dev el o pment o f better tests  a nd more 

u s e fu l  propert i e s m u s t  be a prime c oncern of ma ter i a l s i nforma ti on effort s . 

Examp l es o f  fu ture trend s i ncl ude t h e  i ncrea s ed u s e  of tru e stre s s ­

stra i n  propert i es ,  part i cu l a r l y  i n  structu ra l a na l ys i s  programs ; for 

fa t i g u e  pro bl ems , cyc l i c stres s - s t ra i n  prope rt i e s w i l l  be u sed . The mul t i ­

a x i a l  d eforma t i o n beha v i or o f ma ter i a l s  need s to be more t horou g hl y qu a n t i ­

fi ed i n  s u pport o f  t h i s a pp l i ca t i on . I ncrea sed u s e  wi l l  a l so be ma d e  o f  

fi n i te l i fe fat i g ue propert i e s a s  wel l a s  fracture mecha n i c s  propert i e s  for 

ha nd l i ng probl em s i n su bc r i t i ca l  cra c k  growth .  A cont i nu i ng need exi s t s  to  

study env i ronmenta l  e ffec t s , e . g .  tempe ratu re a nd c orros i on ,  o n  fat i g u e  a nd 

fra cture be ha v i or a nd to devel op a ppropr i a te d es i gn proc ed ures . 
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COMPUTER - BASED D E S IGN /MATERIAL SELECTION AIDS 

User inputs 

User 
requested 
funct ions 

• Fin ite Element A n a lysi s 

• Service Da ta Acquisi tio n /Ana l ys is  

• Fatigu e Life Pred i c t ion (M eta l s) 

• Hardenabi l ity Pred i c t ion (Steels) 

• Surface Processing Optimiz ation (Stee ls) 

• Forma bi l ity Model i n g  (Sheet meta l ) 

• Mechan ica l  Prop er ty Pred i c t ion (Compos ites) 

Data Sheet 

Materia l 
Property 
Data bank 

Editable 
Data Fi le 

Fi g .  2 

Struc. 
Anal .  

Test 
Data 

Service 
Hi story 
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Materia l 

Materia ls  
Test ing 

Mechanica l 
Propert ies 

-

' 
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ANALYTI CAL DESIGN 

Component 

Finite El emen1 
Model  

Structural  
Analysi s 

Fatigue 
Analysis 

Sensitivity 
Analys is 
• geom. 
• mat'l .  
• loading 

-

Loading 

Maxi mum 
Condi tion s  

Sca le d 
Spectrum 
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( C )  

( 8 )  

3 1 00 
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2 9 00 

2 1 0 0  

FR E Q U E N CY , c m- 1  

Fi g .  4 
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MECHANICAL RELIABILITY - MATERIAl CONSIDERATIONS 

Environment Failure Modes Processin g 

Mechanical � Deformation Mechanical 

- deflection - forming 
. - buckling - machining 

- yielding - lhot peening 
- creep Thermal 

Thermal Fracture - heat treating 
- ducti le - 1urface hardening 

Electro - cham. - brittle - welding 

I 
- fatigue 

Chemica l 
- creep - rupture - plating 

Wear - coat ings 
effect on 

' 
I effect on 

• Material - I 
Propertie1 

Fi g .  5 
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MATERIALS TESTS 

Monotonic Sta t ic  Cyc lic 

- tension - creep - damping 
- compression - re laxa tion - cyclic stress-strain 
- ha rdness - stress- rupture - fatigue 
- impa c t  - crack growth 
- frac. t oughness 

PROPERTIES 

E l a s t ic F l o w  Fracture 

- modu lus - yield strength - frac. strength/ducti lity 
- Poi s son's rat io - ult imate strenoth - toughness 

- strain hard. rate - strain- life 
- hardness - crack growth rate 
- creep rate 

Fi g .  6 
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COMPUTE R - BASED FATI GUE ANALYSIS PRO CEDURE 

Inputs 

I . Materia l  Properties 

- stress - stra in 

- stra in - l i fe 

2. Component Analysi s 
- load - strain 

re lation 

3. Service H istory 

- load (stra in ) 
vs t ime 

Operations 

I .  Local  stress -
stra in analys is 

2. Damage ana lys is 

Fi g . 7 

Outputs 

I. Stress - strain 
response 

2. Damage/event 

3. Tota l damage 

4. Life prediction 
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Data Needs of the Electrical Manufacturin& hlustry 

As a diversified, high technology company engaged in fields as varied as medical 
diagnostics, materials synthesis, and factory automation, General Electric has 
great need for physical data of virtually every kind. Such information is used 
in product design, process development, and instrument calibration to name only 
a few of the functional areas. Some of these data can and must be generated 
in our own laboratories, but for a considerable amount of what we require, we 
do turn to existing compilations and data centers. Consequently we are, and have 
been, concerned with building and maintaining national strengths in these areas. 
I am pleased to have this opportunity to describe more fully our present data acti­
vities and needs and to recommend some actions which we believe would serve 
our industry and enhance the national capability. 

Present General Electric Involvement in Data Prosrams 

General Electric scientists have initiated several data projects which are 
now a part of national data programs and also have prepared review articles and 
books in this field. Among these are projects in infrared spectroscopy, heat transfer 
and fluid flow, properties of superconducting materials, and phase diagrams in 
metallic systems. Our publications include such titles as "Critical Surveys of 
Data Sources," "Data Sources for Materials Scientists and Engineers" and "Inter­
national Metallic Materials Cross-reference." One member of our Corporate 
Research and Development staff presently serves as Chairman of the U.S. National 
CODATA Committee and also Chairman of CODATA's Advisory Panel on Data 
for Industry. Other General Electric scientists and engineers have served on the 
Numerical Data Advisory Board of the National Academy of Sciences, on the 
Committee of the National Bureau of Standards/ American Society of Metals Binary 
Metallic Phase Diagram project and on various panels of the NBS Visiting Committee. 
General Electric was one of the first industrial supporters of the Metal Properties 
Council.  Indeed, the late Dr. Arthur Bueche, our former Senior Vice President, 
Corporate Technology, recently served as Chairman of its Board of Directors. 

Sowces of Data 

Broadly speaking, General Electric businesses look to three broad categories 
of data to fulfiU their needs: 

• Data generated by internal 
laboratories 

for specialized data which could 
not be found elsewhere and/or which 
are highly critical to product perfor­
mance; once in hand these data are 
considered proprietary, e.g. high 
temperature mechanical properties 
of superalloys for aircraft jet engines. 
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• Data generated from many 
sources, but centralized by 
General Electric information 
centers or services 

• Data from public sources 
(handbooks, review articles, 
computerized data-bases, 
etc.) 
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for engineering and scientific data 
of interest to several General Electric 
businesses; llttle of this data is con­
sidered proprietary but the comprehen­
siveness, the validation, and the 
existence of the system itself is felt to 
be an important business advantage, 
e.g. electrical conductivity values for 
copper and aluminum. 

for fundamental technical data, 
experimental or calculated, of broad 
interest and applicability which we 
could not justify measuring or calcula­
ting for ourselves, e.g., thermodynamic 
data, crystal structures, atomic cross­
sections. 

Perhaps the largest single data activity in the second category above is 
done by our Materials Information Services component of Corporate Research 
and Development. A major data service which it provides is called EMPIS, an 
acronym for Engineering Materials and Properties Information Service. EMPIS 
was established at the Corporate level in General Electric more than fifty years 
ago to provide our diverse manufacturing businesses with authoritative informa­
tion on the characteristics, behavior, identification, availability, and methods 
of test of a broad range of raw and semlfinished materials, commercial hardware 
(mostly fasteners) and applied finishes. Our General Electric manufacturing 
operations financially support this service at about the $ 1 M  per year level. They 
are under no compulsion to do so-they find the service to be useful. EMPIS data 
is contained in 30,000 pages of handbooks covering 1 2,000 different materials, 
and we are in the process of placing the information on a computerized data base. 
Because of its comprehensiveness, EMPIS is proprietary to the General Electric 
Company. The multifaceted organizational scheme of EMPIS facilitates the usage 
of the information it contains for materials selection, product design, manufactur­
ing planning, material identification and control, procurement standardization, 
and communication. We literally could not do business without EMPIS; but rich 
and reliable as it is, it must be supplemented with data from the other two cate­
gories described above. 

Examples of the publicly accessible data compilations which we regard as 
virtually indispensable include: 

the Joint Army, Navy, Air Force (JANAF) tables for thermodynamic 
data 
the Joint Committee on Powder Diffraction Standards (JCPDS) data 
base 
the Journal of Chemical and Physical Reference Data 
the various publications of the Committee on Data of the Inter­
national Council of Scientific Unions (CODATA) 
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various publications of the National Bureau of Standards 
the Metals Handbook of the American Society for Metals 

SeJectecl CeneraJ Electric Data Uapi-Past ... Pr ..... t 

Review of a few selected examples may serve to lllustrate a couple of general 
observations regarding data needs and applications: 

• Even a single technical project requires many different types of data 
to succeed. 

• Data, particularly those of a fundamental sort, may have applications 
quite different than those motivating their original generation. 

As examples, I have selected three projects that have been carried out at General 
Electric's Corporate Research and Development Center. The projects illustrate 
the need for data at environmental extremes of pressure or temperature. 

High Pressure/High Temperature Synthesis of Diamond and Borazon 

General Electric entered upon this development because of its own need 
�or industrial diamonds for grinding and polishing cemented carbide, and because 
of the recognition of the United States dependence on foreign sources of supply. 
The successful completion of the development in the mid- 19'0's not only solved 
the immediate need, and gave General Electric a whole new business, but also 
led to new complex materials of highly controlled structure and properties, suitable 
for new applications , and with which the natural diamond is unable to compete. 
A review of some of the data needs for this area can be structured as follows: 

Required Data 

Thermodynamic properties of 
products and reactants as a 
function of temperature and 
pressure 

Temperature-pressure calibra­
tion standards 

Diffusion rates 

Phase relations and crystal 
structure stability as functions 
of temperature and pressure 

Electrical , thermal and 
mechanical properties of 
gasketing materials 

Strength and toughness of die 
materials 

Source 

JANAF tables 

NBS publications 

Various printed compilations of 
diffusion data 

Various printed compilations of 
evaluated phase diagrams 

In-house measurements 

In-house measurements 
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High Pressure Discharge Lamps 

Lamps of this kind presently constitute a buslness of the order of $200M 
annual sales for General Electric. Their attraction as a lighting source stems 
from their high efficiency, their compact size, and their long life. They light 
many of our nation's cities. Although great progress has already been made with 
our Lucalox and metal halide lamps, we believe that there is potential for further 
increases in efficiency, prompting our continued search for improved Wlderstanding 
of the chemistry and physics of lamps. Again, examples of data required in these 
investigations are as follows: 

Required Data 

Thermodynamic data 

Oscillator strengths for atomic 
transitions 

Stark broadening parameters 

Electron-atom and atom-atom 
cross-sections 

Color calibration data 

Source 

JANAF tables 

NBS-NSRDS publications 
(DARPA sponsorship) 

Articles in the Journal of Chemical 
and Physical Reference Data 

NASA report on estimated viscosi­
ties and thermal conductivities of 
gases at high temperatures (origi­
nally rocket studies, but useful here) 

NBS reports 

Superconducting Generator 

This year, General Electric conducted a load test of an experimental superconduc­
ting electric generator-the first of its type to have been successfully tested 
anywhere in the world. At full load it generates 20 MVA of electricity-enough 
for a community of 20,000 people. This is twice as much electricity as could 
be proguced by a conventional generator of comparable size. The rotor is cooled 
to lf'2 F below zero and has windings fabricated from filaments of a niobium-titanium 
alloy in a copper matrix. This is a superconducting material that has near zero 
electrical resistance, which accounts for the machine's small size. In addition, 
the low electrical resistance leads to lower losses than the conventional machines, 
which potentially could result in significantly lower operating costs. The machine 
is an experimental demonstration of a new technology, and may set the stage for 
future generations of advanced machines. The types of data required for the 
design can again be viewed in the three categories as before: 

Required Data 

Thermal properties of cryogens 

Properties of structural 
materials at cryogenic 
temperatures 

Source 

NBS 

ARPA/NBS funded Battelle 
compilation 
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Required Data (continued) 

Electrical properties of 
dielectrics 

Mechanical properties of 
structural composites 

Magnetic properties of 
materials 

Superconducting properties­
current density, temperature, 
etc. 

Comments on Data Requirements 
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Source (continued) 

Internally developed 

Internally generated 

GE materials handbook 

Vendor supplied 

I've spoken about some representative data in industry. Now rd like to make 
some comments on the payoff of having high quality data available in an easily 
accessible form. 

From a national point of view, I believe that high quality, easily accessible data 
on basic material properties and phenomena will allow us to remain competitive 
on a worldwide basis, will allow products to be designed, built and tested in a 
more economical and timely manner, and, in the last analysis, will enhance our 
national productivity. What is needed in terms of data to do this? 

Quality Data for Computer Modeling of Phenomena 

Computer models are being used more and more to replace a multitude 
of physical tests on product prototypes. Since it is less expensive by up to a factor 
of one hoodred, the use of the computer models instead of testing can yield 
significant cost savings. For the same reason, computer modeling allows 
a systematic inspection of a great variety of design options which otherwise might 
not be tested, resulting in a final product that is far closer to optimal . Finally, 
because it's also faster to run a model on the computer, such modeling cuts down 
the elapsed time from design to prototype. Only a few key tests are needed to 
finaJJy verify the effectiveness of the prototype. Computer models depend on 
both a mathematical description of the phenomena, and accurate physical data 
to input into the model. Thus, the effective exploitation of this powerful technique 
requires access to reliable data which has been well evaluated-What we might 
call quality data. 

Computerizing Data 

While many data sources themselves have in fact been computerized-that 
is, placed in such a form as to be accessible by computer-this is by no means 
true across the data spectrum. Thus, a continued effort needs to be made to not 
only generate new data, but to place it and existing data on computer-accessible 
media. This effort will support data users in their computer modeling activities 
I mentioned earlier. 
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Data Networks 

The computer and computer networking provides a revolutionary asset in 
handling, evaluating, and using data from many sources. While good examples 
exist of computerized data networks, it seems well worth while to aim at establishing 
national data networks over a larger range of data. The networks need to have 
user-friendly interfaces so that the user at the terminal will have a simple means 
of accessing data sow-ces. 

Specific Recommendations 

In view of the importance of establishing a solid data base, rd like to make two 
specific recommendations: 

• That the National Laboratories and the National Science Foundation 
and Mission Agencies join together to meet the national need for high 
quality,  easily accessible data, and continue to allocate an appropriate 
portion of their funding to projects which will compile, evaluate, and 
efficiently disseminate existing data. 

• That the data and standards activities at the National Bureau of Stan­
dards be strengthened. In particular, that continued additional funding 
be made available for: 

- Data compilation and evaluation projects. 

- Cataloging and publicizing sources of data. 

- Initiating national efforts toward cooperation in developing user-

friendly computer access to data compilations. 
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TOWARDS A NATIONAL SC IENCE & TECHNOLOGY DATA POL I CY 

- The Chemical I ndustry -

D .  W .  H .  Roth , Jr . , Al l ied Corporat ion , Morr i stown , NJ 

I n  outl i ne of my presentat ion d i str ibuted to you regard ing the numerical 

data needs and requ irements of the Chemical Industry,  I had more broadly 

def i ned the data un iverse involv ing chemical compounds -- inc lud ing their  

man ifo l d  der i vat ive products or invol vement in energy convers ion processes . 

The thermodynamic and transport propert ies of chemical substances and their  

m ixtures inc l ude :  

• Enthal py and Entropy of Format ion , combust ion and phase 

transformat ion , i nc l ud ing heat capac i ty latent heat s .  

• Equat ions of State ( PVT ) Pressure , Vo l ume & Temperature 

re lat ionsh ips of compounds , and th i s  i nc ludes cr it ical propert ies , vapor 

press ures ,  vo l umetr ic  propert ies ,  and compress i b i l i ty factors . 

• Phase Equ i l ibr i a ,  i nc l ud ing vapor- l iqu i d  equi l ibri a ,  l iquid- l iquid  

equ i l ibr i a ,  sol id- l iqu i d  equ i l ibr i a .  

• Chemical  Equi l i br i a ,  G i bbs free energy. 

• Propert ies of E l ectrolytes , inc l ud ing mixtures with non-e lectrolytes . 

• Chemi cal  K i net i c s .  inc lud ing act i vat ion energ ies . 

• Transport Propert ie s ,  i nc l ud ing v i scos i ty ,  thermal conduct i v i ty ,  and 

d i ffus ion coeff i c ients . 

These propert ies  i nfl uence the des i gn of v irtua l ly  every process in the 

meta l l urg i cal , petrol eum. p l ast i c ,  man-made f iber , pharmaceut ical and paper 

industr ies  - p l u s  industr ies invo lv ing combust ion processes such as the 

a ircraft , automot i ve and power industr ies , and a l l processes requ ir ing 

pol l ut ion abatement control systems . 
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The Chem i cal I ndustry has other data needs in order to des i gn ,  construct , 

and operate economic ,  safe , and env ironmental ly sound fac i l i t ie s .  These are 

mechan i cal and corros ion res i stant propert ies of mater i al s ;  however , these 

needs have been d i suc ssed by Jul ius  Harwood or wi l l  be addressed by others 

dur i ng th i s  workshop . Th i s  i s  a wor l d  and un i verse in mot ion . Dynamics  are 

what must be understood in order to des ign and bu i l d  any pract ical  operat ing 

system . But before we can measure the effect iveness of any pract ical  system, 

or improve its  performance , we must have a sound understand ing of the max imum 

stat i c  or equ i l i br i um forces wh i ch wi l l  ul t imate ly prov ide the dr iv ing forces 

for our systems in mot ion . Fortunately,  out of a seeming ly chaot ic  microwor l d  

o f  mol ecu lar  act i v ity - a sound macrowor l d  understanding o f  mo l ecul ar act i v i ty 

i s  found i n  the thermodynamic laws govern ing  a l l  systems at equ i l i br i um .  

These laws prov i de the  bas i s  for cons i stency tests of  exper imental chemical 

property measurement,  as we l l  as inherent cons i stency in any emp i r i ca l  

correlat·fon equat ions or  methods wh ich have been or wi l l  be  der i ved.  

As a pract it ioner of chemi cal  eng i neer ing ,  I have des i gned or have been in  

respons i b l e  charge of , over $2  b i l l ion of  chemical , po lymer , or  f i ber p l ant 

systems and fac i l i t ies . I t  has been my observat ion that of a l l  of the factors 

affect ing l ess than opt ima l performance of these fac i l i t ie s  - the most 

promi nent has been the lack of sound chemical  compound thermodYnamic and 

transport propert ies .  Or , where not ava i lab l e ,  the lack of sound pred i ct i ve 

methods .  The numer i cal data needs of the Chemical Industry i s  becoming more 

acute , not becau se a smal l but steadY stream of new data and corre lat ion 

methods cont inue to f low,  but because the computat ional  power at the beck and 

cal l of every des i gn eng ineer al l ows h im to l i teral ly  examine hundreds of 

des i gn opt ions , whereas 1 0  years ago , the eng ineer mi ght be l i mited to two or 

Copyright © National Academy of Sciences. All rights reserved.

Collected Presentations Presented at the Workshop Towards a National S&T Data Policy
http://www.nap.edu/catalog.php?record_id=19521

http://www.nap.edu/catalog.php?record_id=19521


- 5 9 -

three . Truly opt imal systems can now be des igned based on s imu l at ion methods 

such as •ASPEN• ,  deve loped at MIT under DOE contract , but its un iversal 

app l i cabi l i ty has been restr i cted by the l imi tat ions of the Chemical 

Industr ies ' data base .  We  do  not refer to  sheer volume of data - that fi l l s  

vo lumes of books  or computer tapes ,  but critical ly eval uated data and 

pred i ct i ve methods with thei r l im i tat ions c l early del ineated . Th i s  had led 

me ,  and others to promote Industry/Government/Profess inal I nst i tute 

cooperat i ve efforts on a wor ld-wide bas i s  to attempt to move data efforts at 

the requ ired rate . I was invo lved w ith the American I nst i tute of Chemical 

Eng i neers al ong w ith OSRD of NBS in  sett i ng up a Des ign I nstitute for Phys ical 

Property Data ( D I PPR )  under AI ChE , and am Cha irman of that Organ izat ion . Th i s  

organ izat ion cons i sts  of 50 operat ing compan ies ,  eng ineering firms , research 

i nstitutes , and federal agenc ies , inc luding NBS OSRD - with an annual budget 

of about $500 , 000 .  Other U . S .  cooperat ive data efforts inc lude : 

• Amer i can Petrol eum I nst itute ( AP I ) RP 44 

• Gas Processors Assoc iat ion ( GPA ) 

• F l u id Propert ies Research I nst i tute ( FPRI ) 

I n  the structural propert ies of mater i al s area , I am invol ved with the 

Metal  Propert ies Counc i l ,  Inc . - sponsored by ASME , ASTM , ASM , AWS , and the 

Eng ineer ing Foundat ion - w ith an ann ua l budget of $3 MM, and n i ne major 

subcommi ttees cons i st ing of over 600 techn ical experts from just about every 

major manufact ur i ng company. Other cooperat ive efforts in the propert ies of 

mater i a l s  i nc l ude : 
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• The Mater i a l s  Technno logy I nst i tute of the Chemical Process 

I ndustr ies ( �ITI ) .  

• ASM/NBS phase d iagram program. 

P l u s  others . 

Data work i s  not g l amorou s ,  as Steve Berry pointed out ,  and it  does not 

draw the attent ion , both in do l lar support nor the interest of sc ient i sts  in  

mak i ng a career in  th i s  area . The ent ire U . S .  chemical/petro lum/gas i ndustry 

i s  served by a handfu l , maybe 50-60 i ndustr i a l  thermodynamic i st s ,  who many 

t imes serve s imul taneous ly  on committees in D IPPR , AP I ,  AND GPA. These peop le  

are good , very good , and they work hard - but just to  put th eir  efforts in  

perspect i ve i n  the  Chem i cal  I ndustry al one - on  sal es approx imately $ 1 50 

b i l l ion - and new fac i l it ies being bui l t  or refurb i shed to the • tune• of about 

$ 1 0  b i l l ion/year - and with operat ing costs of about $ 1 25 b i l l ion/year - the 

fo l low i ng f i gures can be generated . 

I wou l d  ant i c ipate , based on � own ,  and others with s imi lar years of 

exper ience and responsb i l i ty in th i s  f i e l d ,  that a conservat ive 51 cou l d  be 

saved on cap ital costs and 51 on operat ing  costs if the data needs of the 

Chemi cal  I ndustry were brought to a l eve l of compl eteness commensurate w i th 

the advancement of other des i gn too l s .  

Thats about $6 b i l l ion/year , and I be l ieve the fi gure i s  more l ike 1 01 -

or approach ing $ 1 0  b i l l ion/year ! The Codan Nat ional  Academy of 

Sc ience/Nat ional Research Counc i l ( NAS/NRC Committee on data needs ) study 

est imated $7 MH for organ i zed phys i cal & chemical data act iv i t ies in  1 977 - or 

say about $ 1 0  mi l l ion today - a lmost ins ign if icant compared to potent ial 

benef i ts .  

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 .

C o l l e c t e d  P r e s e n t a t i o n s  P r e s e n t e d  a t  t h e  W o r k s h o p  T o w a r d s  a  N a t i o n a l  S & T  D a t a  P o l i c y
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 5 2 1
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The U . S .  economy could  eas i ly just ify data efforts in  the $ 1 00  mi l l ion 

range in order to have a first rate economy in the 1990 s .  Th i s  effort wou l d  

require a bui l dup of people  and fac i l it ies i n  order to accomp l ish a ten-fo l d  

increase , and wou l d  requ ire a great deal of thought and p lann ing on the part 

of ex i st ing industr ial/academic/governmental data agenc ies . Europe and Japan 

are mount ing s i gn if icant data efforts . We need a firm U . S .  pol icy to 

stimu l ate data act i v i ty on a nat ional  bas i s  and to prov ide the p lann ing 

structure for an increased u . s .  data effort . 
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Contri but ion from the floor on 
Co s t  of Fai lures 

Wi l l i am F .  Brown , Jr . 
Consul tant , NASA 

o y s  
s .  F .  w • 0 .  9 -0 - • 1 .  3 o p  

B U R S T  A T  6 2 "  O F  o 0 p  

PROOF TEST FA I L UR E  O F  THE NASA 260 i n .  D I AMETER 
MOTOR CAS E 

T h e  proof t e s t  f a i l ure of t h i s  l arge s o l i d  
prope l l an t  rock e t  motor c a s e  res u l ted i n  t h e  
l os s  of � 1 7 , 000 , 000 a n d  t h e  c an ce l l at i on of 
that port i on of t h e  program . The mo tor c a s e 
w a s  fabr i c a ted from a r e l at i v e l y  n ew s tee l 
u s i n g i mproper we l d i n g me thod s . Th e 
i n format i on t h at t h e s e  methods were u n s u i t a b l e 
wa s a t  t h e  t i me not  w i d e l y  d i s s em i n ated b u t  
a v a i l ab l e  i n  t h e  Aeros pace Struc t u r a l  Met a l s 
H an dbook s pon s ored by the A i r  Force . The cos t 
o f  prepar i n g t h e  H a n dbook C h apter for t h i s  
s tee l was abou t J3000 . 00 or 0 . 02 percen t o f  
t h e  l o s s . 
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COST OF SOME FAI LURES TRACEABLE TO I NADEQUATE DATA BASES 

The fol l ow i n g  l i st  g i ves some exampl es of the enormous cos ts wh i ch may be 
encountered i n  h ardware fa i l ures e i ther because the appropr i ate mater i a l s 
property data were not ava i l ab l e or were not read i l y  acces s i b l e  to the 
des i gner who se l dom has  t i me w i th i n  h i s  program schedu l e  to mak e  a 
comprehen s i ve l i terature survey .  

1 )  

2 )  

3 }  

4 )  

5 } 

F-1 1 1  -- the u s e  of h i gh s tren gth , l ow toughnes s ,  f l aw-sens i t i ve s tee l 
for the mono l i th i c  carry through structure res u l ted i n  fa i l ures wh i ch l e d 
to the add i t i on a l  program del ays and costs of '150 , 000 , 000 to 
J195 , 000, 000 .  

NASA 260 i nch motor -- the use  of i mproper we l d i ng proces ses and 
i n adeq uate nondestruct i ve test method s res u l ted i n  a hydrotest fa i l ure of 
a motor case and a l os s  of '17 , 0001 000 . · 

NASA SPS Tank -- the presence of mach i ne too l mark s comb i ned wi th an 
u nexpectedly aggres s i ve i nfl uence of meth ano l on T i tan i um 6-4 a l l oy 
res u l ted i n  the des truct i on of Apol l o Serv i ce Modu l e  No . 1 7  wi th a l os s  
of  '1o ,ooo,ooo . 

LM Program Tank s -- undetected , subsurface meta l l urg i ca l  defects i n  Ti 
tanks , stress  corros i on i n  an a l umi num a l l oy cover , and i nadeq uate 
we l d i n g tech n i q ues and i n spect i on methods res u l ted i n  fa i l ures wh i ch cost 
NASA J4 ,7001000 and cau sed the rejec t i on of the rema i n i n g tank s due to 
r e l i ab1 i ty concerns . 

M i l i tary A i rcraft -- a comprehens i ve study has  shown that i n  the per i od 
of 1962-1970,  1 percen t of a l l noncombat f i ghter l osses were caused by 
the  u nexpected fa i l ure of a pr i mary s tructure . I nc l ud i ng bombers and 
tankers , there were 42 w i n g  fa i l ures and 1 6  fusel age/ ta i l  fa i l ures , some 
of wh i ch res u l ted i n  the l os s  of the ent i re a i rpl ane : Or v i ewed another 
way , the USAF has  had  16  major structura l cri ses on 1 5  a i rcraft types i n 
recent years wi th catastroph i c  fa i l ures occurr i n g  i n  10 of them .  Twe l ve 
of these cri ses occurred in  the l ast  f i ve years . The cost of thes e 
f a i l ures p l us  the req u i red correct i on i s  beyond est i mat i ng ab i l i t i es ,  but 
cannot be be l ow J1 ,ooo,ooo,ooo . 

Source of the above i nformat i on :  Report of Ad Hoc P anel  on Fracture Contro l , 
NASA Research and Technol ogy Adv i sory Commi ttee on Mater i a l s  and Structures , 
Oct . 1 971 . 
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S t a t e m e n t  o f  D r . J a m e s v .  T a r a n i k 
D e a n , M a c k a y  S c h o o l  o f  M i n e s  

f o r  
W o r k s h o p  o n  " To w a r d s  a R a t i o n a l  S c i e n c e  a n d  

T e c h n o l o g y  D a t a  P o l i c y "  

C o mm i t t e e  o f  S c i e n c e  a n d  T e c h n o l o g y  
U .  S .  H o u s e  o f  R e p r e s e n t a t i v e s  

N u me r i c a l  D a t a  Ad v i s o r y  B o a r d  
R a t i o n a l  A c a d emy o f  S c i e n c e s  

C i v i l L a n d  R e m o t e  S e n s i n g S a t e l l i t e  D a t a 

D u r i n g  t h e  C a r t e r  a d m i n i s t r a t i o n a P r e s i d e n t i a l D i r e c t i v e wa s i s s u e d  
wh i c h t r a n s f e r r e d  t h e R a t i o n a l  L a nd S a t e l l i t e  ( LAN D S AT ) P r o g r am f r om 
N A S A  t o  N O AA . T h e  D e p a r t m e n t  o f  C o mme r c e  e s t a b l i s h e d  a t i me t a b l e f o r  
e v e n t u a l  t r a n s f e r  o f  e l e m e n t s o f  t h e  p r o g r am t o  p r i v a t e  i n d u s t r y o v e r • 
1 5  y e a r  p e r i o d .  S o o n  a f t e r  t h e  p r e s e n t  a d m i n i s t r a t i o n wa s e s t a b l i s h e d  
i n  1 9 8 0  t h e O f f i c e o f  M a n a g e me n t  a n d  B u d g e t  r e c o mme n d e d  t e r m i n a t i o n o f  
t h e G o v e r nm e n t ' s  r o l e i n  t h e L a nd S a t e l l i t e P r o g r a m b e y o n d  LAR D SAT - D ' 
( L S - 5 ) , p r o b a b l y  i n  1 9 8 8 , i f  n o t s o o n e r . T h i s  r e c o mme n d a t i o n wa s ma d e  
t o  f o r c e t h e c o mm e r c i a l i z a t i o n ( p r i v a t i z a t i o n )  t o  o c c u r  mo r e  r a p i d l y  
t h a n  p l a n n e d  b y  t h e  p r e v i o u s  a d m i n i s t r a t i o n . I n  1 9 8 2  t h e D e p a r t me n t  o f  
C o mme r c e  o r g a n i z e d  g o v e r n m e n t  a n d  p r i v a t e  s e c t o r  a d v i s o r y  g r o u p s  t o  
e v a l u a t e m e c h a n i s m s  f o r  t h e t r a n s f e r  o f  c i v i l l a n d  r e mo t e s e n s i n g  
s y s t e m s  t o  i n d u s t r y .  B a s e d  o n  t h e i r  r e c omme n d a t i o n s  i n  1 9 8 2  t h e C a b i n e t 
C o u n c i l o n  C o mm e r c e  a n d  T r a d e  m e t o n  D e c e mb e r  1 5 ,  1 9 8 2  a n d  e v a l u a t e d  
t w o o p t i o n s : 

O p t i o n 1 :  T r a n s f e r  t o  t h e  p r i v a t e s e c t o r , b y  c o m p e t i t i v e m e a n s , 
t h e c u r r e n t  o p e r a t i o n a l  c i v i l r e m o t e  s e n s i n g s a t e l l i t e s . 
S e p a r a t e  b i d s  wo u l d b e  a c c e p t e d f o r t h e l a n d  o r  w e a t h e r  s a t e l ­
l i t e s , o r  a f i r m c o u l d e l e c t  t o  s u b m i t a b i d f o r  a l l s y s t ems . 

O p t i o n 2 :  C o n t i n u e  t h e  c u r r e n t  b u d g e t p o l i c y o f  b r i n g i n g  t h e 
o p e r a t i o n a l  l a n d  r e mo t e  s e n s i n g s y s t e ms i n  t h e g o v e r nme n t  t o  
a c l o s e  n o m i n a l l y  b y  1 9 8 8 o r  s o o n e r a n d  r e t a i n  t h e  c i v i l  
w e a t h e r  s a t e l l i t e s  u n d e r  g o v e r nme n t  c o n t r o l . 

O n F e b r u a r y  2 8 , 1 9 8 3  t h e C a b i n e t C o u n c i l  o n  C omme r c e a n d  T r a d e  
r e c omme n d e d  O p t i o n 1 t o  t h e P r e s i d e n t , w h o  c o n c u r r e d  i n  t h e  
r e c o mme n d a t i o n o n  M a r c h 8 ,  1 9 8 3 . 

I n t e r a g e n c y  g o v e r n me n t a l  g r o u p s  a r e  n o w  p r e p a r i n g a p r e - p r o p o s a l  
r e l e a s e  t o  i n f o r m  i n d u s t r y o f  t h e G o v e r nme n t ' s  i n t e n t  t o  s o l i c i t · 
p r o p o s a l s .  T h i s  p r e - p r o p o s a l  p a c k a g e  s h o u l d  b e  r e l e a s e d  m i d-May w i t h  
c o mm e n t s d u e  b a c k  f r o m  i nd u s t r y b y  e a r l y J u n e . A t e n t a t i v e s c h e d u l e 
c a l l s  f o r  f o r ma l  r e q u e s t  f o r  p r o p o s a l  t o  b e  r e l e a s e d  i n  e a r l y  J u l y  and 
f o r  p r o p o s a l s  t o  b e  s u bm i t t e d f r o m  i n d u s t r y t o  t h e G o v e r nme n t  b y  e a r l y  
O c t o b e r . D r a f t  l e g i s l a t i o n wo u l d  b e  s u b m i t t e d  t o  C o n g r e s s  i n  e a r l y  
N o v e mb e r  a n d  t h e e x p e c t a t i on i s  t h a t  i t  w o u l d  b e  p a s s e d  b e f o r e  t h e  e n d  
o f  t he y e a r . T h e  G o v e r n m e n t  e x p e c t s  t o  s e l e c t  a n i n d u s t r i a l  e n t i t y b y  
J a n u a r y  1 9 8 4  a n d  c omp l e t e  t h e  t r a n s f e r  b y  Ma r c h  1 9 8 4 . 
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P r o b l e m S t a t eme n t  - LAN D SAT D a t a  C o n t i n u i t y  

LAN D SAT - 4  wa s l a u n c h e d  i n  J u l y  1 9 8 2  a n d  a s ma l l amo u n t o f  
d a t a b a a  n o w  b e e n  t r a n s m i t t e d  t o  e a r t h  a n d  p r o c e s s e d  t o  i ma g e s  
i n  p h o t o g r a p h i c a n d  c o m p u t e r  c o m p a t i b l e  t a p e  f o r m .  T h e  d i r e c t 
d a t a t r a n s m i s s i o n l i nk t o  t h e  g r o u n d  i s  n o  l o n g e r o p e r a b l e a nd 
t h e  s a t e l l i t e b a a  a p o we r p r o b l e m .  LAN D S AT - 4  b a a  a n e w , 
a d v a n c e d  s e n s o r  c a l l e d T h e  Th ema t i c  M a p p e r  wh i c h h a s  p r o d u c e d  
s p e c t a cu l a r d a t a o f  g r e a t  v a l u e  t o  t h e n a t u r a l  r e s o u r c e  
s c i e n t i f i c  c o mmu n i t y . I n  a l l p r o b a b l i l t y LAN D SAT D '  ( L S - 5 ) 
w i l l  h a v e  t o  b e  l au n c h e d  b e f o r e t h e  e n d  o f  1 9 8 5  t o  i n s u r e  t h a t  
t h e r e  i s  n o  l o s s  i n  t h e o p p o r t u n i t y  f o r  wo r l d -w i d e  c o v e r a g e  
w i t h  t h e  T h e m a t i c  M a p p e r . I f  LAN D S AT - D ' i s  l au n c h e d  e a r l y , 
t h e n  t h e p o s s i b i l i t y e x i s t s  t h a t  u n l e s s  C o n g r e s s  a p p r o p r i a t e s  
f u n d s  i n  t h i s s e s s i o n f o r  LAN D S AT - D " ( L S - 6 ) ,  a b r e ak i n  
T h e m a t i c  M a p p e r d a t a c o n t i nu i t y  w i l l  o c c u r  b e g i n n i n g  1 9 8 7 . I t  
s e e m s  d o u b t f u l  t h a t  an i n d u s t r y t r a n s f e r  c a n  b e  a r r a n g e d  i n  t h e  
s h o r t  t i me o f  a y e a r  a n d  p r o b a b l y i t  w i l l  t a k e  mo r e  l i k e t wo 
y e a r s . I n d u s t r y i s  n o t p r e p a r e d t o  f u n d  d e v e l o p me n t  o f  a n o t h e r  
T h e m a t i c M a p p e r . A s i m i l a r s o l i d  s t a t e  l i n e a r  a r r a y  s y s t e m 
c a n n o t b e  d e v e l o p e d  u n t i l  t h e p r o b l e m o f  d e t e c t o r s  f o r  t h e 
s h o r t - w a v e  i n f r a r e d  i s  s o l v e d  t h r o u g h  b a s i c  r e s e a r ch . I f  a 
T h e m a t i c  Ma p p e r  o r  s i mi l a r s e n s o r  i s  t o  b e  f l o wn i n  1 9 8 7  o r  
1 9 8 8 d e s i g n a n d  d e v e l o pm e n t  mu s t  b e g i n  i n  P Y  1 9 8 4  t o  p e r m i t 
s a t e l l i t e i n t e g r a t i o n i n  1 9 8 6 o r  1 9 8 7  a n d  l a u n c h  a y e a r  l a t e r . 

W e  h a v e n o t c o l l e c t e d  a g l o b a l  s e a s o n a l  mu l t i s p e c t r a l  d a t a  
s e t  w i t h  t h e Mu l t i s p e c t r a l  S c a n n e r ( M S S ) i n  1 0  y e a r s  o f  n e a r  
c o n t i nu o u s  o p e r a t i o n o n  LAN D SAT S 1 ,  2 ,  a n d  3 .  A s i mi l a r 
T h e m a t i c  Ma p p e r d a t a  s e t  i s  n e e d e d  s o  o p t i m a l  s e a s o n a l  
c o n d i t i o n s  f o r g e o l o g i c a l  i n t e r p r e t a t i o n c a n  b e  s e l e c t e d . I t  
i s  a l s o  n e e d e d  t o  e s t a b l i s h a n  e n v i r o nme n t a l  b a s e l i n e f o r  
a n a l y s i s  o f  c h a n g e s  i n  t h e e n v i r o n me n t  w h i c h  may a f f e c t  g l o b a l  
h a b i t a b i l i t y o f  p l a n e t E a r t h .  

P r o b l e m  S t a t e m e n t - C o s t a  f o r  LAN D SAT D a t a 

C u r r e n t l y  s c i e n t i f i c  i nv e s t i g a t o r s  f a c e  r a p i d l y  r i s i n g 
c o s t a  f o r  LAN D S AT d a t a  a s  t h e G o v e r nme n t  p r e p a r e s  t o  t r a n s f e r  
t h e l a n d  s y s t e m  t o  i n d u s t r y .  I n  1 9 7 8  LAN D SAT c o mpu t e r  d a t a  
c o a t $ 2 0 0  p e r t a p e  s e t , i n  1 9 8 3  t h e c o a t i s  $ 2 5 0 0  p e r  t a p e  s e t , 
a n d  b y  1 9 8 5  t h e G o v e r n m e n t  p l a n a  t o  r a i s e  t h e c o a t  t o  o v e r 
$ 5 0 0 0  p e r t a p e  s e t . S c i e n t i f i c  i n v e s t i g a t o r s i n  a c a d em i a f a c e  
d e c r e a s i ng G o v e r nme n t  f u n d s f o r  l a n d  r e mo t e  s e n s i n g r e s e a r c h , 
a n d  i n c r e a s i n g i n d i r e c t  c o s t a . T h e s e  t r e n d s m a y  s i g n i f i c a n t l y  
r e d u c e i mp o r t a n t  f u n d a me n t a l  s c i e n t i f i c  r e s e a r c h n a t i onw i d e . 
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P r o b l e m S t a t eme n t - F u n d i n g f o r  B a s i c  Re s e a r c h i n  L an d  K e ao t e  
S e n s i n g 

C u r r e n t l y f u n d i n g f o r  b a s i c  r e s e a r ch w i t h  n e w  s e n s o r  
t e c h n o l o g y a n d  u s i ng a p a c e  shut t l e i a  d e c l i n i ng .  RASA wi l l  f l y 
t h e $ 6 . 3  m i l l i o n d o l l a r L a r g e  P o r a a t  C ame r a  o n  S T S - 1 7 i n  1 9 8 4  
bu t n o  f u n d s  e x i s t  f o r a n a l y s i s o f  t he d a t a .  S hu t t l e l a a g i ng 
K a d a r - B  w i l l  b e  f l own o n  t h e s ame ai s s i o n and o v e r 2 0 0  
p r o p o s e r s  a p p l i e d f o r  l e s s  t h an $ 3  ai l l i o n i n  f u nd i n g .  A 
S h u t t l e  I m a g i n g S p e c t r ome t e r  i s  n e e d e d  f o r d e v e l o p i n g n e w  
s a t e l l i t e i n s t r u m e n t s ,  bu t o n l y  f u n d s f o r c o n c e p t u a l d e s i g n  
s t u d i e s  e x i s t . A c om b i n e d  g r a v i t y  an d m a g n e t i c  f i e l d  aa p p i ng 
m i s s i o n h a s  b e e n  u n s u c c e s s f u l l y  p r o p o s e d f o r  t h e p a s t s i x  
y e a r s . T h e  v i e w h a s  be e n  e x p r e s s e d , b y  t ho s e  i n v o l v e d  i n  
p l a n n i n g  t r a n s f e r o f  t h e l a n d  r e mo t e s e n s i n g  s a t e l l i t e  p r o g r am 
t o  i n d u s t r y , t h a t  b a s i c  o r f u n d ame n t a l e x p l o r a t o r y r e s e a r c h 
s h o u l d n o t  b e  c o n d u c t e d  i n  t h e p u b l i c d o m a i n .  C o n s i d e r a t i o n 
h a s  b e e n g i v e n t o  on l y  c o n d u c t i ng s u c h r e s e a r c h wi t h i n t h e 
D e p a r t m e n t  o f  D e f e n s e wh e r e i t  c a n  b e  p r o t e c t e d  t h r o u g h 
s e c u r i t y  p r o c e d u r e s o r  w i t h i n i nd u s t r y wh e r e  s u ch r e s e a r c h 
wo u l d r e ma i n a s  p r o p r i e t a r y . T h e s e  c o n s i d e r a t i o n s h a v e  a r i s e n  
a s  a r e s u l t o f  i n c r e a s i ng n a t i o n a l  c o n c e r n  o v e r t r an s f e r o f  
s p a c e  r e c o n n a i s s a n c e  t e c h n o l o g y  t o  t h e  f o r e i g n  s e c t o r . The s e  
t r e n d s  aay s i g n i f i c a n t l y r e du ce d a t a  a v a i l a b i l i t y a n d  
f u n d am e n t a l  r e s e a r c h  b y  a c a d e m i a o n  a n a t i o nwi d e  b a s i s . 
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Spe ech fo r Ap r i l  1 4 , 1 9 8 3  Wo r ksho p  

Towa rd a N a t i onal  Sc i ent i f ic and Te chn i c a l  Da ta  Po l ic y  

F .  J .  Fe e l y  

I t  i s  a p r i v i l e g e  fo r m e  t o  be  he r e  today  a s  one who 

h a s  s pe n t  h i s e n t i r e c a r e e r  i n  t h e  P e t r o l e um I nd ust r y  d e e p l y  

i nv o l v e d  i n  t h e  f i e l ds o f  N a t u r a l  Reso u r c es a nd E n e r g y ,  th e 

s ubj ec t o f  o u r  wo r kshop th is a f te r noon . 

I ' m g o i ng t o  t a l k a bo u t  t h e  i mpo r t a n c e  a nd t h e  w i d e  

d i v e rsi t y  o f  sc i en t i f i c  a nd techn i c a l  d a t a  used i n  t h e  Pe t r o l e um 

I n d ust r y  a nd r ev i ew so m e  o f  t h e  s i g n i f i c a nt ad vances wh i c h  a r e  

c ur r en t l y  underwa y  i n  the h a nd l i ng a nd m a n ag eme n t  o f  suc h  d a t a  

usi ng rno d e r n  c om p u t i ng t e chno log y .  Fi nal l y , I pl an to to uch  on 

the r o l e s  of i nd ust r y , the ac ad em i c  c ommun i ty ,  t echn i c a l  so c i e t ­

i es a nd g ov e r nment  as we look  to the  f u t ur e .  

Dur i ng the  4 0+ ye a rs that  I spent i n  Exxon Re se a r ch a nd 

Eng i ne e r i ng Compa ny the r e  wa s a t r emendous g rowth i n  the qua nt i t y 

a nd qual i t y o f  techn i c a l  data  ava i l abl e . Fur the rmo r e , to d a y  t h e  

sc i e n t ist a nd e ng i n e e r c a n  g e t  h is h a nds o n  t h e  d a t a  h e  need s 

m uc h  mo r e  e asi l y  t h a n ks to  t he u s e  o f  c om p u t e r s  t o  s t o r e  a nd 

p r o v i d e  a c c ess to d a t a . Th ese d a t a  l i b r a r .i es we r e  dev e l o ped fo r 

use wi th compute r pr og r ams to a utoma t e  the d e s i g n  o f  p r a c t i c a l l y  

e v e r y aspe c t  o f  toda y ' s  o i l  r e f i ne r y .  No t o n l y  has th i s  pe rm i t­

ted the e ng i neer  to desi g n  eq ui pmen t  mo r e  acc u r a t e l y , b u t  i t  h as 

a l so speed ed h is j o b a nd has pe rm i t ted st ud y i ng des ig n opt i o ns to 

se l ec t  the o pt imum as measu r ed by econom i c s . 
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C o m p u t e r i z e d  d a t a ba s e  ma n ag e m e n t  sy s t e m s  a r e  be i ng 

deve l o ped tod a y  by i nd us tr y , Gove r nment , t echn ic a l  soc i e t i es , and 

t h e  a c a d em i c  comm un i ty to cov e r  a w i d e  va r i ety  o f  sc i ent i f ic and 

t echn i c a l  f i e l d s . S i gn i f ic an t  pr og r e s s  h a s  be e n  m ad e  i n  e s t a b­

l i s h i ng sc i ent i f i c and techn i c a l  d a tabanks but muc h r ema i ns to be 

d o ne to c o n so l i d a te a nd e x t e nd pre sent uncoo rd i na t ed e f fo r ts , a nd 

t o  f i l l  i n  t h e  g a p s  i n  the  to t a l  s t r uc t ur e . Along these  l i nes , 

r ecen t l y , the  Met a l s  P r o pe r t i e s C o unc i l  i n i t i a t ed a p r o j e c t  t o  

e s t a b l i s h a Na t i o nal  Coope ra t i v e  Ma te r i a l s  P r o pe r t y  Da t a  Netwo r k  

wh i ch  wo u l d  se rv i c e  a l l i nd us t r i e s  us i ng me t a l s  i n  o u r so c i e t y .  

Th e c o o pe r a t i v e  e f fo r t  wo u l d  conso l i d a t e  the data  f r om a numbe r 

o f  a u t o n o m o u s  c omp u t e r i z ed d a t a  c e n t e r s  i n c l ud i ng t ho s e o f  

t e c h n i c a l  so c i e t i e s , p r i v a t e  c o m pa n i e s ,  un i ve r s i t i es , r esea rch 

i nst i t ut e s , gove r nment ag e nc i e s , l abo r a to r i e s  a nd con t r ac to r s .  

A s pe c i a l T a s k  G r o u p  o n  Comput e r i zed Da ta Sto rage  and 

Ev a l u a t i o n  o f  t h e  Bo a r d o f  MPC  w i l l  s e r v e  a s  t h e  n uc l e u s o f  a 

Bo a rd o f  Gov e r no r s  of  the  C OOPE RAT I VE . Ch a r te r spo nso r o rg an i za­

t i ons  a l so w i l l  be i nc l ud ed . The C OOP E RAT I V E  w i l l  b e  o r g a n i z e d  

w i t h  a n  e l e c t ed Bo a r d o f  G o v e r n o r s  a nd a Ch a i rman r epr esent i n� 

m a j o r  i nd u s t r i e s  ( a e r o s pa c e , a l um i n um ,  a u t o mo t i v e , c h em i c a l , 

p e t r o l e um ,  s t e e l , e t c . )  techn i ca l  so c i et i e s and ag enc i e s  ( e . g . , 

ASM , ASM E , ASTM , AWS , DOD , E PRI ,  NBS , e tc . ) 

An o t h e r i mp r e s s i v e  d e v e l o pm e n t  c u r r e nt l y  und e rwa y i n  

t he Pe t r o l e um I nd us t r y  i s  t he bu i l d i ng o f  i n t eg r a t ed d a t a  systems 

wh i c h  s pa n  t h e  c o l l e c t i o n o f  r a w d a t a f r om l a bo r a t o r y  p i l o t 

p l ants , the wo r k -up o f  s uch data  a l o ng w i th i n s pec t i o n d a t a  f r o m  
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sampl es o f  pr oc e ss s t r e ams to prov i d e  c om p l e te ma t e r i a l  b a l a nc e s  

f o r t e s t  r u n s , t h e  v a l i d a t i o n  o f  p i l o t  p l a n t  y i e l d  d a t a ag a i n s t  

p r o c e s s  c o r r e l a t i o n s  p r ev i o usl y d e v e l o pe d , a nd f i n a l l y t h e  

st o r a g e o f  t h e n e w  r u n s  i n  t h e  d a t a base . E x t e n s i o n  o f  t h i s  

i n t eg r a t i o n  to i nc l ude c omme r c i a l  p l a n t  o pe r a t i ng d a t a  is a l s o 

u n d e r wa y .  Th i s  e x t e ns i o n  wi l l  pr ov i d e  the t i e- i n betwe en p i l o t  

pl ants  a nd c o mme r c i a l  pl an ts , t h r o ug h  a common da t abase . 

I n  t h e  past t h e  P e t r o l e um I n d u s t r y  h as f e l t  t h a t  

pr i v a te e nte r pr ise sho uld  b e a r t h e  r espo n s i b i l i t y a nd c o s t  fo r 

a c q u i r i ng a l l  o f  t h e  sc i e n t i f i c and  techn i c a l  d a ta r e q u i red  to 

suppo r t  i t s busi ness . Gene r a l l y  the new proce s se s  ne eded in th is 

i nd u s t r y  h a v e  be e n  d ev e l oped  by i nd iv i d ua l  compa n i e s , a nd these 

have bee n  w i d e l y  l i censed t h r o ug ho ut the i nd us t r y . Howeve r ,  d a t a  

wh i c h a r e  b r o a d l y  u s e d  suc h  as t h e rmo d yn am i c  a nd ph y s i c a l  

p r o p e r t y  d a t a  h a v e  b y  a nd l a r g e  c o m e  f r om un i v e rsi t i e s  a n d 

G o v e r nm e n t  l abo r a to r i es such as  NBS . Indus t r y  f i nanced r e se a r ch 

pr o j ects spo n so r ed by API have a lso bee n  o f  i m po r t a n c e  w i t h  t h e  

a c t ua l  wo r k  c o n d uc t ed b y  U n i v e r s i t i e s o r  o t h e r spe c i a l l y  

q ua l i f i ed l abo r a to r i es .  

Th e f i na nc i ng o f  Synthe t i c  Fue l resea r ch d a t a , howeve r ,  

po ses a d i f f i c u l t  q uest i on fo r i nd us t r y .  Th e r e is g r e a t  u n c e r ­

t a i nty  wh eth e r  pr ocesse s fo r coa l g as i f i ca t i o n , c o a l  l i qu i fac t i o n  

a nd sha l e  o i l  man u fact ure  w i l l  b e  c omme rc i a l i zed o r  i f  t h e y  a r e , 

wh e n  t h i s  w i l l  h a ppe n . Unde r these c i r c umstance s the  Pe t r o l e um 

I nd u s tr y  has so ug h t  gove r nmen t pa r t i c i pa t i on a nd has j o i n ed w i t h  
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o t h e r  i n t e r e s t e d  g r o u p s  s u c h  a s  t h e E PR I , a nd o v e r s e a s g r o u p s  

to s p r e a d  t h e  r i s k i n  t h i s  h i g h l y  un c e r t a i n  b u s i n e s s . 

Now l e t  me ex p r e s s  s ome pe r s o n a l  v i e ws o n  t h e  r o l e s  o f  

G o v e r n m e n t , t h e U n i v e r s i t i e s ,  T e c h n i c a l  S o c i e t i e s a nd I nd u s t r y , 

a s  we l o o k  t o  t h e  f ut u r e . 

• D a t a b a s e  t e c h n o l o g y  a n d  so f t wa r e  p r o d uc t s  a r e  i n  a pe r i o d  o f  

r a p i d  g r o wt h . Da t aba se so f t wa r e  i s  c u r r en t l y  ava i l a b l e  o n  a l l  

s i z e s  o f  c o m p u t e r s . Th e f i e l d  i s  h i g h l y  compe t i t i v e  and h a s  

g r e a t  po t e n t i a l  fo r f ut u r e  g r o wt h  a s  so f twa r e pr o d u c t s  b e c o m e  

m o r e  o r i e n t e d t o  u s e r ' s  n e e d s a n d e a s i e r  t o  u s e . To da t e  

t h e r e  ha s be e n  l i t t l e g ov e r nme n t  i n t e rve n t i on , bu t t h e r e  h a v e  

b e e n  s i g n s t h a t  s o m e  f o r e i g n g o v e r nm e n t s  c o u l d  i m p l e m e n t  

p o l i c i e s t h a t wo u l d  h a m pe r  t h e  e f f e c t i v e u s e  o f  d a t a b a s e  

s ys t ems . Th i s  sho u l d  b e  avo i d ed . 

• S e v e r a l  u . s .  G o v e r n m e n t  a g e n c i e s  s u c h  a s  N B S  h a v e  h a d a 

t r a d i t i o n a l  r o l e  a s  d a t a  c o n t r i b u t o r s  t o  t h e  s c i e n t i f i c 

c o mm u n i t y .  I n  t h i s  r o l e , t h e y  h a v e  b e e n  p a r t n e r s  w i t h  

a c a d em i a  ·a nd i nd us t r y .  Th i s  r ol e  sho u l d  c o n t i n ue un c h a ng ed .  

• E v o l u t i o n  o f  d a t a b a s e  t e c h n o l o g y  i s  b e s t  d o n e  i n  a f r e e l y  

c om pe t i t i v e  e nv i r o nm e n t . Th e r o l e  o f  g o v e r nm e n t  sho u l d  no t g o  

b e yo nd t h e  d e v e l o pm e n t  o f  d a t a b a s e  s y s t em s  t o  m e e t  i t s o wn 

n e e d s o r  t o  c o n t r i b u t e  t o  t h e  o v e r a l l d e v e l o pm e n t s  i n  t h e  

f i e l d . The n a t u r a l  fo r c e s o f  t h e  ma r k e t p l ac e  sho u l d  d o m i n a t e 

t h e  ev o l u t i o n a r y  p r o ce s s . 
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• u .  s .  Ind u s t r y  n e e d s t o  h a v e  t h e f r e ed o m t o  e l e c t r o n i c a l l y  

t r a n sm i t  d a t a  ac r o s s  s t a t e  a nd i n t e r n a t i o n a l  bo und a r i e s un l e s s  

i t  i s  se n s i t i v e  f r om m i l i t a r y  d e f e n s e  s t a n d po i n t . N o t  o n l y  

w i l l  t h i s  l e a d t o  e f f i c i e n c y  i m p r oveme n t s ,  b u t  the f r e e f l o w  

o f  c omp u t e r i zed i n fo r ma t i o n  w i l l  h e l p p r o m o t e  t h e  d i s s e m i n a ­

t i o n  o f  t e c h n i c a l  and sc i e n t i f i c  i n fo rma t i o n . Some co un t r i e s 

h a v e  a l r e a d y  i m p l e me n t e d p o l i c i e s t o  r e s t r i c t  s u c h  f l o w  o f  

d a t a  a n d i n f o r m a t i o n .  Th i s  s u b j e c t  wa s d e a l t w i t h  i n  a n  

a r t i c l e  f r o m t h e  N e w  Y o r k  T i m e s  o f  M a r c h 1 3 ,  1 9 8 3 . 

c o n t r o l s  a r e  und e s i r a b l e  a nd s ho u l d  be avo i d ed . 

S u c h  

• P r o f e s s i o n a l  S o c i e t i e s  a n d U n i v e r s i t i e s  p e r f o r m a v i t a l  

f u n c t i o n  i n  pr ov i d i ng f o r um s  fo r pe e r  r e v i ew o f  sc i e n t i f i c and 

t e c h n i c a l d a t a  t o  i n s u r e  t h a t n e w  d a t a  a r e s u b j e c t e d to a 

c o n t i n ue d  q ua l i t y a ud i t .  

• P r o f e s s i o n a l  S o c i e t i e s c a n s e r v e a u s e f u l  f un c t i o n  a s  fo c a l  

po i n t s  f o r t h e  d e v e l o pme n t  o f  s t a nd a r d s  f o r c omp ut e r  so f t wa r e . 

T h e s e  s t a nd a r d s  sho ul d d e v e l o p  f r om n a t u r a l  fo r c e s  and sho u l d  

n o t b e  i m po s e d  t o o  q u i c k l y .  D a t a b a s e t e c h n o l o g y  i s  s t i l l  

c h a ng i ng so r ap i d l y  t h a t  s t a nd a r d s  may be d i f f i c u l t  to a c h i ev e  

a n d t o  i m p l e m e n t . A s  d a t a b a s e s  a p p l i c a t i o n  e v o l v e t o  t h e  

p o i n t wh e r e d a t a i s  t r a n s m i t t e d b e t w e e n  c o m p a n i e s , t h e n  

s t a nd a r d d a ta p r o to c o l s  w i l l  b e  ne ed e d .  C e r t a i n  i n d u s t r i e s ,  

s u c h  a s  the ba n k i ng i nd u s t r y , a l r e a d y  . h av e  a ch i ev ed t h i s . 
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• The d ev e l o pme n t  a nd a pp l i c a t i o n  o f  c omp ut i ng t e c hno l og y  i n  t h e  

u . s .  r e p r e s e n t s  a m a j o r  s t r e ng t h  o f  o u r  c o u n t r y . I n  m a n y 

a r e a s  o f  c om p u t i ng ,  t h e  u . s .  i s  t h e  wo r l d  l e a d e r . T h e  u . s .  

G o v e r nm e n t ,  t h r o ug h  i t s  po l i c i e s  a nd th e s u ppo r t  i t  g i v e s  to 

un i v e r s i t i e s , c a n  h e l p  to i n s u r e  t h a t t h e  u . s .  r e m a i n s i n  a 

p o s i t i o n  o f  l e a d e r s h i p  a n d  t h a t  t h e  t e c h n o l o g y  i s  u s e d  

e f f e c t i v e l y  b y  t h e s c i e n t i f i c a nd t e c h n i c a l  c o mm u n i t i e s .  To 

t h e  e x t e n t  t h a t  fo r e i g n  gov e r nm e n t s  e s ta b l i s h  ba r r i e r s  to t h e  

f r e e  f l o w  o f  s c i e n t i f i c a n d t e c h n i c a l  d a t a , o u r  G o v e r n m e n t  

n e e d s t o  t a k e  a n  a c t i v e  r o l e  i n  h e l p i ng to e s t ab l i s h i n t e r­

n a t i o n a l  g r o u n d r u l e s  wh i c h  c a n  l e a d t o  c o o pe r a t i o n  a n d 

und e r s t a n d i ng i n  t h e  c r uc i a l  f i e l d . 

A p r i l  1 1 ,  1 9 8 3  
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Eight Poin t s  for Cons idera tion 

with regard t o 
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Energy and Mineral Resource Da ta 
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Th is s t a t ement deals with e ight key poin t s  that are sugge s t ed 

for incorporat ion in the Federal government ' s  po l ic ies with 

regard to acqu i s i t ion and retent ion o f  ener gy and mineral resource 

data . The e i gh t  po in t s  are as follows :  

( 1 )  The Federal government shou ld assume general respons ib il ity 

for the archiva l preservat ion of energy and mineral resource data 

that are relevant t o  the explorat ion and exploitat ion o f  energy 

and mineral resrouce s  on Federal land s . The p r inc ipal energy and 

mineral re source commodit ies are petroleum , o i l  shale , geothermal 

reso urc e s , uran ium , me t al s , and non-metal l ic depos i t s . 

( 2 )  The archival preservat ion of in format ion pertaining to the 

exp lorat ion and exp loitat ion o f  these commod it ies on Federal 

land s shou ld b e  accompanied by a pol icy that this informat ion 

wi l l  become acce s s ib l e  to the " indu s t r ial and s c i en t i f ic pub l ic "  

e ither upon b e in g  placed i n  a Federal archive , or following some 

prescribed per iod ( i . e . , a "ho ldin g  per iod " )  during wh ich t ime i t  

is withheld from pub l ic access . 

( 3 )  The types of data that should b e  preserved in Federal 

reposi tories shou l d  b e  selec t ive and should b e  conf ined to those 

forms o f  informa t ion for wh ich adequate cent ral ized archival 

repo s itories do not exi s t  at present . The p r inc ipal forms of 

data are as follows : 

( a )  Exp lorat ion s e i smic data ob t a ined i n  oil and gas 

exp lorat ion in Federal water on the outer cont inental 

shelves (OC S ' s ) . The data inc lude "raw" se ismic data , 
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seismic data that have comput er processed in varying 

degree , and seismic data that have been geologically 

interpreted . 

( b )  Pet rophys ical logs o f  wel l s  dril led on Federal OCS leases . 

( c )  Summaries o f  wel l s  ( e . g .  ind ividual "we l l  su1111118r ies " )  

containing engineering and geo l o g ical informat ion for 

we l l s  d rilled on Federal OCS leases . 

( d )  Lo gs of boreholes dril led in cool expl orat ion and in 

advance o f  cool mining . 

( e )  Assay o f  samp l es and petrophys ical logs of bore holes 

d r i l led in exploring for uranium and in blocking out 

uranium ore bod ies . 

( f )  Geochemical prospect ing d ata i n  reconna issance explor­

at ion for me tals and uranium . 

( g )  Pet rophys ical lo gs and summaries of wel l s  d r i l l ed for 

geothermal purpos e s . 

(4)  Inf ormat ion s tored i n  archival f o rm  should b e  placed in 

"machine f o rm" insofar as t echnologically and economically feas ible , 

as we l l  as mainta ined in wr i t t en or graph ic form . Mas s  storage 

read ily acce s s ible in mach ine form may not be f eas ible for some 

forms of informat ion , but the informat ion shoul d  b e  indexed and 

catalogued so that i t s  retr ieval by manual means is f eas ible . 

For example , i t  is nei ther feasib l e  nor des irable to store raw 

or proces sed seismic data in read ily retrievab le machine form 
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bu t the in forma t i on can be s t ored on magne t i c tape for manua l or s emi­

au t oma t ed re t r i eva l . Compu t e r i z ed indexes are e s sent i a l  for i t s  

r e t r ieva l . 

( 5 )  The h o l d ing per iod for informa t i on ,  such as propr i e t ary s e i smic 

in forma t i on ob t a ined in Federa l wa ters , p rob ab ly shou ld not exc e ed ten 

year s , and may b e  l e s s . The po l i c i e s  for d e t e rmining an approp r i a t e  

h o l d ing pe r i od may b e  d i f f i cu l t to dev i s e , and f i rm  recommendat ions 

shou l d  be for thcoming on ly a f t e r  extens ive pub l i c debate . 

( 6 )  Federal agenc i e s  engaged i n  any form o f  mine r a l  r e s ource exp l ora­

t ion shou l d adopt a "mu l t i p l e  c ommod i ty "  v i ewpo int , in wh i ch d a t a  r e l e ­

van t t o  a var i e ty o f  miner a l  c ommod i t i e s  a r e  ob ta ined . For examp l e , the 

Navy ( and sub sequen t ly the U . S .  Ge o l og i c a l  Survey ) shou ld have logged 

s e i smic shot h o l e s  for coal i n  exp l or ing for o i l  and gas in the Nat i ona l 

Pe t r o l eum Re s e rve in A l a ska ( NNPRA) from 1975  to 1981 . The c o a l  

r e s ou r c e s  o f  t h e  NPRA prob ab ly grea t l y exceed i t s  pe t r o l eum resou r c e s  i n  

t e rms o f  l ong- t e rm na t i onal s i gn i f i c ance . The c o s t s  o f  runn ing gamma 

ray l ogs in the sho t h o l e s  wou ld h ave been minu te re l a t ive to the pro­

gram ' s t o t a l  c os t .  Fur thermore , it is known tha t coa l oc curs at sha l low 

dep th s ( a s we l l  as sub s tan t i a l  depth s ) within the NPRA . Wh i l e the sho t  

h o l e s  are sha l l ow ( 60 fee t typ i c a l ly ) , they wou ld have prov ided some 

u s e fu l  in forma t ion .  

( 7 )  The U . S .  Geo l og i c a l  Survey i s  prob ab ly the agency b e s t  s u i ted to 

ma int a i n  arch ive s conta in ing miner a l  r e s ource informa t ion . By a s suming 

th i s  r o l e , the USGS wou l d  reemphas i z e  i t s  or ig ina l r o l e  in " survey ing" 

the na t i ons minera l r e s ourc e s . 
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( 8 )  The record ing , encod ing , and prepar a t ion o f  infor.at ion for 

arch iva l  s t orage shou l d  be forma l ly e s t ab l ished as an ob l igat ion in 

federa l agenc ies or in federa l ly funded proj ec t s  in wh ich geo l og ic a l  

in format ion re l evant t o  energy and ainera l exp l orat i on is ob ta ined . The 

cos t of informa t i on preparat i on shou ld be a budge t l ine i tea for each 

proj ec t .  
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T H E  D O W  C H E M I C A L  C O M P A N Y 

UTILIZATION OF DATA ON THE ENVIRONMENT 

by 

BARSTOW BUILDING 
2020 DOW CENTER 

MIDLAND, MICHIGAN 4M40 

Etcy l H .  Blair , Vice Pres ident 
Direc tor , Hea l th and Environmental Sciences 

1 .  Introduct ion 

It has been s a i d  tha t a man ' s  j udgmen t is only as good as his informa tion . 
This imp l i e s  that in order to make a good j udgment a person mus t have 
availab le the informa t ion ne ces s ary to make that j udgmen t and tha t  the 
in for ma t ion mus t  be o f  good quali ty . Ei ther a lack of informa tion or the 
use of inadequa t e  informa t ion will in�i tab ly lead to a poor decision . 
In the nex t  f ew minutes I would l ike to d e tail . for you wha t  kind of 
informat ion is n e e d e d  t o  make dec i s ions and j udgments about t h e  envir onment ;  
how thi s inf ormat ion is ob t a ined ; the common qua l i ty problems associa ted 
wi th s uch data ; and some recommenda t i ons for more e f f ec t ive generati on and 
u t i l i za tion of informa t ion .  

I I .  Need For I n forma t i on Abou t  the Envi ronme n t  

. 
In order to make d eci s ions abou t the environme n t  we need to know fir s t  of 
all what i s  in or go ing into the e nvironmen t .  We then need to de termine 
how it ge ts · 'in t o  the envi·ronmen t . Does it occur na turally or is i t  the 
resu lt of na tural p rocess e s s uch as decay in fores ts , was t e  f rom animals , 
emiss ion f rom vo lcanoes , e t c . ?  I f  the mater i a l  of i n t eres t is no t genera ted 
na tural ly , we need to know how much and approxima tely where it is released 
into the environment .  

Ano ther i mp or t an t  p ie c e  o f  in forma t ion i s  the fate and d is tribution of the 
ma ter ial once i t  is re leas ed into the environment . I t  is necessary t o  know 
if the sub s tance d isperses rapid ly in the a tmospher e , or i f  i t  remains 
confin�d as a p la s t ic in a land f i l l . Also , we need to know i f  i t  is 
trans f ormed into ano ther subs tance or i f  i t  is degraded and at what rate 
these changes oc cur . A s ubs t an c e  which disappears rap idly from the 
env ironment e i ther thro ugh trans formation or degradat ion is not as grea t a 
concern as one that is pe rs is tent and remains for an ext ended period o f  t ime . 

Presen ted at the l�orkshop " Towards A Nat ional S&T Data Policy" 
Wa shingt on ,  D . C .  - Apr i l  14 , 19 8 3 .  
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In order to def ine the amount of a t ten t ion that mus t be given to a material , 
·we need to .  know how much is present in the environmen t and the na ture and 
size of the popula tion (man or beas t )  wh ich might be affec ted by exposure �o 
the material . It is impor tan t to no te tha t with the excep tion of the 
identification of a ma terial , all the o ther informa t ion is quan t i tative and 
therefore the accuracy of the data becomes impor tant . 

III . Acquis ition o f  Informa t i on 

There are three ways in which the needed information is obtained . I t  can be 
retrieved from a number of sources or compilat ions i f  i t  already exis ts , it 
can be generated or i t  can be predic ted from exis t ing informa tion . 

A number and variety of sources can be consul ted to ob tain information about 
the environment . Through the use o f  indexing and ,abs trac ting services , 
references to pertinen t j ournal articles and reports can be obtained . Some 
of these services are computeri zed whi ch allows rapid re trieval of a large 
number o f  re ferences . Once a refer�e is ob tained , the j ourna l article or 
repor t  mus t be located and the per tinent in(ormation extrac ted . 

In some cases , the data needed is no t in a j ournal or repor t ,  but has been 
compiled into a da t a  bank a s  it is genera ted . An example . of thi s type of 
compilation i s  the EPA-STORET data bank whi ch contains the result s of 
aeasurements of amoun ts of chemicals found in water and air in a great 
varie ty of loca tions . This is a mass ive comp ilation and require s  a computer 
to access i t . The data in this comp i l a t i on are s imply the resul t s  of the 
.aasurements wi thout any cons i deration for accuracy or reproducib i l i ty ,  and 
in many cases the original data is no t avai lab l e . The data are o f t en der ived 
from a s ingle samp le taken a t  a point in time and may no t refle c t  ambient 
conditions .  The fac t · that a cer t a in .subs tance was not found in a particular 
location is not recorded . The meausrements have been done over a period of 
time , so tha t  the limi ts of de t e c t ion have changed , bu t thi s  is not indica ted 
in the data base . 

Other s our ces are evaluated data colle c t i ons which were ass emb l ed by experts 
in the field who have read the p ublished l i terature and reports and have 
ext rac ted data from these sources and comp i led i t  in the form of tables , 
handbooks or computerized data bases . In the case of s ome o f  these compi la­
tions ,  a scien t i f i c  j udgment has been mad e  of the approp ria teness of the 
data , thus reso lving d i f f erences be tween conf licting results and el iminating 
those data which are obvious ly wrong or acquired by f aul ty me thods . These 

evaluated data comp ilations are mos t us eful because they can be relied up on 
to a greater extent than other da t a . However , there is a signi f i c ant 
inves tment requi red in the extract ion , evalua tion and s elec t ion of data . 
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If the required data are not available , one can initiate effor t s  in the 
laboratory to de termine the proper t ies of a substance or to measure i ts 
effects on f ish or o ther organisms . Environmental measurements can be 
made to de termine the presence or absence of a subs tance and , if i t  does 
exis t ,  i ts concen tra t ion . This can be done on a one-time basis or a 
monitoring p rogram can be ins tituted to ob tain thes e data over a period of 
time . If one is interes ted in expos ure , a s urvey can be initiated to 
de termine those persons who are po ten t ially exposed and the levels of that 
exposure . 

the generation o f  this data is time-consuming and exp ens ive and , in most 
cases , delays the t ime when a decis ion can be �ade . In an e ffort to reduce 
this t tme lag and the cos t associated � i th th e experimental effort involved , 
techniques have been developed to pred .c t some o f  these data . In some 
cases , s uch as some phys ical p roper t ies , very accurate predic t ions can be 
made . However , there are o the r areas where predict ive techniques are no t as 
well developed and the resul ts are a t  bes t ball par� es t imates . Nevertheless , 
such predi c tive es timat ions or gue s s ing can b e  useful at times . 

Earlier we re ferred to the need for complete data . This doe s  not mean tha t 
informa tion has to be available to answer every conceivab le ques t ion , but 
that suf f ic ient in forma t ion mus t be used to p lace a q ues t ion in its proper 
framework and persp e c t ive . To a great extent , the type of ques tion that is 

· be ing answered or the nature o f  the decis ion to be reached
.
will govern the 

scope of the informa t ion needed . However , in each case there i s  a minimum 
amount of in formation which will be required . 

The amoun t of informa t i on is determined by an ini tial (�all park) risk 
evaluation , consis t ing of a comparison of es tima ted exposure concentration 

. with concentrat ions that p roduce e f f e c t s . I f  the exposure leve ls are well 
below effect levels , de t a i led , highly accurate data are no t needed . If 
they are c lose , more data can usually

.
reduce the uncer taint ies . 

Some examp les may il lus trate this decision-making proces s : 

1 .  Ethylene Oxide 

Le t us examine the environmental data available : 

a .  Low en try into the environment s ince i t  i s  used 
primari ly as an intermediate . 

b .  En ters the environment through air and water . 

c .  Moves to the air because i t  is volatile . 

d .  Lifetime . Air : Very shor t because i t  is eas i ly 
degraded by hy droxyl rad icals . 

Water : Very short because i t  is readily 
hyd rolyzed to e thylene glycol . 
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e .  Does no t bioconcentrate because it bas a low 
par tition coeff icient and is non-persis tent . 

f .  Degradation Products : Ethylene g lycol i s  the 
·primary degradation produc t , and it also 
degrades rap idly . 

g. · Fish Toxi c i ty : No adverse e f fe c ts to fish a t  
40 mg/1 . Ethy lene glycol shows no advers e 
effec ts on fish at 100 mg/1 . 

h . · Terrestrial Organism Toxici ty : 
exposure . 

2 .  DDT 

The da ta on DDT are qui t e  d i f f eren t : 

Essentially no 

a .  High entry into the envi ronment a s  it is 
dispers ed during use . 

b .  Low vola t il i ty resul ts i n  i t  being present 
in wa ter and sediments . 

c .  Long li fetime since i t  does no t degrade rapidly . 

d .  Bioconcen trates because o f  a high par t i t ion 
coe f ficient . 

e .  . �oxic i ty i s  �igh . I t  is a pesticid e . 

The high persis tence and i ts abi l i ty to bioconcentrate requires 
that much more information be used in assess ing the r isk that 
DDT pres ents to the environmen t .  Data about the e f f e c t s  of DDT 
on f ish , b i rds and humans were necessary to ul t imately decide 
tha t i t  should not b e  us ed . 

IV . Qua l i ty of Da ta 

Once data has been obtained , one has to be concerned about the qual i ty of 
the data . Le t me lis t some common p roblems as sociated with the q ual ity of 
data used in environmental decis ions . 
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In some cases the assump tions made or the methodology used is such that the 
�esul�s obtained are incorrec t .  Some years ago , an extensive survey was 

· conduc ted to determine the extent o f  occupational exposure to a number of · 
subs tances .  One of the assump t ions that was made was that if a certain 
subs tance was present in an ins tallation ,  all the workers in tha t  ins tallation 
were exposed to that sub s tance . Thus , if , in the course of surveying the 
exposure in the Capi tol Build ing , a painter in one room o f  this large building 
used a paint thinner , then all those working anywhere in the building were 
cons idered to be exposed to no t only tha t  paint thinner but to any substance 
which could be class i f ied as a pain t  thinner . This f l awed methodology has 
resulted in overstating the po t ential exposure to a sub s t ance by as much as 
100 to 1 , 000 f old . 

In some cases measurements are not representat ive of the actual s i tuation . 
This is a very common prob l em wi th environmental measurements . In order to 
obtain an accurate representation of the level of a subs t ance in a river one 
has to take samples f rom the appropr iate locations : otherwise dis torted figures 
can re sul t . Not only do the s amples need to be taken in the righ t places , but 
enough samp l e s  mus t .be taken over a �er i od of time . Thi s  is no t a trivial 
problem , and a great deal of ef for t and cons iderat ion has to be given to thes e  
aspec ts when se t t ing u p  experimental o r  measurement p rograms . 

In addit ion to these problems associated with da ta qual i ty ,  there are some 
_ general a t t i tudes which pose prob lems . One of these at t i tudes is wha t  we 

call the computer syndrome . That is the atti tude that , if a number comes out 
of a computer it mus t be good . Another problem is the s i tua t ion where one 
encoun ters the a t ti tude tha t any da ta is bet ter than none , regard less o f  its 
qual ity or appropriateness . Finally , a very real problem is tha t once some 
bad data get s  used , i t  s eems to be perpe tuated and quoted and used forever . 
I t  is very d i f f icult to expunge a bad number even i f  all the experts agree 

· i t is no t · a good one . 

V .  Use of Environmen tal Da ta 

Each t ime that we are cal led upon to make an environmental decision we mus t 
look a t  all the data we have assembled , and be fore any decisions can be mad e 
we mus t j ud ge the da ta we have as to i ts comp le teness , relevance and quality .  
This evalua t ion e f for t i s  necessary i f  those conclus ions reached are to be 
valid and s tand the t e s t  of time . Both the ga thering and evaluation of data 
are no t trivial tasks . They take t ime and ef for t and , in mos t cases , 
require a high level of expe r t is e .  

Unf ortunately , we f ind ourselves in the s i tuation that everyt ime we need to 
make a decis ion we mus t go through the data-ga thering and evaluat ion proces s . 
This resul ts in a s ignif icant amount of duplica t ion of e f fort which u t i lizes 
that very scarce resource - trained manp ower . 
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There are two actions which can be taken to reduce this duplication of 
ef for �. One is the systematic ga thering , cataloging and indexing the data 
so as to facilitate access and thus give a greater assurance of completeness . 

· The second is more dif f icul t , but more rewarding . Data can be eva luated by · 
exper ts once and labeled as to its quality , reliab i li ty and l imi tations . 
Once this is done , future users need no t spend much t ime evalua ting but can 
rely on the work of these expert evalua tors who , in many cases , are much 
better qualif ied to make that assessment than the user . 

VI . Recommenda tions 

Let me suggest some specific steps which you can take in improving the 
environmental decis ions made in this country : 

1 .  Efforts t o  generate new da ta , ei theT in the l'boratory or 
by measurements in the environment , should be provided 
with the direc t ion and sufficient funding to include the 
cataloging and indexing of the �ata generated . This cost 
is a very small increment of the cos t of ob taining the 
data in the first place . 

· ·  · 

2 .  Funding needs t o  b e  provided to comp ile and evaluate 
exis ting data in areas of specif i c interes t so that 
decisions are based on da ta which have been reviewed and 
validated . 

3. Regulatory agencies should be required to make explicit 
s tatements as to the reliability and l imitat ions of the 
data on wh ich regulations are based • 

. .  

4 .  Congress should ins is t that conc lus ions and recommendations 
are based on sound data and the informa t ion whi ch Congress 
receives i s  complete and reliable , and evidence of this fact 
should be provided . 

Fur thermore , in the course of evaluating tes t imony p resented by Congress , 
staff needs to be sens i t ive as to whether the evidence is presented 
obj ectively and puts the informa tion in perspec t ive or whe ther it builds 
a speculative hypothes is upon selec ted f ragments of the data available . 
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Abs tract 

by 

Arch Park , Consul tant 
Arnold , Maryl and 

AGR I ClL  TURAL DATA POL I CY I SSlES 

- t10DELL I NG -

* T H E R E  I S  A N E E D  FOR A DED I C A T E D  EFFORT TO CREATE F I RS T  FOR THE 

UN I T ED STATES AND THEN FOR THE POTENT I AL L Y  PRODUCT I VE LAND I N  

WORLD A GEOBASED I NFO RMAT I ON S Y STEM CONTA I N I NG AT LEAST THE 

FOLLOW I NG DATA PLANE S - -

1 .  L A N D  CAPAB I L I T Y 

2 .  LAND S U I T A B I L I TY < FROM THE PERSPECT I VE OF F ARM I NG >  

3 .  LAND USE 

4 .  CROPP I NG PATT ERNS I NCLUD I NG PHENOLGY 

S .  A G R I CUL TURAL CL I MATOLOGY 

6 .  AGR I C U L TURAL METEOROL G Y  

* TH I S  DATA BASE I S  NECESSARY FOR THE FOLLOW I NG MODELS - -

1 .  MON I T OR I NG AGR I C ULTURAL W E A THER I N  THE CONTE X T  OF 

EARLY WARN I NG .  

2 .  Y I E L D  FORECAST I NG AND Y I ELD ACCOUNT I NG 

3 .  AGR I CULTURAL DEVELOPMENT 

4 .  LAND REDEVELOPMENT I NCLUD I NG HUMAN RESETTLEMENT 

S .  ALTERNAT I VE CROPP I NG 

6 .  ECONOM I C  FORECAST I NG 

* A L L  CURRENT AND H I STOR I C AL STAT I S T I CAL CROP REPORTS CAN BE 

AS S E S S E D  AGA I NST TH I S  DATA &ASE . 

* TH I S  DATA BASE CAN PROV I DE A GREATLY I MPROVED BAS I S  

FOR I NVE STMENT STRATEG I E S 

* W I T H SATELL I TE DAT A  < L ANDSAT AND METSA T > TH I S  PRO J E C T  I S  

W I TH I N  THE ST ATE OF THE A R T  - THE STAFF I NG WOUL D N O T  BE 
E X CESS I VE - T H E  BUDGE T ACH I E VABLE - THE RESULTS MEASURAB L E  
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TOWARDS A RATIONAL AGRICULTURE AND 
FOOD SCIENCE AND TBCHHOLOGY DATA POLICY 

by 

Dr . Russell G .  Thompson 
Chm . , Pres . , C . E . O .  of Operational Economics , Inc . 

Prepared for April 1 4 ,  1983 Washing ton , D . C .  Workshop 
Towards a Na tional S & T Da ta Pol i cy coordinated by Commi t tee 
on Science and Technology , u . s .  House of Representat ives ; 
Congressional Research Service , Library of Congress ; and 
Nuaerical Data Advisory Bo�rd , Nat ional Academy of Sciences 

Dr . Thompson is also Professor of Quantitative 
Manageaent Sc ience , University of Hous ton , Houston , TX 
77 004 . 
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TOWARD S A NATIONAL AGRICULTURE AND 
FOOD SC I ENCE AND TECHNOLOGY DATA POLICY 

by 

Dr . Ru s s e l l  G .  Thompson 

Becau se of the growing ec onomic impor tance of informat ion in the Nat ion ' s  

economy , the Reagan Admini s t r a t i on ' s  sa t e l l i t e  dec is ion forc es the data pol icy 

i s sue to c enter s tage . Thi s  i s  e specially the case for agr icultur e  and food 

wher e the sat e l l i t e s  are a pr oven technology sour c e  for accur a t e  pr imary data . 

Joint u s e  o f  t h e s e  sa t e l l i t es and trad i t i ona l r epor t ing proc edures has pr oven 

i t s  worldwid e  e f f ec t ivene s s  in NASA ' s  Large Area Cr op Inventory Experiment 

(LAC IE ) . 

For example , before LAC IE , the repo r t ed err o r s  in forecast ing USSR whea t 

produc t ion in May o f  each y ear wer e s evera l-fold gre ater in r e lat ive t erms than 

they are today . Reported l y , s imi lar gains have been accomp l i shed in r educ ing 

the re la t ive rang e o f  errors in foreca s t i ng the o ther maj or crops invo lved in 

the LACIE exper iment . The ec onomic value o f  this improved foreca s t ing accuracy 

mu s t  be truly immens e  when added up acro s s  a l l  of the economies of the free 

world . 

The sc i en t i f i c  task a t  hand i s  t o  mea sur e the value o f  the informa t ion 

f l owing from the U . S .  s a t e l l it e , a ircraf t and gr ound r epor t ing sys t ems . Measur ing 

this va lue wi l l  require c omp let ion o f  the f o l l owing phases o f  work : 

1 .  Ident i f i ca t ion o f  u ser s  and poten t i a l  user s .  

2 .  De l ineat ion of the informat ion r o l e  in the dec i sion-making process . 

3 . App l icat ion o f  a sound cr i t er ion for measur ing the value o f  the 

info rmat ion . 

Copyright © National Academy of Sciences. All rights reserved.

Collected Presentations Presented at the Workshop Towards a National S&T Data Policy
http://www.nap.edu/catalog.php?record_id=19521

http://www.nap.edu/catalog.php?record_id=19521


- 8 7 -

Sa t i s factory accomp l i shment of Phas e  1 wi l l  require ins ight s into a l l  fac et s  

of collect ing , analyz ing and report ing agr icul ture and f ood s t a t i s t i c s . Impor tant 

background information wi l l  be the his tory , obj ectives and char ac t er of the 

cur ren t r epor ting sys tem . Historical documentation should show the rea l  and 

per c e ived need s for the informa tion . The charac ter d es cr ipt ion should show the 

inf ormat iona l requir ement s for timel ine s s , scope , reliab i l i t y  and validity . A 

samp l e  survey wi l l  pr obably be nec e s sary to id ent ify users and potential user s , 

whic h are (or could be) aff ec t ed by the information . 

Wi th knowl edge of the u s er s , mathema t ical mode l ing of the d ec i sion proc e s s  

wil l encompa s s  t h e  sc ope of u sefulne s s  of t h e  informat ion a t  e a c h  s t age in making 

dec i s ions . Careful st r uc tur ing of how the informat ion is used wi l l  encompass 

the source-by-source c on t r ibutor s to total value . I t  wil l further l end support 

to 
'
the bes t cr i t er ion for measur ing the value of the informa t ion . 

Appl i c at ion of th e s e  c onc ep t s  to the prob l em  at hand wi l l  g ive d o l l ar and 

cen t s  mea sur e s  as to wha t the informat ion i s  wor th . Pr iva t e  sector inve s t or s  

wil l  then be ab le t o  ma ke knowl ed geable bids f o r  the sa t e l l it e s . 

Becau se the inf ormat ion f lows from the sate l l i te s  wil l  have value beyond 

trade and c ommerc e  ( e . g . ,  f ood stamp s , foOd aid) , the U . S . government must keep 

a hand in the ove r a l l  opera t ion . Recogniz ing the b enef i t s  of pr iva t e  s e c t or 

inc entives and manag ement argue s strongly for a pr iva t e /pub l ic sec t or j oint 

ventur e .  

In conc lu s ion , the sate l l i te d e c i s ion i s  fundamental for accurate agr i culture 

and f ood s tat i s t ic s . Economicall y ,  t ransfer o f  th i s  ma tur ing techno logy to 

pr ima rily the pr ivate sector wil l  enhance the economy ' s  capital base for growth . 

However , a pr iva t e / pub l i c  sector j o int v en ture s eems necessary to ful f i l l  wel l  

the need s for a growing and informed economy . 

Copyright © National Academy of Sciences. All rights reserved.

Collected Presentations Presented at the Workshop Towards a National S&T Data Policy
http://www.nap.edu/catalog.php?record_id=19521

http://www.nap.edu/catalog.php?record_id=19521


- 8 8  -
Pub lic Data Systems for Agriculture and Food 

Kennech R. Farrell , Direc tor 
Food and Agricultural Po licy Program 

Resources for the Future 
Washin�ton , D . c .  

The u . s .  public data b as e  for agriculture and food has long been 

regarded as among the bes t in th e world by vir tua l ly any standard - co� 

prehens ivenes s ,  reliabi lity , timeliness , acces s ib i lity , longevity , con-

t inui ty , etc . 

However ,  i t  is a sys tem under great s tress - a sys tem in need o f  

respeci ficat ion and redes ign to mee t  future public an d  private needs ; a 

sys tem requiring greater pub lic support . 

These brief comments are in three parts : ( 1 )  components of the 

cur rent sys tem, ( 2 )  current and emerging s ources of s tress in the system ,  

( 3) recommenda tions for improvement of the sys tem .  

1 .  Componen ts of the System 

At the Federal level , three Departments provide the bulk o f  data 

pertaining to a �riculture and food - Agriculture , Commerce , and Labor . 

In add i t ion , each o f  the S tat es develops and maintains a data base , in 

part in collaborat ion with the Federal government . That Federal-State 

sys tem is supp lemented by data procured through periodi c ,  special-purpos e 

surveys by univers i ties and colleges , a varie ty of non-profit organizations 

and increas ingly by the priva te sector . My comments will refer primarily 

to the pub lic data sys tem, part icularly the Federal government component 

of that sys tem. 

Da ta pertaining to the !!!m sector - s truc ture , assets , inputs , pro-

duction , sales , pric es , earnings , and income , for ezample - derive primari ly 

from the Census of Agriculture wi thin the Department o f  Commerce and from 

several agencies within the u . s .  Department of Agriculture .  The Census of 
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Agri culture , the oldes t source o f  farm re lated data , provides periodic 

"b enchmarks " by enumera tive surveys of those engaged in farming operations . 

The S tat is ti cal Reporting Service of the DSDA , the other maj or source of 

farm relat ed data , provides frequent , t ime ly information wi th emphas is on 

commodi ty production ,  prices , inventories , p roduction expendi tures , cash 

receipts from marke t ing , et c .  Th e  SRS data are supp lemented by a melange 

of data from other USDA agencies - economic data from the Economic Research 

Service ; natural res ource data from the Soil Conservat ion , Agricultural 

S tabilizat ion and Conservat ion , and Fores t Services ; foreign trade data 

from the Foreign Agricultural Service ; and other speciali zed data from 

such agenc ies as Farmers Home Adminis trat ion , Federal Crop Insuranc e 

Corporat ion , Food and Nutrition Service . 

Data pertaining to the farm input and farm product market ing sec tor , 

the o ther maj or components of the food and f iber sys tem are provided by 

several agencies - the USDA (primarily the ERS and Agricultural Marketing 

Servi ce) and Commerce be ing the mos t important . Maj or types o f  data inc lude 

thos e per taining to s truc ture , as sets , sales , emp loyment , inventories , and 

eamings . 

Food related data likewise are co llected by several agencies - food 

prices and expenditures from the Bureau of Labor Sta tis tics ; marketing 

margins and cos ts , food prices , consumption and expendi tures from ERS 

(USDA) ; food consumption and nutrition data from the Agricultural Research 

Service (USDA) , Food and Nutrit ion Service (USDA) from periodic survey and 

special programs . 

I also should mention NOAA ( Commerce) and NASA, which in collaboration 

wi th USDA provide weather and a variety of remote sens ing data . The CIA 

in addition to FAS (USDA) and Commerce , provides supplemental information on 
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forei gn agriculture condi tions as do s everal internat ional organizations , 

notab ly the Food and Agriculture Organizat ion of the UN and the Organization 

for Economi c Cooperat ion and Development (OECD) . 

Information on scientific research in progress in agriculture and 

food is availab le from numerous sources , particularly the Current Research 

Informat ion Sys tem ( CRIS ) ,  a computerized informa t ion service maintained by 

the USDA and the land grant universities . Bib lio graphic information services 

are ma intained in numerous agencies mos t notably the Nat ional Agricultural 

Lib rary whi ch has computerized in recent years much of its informat ion . 

This very divers e , fragmented sys tem provides an weal th of data 

(his torical , curren t ,  and s cienti f i c )  on agr icul ture and food and undergi rds 

much of the informat ion avai lable in the private sector . 

2 .  A Sys tem Under Stres s 

As comprehens ive and as rich as the data may be in the far- flung 

col lection o f  data ' gathering agencies which I refer to loosely as the 

a gricultural and food data sys tem ,  s erious s tress and concern relative 

to i t a  capabilities to meet future needs are emerging . I list s ix such 

sources of s tress and concern . 

1 .  Changes in the Struc ture and Organizat ion o f  the Food and Fiber 
Sys tem :  

Maj or components o f  the current system were developed upon a model o f  

agriculture which has s ince undergone vas t  s truc tural change . Serious gaps 

exis t in the data bas e ,  in part , b ecaus e  the conceptual des ign of the sys tem 

has no t been brought into harmony with the reali ty of the current and emerging 

food and a gricultural sys tem .  
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2 .  Complexity of · the Food and Fiber System and i ts Interdependencies , 
Nat ionally and Internat ionally : 

To des cribe , analyze and unders tand to-day ' s  food and fiber sys tem ,  one 

has to look well beyond the " farm gate" - to the input and produc t market ing 

sectors , to international marke ts , to macroeconomic policies , to the changing 

pat terns of natural res ource use ,  and to demographic and environmental issues . 

The comp lexity of the social , economic ,  ins t i tut ional , and techno logical 

environments in which the food and fiber sys tem func tions to-day , creates 

needs for addi t iona l da ta for both pub li c  and private decisionmaking . But 

our data sys tems lag serious ly in mee t ing those needs . 

3 .  Fragmenta tion and Lack of Coordinat ion in Data Collection and 
Diss eminat ion : 

I have illus trat ed the divers i ty and decent ralized nature of data 

sys tems for agriculture and food . Th_ere may be strength in divers i ty .  

However , the fragmented nature o f  the sys tem and the lack of coherence 

.... .. ., .. 
and coordination among the component parts also are sources · of inefficiency 

and maj or concern about the ability of the sys tem to regenerate itself to 

meet rapidly changing public and private needs . 

4 .  Inadequate Planning to Meet Future Needs : 

Related to the above , there is a d is tinct lack of coordinated longer-

range planning among the numerous agenc ies responsib le for aRricultural and 

food data . Planning , such as i t  is , tends to be ad-hoc and short term in 

perspective . 

5 .  Inadequate Budgets to Support Improvements in the Sys tem :  

Real funding levels for data development in the Federal government are 

declining . Adop tion of techno logy to enhance efficiency in data collec tion , 

management , and dissemination are lagging in p ar t , becaus e o·f inadequate 

budgets in stat is t ical agencies . 
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Summing up ,  pub lic data sys tems for agriculture and food are under 

serious s tress . A de cade ago , a commit tee of the American Agricultural 

Economic As s ociat ion put it th is way :
1 ) 

• " • • • our data sys t ems are in deep troub le • • • demands we make on 

this sys tem are now outrunning our inves tment in its continued deve lopment . 

Mos t  s i gnifican t ly , the conc ep tual foundat ion o f  the sys tem is crumbling -

and has been for some t ime . " 

• "Examination o f  various Commerce , Census , and USDA measures o f  

income and output sugges t not on ly real concep tua l di f f icul t ies over what 

is being meas ured but gross ly incompatible data sys tems . "  

e" 
• • •  we do not have a comp lete and coord ina t ed body of data that 

p�rmits descrip tion or analys is of the food and f iber indus try as a who le . "  

• "Developing a new theore t i cal bas is for obs o lete data sys t ems is 

an ur gent nec ess ity . " 

• ·�e mus t develop a s t ep-by-s tep s t rategy in which many varied 

ac tors who des ign , manage , and use data cooperate to retrieve our data 

sys t ems from the int e llectual chaos tha � now threatens . " 

Some progress has b een made to remedy s uch prob lems . S t i ll , i t  i s  

prob ab ly correc t to conc lude that the sys tem is continuing to obsolesce 

and s t i ll in a cond i t ion of int e l lectua l  chaos and adminis t rative d isarray . 

3 .  Recommendat ions 

There is no s imple solution or panacea to the prob le� I  have out lined . 

However ,  two ini t ial s tep s might be cons idered . 

(1) Rees tablish a federal s t atis t i cal coord inat ing body o f  some 

type at the highes t leve ls of the Federal government and in each of the maj or 

statis tical agencies . Hi ghly authorita t ive adminis trat ive s truc ture• may 

1
0ur Obs o lete Data Sys tems : New Direc tions and Opportunities , AA!A Commit tee 

on Economic S ta tis tics , AJAE , Vo l .  54 , No . 5 ,  Decembe r ,  19 7 2 , pp . 867-87 5 . 
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b e  ne i ther advisab le nor feas ib le . But lead ership , and the coord ina ted plannin� 

which can come from e f fec t ive leadership , are sorely needed . 

( 2 )  However i t  migh t be accomplished , the mos t impor tant recommendat ion 

per tains to the development of a framework to guide longer-run evo lution of 

the agricultural data sys tem ,  an endeavor of fundamental importance and one 

which should involve ultima tely a large number of users and data providers . 

The fundamental task to b e  accomp lished is that o f  des i gning a data 

sys tem whi ch  ac cords with the curren t  and evo lving economic s tructure of 

the food and fiber sys tem and rural communit i es ;  ident i fying the types o f  

data required f o r  analysis and decisionmaking , pub lic and private , at key 

nodes or in t erfaces wi thin the sys tem ;  speci fying the properties of data 

( frequency , geograph ic ,  commodity , market coverage , e t c . ) to be col lected , 

and perhaps a generali zed approach to data colle c t ion . At t en tion mus t be 

given ultimat ely to where data collec t ion func t ions migh t be performed bes t 

organi zat ionally , how coordina tion among parts o f  the sys tem might bes t 

be ob tained , and how data can bes t be managed and delivered for us e wi thin 

the pub lic and privat e  sectors . But i t  is essen tia l that the init ial effort 

be focus ed on the concep t ua l  and sys tem d e s ign issues , no t organi za t ional 

and process ques t ions . 

I t  is obvious that we mus t be conc erned ultimat ely wi th the deve lopment 

o f  data for related components o f  what has become a high ly in t erdependent 

agricultura l  s e c tor . The d evelopment and l inkage of int ernational agr i­

cultural and trade data wi th those for domes tic agr i culture d eserves con­

s ideration . In a s imilar vein , the growing need for domes tic natural re source 

re lated data mus t be considered . Efforts in the USDA and elsewhere to develop 

nat ionally consi s t en t  data bases
· 

for natural resources have been proceeding 

largely independent of the sys tem for domes tic farm production data . Such 
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an approach s eems likely to b e  not only cos t ly but to leave important data 

gap s , and incons is t encies . Food consump t ion and nutrition data should be 

s trengthened . Finally , we mus t  direct more attent ion to the development of 

dat a sys tems for rural areas , one which encompasses and links not only 

measures of produc t ion activities but measures of the economic and social 

wel l-being o f  rural peop le , househo lds , and communi t ies . 

The des i gn and detailed speci fica t ion o f  a data sys t em linking all 

s uch components obvious ly would b e  a mas s ive undertaking . As a beginning , 

the broad parame ters of the sys tem and the linkages among maj or components 

of the sys tem should be designed . Then , progress ively and sys tema t ically , 

more de tai led specificat ion o f  the sys tem of the future should be undertaken . 

There is subs tantial in tellec tual capital to undergird the e f fort we are 

propos ing . The challenge is to get on with the j ob . 
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Comments on Data Acqui si tion During 
Heal th Care Claims Proce s s ing 

James E . D .  Gardam 
Vice Pre s i dent , Medical Se rvi ce s 

Governmental Health Programs Office 
Prudential Ins urance Company o f  America 

I am going to speak to you today not a s  a techn ica l  expe r t 
in the compu te r i zed acqui s i t ion , s tor age , a nd d i splay 
of hea l th care da ta but a s  a • user • , cus tome r , or con s umer 
of such data . In a sense , I am the prototyp ica l f r iendly 
user with whom the " computer " technol og i s ts ha s iden t i f ie d  
i n  o u r  l imi ted sphere of hea lth care par t ic ipa t ion . I 
bel ieve we can s ta te tha t a s a t i s fy ing buyer - se l ler re l a t ion ship 
ex i s ts . This i s  an absolute requ iremen t  i f  data i s  to have 
mean ing . Now let me de scr ibe the environment in wh ich this 
r e l a t ionship ex i s ts . 

P r uden t ia l ' s  Gove rnmen t Hea l th Pr ograms Of f ice (GHPO ) , i s  
a tota l ly ded ica ted , geographica lly sepa ra te , and pra c t i ca l ly 
independen t c la ims proce s s ing un i t  of the Company . I t  
admin i s te r s ,  under a non-prof i t , co s t  only , contrac t , the 
re imbur sement (plus some other a spe c t s  or e lemen t s )  of f ive 
gove rnmen ta l hea l th progr ams . They a re : 

Pa r t  B o f  Med ica re in New Jer sey , Geor g ia , and 
North Carol ina . 

Pa r t  A of Medicare in New Jer sey . Thi s prog�am 
i s shared with New Jer sey B l ue Cr o s s .  

The New Jer sey Med icaid Program . 

As noted , the admin i s tr a t ion of the se ac t iv i tie s i s  sepa ra ted 
from our Commercial Hea l th I n surance opera t ion s .  

Pre sumably , the d i s t inc t ion be tween Medicare A and B i s  
known . Pa r t  A invo lve s in stitut ions ( ho sp i ta l s , home hea l th 
care agen c ie s , and sk i l led nur s ing fac i l i t i e s ) .  P a r t  B 
re imb ur se s pr ima r i l y  individual provide r s  ( P hy s ic ian s , Os teopa ths , 
Podia tr i s ts , Chiroprac tor s ,  and cer ta in other s upp l ie r s  of 
hea l th care service s ) . Med icare is a Federa l Program ; 
Med ica id i s  a S ta te admin i s te red program wi th f und ing shared 
by the S ta te and Federa l Governmen t . 

GHPO opera te s  in four loca t ion s , commun icate s through lea sed 
l ine s , and employ s 1 , 5 7 0 ±  people .  This of f ic e  prov ide s service 
to 2� mil l ion bene f icia r ie s  or r e c ip ient s , 1 9 5  in s t itut ion s 
(plus 1 6 0  C HC ' s ) and about 4 5 , 0 0 0  ind iv idua l pr ov ider s  of 

va r ious type s and d i s c ipl ine s invol ved in the provi s ion o f  
Hea l th and Med ica l serv ice s .  
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In 1 9 8 2 , GHPO proce s s ed s l ightly l e s s  than 2 0  mil l i on c l a ims ; 
d i sbur sed $ 1 . 5  b i l l ion dol l a r s  in bene f i t s  a t  a cos t of $ 4 5 
m j � l ion do l la r s .  Pa rt A co s t  pe r c l a im wa s $ 3 . 4 6 compared 
to a lmo s t  $ 5 . 0 0 in 1 9 7 7 , or f ive yea r s  prev ious ly . The un i t  
cos t f o r  a Par t B c l a im w a s  $ 2 . 28 compared t o  $ 2 . 7 7 f ive yea r s  
previously de spi te in f lat ion , pos tal cos t increa se s , and 
the change s in med ica l pra c t ice / technology . Pre-coded Med ica re 
c l a ims with manda tory a s s ignment are proce s sed a t  about $ 1 . 30 .  

I t  i s  bel ieved tha t the se cos t s  compare favorably w ith other 
proce ssor s  o f  Medicare and Med ica id cl a ims and are more than 
compe t it ive with comme r c ia l  insurance proce s sing al though the ir 
mi s s ion is often con s iderably dif feren t . 

GHPO u t i l i za t ion den ia l s  a lone have saved many m i l l ion s 
and denia l s  or reduc t ion s for a l l  ca use s sugge s t  a savings 
of more than $ 5 . 0 0  f or every $ 1 . 0 0 of admin i s tr a t ive c o s t s . 

Currently , in use i s  an I BM 3 7 0- 1 6 8 w i th attached proce s sor in 
a cen t r a l l oca t ion . I t  i s  be ing supplanted by the third ge nerat ion 
in the fami ly of l a rge comme r c ia l  proce s sor s . - a 3 0 - 8 1 mode l 
with 1 6  mil l ion po s it ion s of memory . GHPO ma inta ins i t s  
own s taf f o f  programme r s  and sy s tem • a rchi tec t s  and eng inee r s "  
for i t s tota l ly ded ica ted con sume r  or iented funct ion . I t  i s  my 
unde r s tanding tha t there i s  no such th ing a s  " down time " ! However ,  
in a c t ua l i ty th i s  s ta tement i s  s imp ly an indicat ion o f  the ded icat ion 
of our EDP peopl e •  

Wi th the se facts in mind , it become s obv ious that we accumu l a te 
a grea t amount o f  f in a nc ial data . However , thi s da ta tra n s l a tes 
into an accumula t ion of a wea l th of hea l th ca re da ta . Thi s  
s tore can only b e  charac ter i zed , l ite ral ly , -as-a mothe r lode 
of prov ider service s :  pa t ient util i za t ion : i n s t itut ional care 
cos t s : ind ivid ua l , spec ia l ty and a rea profe s s iona l pra c t ice s : 
patient demand s : pa t terns of ca re : and epidemiolog ical and 
techno log ical trend s . Thi s  acqu i s it ion of hea l th c a re f inanc ial 
da ta s imply demand s empl oymen t  o f  the c l iche - i t  i s  " boggl ing " .  

Wha t are some of the l e s s ion s that we have lea rned from computer i zed 
c l a ims proce s s ing ? 

F i r s t , da ta can acc umula te rapidly and become enormous in amount . 
Second , the current and advanc ing compute r technology i s  
noth ing l e s s  than a n a t ional a s se t . Th ird , the menta l capa c ity , 
intere s t , ene rgy , and educa t ion o f  our people , par t icul a r ly the 
young , in computer sy s tems and programming is a second na t ional 
a s se t  and pre sage s a con t inua l ly expand ing indus try for the near 
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and long term . Fourth , the s tore of accumula ted da ta demand s 
ana lys i s and tran s l st ion for pol icy po s i t ion s . F i f th , the 
very ma gn itude of the hea l th c are ecomony , now 9 / 1 0 '  o f  our 
GNP , demand s inten s ive computer appl ica t ion for the ex trac t ion 
and ana ly s i s of da �a , the abi l ity of computer to c9mputer 
corre spondence or da ta l inka ge , and acce s s  to da ta . 

It is a principle tha t language and forma t  control da ta . 
The HCFA-AMA , energe t ic ef fort to promote un ive r s a l  acceptance 
of C PT-4 mus t  be carr ied forward and supplemented by the 
adopt ion of ICDA - by everyone : In surance compan ie s , Academia , 
Government Agenc ie s . We must promote a common language - not 
s imp ly a computer language but a techn ical l anguage . Then 
any sy s tem can ta lk to any o ther sy s tem wi th the deve lopmen t 
of forma l l ine pro toc ol for a cce s s to da ta , pre serva t ion of 
prope r ty r ight s  and sure ty for pr ivacy . 

Currently , i t  is pos s ib le to addre s s  and re solve techn ical 
prob l ems . 

I t  i s  c learly pos s ib l e  to deve l op , imp l ement , and ma inta in 
pol ic ie s  both for the pre serva t i on o f  indiv idua l pr ivacy , 
the secur ity of da ta , and the prope r ty r ights inhe rent in 
sy s tems devel opmen t and the accumu l a t ion of da ta . There is 
B£ problem in th i s  area which cannot be addre s sed and re solved . 

The con trac t s  unde r  which we operate re serve a l l  "re sea rch "  
e f forts to the gove rnment agenc ie s for whom we work . There 
is no provis ion in the contrac t s to f und inve s tiga t ion or 
re search . Howeve r , it ha s not been po s s ible to s imply ignore 
thi s  s tore of da ta . Let me s imply outl ine in br ie fe s t  terms 
some of our stud ie s . P lea se note tha t the se are le s se r  or 
minor s tud ie s ,  if you wi l l , se rving only a s  exampl e s  of the 
poten t ia l s  for analy s is . There a re s ign if icant ep idemiologica l 
and other s ign i f icant s tudie s of in j ury , i l l ne s s , and the r apy 
which a re of much grea ter s ign i f ican ce .  The se stud i e s  have 
been pe r formed , for the mo st pa r t , within the compe t i tive 
co st-per-c l a im con s tra ints c ited above . They have been pe r formed 
in part , as in tel lec tual cha l lenge s to enhance the f unct ion of 
" rout ine " c l a ims proce s sing and cha l lenge or deve lop our peop le . 
They have been reward ing to the par t ic ipan t s . When o f  
sign if icance , the re s u l t s  have been commun icate d  t o  HCFA . 
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A .  We have been abl e  to re view the prof e s s ional 
se rvice s prov ided to de- i n s titut iona l i ze d  pa t ie n t s  
in Boa rd ing Home s ( for Reg ion I I ) , and 

B .  The Med ica l  nece s s ity of routine hospita l  admi s s ion 
che s t  f ilms ( a ga in for Reg ion I I ) . 

c .  We have examined the be l ie f  that phy s ic ians r e fu se 
to trea t  Med ica id pa t ient s .  A fal lacy disproved by 
a program tha t ind icated tha t 1 2 , 4 8 4  or a lmo s t  a l l  
active New Jer sey phy s ic ians rece ived payment for 
service s rendered to Med ica id rec ip ien t s . 

D .  A newly deve loped e lec tro-magne t ic device appea r s  to 
ha s ten recove ry in pa t ients who have non-un ion of 
fracture s  or fa il ed s urg ica l f u s ion s . We have begun 
to examine the longitud in a l  h is tory o f  knee s urgery : 
the in ser t ion of the tota l knee pro s the s is ; f a i l ure ; 
remova l ;  fa i l ure of the s i te to un i te ; s urgic a l  f u s ion ; 
fa i l ure of the f u s ion ;  and f ina l ly , the nece s s ity for 
emp loyment of the dev ice with an equipmen t  cos t of 
mor e  than $ 2 , 50 0  pl us a prol onged di sab i l i ty with 
los s of pos s ible earn ings . Ana ly s i s  of raw data 
sugge s t s , f ir s t , con f i rma t ion of the ana tom ic a l  fac t  
tha t the knee j o in t  i s  d i s t inct ly d i f ferent f rom the 
hip - and second , that tota l knee rep l acement may be 
a techn ique whose t ime ha s not ye t  come . 

E .  Peer review i s  a n  inherent e l·emen t of hosp i ta l  prac tice 
and i t  i s  an accep ted • fac t •  tha t l arge cos t s  and high 
profe s s ional fee s or igina te f rom hosp i tal in-pa t ient 
service s . Our s tudie s s ugge s t  tha t the review of a 
c la im  for a s ingl e  aberrant high fee - the outrageous 
surgica l charge , for examp l e , is not a s important a s  
i s  a pa ttern o f  care s tud ie s with pa r t ic u l a r  reference 
to the out-pa t ient se t t ing .  I n  the off ice se t t ing , we 
have noted : 

1 .  Non-pharmacolog ic u se of B l 2 is a common profe s s iona l 
prac t ice . 

2 .  There i s  s ub s tantial u se of in j ec t ions in pl ace of 
or a l  medica t ion s . 

3 . In ter rup ted and inapprop r ia te use of antibiotic s 
common ly occ ur s in the out-pa tient se t t ing . 

4 .  OVeru t i l i za t ion of te s t s , service s , and procedures in 
the of f ice sett ing s ub s tant ia l ly inc r ea se s cos t s . 
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5 .  Our s tate gove rnment s ucce s s f u l ly mon i tor s o f f ice 
prescr ipt ion abuse to the extent tha t phy s ic ian 
trade in narco t ic s  i s  disappe ar ing .  

6 .  Re turning to ut il iza t ion of service s in the out-pa t ient 
setting , Plea se note : 

Two unnece s sary ECG ' s  and che s t f ilms per day ,  f ive 
day s a week in the o f f ice repr e sents a pote n t i a l  lo s s  
o f  $ 2 5 , 0 0 0  pe r yea r . 

F .  Our curren t " 4 G "  ( $ 4 , 0 00 ) pro j ec t i s  a review of 2 0 0  
consecut ive c l a im s  for s urg ica l  se rv ice s with a fee 
grea ter than $ 4 , 0 0 0  - no t a lone to determine i f  the 
fee is without j u s t i f icat ion but to rel iably de termine 
wha t  a re the dr iv ing force s wh ich re s u l t  in a c la im 
of this magn i t ude . One ini t ia l  impre s s ion i s  tha t one 
fa c tor may be $ 2 5 , 0 0 0  ma lpr a c t ice in surance prem i um  for 
Ne uro surgery . 

G .  The pa t ien t over util i za t ion pro j e c t  - which wa s an 
out s tand ing s ucce s s  - w i th in de s igned l imit s .  You are 
fami l iar with the axiom - phy s ic i an s  are re spon s ible 
for 8 0 %  of the dec i s ion s which re sul t in hea l th care 
co s t s . I n  con s ider a t ion of actua l  exper ience by Med ical 
S ta f f  with pat ient s ,  i t  wa s dec ided to look a t  the 
o ther 2 0 % . An initial s tudy of the bene f ic ia r ie s  who se 
c l a im s  ind ica ted the l a rge s t  numbe r of vi s i t s  per year 
in all three s ta te s , revea led , a f ter per sona l  interviews 
and med ica l record documenta t ion , some fascina t ing pattern s : 
a combina t ion of the demand ing pa t ient and the complacent , 
compl ian t , olde r phys ic ian w i th wan ing skil l s  and who 
wa s untr a ined in the recogn i t ion and t rea tmen t of 
f unct iona l d i sorder s .  

H .  I n  add i tion to the above s tud ie s of service pa ttern s , 
we a re c ur ren tl y  imp lement ing ut i l i z a t ion sc reen s for 
hosp i ta l  s tay s exceeding 4 0  day s and Pod ia tr ic v i s i t s  for 
rout ine c a re which are in exce s s  of the r a te of na il .growth i 
other util i z a t ion r ev iew screens are be ing deve l oped 
for out-pa t ient labora tory te s t s  and comparab le service s . 

I .  F inal ly ,  our programs for direct phy s ic ian and ho sp i ta l  
c l a im entry with da ta exchange regarding el igib i l i ty ,  
deduc t ible s ta tus , e tc . , i s  we l l  unde rway . Ho sp it a l  
direct imput through other payor s ,  data l inkage , i n  the 
ca se of ho sp ita l charge s and tape to tape exc hange s o f  
re imbur sement da ta are a c t ua l i t ie s . 
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The se a re sma l l  pro j e c t s  - they have been c a re f ully cons idered 
and implemented only a f te r the exer c i s e  of s l ow and pains tak ing 
de l ibe r a t ion and wi th in the con s tr a int s of very , very l im ited 
f inanc ial re source s . They have repre sen ted a challenge , they 
have brought added sa t i s fact ion to wha t could be a rout ine claims 
proce s s ing mechan i sm , and , mos t  important , we be l ieve they point 
the way toward the recogn i t ion o f  problems . Proper ty r ight s  
and pr ivacy can b e  prote c ted .  Acce s s  and analy s i s  of da ta 
can lead to the solution of hea l th care problems . 
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THE ROLE OF  INFORMATION I N  THE PHARMACEUTICAL INDUSTRY 

Ra l ph Hi rschmann , PhD 
Sr.  V fce Presi dent , Bas t e  Research 

Merck Sharp & Dohme Research La boratori es 
Merck & Co . ,  I nc .  

Ra hway , N . J .  07065 

Presented at Workshop 
Towards a Nat ional  SIT Data Pol f cy 

Apri l 1 4 ,  1 983 
Whi tthal l Pavf l f on 
Jefferson Bu i l di ng 

Was hi ngton , D . C .  

My a s soc iate , Dr . Horace Brown , and I a re pl eased to have been i nvi ted 

to present our v iews to you this  a fternoon . 

We i n  the pha nmaceuti cal  i ndustry ,  l i ke the others who are spea ki ng today , 

are v i ta l ly  concerned tha t  data generated f n  government , academi a and pri vate 

sector l aboratories  shoul d be access i bl e  to other sci enti sts , cons i stent wi th 

i ntel l ectua l property ri ghts . Furthenmore , these data must be ma de ava i l abl e  

i n  a ma nner whi ch penmi ts the user to ma ke sc i enti fi c j udgments about the uti l ­

i ty o f  these data i n  hf s own research appl i cati ons . Thus , we are di fferenti a­

t ing  between raw data and i nformation , whi ch i s  deri ved by an expert ' s  eval u­

ati on of  data . 

I ' d  l i ke to gi ve you some representati ve types of  i nformat ion ba ses whi ch 

we use at Merck . Ff rst , l et me emphas i ze that  ma k ing  a safe and effecti ve drug 

is a compl ex process i nvol vi ng more than fi fty d i s t i nct d i sc i pl i nes . Our major 

goa l i s  to d i scover new ent i ti es wf th  pharmacol ogi c properti es whf ch  make a 

contrf butfon to therapy .  Mo s t  new enti ti es whi ch  we generate g o  nowhere . The 

few that do , requi re a s pan of ten yea rs from concept to marketpl ace , and cost 

50- 1 00 mi l l i on dol l ars to approva l for ma rket .  

Chemi stry i s  one o f  the major di sc i pl i nes i nvol ved .  The synthes i s  of new 

chemi ca l s ubstances requi res acces s to such da ta bases as Chemi ca l Abstracts 

and Derwent ' s  Fa rmdoc . These two servi ces i l l ustra te d i fferent methods of  
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fundi ng • . Chemi ca l Abstracts i s  the centerpi ece of  the worl d ' s store of chemi stry.  

I t  a bstracts about 500 , 000 arti c l es per year .  I t  i s  operated under the gu i dance 

of The Ameri can Chemi cal Soci ety and , by pol i cy ,  must be sel f-susta in i ng , i . e .  

users mus t pay for servi ces rendered . However ,  i t  i s  i mportant to note that  the 

current Reg i s try System , establ i s hed i n  the 1 960 ' s . was heavi ly supported by 

grants from The Na tional  Science Foundat ion . • up-front" do l l ars for system devel ­

opment can thus be a cruci al  part of a data base operation . 

On the other hand , Derwent Publ i cat ions L imi ted i s  an exampl e of  a pri vate 

enterpri se  operat ion . Fo r more than  a qua rter century Derwent ha s col l ected , i n­

dexed , abstracted and d i s tri buted patent i nformation from major countri es of  the 

worl d .  As wi th the Chemica l  Abstra cts , feedback between users and data base 

vendors was cri ti ca l  in esta bl i shi ng a useful  servi ce .  

Now , to return to the di s covery phase o f  drug  research . We , a t  Merc k ,  are 

keenl y  i nteres ted i n  a wi de vari ety of  d i seases related to human and anima l  

hea l th .  These i ncl ude hypertens i on ,  i n fect ion , i nfl amm�tion and a rthri t i s , men­

tal hea l t h ,  endocri ne di seases , and v i rus- i nduced d i sea ses of  both chi l dren and 

a du lts . Thus , we must scan  a l ong l i st of  journa l arti cl es and search many i n­

formation banks  to keep abreast  of cu rrent ha ppen i ngs . I wi l l  return to th i s  

pro bl em l ater on . 

Let me ci te an  exampl e from the ba cterial  i n fect ion area . To fi nd a new 

anti bi oti c i nvol ves the col l ect i on and screen i ng of  many thousands of  cul tures . 

Hence , we frequently must compare speci mens of  i nteres t wi th  reference material  

from wha t is  known as  The Ameri can  Type Cul ture Col l ect i on . You wi l l  appreci ate 

that i t  i s  a compl i ca ted tas k  to determi ne when an anti bi oti c wi th i nteresti ng 

properti es i s  tru ly new. La rge vol umes of  both bi ol ogi cal  and phys i co-chemi cal 

data must  be generated and compared to separate the ol d from the new . 

When an  i nteresti ng new " l ead" i s i n  hand , we must concern oursel ves wi th 

i ts potenti a l for s i de effects or tox i ci ty .  Thi s requi res yet another data 
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base.  Bi ologi cal Abstracts i s  1 central source for informat ion on the properti es 

of compounds and on methods used to demonstrate therapeutic  or pharmacol ogi c ac­

tions . Though Bio logica l  Abstracts had recei ved support from government grants , 

ft f s  today a not- for-profi t ,  sel f-supporti ng organization . 

The Nat ional  Li brary of Medi cine exempl i fi es yet another vi tal source of i n­

formati on for the precl i n i cal and .edi cal  areas . Here , Chem1 1 ne and Toxl i ne 

serve to g i ve ins i ght i nto rel ated chemi cal substances . For exampl e ,  the search 

for a chemi ca l  cl ass  of compounds cal l ed imi des ought to ra i se a fl ag for the 

chemi st re the teratogenic  properti es of thaZidbmidB . Though a compound chem­

i cal ly rel a ted to thalidOmide Might not be teratogen i c , the i nvest i ga tor woul d 

surely wi s h  to be remi nded of thi s poss i bi l i ty .  

Fo l l owi ng the prel imi nary sel ect i on of  a potenti a l  product candi date , we 

Must conduct chroni c toxi ci ty studies . The vol umes of  data generated i n  our 

l aboratori es need to be eval uated in the l ight of extant knowl edge rel ated to 

s imt l ar chemi cal or  therapeuti c cl asses . Two data bases from the Nat ional L i ­

bra ry o f  Med i ci ne are sometimes hel pful - Cancerl i t  for a nimal , and Medl i ne for 

human data . 

So fa r,  we have stres sed the bi ol ogi ca l properties of  chemi cal s .  We are 

a l so concerned wi th the phys i co- chemi cal propert i es .  An i nterdi sci pl i nary data 

base supported by Nat i onal Techni ca l  I nformat ion Servi ce ( formerl y N IH/ EPA) i s  

qu i te useful to our phys i cal and bi ophys i ca l  chemi sts . Thi s da ta base started 

f n  NI H ,  but was l ater made ava i l a bl e  to outs i de users through government sup­

port .  Users now pay an  annual subscri pti on fee and pay connect cha rges for ac­

cess to the fi l es .  

Fol l owi ng submi ss i on of an IND . careful cl i ni cal  studi es •ust be carried 

out .  These begi n wi th smal l  numbers of cl osel y moni tored subjects i n  cl i ni ca l  

phanaacol ogy studies and then expa nd to cl in i ca l  tria l s in  l arger pati ent 

popul ations . I n  some i nstances , the patients sel ected for study may be based 

on epi demi ol ogi cal data obta i ned from the Communi cabl e  Di sease Control Center .  
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From thi s i nform.tion source we can get �rbi dity and �rtal i ty data , v i ral  dis­

ease i nci dence fo r vacci ne studi es , etc . 

Let us now say a word a bout the bui l di ng and operatioq of data bases to 

wh i ch we have referred a bove . I t  i s  a very compl ex and costl y endea vor whi ch 

nowadays i s  a l most surely computer-based . The computer system must be des i gned 

to capture . store and retrieve the data . Communi cati on networks must be chosen 

for transm i s s i on of  the retri eved data to users . Thi s whol e operation requi res 

the cooperati ve efforts of experts i n  al l of the di sci pl i nes i nvol ved . Most im­

portant i s  the sel ecti on of the data to be stored . The accumul ati on  of unrel i ­

abl e  data i s  worse t ha n  no data . I n  our pharma ceuti cal work the i nterd i sc i pl i n­

a ry aspect of the i nformation needed a dds to the compl ex i ty of system des i gn and 

operati on . 

Fi na l ly .  a word a bout al ternati ve phi l osoph i es for the fund ing . bu i l d i ng 

and operati ng of data bases . I n  our vi ew , there i s  no s i ngl e optima l sol ut i on .  

Some countries . s uch as Japan , France and Engl a nd ,  rega rd i nfO rmation bases as 

a nat i ona l a sset , and cons i der i t  a foregone concl us i on tha t  such systems shoul d 

recei ve support .  The Bri ti s h  Lend i ng  L i brary and the overni ght ava i l abi l i ty of 

documents in Eng l a nd a re exampl es of a service  we l ack i n  thi s country .  We 
-

hearti ly  support the concept of free enterpri se ,  but we note aga i n  that some of 

the successful  l a rger systems for di stri buti ng i nforma tion had thei r i ncepti on 

i n  government- supported acti v i t i es . I al so want to s tress that the fra gmenta­

t ion of i nfo rma t i on systems compl i cates i nforma tion extract ion for the user .  

For our i nterdi sc i pl i nary needs , i t  woul d be des i ra bl e  to be abl e  to go to a 

.ore l imi ted number of sources to get a l l the i nformati on needed . Mul t i pl e  sys­

tems , es pec i a l l y  fragmented ones , mean added expens e i n  tra i ni ng users and i n  

rearrang i ng forma ts for di stri buti on . A more i ntegrated approach and more 

standardi zed means of access  woul d be hel pful . Another probl em that shoul d not 

be overl ooked is what I woul d cal l the orphan i nform.ti on probl em,  i . e .  i nforma-
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tion of only l imi ted marketabi l i ty .  

A good exampl e o f  a cooperati ve venture i s  the Na t i onal Li bra ry of Med i ­

ci ne .  Medl a rs has been a pri nted source o f  cl i ni ca l  i nformati on for decades .  

I n  the 60 ' s ,  through a cooperat i ve effort i nvol vi ng Nat i ona l L i brary of Medi ­

c i ne ,  the Pharmaceuti ca l  Manufacturers Associati on and Systems Devel opment 

Corporation , thi s data base was .. de ava i l abl e  on- l i ne .  We have used i t  con-· 

ti nuous ly  s i nce that time .  

Taxpayer , persona l o r  i ndustri a l , and government fi nd t hemsel ves bei ng 

both provi der and user of i nformation . We a l l cl ea rly recogn i ze the rol e o f  

i n format i o n  as  a useful resource . Unl i ke most other resources , i t  i s  not con­

sumed i n  the process of use . 

Knowl edge ha s l ong been rega rded as power.  The el i te i n  our i n fo�a t i on 

age wi l l  t hus have power to be used for our common good . We thi nk we requi re 

a strategy whi ch  assures tha t  our i nforma ti ona l  needs are met i n  an optimal  

.. nner . I n  the past , cooperati ve i nvol vement o f  government , free enterpri se  

and the  end users has often provi ded rea sonably sati s factory resu l ts .  The 

way i s  compl ex , a nd pa radox i s  part of the game . Our na t i ona l endeavors a re 

heav i ly based i n  i nformation . We must fi nd a way to ma x imi ze i ts ava i l abi l i ty 

and s i mpl i fy the extraction process a s  much a s  poss i bl e .  

Final ly , I should like to mention that we at Merck also con­

tribute to the data bank . For example , we publish some 400  papers 

in re fereed j ournals a year , and we make many of our compounds 

avail able to othe r scienti sts , both in industry , in government 

and in univers ities . This operation often gene rates additional 

data , some of which are then publi shed by the outs ide investigators . 
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NATURAL RESOURCES AND ENERGY - GROUP SUMMARY 

John C .  Davi s , Co -Chai rman 

My repo rt wi l l  be somewhat , shoul d  we say , imaginative , in 
that it  i s  very di fficult to come up with a conci se , coherent 
s ummary of what was an extremely heterogeneous discus s ion . 
Some o f  the remarks that I wi l l  make re flect in part the 
various speakers ' presentations , and in part my own thoughts 
which I interj ect at this time as a personal reward for having 
served as chai rman . 

First , I would l ike to introduce a concept that real ly didn ' t  
come out in the meeting : the concept o f  the Nationa l Patrimony . 
Thi s  means " i rrepl aceable info rmation of value to the nation . "  

In the sess ion on natural resource s , the data that we we re 
mos tly concerned about were data wh ich are time- and space­
dependent . This means that they are unique . The se data cannot 
be repl aced once they are lost , because they wil l  never occur 
again ( as someone pointed out ) . Mt . St . Helen ' s  i s  apt to 
e rupt only once , we hope , in our l i fetime . 

Al so , there i s  something a l ittle di fferent about the type 
o f  data and the type that the gentlemen invo lved in engineer­
ing materials or chemical properties are concerned with . 
This di fference is the vast quantity o f  data that must be 
preserved . When process ing such data , it i s  es sential that 
we us e computers . The o i l  companies , for example , maintain 
some o f  the l argest computers in the world outside the Pentagon , 
and they process some o f  the biggest data files that exist 
anywhe re . A bas i c  que stion--a fundamental que stion- - i s  how 
to coordinate and facil itate the exchange and conso lidation 
of the data that are already available . The re are bas i cally 
three choices : Coordination and facil itation can be done by 
( 1 ) the government , by ( 2 )  the indus try , perhaps through pro­
fe s s ional societie s , or ( 3 ) it can be done by a mixture o f  
the two . 

Now , the reasons for preservation of thi s  type o f  data mus t 
extend beyond the narrow concept o f  the i r  current commercial 
worth . Economic conditions change . What i s  uneconomic today 
may be vital ly impo rtant tomorrow . As a s imple example , we 
can consider the incredible fluctuations that we have seen 
in the pas t ye ars in the price of oil and gas . 
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I f  OPEC collapses and the price o f  crude o i l  drops s igni f i ­
cantly , then many o f  the data archiving and data exchange 
mechani sms which presently exist in the private petroleum 
sector wi l l  not be economical ly viable . And i f  these 
uneconomic conditions pers i st for a sufficiently long period 
of  time , the data wi l l  be los t , i rretrievably los t . For 
instance , the in formation in records from dry ho le s dri l led 
in the explo ration for oil and gas represents the only tangible 
achievement from an expenditure of seve ral mil l ions of do l l ars 
for each ho le . And its unl ikely that the indus try or the 
government or anyone else wi l l  go out and dril l  anothe r hole 
in the ground in that spot to get that data back once it ' s  
gone . 

Secondly , our obj ective s  change wi th time . Thi s  was brought 
out by Dr . Harbaugh in his  presentation . The informat ion 
gathe red for one pe rson may someday be extreme ly valuable for 
enti re ly di f ferent purpo se s that were not thought o f  at the 
t ime the data were initial ly gathe red . I f  that information 
is los t , i t  wi l l  have to be regathe red at great expense . 
For example , i f  the nation de cides that it  needs to investigate 
the No rth S lope to determine its coal resources , i t ' s  going 
to have to go back and embark on a maj or , very expens ive 
program o f  sampl ing to obtain thi s  data which could have been 
gathe red at marginal cost at the time pe troleum evaluation was 
underway in this area . 

Thirdly , there are important private sectors o f  the economy 
that may requi re info rmation in orde r  to s urvive , and I can 
give you a small example from Kansas . The State o f  Kansas 
maintains , wi th indus try cooperation , a program fo r the 
archiving and distribution of in formation on oil  wel l s -­
s amples ,  top cards , dri ller ' s  logs , and the l ike . The reason 
we do this is because the indivi dual membe rs of the petroleum 
indus try that exist in the S tate now are not financial ly able 
to do it by themselves : with the cooperation o f  the S tate , 
they can . 

The Oil and gas indus try in Kans as , although composed of 
smal l companies , includes a ve ry large number o f  s uch com­
panies , and cons titutes the second most important source o f  
income-- tax income--in the s tate . It  i s  also the second 
largest emp loye r of taxpayers in Kans as . My agency i s  
extremely interested i n  the health and well-be ing o f  thi s 
parti cular segment o f  the publ ic . I think that equivalent 
s i tuations exi s t  in the nation as a who le . 

In addition , there are certain noncommercial but socially 
worthwhile uses for tempo ral and spatial , natural-resource 
data . For example , trace element analyses have been co llected 
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in certain national s urveys s uch as the NURE program o f  
the DOE . Such in formation may have been gathe red for one 
purpose , perhaps the asses sment o f  uranium resources , but 
this s ame data can provide very , very important health 

· 

in formation . You can ' t  re al ly place a price on the knowledge 
o f  the dis t ribution o f  selenium in surface sample s , for 
ins tance , o r  othe r e lements that may have a very important 
he alth- affecting component . 

And finally , as we s aw in one rathe r dramatic example this 
morning , many of the bene f i ts are negative in the sense that 
the absence of good data has extracted a cos t  which was unknown 
or unappre ci ated at the outset . 

The summary o f  al l o f  this and , I think , a concens us that 
emerged from the meeting , was that a s uccess ful approach to 
the data problem in the natural re source s are a  requires 
cooperation between all inte rested segments o f  indus try and 
government . The data come from all source s . The government 
certainly does not have a monopo ly on the i r  gene ration ; in 
fact , it is  probab ly a smal l generator in the area of earth­
s cience data . The re is a concern about funding , about obtain­
ing bas i c  s upport for the s tart-up o f  any exchange me chanism. 
The re is  an initial lead- in cos t  for any mechanism for the 
dissemination and preservation o f  s uch data , and it is  di f­
ficul t to fund such a p ro j ect from a pure ly commercial view­
point . 

I think eve ryone agree s , and I think the indus try itse l f  would 
be the fi rs t to s ay ,  that there shoul d be a " co s t "  for data . 
The re would be a tangible s upport contribution which is  made­
by the use rs o f  data . But the gene ral view i s  that thi s  fee 
should be tagged to the marginal cos t  o f  the data and not to 
the initial cos t  o f  gene rating the data . The government 
should recognize ( I  think this is the most important point ) 
that the re is  an ongoing cos t associated with the gene ration , 
maintenance , and di s t ribution o f  the data that i t  create s ; 
and that it has an obli gation to the National Patrimony--
it mus t re cogni ze this at the outse t o f  its data-gene rating 
activi tie s . 

Cri tical in formation on ce rtain national re source s are not 
avai l able even though the information exists . Again , this 
i s  a problem o f  coordination . The volume o f  the data involved 
makes it a very s i gni ficant technological and budgetary problem. 
Also , the re is  a problem in government/indus try data exchange 
of info rmation from fede ral l ands . 

I think this summari ze s both my own pre j udices and the views 
e xpressed in the comments o f  the commi ttee . 

Thank you .  
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ENVI RONMENT - GROUP SUMMARY 

R .  S tephen Be rry , Co-Chai rman 

Both our speake rs we re from the chemical indus try , so 
naturally they shared many o f  the ir concerns . One point 
that came out ve ry early i s  that for indus try , the cl imate -­
the press ure s on them to deal with envi ronmental matte rs , 
to de al with pol l ution--is more severe than ever be fore . 

The only ways avai lable to deal with the se problems demand 
that we have good envi ronmental data on sources , on ambient 
condi tions , on e ffects , and on the trans formations that 
occur to pol l utants as they go into and dwe l l  in the 
atmosphe re . The points we re made that most fi rms , most 
emitters of envi ronmental pol l utants , behave respons ibly 
and have expertise fo r meas urement and for de al ing with 
controls , but that the re are always rogues and there are 
always new s i tuations aris ing that prompt re gul ation . 
Whi le we have public agencies to gathe r data , in fact , 
private firms themselves , for the i r  own inte re sts and for 
public interests , do gathe r data , often on many s ubs tance s 
that are not under any controls at all , but s imply for the i r  
own inte re s ts and for the i r  own purposes . 

Thei r  data i s  caught , o r  thei r  data gathering is o ften 
caught between a Scylla and a Charybdi s .  On one hand the i r  
.data are seen a s  gene rated by a private ins titution having 
a ves ted intere s t  and at the s ame time those data are gene r­
ated by an ins titution that has more expertise than any othe r 
body . Thi s  is a di lemma that we haven ' t  re al ly re solved and it 
comes in furthe r down the line , when we be gin to ask que stions 
about whe re the respons ibi l i ty should lie for gathering data , 
for validating data , for dis seminating data . 

Fi rms carry out these activities when they see some gain 
for themse lves in the broade s t  sense but still  gain in te rms 
of the firm .  The re are public gains that are not necessarily 
in the firm ' s intere s t  that j us ti fy activi ties by gove rnment 
agencies . The question then comes as to what are the roles 
o f  the agencies and bodies , the academics , the government 
laboratories in that gathe ring , val idating and di s seminating 
activity . The val i dation aspect particul arly , as Mr . Te rry 
pointed out again and again , requi res on e being in a kind 
o f  policing ro le . I t ' s  inescapable . One cannot expect to 
have we ll-val idated data unle ss the re are not only induce­
ments fo r doing it right , but penalties i f  you don ' t  accept 
that respons ibi lity . The ques tions then arise as we l l ,  are 
there ins ti tutional ways o f  attacking the problems of generat­
ing and val idating and di sseminating re liable data? 
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The way I ' ve di scussed the i s s ue so far make s i t  sound like 
assembling re l i able envi ronmental data can ' t  be done with­
out some kind o f  con frontational s i tuation . But the re i s  at 
least one example that was brought out by Dr . Bonczek that-­
in the case of s ubs tance s re gul ated by OSHA- -the regulations , 
s tandards and regulations for acrylon i trile were decided 
upon in an amicable , col laborati ve way . The re is  one examp le 
that we can take as an exis tence proo f that it  may be pos s ible 
to get envi ronmental data and s tandards wi thout confrontation . 
One o f  the que s t ions that the Science and Techno locy Commi t tee 
wi l l  no doubt be facing is  what me chani sms could make that 
one expe rience gene ral , should the national laboratories , not 
only the National Bureau o f  S tandards but perhaps othe r 
national l aboratories , be playing an i nst i tutionali zed role 
in data gathering and validation fo r the envi ronment beyond 
what they do now . 

Should agencie s that s upport re search on data , particularly 
in our context , envi ronmental data , consti tute from the i r  
constituencies o f  us ers advi sory boards to deal wi th problems 
o f  gene ration and val i dation and di ssemination of  data-­
boards that woul d put togethe r the data gene rators and 
data users to find some common ground? 

The re were several speci fic re commendat ions that Dr . Blair 
proposed , and some others that emerged as we ll--those Dr . Blair 
proposed we re that data gene ration activities should have 
s uppo rt large enough and speci fical ly indicated for making 
those data ava i l ab le for cataloging and indexing , and I would 
gene ral i ze that to s ay val i dation as we l l . 

Se condly , he comes to the point o f  val i dation : funding needs 
to be provided to compile and evaluate exi s ting data , not only 
new data , so that those data can be available and val idated 
when de cis ions have to be made that depend on the ir val i dity . 

Thi rdly , he recommended that the regulatory agencies carry 
re spons ibi l i ty to examine , s tate and make public the rel i ability 
o f  the data on whi ch they are bas ing the ir decis ions . Finally , 
he de al t wi th the broade r i s s ue , that Congres s  has a re sponsi­
b i l i ty to ins i s t  on the soundnes s  of the data on whi ch i t  i s  
try ing to make i t s  decisions . 

The re we re some other more speci fic recommendations in te rms 
o f  data respons ibi l i ties that need to be ful fi l led , particu­
larly needs fo r background data and anticipatory re search 
that wi l l  te l l  us how things are changing and wi th which we 
can make compari sons in the future o f  new environmental 
perceptions or new subs tances added into the envi ronment . 

Thank you .  
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AGRI CULTURE AND FOOD - GROUP SUMMARY 

Russel l R . Thompson , co-Chai rman 

we had two sp•k er s--K en
'
rarr ell and Arch Par k .  Mr . Far r ell , focused 

on thr ee aspects-- th e inst i tutional s etting for food and agr icultur e data . B e  

•phasiz ed how i t ' s  org aniz ed h istor ically and u p  to th e cur r ent time. B e  

pointed ou t that th e cur r ent syst• is in gr eat str ess for many d i ff er ent 

r easons , and thi s  str ess has b een ex i sting now for some time, and th er e  has been 

a continu ing d et er ior at ion in the qual i ty and br eadth of th e data . B e  mad e two 

r ecOIIlllendations for th e futu r e and that is th er e  has to be som e type of n ew  

syst• for coordinating agr icul tural and food data , a nd  th er e  must b e  a 

framework within wh ich th i s  coordinat ion is  plann ed .  

Th er e  •re a number of qu estions that came up , on e of th • being that th er e  

s eems to be an awful lot of shuffling around , and that shuffling around has 

exist ed for some t im e, bu t r eal ly no one seems to be n ec essar i ly in charg e. 

Th er e was some d i scuss ion of that and it s eems l i k e  th er e  is mor e n eed for 

Mnag •ent at a high er l ev el--I d idn ' t  d i sc er n  that anyon e had any answ er s  

speci f ically for that . I t  was poi nt ed out that th er e  is an int ernational 

d imension and that th e int er national dimens ion is becoming incr •s ingly 

impor tant . I t  was point ed ou t that th er e ar e very d ef i n i t e  micro data needs and 

in th e past som e of thes e  micro data n eeds have been ful fill ed upon 

r equ i r ements of th e Cong r ess for l i k e  cost of cotton production data and th ings 

lik e that . 

I t  was also pointed out th er e ar e major gaps in the data . On e of the major 

gaps that was sing l ed  out was gaps in th e cas e  of nutr i tion .  
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Mr . Par k focused on a g lobal r ic e  mod el that h e  has b een involv ed in 

. d ev eloping . Thi s  was sponsor ed by th e u . s .  Gov ernment and has had joint r evi ew  

a t  th e internat ional l evel .  B e  went into how th e mod el  was formulat ed and 

point ed ou t th e rol e of th e r aDOt e  s ensing t echnology in both accounting and 

for ecasting . He  point ed out th e n eed for agg r egating in this  mod el to a 

r elatively larg e ar ea d imens ion which was found to be  n ec essary . He point ed 

out that th e data bas e for this mod el was n ec es sary and h e  went into a nUIIber 

of charact er istics of the data bas e. And he said he bel i eves that th er e  is a 

nat ional int er es t ,  that mod el s such as that ( and data to suppor t those mod els )  

ar e d ef ini t ely in th e national int er est ,  because t h e  nat ion mu st und er stand not 

only i ts own agr icultur e but wor ldwid e ag r icultur e, and we n eed to have a sound 

data bas e  as an ea r ly war ning system for answer ing ag r icultural d ev elopment 

qu estions , for human r es ettl ement qu estion s ,  proposing alternat ive cropping 

patt erns , and coming up wi th investment strat eg i es as to how th e investment 

should be mad e in  th e weath er sat el l i t es  versus th e r emot e s ensing sat el l i t es .  

Now , s ev er al qu estions w er e  ask ed .  On e s et of qu estions d ealt with th e 

pr i vacy issu es .  Do peopl e f eel that th ei r pr i vacy will b e  invad ed by th e 

sat el l i t es i n  coll ecting data which wi ll be  used i n  v ery fundamental ways? As 

I r ecall h e  bel i ev ed  that th e pr ivacy issu e could be handl ed wel l .  

Th e owner ship/manag ement issu e in t erms o f  coll ection , analysis and us e 

was rais ed ,  and th er e  was cons id erabl e d i scussion on that poin t .  Consid er abl e 

• k ept ic i sm was r a i s ed  wi th r egard to pr iva t e  control of a data coll ection ,  

analys is and r epor t ing syst em ,  becas e th ey d idn ' t  bel i ev e  that •tandards would 

be maintained with pr ivat e control . 
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Some will ingn ess s eaas to be pr esent to at l east cons id er appropr iate 

pr ivate/publ ic s ector joint v entur es .  Howev er ,  th er e  d idn ' t  s eem to b e  any 

d ef in i t e  insights as to how th ef might be structu r ed .  

I t  was expr essed that th er e  i s  consid erabl e knowl edg e as to th e users  of 

agr icultural data and th e potential uses of the i nformat ion emanating from i t ,  

but v i r tually nothing i s  known as to th e valu e o f  this informat ion i n  use,  which 

is fundamental for economic d ecision mak ing . For exampl e, what is th e l i k ely 

r etur n-on-inv estment from pr ivate own er hs ip of the r emote s ensing sa tell i t es? 

As you know , i t  has been proposed by th e Reagan Admini str ation that th e weath er 

and r .ot e  s ens ing sat el l i t es  be tr ansfer r ed  to th e pr i vate s ector , and that 

th es e  sat elli t es ar e prov en technology wi th r egard to agr icultural food and 

fiber data and coll ection .  I t  i s  th e on e ar ea i n  which the r .ote s ensing 

t echnology was prov en und er the LACIE program. 

In conclusion ,  we had a v er y  dynamic d i scuss ion . I t  last ed th e full 

per iod ,  and th er e was som e controv er sy at th e end with r egard to th e sat el l i t e  

own er sh ip/manag ement issu es .  

As Spok esman o f  the S ession , I would draw th e following conclusions . We 

ar e on th e thr eshold of a n ew  era .  '!'h e nation n eeds a totally new 

own er sh ip/manag ement system for data coll ection ,  analysis and r epor ting .  '!'h i s  

new  system must t im ely and inexpensively f�l f ill soci ety ' s  n eeds for accurate 

information . Inc ent iv es and r esponsive manag ement ar e n ec essary, which can 

only be provid ed  ef f ic i ently by th e pr ivat e  sector . '!'h e  pr ivate sector must 

bec011 e intr icat ely involv ed in th e d ec i s ions associat ed wi th th e own ers h ip and 

manag ement of th e nation ' s agr icultur e and food data collection , analysis and 

r epor ting system. But for pr ivat e sector d eci sions , som e c r i t er ion (or 

cr i t er i a )  is  n eed ed  by which to d et ermine th e rate-of-r eturn on th e inv est-

m ., t .  

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 .

C o l l e c t e d  P r e s e n t a t i o n s  P r e s e n t e d  a t  t h e  W o r k s h o p  T o w a r d s  a  N a t i o n a l  S & T  D a t a  P o l i c y
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 5 2 1

http://www.nap.edu/catalog.php?record_id=19521


- 1 14 -

Th i s  r equ i r es meaningful pr ices .  Unfor tunately , nothing is  known as to th e 

l i k ely valu e of th e information in use.  This valu e can be measu r ed ,  thi s  

measur •ent wi ll g iv e  th e n eeded pr ices for d ec ision-mak ing . How ev er ,  

r esources must be  d i r ect ed  to measur •ent . To dat e,  vir tual ly non e hav e been .  

S� th e issu e befor e th e sc i ent i f ic commun i ty is clear . Th is commun ity 

must d ei sgn th e r es earch progr ams to provid e  th e information values r equ i r ed .  

I t  must fur th er becom e  actively involv ed i n  d esigning and planning the new 

syst • .  Th en, the pr ivat e sector wi ll  b e  abl e to bid compet i tively to own and 

manag e matu r i ng t echnolog i es  d ev eloped and own ed b)' the Gov er nm en t .  

'!'hank You . 
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HEALTH - GROUP S UMMARY 

Donald S te inwachs , Co-Chai rman 

Wi th the Chai rman ' s  permi s s i on , We s Cla rk and I have de­
cide d  to divide the s ummary , so I wi l l  be ve ry brie f and 
de scribe issue s  pertaining to he alth data and We s wi l l  
di s cus s po licy impli cations . 

In the he alth data area , the group talked about a broad 
range o f  type s of data , as I think most of you have , 
ranging from primary data source s to abstract s ummarie s 
from j o urnal arti cles that are available through biblio­
graphic se rvice s . 

I would like to make some general obse rvations that came 
out o f  the presentations o f  the two speake rs . First , the re 
i s  a we al th of data currently in the he alth arena that i s  
not be ing ful ly exploite d .  Some of the conce rns about 
achievi ng maximum value from these data include the limited 
avai l abi l i ty of funds for s tudies to examine the data , i s s ue s  
o f  data quality and re l i ab i l i ty , a s  we l l  as conce rns regard­
ing the content and de fini tion of items of data , whi ch are 
i s s ue s  that othe rs of you have rai sed . 

Conce rning data that goe s into abs tracting se rvice s , Medlar , 
Medl ine and othe rs , the i s s ues focused on ques tions o f  com­
patibi l i ty , si nce the clas s i ficati on sys tems and de finition 
o f  te rms are not the s ame . Thus , it i s  di f fi cult to know 
whethe r a l i te rature search and review i s  comprehensive 
be fore arriving at a j udgment re garding the e f fectivene s s  
o f  health care se rvice s . 

I ' m going to focus on key fede ral role s for a moment . There 
was cons i de rable di s cuss ion about whe re the fede ral role i s  
in he alth data , particul arly s i nce the fede ral gove rnment 
s upports a maj o r  part of the he al th care sys tem , many o f  the 
requi rements wi thin he al th care are imposed through legi s la­
tive mandate s ,  and the government s upports health re search . 

Let me j ust run through the se rathe r qui ck ly wi thout too 
much comment and then let We s talk about some o f  the po l i cy 
implications that came up in di scus s i on .  

A function that was viewed as a key fede ral ro le was in the 
ini tiation o f  new data sys tems . Many o f  the exi s ting health 
data sys tems , rangi ng from bibliographic services to primary 
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data source s on health status and uti l i zation , would not 
exi s t  i f  it we re not fo r fede ral s upport . In some 
ins tance s thi s  represented ini tial s upport that led to 
s upport through the private sector based on subscription 
fees and use r  fees . 

There was not much dis cus s ion , nor a concensus , about the 
e xtent to which the fede ral government gets involved in 
providing guidance as to standards o f  re l i abi l ity , content 
of data base s and the de finition of te rms . I think the re 
was a perspective emerging that the re is an appropriate 
fede ral ro le in deve loping guide l ine s  pe rtaining to 
content , clas s i fi cations and re liability standards . The 
need is  not so much in the cost and pricing area that was 
di s cus sed previous ly , but more so in the de fini tion and 
clas s i fi cation of clini cal variables . Some of the conce rns 
have been sharpened by more re cent attempts to use clinical 
in fo rmation contained in bi l l ing and di s charge files to look 
at the e f fectivene s s  of he alth care . 

The fede ral gove rnment ente rs thi s  arena in te rms o f  estab­
li shing data requi rements whe re they pay for services as 
we l l  as promoting national e f forts in the uni form col lection 
o f  he alth data . 

· 

The �ederal government i s  also invo lved in setting standards 
for pri vacy and confidentiality . The re was a conce rn about 
access to data and the fede ral government ' s  ro le . The fede ral 
government has paid for the co llection o f  a wide range o f  
data , from bil ling data to re se arch data . The que s tion i s  
unde r what circums tance s and how broadly should data b e  made 
acce s s ible ; what ' s  the role o f  the pe rson who deve lops the 
data , what ' s  the role o f  the use r , and what safeguards 
l imiting the share of information are needed . 

The re was also some di scus s ion of data re tention po licie s . 
As many o f  you are wel l  aware , data co l lected through bi l l ing 
sys tems are frequently di scarded as soon as the bi l l  is paid , 
and do not be come availab le as a longitudinal data base . 
Que stions we re rai sed whether there should be fede ral 
pol i cies encouraging data retention . 

Las tly , in te rms o f  i s s ues o f  support , the fede ral gove rnment 
has played a ma j o r  role and we would expect it to continue . 
Thi s  has involved s upport fo r both the deve lopment and col­
lection o f  many type s of health data as wel l  as the analys is  
o f  data . The re was cons i de rable fee l ing that more support 
i s  nee ded for the analysi s  of data and attention should be 
given to setting prio rities . 
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HEALTH - GROUP SUMMARY 

We s tley Clark , Co-Chai rman 

I couldn ' t  he lp but be s truck by the s imi larity o f  comments 
by each o f  the chai rmen as you dis cus sed natural resources 
and environment , agriculture , and he alth . Some o f  the 
policy i s s ue s  that inhe re in each analysis seem to be 
qui te the s ame . 

One o f  the critical elements that we discus sed was the 
i s s ue o f  commercial i z ation o f  data bases and of the market­
ing o f  programs . The Hi ll has recently been confronted 
with pol i cy s ituation of what shoul d be done wi th the 
National Library o f  Medicine when the private sector com­
plains o f  unfair compe ti tion . 

There is  no cent ral concept on the Hi l l  of what the ro le 
of the federal government should be in te rms of de fining 
what info rmation i s . There is the i s s ue of ro le and the re 
i s  the i s s ue of de finition that create maj o r  problems for 
policies . The conse rvative s  seem to feel that i f  the pri-
vate sector can do it , then let the private sector do i t . 
Hence you can get admini stration pos ture on information 
which would al low the privati z ation of we ather collecting 
device s that the gove rnment put into operation in the firs t  
pl ace , wi thout any kind o f  as ses sment o f  long-term implications . 

One o f  the maj o r  themes that came up was the whole concept 
of orphan info rmation . Orphan information turns out to be 
a maj or variable because it is the phenomenon that leads you 
into asking ce rtain kinds of que s tions s uch as the que s tions 
that the natural resource s pane l raised . What happens when 
the government co l lects a bit of  in formation that is  not very 
popular at the time and no one else is  inte rested in keeping 
a comprehens ive account of what is developing , them somewhe re 
down the l i ne that i nformation turns out to be ve ry important? 
Doe s the government withdraw from that information market ,  
even i f  that information i s  critical to a large r  unpro fi table 
body of information? 

I appreci ate be ing invi ted he re because i t  is critical that 
the people who are participating in the information field 
begin to synthe s i ze an input to the federal government so 
that people in legi s lative activities and legi slative roles 
can unde rs tand the ful l magnitude o f  the problem . We are 
approaching a time whe re vested intere s t  individuals color 
things to fit the i r  vi s ion of the information world . I t  is 
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unde rs tandable and i t  i s  a rational thing for them to do . 
But i t  may make fo r poor public po licy and the re fore we 
do requi re the input from all othe r inte rested partie s .  

I think that ' s  about al l .  
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Conclud ing Remarks 

Gilbe r t  Gude 
Director , Congress ional Research Service 

Library of Congress 

Thank you for the opport uni t y  o f  s peaking fo r jus t a fev ainute s 

before your forum . From wha t I have heard , there ha s been a good spi r i ted 

d i scussion conc erniaa the ne ed for a na t ional sc ien ti f ic and technical data 

polic y .  

Dur ing the 1970s , econom i s t s  and futuT 1 s t s  a l i ke pred ic ted the 

coming o f  the po s t-ind us tr ial age -- an era in whic h the growt h o f  

information ind us t r i e s  would beg in t o  out pac e t rad i tional manufac tur ing 

indus tr ie s . Today , ve are in the aid s t  o f  thi s trans forma t ion . In 

the l a s t  genera tion , more than two- third s o f  the r ise in GNP va s 

con t r ibu� ed by t he lnforaa t ion and service s ec tor s o f  our economy ; d ur i ng  

thi s t ime , nine o u t  of every t e n  j obs c reated were a t tr ibuted to 

the se ne v economic force s . Currently , some expert s  e s t ima te tha t  the 

proc es sing of knowledge or fac t s  ra the r  than of phys ical good s  accoun t s  

f o r  one-hal f o f  al l economic act ivity i n  the Uni ted S tates , and tha t  

proportion i s  inc rea sing through t ime . 

Informa t ion and i t s  a s s oc i a ted technologie s are the d r iv ing force 

behind thi s shi ft from a manufac tur ing-based ec onomy to one involved 

in technol ogy , in forma t ion and service s . Indeed there i a  a g rowing 

fee l ing in the l eg i s l a t ive and Execut ive branche s tha t  the key to l ong-

term econom i c  growt h l i e s  wi t h  the so-called high-technol ogy indus tries . 

The d i ffus ion o f  c omput e r  and commun ications t echno l og ie s  i n to a l l  

segment s o f  the u . s .  economy no t onl y c a n  crea t e  n e v  opportuni t ie s  for 

eapl oy.en t  and econom ic expan sion , but a l so can play a v i ta l  role in 

rejuvena t i ng the manufac tur ing and agr ic ul t ural sec tor s of our soc ie ty . 

Here a t  CRS , ve too have become aware o f  the perva sive na tur e  o f  

the se technol og ie s a s  ev idenced b y  the increa sing numbe r o f  reque s t s  

coming in to our r e search servic e . 
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As we mov e  in to a high- technol ogy age , i t  i s  e s sential for both 

the pub l i c  and priva te sec tor s  to manage the se informa tion resources 

e ffec tively t o  achieve max imum bene f i t s . The succ e s s  o f  t he Uni ted Sta te s 

in the world ec onomy ha s resul t ed l a rgel y from i t s  preeminence in 

sc ien t i fic , eng ineer ing and techn ic al achievemen t . In the pa st , i n formation 

from sc ient i f ic and techn i c a l  researc h  and ac ce s s  to tha t da t a  have 

se rved as t he c a ta l ys t s  for innova tion i n  o ur Na t i on ' s indus t r i e s  a s  

wel l  a s  inc rea se s i n  produc t ivity . For example , mo s t  semiconduc tor 

researche r s  generall y ag ree that i t  would have taken years l onger to 

shi ft from vacuum tube s to semiconduc to r chi ps wi thou t the re sourc e s  

o f  Be l l  La b s  which a t  t he t iae were required to l ic en se the ir pa tent s  

for u s e  b y  f i rm s  i n  the pr iva te s ec tor . I n  order for the u . s .  to 

maintain thi s l eadershi p i n  a high- technol ogy future , i t  i s  c ruc ia l 

tha t  informa t ion re source s be managed even aore e f f ec t ively . Ra t ional , 

c omprehens i ve , and c oord inated mechan i sms mus t  be e stabl i shed to gua ran tee 

that the vol ume s o f  scienti f i c  and technic a l  data whi c h  are genera ted 

are a l so eval ua ted , packaged , and d i s seminated i n  ways whi c h  wi ll best 

serve soc i e t a l  goals . 

I t  i s  c l ear tha t  today , sc ien t i f i c  and techn ical in fo rmat ion i s  

increa s ingl y  be i ng viewed a s  a valuabl e na t iona l  commod i t y . The expan s i on 

o f  i n fo rmat ion technol ogy into a l l  a s pec t s  o f  our l ives a l ong wi th 

rapid advance s in thi s technology have he ightened thi s awarene s s . However , 

wha t remain s unc l ear i s  whe ther the Uni ted Sta te s  need s a national 

scien t i f i c  and techn i c a l  d a t a  pol icy , and i f  so , whet her Government should 

a s sume a role to ensure prod uc tive ut i l i za tion of t he se r e sources . 

Opin ion s concerning t he appropr ia t e  role o f  Fed er a l  agenc i e s  cover a broad 

s pe c trum . Some advoc a t e  a marke tplace approach and c l a im tha t i n fo rma t i on 
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se rvices such a s  those prov id ed Fed eral we a ther and l and-observation 

sa tellite s and the Na t i onal Techn i c al Informa t ion Service ar e be t ter hand led 

by pr ivate sec tor compan ie s . Cr i tics o f  thi s a pproach ma in ta in tha t  

such informa t ion i s  e s sential t o  the publ i c  intere s t  and econom ic 

we l l-being o f  the Na tion and should be supported by the Government . Other 

in i t ia t ive s -- includ ing t ightened secur i t y  c l a s s i f i ca t ion and proposed 

amendmen t s  to the Freed om of I n formation and Export Adm in i stration 

Ac t s  -- hav e been under taken to hal t the flow of u . s .  t echnol ogy 

and techn ic al d a ta abroad . However , such ac t ions frequen t l y  c onfl ic t 

wi t h  t he trad i t ion s o f  publ ic acce s s  to publ ic record s , open s c i en t i f i c  

communic a t ions and exchanges , and f r e e  t rade . 

The se d i f f icul t ie s  illus tra te the type s o f  publ ic pol i c y  i s sues 

encompa s sed in the d eba te over the need for a na tional sc ient i fic 

and t echn i c a l  da ta pol icy . Some o f  the s e  i ssue s  includ e  the fol lowi ng : 

-- Wha t i s  the ro l e  o f  Govera.en t , versus o ther sec to r s  
o f  soc iety , in genera t ing , evalua t ing ,  and dissemina t ing 
sc ien t i fic and techn ical data ; 

-- Wha t i s  the ao s t  e f fec t iv e  means for acquiring and acce s s i ng 
nec e s sary d ata for s c ien t i fic advancemen t , publ ic pol ic y  
dec i s ions , and t h e  econom i c  and produc t ive wel l-be i ng o f  
commerc e and soc ie ty ; 

-- Wha t c r i te r ia shoul d be used to d e te rm ine which d a ta a re 
rel iable ; 

-- Who should be r e s ponsi b l e  fo r c r i tically evalua t i ng s c ien t i fic 
numer ica l  d a t a  and who should pa y for o r  bene f i t  from i t s  
eval ua t ion and ava i l ab i l ity ; 

-- How should da t a  res pons ibil i t ie s  among publ i c  and pr iva te 
sec to r s  be c oord inated to m i n im i ze redundan c i e s  and reduc e  
bar r i e r s  to da t a  exchange ; 

-- Wha t i s  t he cost or value to soc iety o f  hav ing c r i t ical ly 
eval ua t ed numer ical data ; and 
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-- Doe s  a na tional d a ta pol ic y  require legislative initia tives 
or can i t s  goal s be accompl i shed by other means . 

Confe rence s  s uch a s  t h i s  one today c an play an impo r tant role 

in f inding answer s and d eveloping a consensu s  to these publ ic pol icy 

i s s ue s . As you know , the work o f  the Congre s sional Re search Service , 

l i ke tha t o f  pr iva te and publ i c  enterpri ses , i s  highl y dependent upon 

rel iabl e , accessible data . However , unless the pub l ic ha s a c lear 

under stand ing o f  the need for c r i t icall y  evalua t ed sc ien t i f i c  dat a  and 

i t a  c ontr ibut ion to soc ie ty , s uc h  a pol ic y  will no t be real ized . 

Sc ien t i f ic and technical informa t ion wi l l  b e  vi tal to the growth 

o f  high-technology indus tries in the future as we l l  as to the re-

vitalization o f  today ' a  manufac turing and agricul t ural sector s . E f fect ive 

managemen t of t he se information re sources ha s the potential to boost 

produc t iv i t y  and increa se the compe t i t ivene s s  of American bus ines s .  

The abil i t y  o f  pol icy makers to respond to changes brought by s c ienti fic 

and technical informa t ion and to prov i d e  guidance for the ut il izat ion 

of t he se re sourc e s  wi l l  have a d i rec t impa c t  on the economic and soc ia l 

cond i t ion o f  the Na t ion in t he future . 
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