
INFORMATION IS NOT FOREVER 

John Graham 

ETCetera Assessments LLP 
8755 East Chenango Avenue, Denver, CO 80237-2916 USA, jgraham@rmi.net 

ABSTRACT 
This paper identifies the need to preserve nuclear information and data during the present hiatus in the use of 

nuclear science and technology. Preservation issues include the aging of today’s experts, the ephemeral quality of even 
the most advanced of preservation media, as well as space and cost requirements. Recommendations are made to the 
Younger Generation for solutions to this issue. 

INTRODUCTION 
The nuclear age is just more than a century old, while 

the electronic information age is half that. Yet, as time 
moves on, the modern information age may do irreparable 
damage to our nuclear history by simply moving too fast. 
Francis Bacon spoke 400 years ago of ‘antiquities’ as 
‘some remnants of history which have casually escaped 
the shipwreck of time.” The situation is no different today, 
when a technical expert leaves only partial documentation 
of his work or only the uncertain memories of a friend. 

The nuclear option, particularly in the power 
generation field, is now in a classic period of technology 
decline. Most technologies have distinct evolutionary 
periods (see the figure) from invention (A) through 
development (B) to maturity (C) to decline (D) as other 
technologies (E) are developed in turn. 

 

Thus, the younger generation may have a new and 
different nuclear generating option (E). However, in the 
interim (D –> E), we need to be able to preserve useful 
information.  

Information exists in the minds of experts and in 
aging hard copy, film and ephemeral electronic files 
Furthermore, we are losing access to some information 
because the technology is moving so fast.  

This information could include the results of basic 
physics experimental results, calculations, benchmark 
experiments, deductions derived from failed experiments, 
operational and cost data, material samples, planning, 

lessons learned from accidents and more. While some 
information has already been lost, the rest exists in a 
myriad of forms that makes its loss quite probable.  

AGING EXPERTS 
Experts age and eventually no longer appear in the 

office or the conference hall. We lose something by their 
disappearance. 

We know what happened when Vesuvius buried 
Pompeii with ash in AD 79 only because Pliny, as a youth 
of 18, took the trouble to record his experience1.  

In 1987, in designing a US deep repository for high 
level waste, planning involved the concept of drilling a 
large diameter hole, 5 meters across, through 1,000 meters 
of successive layers of hard rock – basalt. The only 
experts who were available were experienced in similar 
drilling, for testing nuclear devices in Pacific Islands, 
forty or more years before. There were six of them. 

An expert-system artificial-intelligence program was 
written to control the drilling, based on the expertise of 
these six drillers. They were interviewed for their 
response to various drilling conditions, such as a drill 
getting stuck in a particularly hard formation – what 
would they do? The six were not unanimous in their 
response – each would have approached the problem 
slightly differently. It took the skill of the interviewer to 
distill the approaches into a method that was approved by 
all. Then this approach was incorporated into the 
software. The approach could not have been obtained 
from printed material because it took the discussions and 
disagreements among the practical drillers to arrive at the 
optimum solution. Their methods were not recorded 
elsewhere. 

During the work two experts died (of old age) and I 
doubt that any survive to this day. However, their 
knowledge and skills were incorporated into a piece of 
software, which exists today. It took foresight to gather 
this information before it was lost. 

Similarly, our nuclear expertise is based on such 
experience as the SPERT reactor kinetic excursions, the 



operation of test reactors such as EBR-2, JOYO, 
Rapsodie, BR-1 and others, from accidents such as SL-1, 
Windscale, TMI and Chernobyl and from huge amounts 
of design, research, and test data. Most of the work is 
documented in conference papers and technical journals 
but the actual data exists in files and filing cabinets 
doomed one day to be emptied. Meanwhile, those with 
actual experience in the work become lost to the next 
generation. 

At the Prototype Fast Reactor in Scotland, in plant 
remodeling, the control room was insulated from the 
noises of the machinery. Immediately, the operating crew 
felt they had lost a certain amount of control since they 
had been used to reacting to noises, in addition to 
following the actual control procedures. They could, for 
example, hear a steam-generator tube fail and react to that. 
When operating teams operate in such a manner they 
possess expertise that can not be transferred through print. 

Indeed, of all the information which exists, the most 
ephemeral and the most difficult to transfer to later 
generations is that which exists in the brains of experts. 

The US Government is aware of the problem. The 
Department of Defense has a Nuclear Information 
Analysis Center2, which is charged with protecting 
valuable nuclear information in the defense field. To 
protect expert data, in conjunction with the Sandia 
laboratory, they run a Graybeard program. In this, aging 
experts are interviewed on video. Special interviewing 
techniques are used to provide complete and coherent 
information. Fortunately, software now exists to make 
video searchable, even to the extent of finding that point 
at which a specific speaker deals with a specific subject. 

PRESERVATION 
Transferring information to later generations is not 

only a matter of downloading what the experts know and 
then storing it in new and accessible media, it also means 
that that information must be actively preserved – 
otherwise it will deteriorate or be destroyed.  

There are great difficulties in preserving documented 
information. 

In 1921 a fire wiped out the entire 1890 US census 
information, which had been a valuable historical snapshot 
of the United States at the end of the 19th century. Today, 
elaborate fireproof vaults and controlled environmental 
conditions are used to preserve valuable history. 

The US Department of Defense stores their records in 
unused weapons bunkers, many of which are in New 
Mexico. The dry climate there makes it ideal to store 
nuclear information deep in those bunkers. 

Yet, space is not the only problem. Libraries have 
been in this business for a long time. Librarians know that 
photographs fade, magnetic tape prints through to 
adjacent tape, paper becomes brittle, canvas-borne paint 
cracks, and even marble statues crumble.  

Bach’s original manuscripts are disintegrating as the 
ink that he used, made of gum arabic, iron and water or 

wine, is eating through it3. We are losing, not simply 
souvenirs of Bach himself, but information about how he 
composed. Modern techniques are able to disclose 
erasures and corrections that Bach made before the music 
satisfied him – but only if the original exists. It will take 
up to $3 million simply to conserve what is left. 

40 years ago paper was the main information storage 
medium but it took space on library shelves and in files so 
a move was made to microfiche in which 40 pages could 
be read from a single 15cm. x 10 cm. transparent film. 
They were read using desk back-projectors. It was such a 
wearisome process that it discouraged research. 
Moreover, microfiche films also deteriorate. 

Information storage has been modernized over the 
years through tape files, magnetic media discs, and CDs. 
All of these media decay. Tape prints through to one piece 
of the tape to the next. It must be rewound at regular 
intervals to separate the windings of tape. The US 
National Archives use high quality reel-to-reel tapes with 
a life of 10 to 40 years but they take care to copy all their 
stored information every 10 years; testing them 
periodically to ensure that the data is intact. Electronic 
information also can be corrupted and furthermore, the 
means to access electronic data must also be preserved. 

Magnetic media discs started from the 8” diameter 
floppies (which really were floppy!) and improved 
through 5.25” discs to 3.5” discs and to various capacities 
of Zip media. The 3.5” discs can start to deteriorate in as 
little as 18 months while the Zip media is guaranteed for 5 
years although they can last longer. Furthermore, as each 
higher capacity disc is developed the drives for the earlier 
media quickly disappear.  

The latest storage medium is the apparently permanent 
Compact Disc but they too deteriorate in anything from five 
to 50 years, depending on the disc quality. 

Hardware Requirements 
We have first-edition books from the sixteenth 

century, and earlier, are well preserved and still only need 
a young eye to read. Hard copy, although taking space, is 
still a good way to preserve vital information. It lasts 
longer than electronic images but it is difficult to search in 
research mode and paper takes a lot of storage space. 

However, apart from library shelves, hard copy does 
not need additional hardware for access. Protecting 
electronic information is a multi-faceted problem 
including storage and preservation of the software and the 
hardware for reading those files. It takes more than an eye 
to read electronic files. 

Readers for the larger diameter floppies have become 
antiques. I still possess a 5.25” floppy reader and a 
computer of the time because that’s the only way I can 
presently access the electronic manuscript of one of my 
earlier books. Furthermore, since only one of my business 
computers can use the 3.5” discs, that hardware may have 
to be preserved as well. We have moved on to Zip and CD 
drives. 



I have a recording of my Father speaking in the year 
of my birth. Yet, the information remains sealed in the 
aluminum disc. It requires a bamboo needle and a 45 
r.p.m. gramophone to play it. It gives me a very personal 
feeling for the frailties of hardware in preserving 
information for I have heard the recording only once and 
may never be able to again. 

Even though CD players are available everywhere at 
the moment, it won’t be long before they too are as 
antique as record players. You will find you need to keep 
one just to play some old data discs. 

If you need to leave anything for your children the 
current recommendation is still to back it up every few 
years or print it out. Bamboo needles and aluminum discs 
just don’t hack it.  

Software Requirements 
My first book is preserved in electronic files. 

However, those files are in Super Scriptsit language, 
which was used only on the TRS-80 computer in the 80’s. 
To read the ‘secure’ electronic files one has to also keep 
the software as well as the hardware. 

Unfortunately, software developers maximize their 
revenue by producing a continuous stream of upgraded 
versions. Most of the upgrades are supposed to be able to 
read the material from all prior versions. However, the 
latest software does not always read earlier files. 
Furthermore, machines using later operating systems don’t 
always recognize earlier software. For example, the latest 
1999 MAC OS 8.5 operating system does not recognize 
standard web software – Netscape 4.0.2 – although it does 
recognize some earlier versions. Furthermore, I cannot 
even print files until the driver extension file for my 
printer is upgraded. 

The remedy for the current computer user is to 
upgrade software as soon as the latest version is 
announced. However, that also implies a duty to upgrade 
files to the new version if one wants to retain the data, It is 
an expensive and laborious problem compounded by 
hardware upgrades. 

Just as revised software comes out every few months, 
the work of maintaining information is also on fast track. 
Those days when one could put a paper on a shelf for 

filing next month or next year is replaced by having to 
watch catalogues for the latest upgrades on a real-time 
continuous basis. 

ACCESSING INFORMATION 
Much information presently exists in hard copy in 

filing cabinets, in old-fashioned microfiche, in sample 
repositories at laboratories, and, in a very small part, in 
books and conference papers in libraries. These stores are 
catered for by librarians who, generally, know nothing 
about the relative values of each piece of information – 
they classify, make available and preserve as much as they 
can – and then dispose of some to make space for new 
information. Expertise in what is important and what is 
not is missing. 

In 1968 AD, (that is, 25 BW – years Before the 
Web), a fast reactor based on high-temperature gas-cooled 
silicon-clad pebble-bed fuel was designed. Fuel was tested 
in Mol, Belgium, and the work was done in cooperation 
between researchers at Winfrith in the United Kingdom 
and at the Halden Test Reactor in Norway. The design 
had great characteristics – its high temperature gas coolant 
gave an efficiency that was more than 10% above that of 
liquid-metal fast reactors and its silicon-clad pebble fuel 
had large safety margins. It wasn’t pursued because 
Britain was committed to, and had invested heavily in, the 
liquid-metal systems. However, today, the US Nuclear 
Energy Research Initiatives program is funding research 
and design work at MIT on a new pebble-bed design for 
the next generation of nuclear plants. The danger is that 
the year 2000 workers, in the year 7 AW (After the Web), 
do not have the benefit of the earlier design options or of 
earlier research and the testing. Nothing of earlier work is 
documented on the web. 

In the past, the first step in research was to look at the 
“literature” through extensive searches of hard copy 
Abstracts to see what had been published and what had 
been discussed at Technical Societies. Such information 
saved the heartbreak of reinventing things that had failed 
before and it provided short cuts to new work. 

Now – what is different? The new researcher still sifts 
through the archives to see what has gone before. 
However, the archives are not large tomes of small type 
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summarizing published papers, they have become the 
Internet – the web. Even though some of the earlier 
material has been added to the web, much of what existed 
before the web now does not exist for the researcher. 
Information appears to have a time-zero. Web-warp 
history started in 1993. 

The magnitude & cost of storage 
There is another issue – the amount of information 

available. Each record requires two pieces of information 
for efficient storage: the object itself and the Meta 
information (to be able to search for it). Furthermore, 
information can now be stored to be accessible by 
browsers for research or as archived files. The US 
government presently uses both methods. This further 
doubles the amount of information in storage. 

The numbers are staggering and increasing month by 
month4. The US National Archives expects to have to 
store and preserve 25 million e-mail messages from 
President Clinton’s White House this year. A major 
investment firm, T. Rowe-Price stores 10 terabytes of 
customer information. One 1999-estimate places the 
amount of data now in electronic storage to be one 
quintillion bytes of data – or about the equivalent of 
10,000 times the data held by the US National Library of 
Congress. Moreover, information is considered to double 
each year. Unfortunately, without the ability to search that 
data, the data does not exist. 

Yet, people have science fiction ideas of what can be 
done. President Clinton recently proposed a budget of 
close to half a billion dollars to advance the frontiers of 
science. As part of a FYU 2001 budget request of $227 
million (84%) increase in the government’s investment in 
nanotechnology R&D he proposed storing the entire 
contents of the library of congress in a device the sizes of 
a sugar cube5. Multi-terabit memory would have to be 
increased per unit of surface by a factor of 1,000.  

Can this amount of information be used? How would 
you like to research 1,000 times more information than an 
engineering graduate did twenty years ago? 

RECOMMENDATIONS 
Much expert information is being lost or it exists only 

in the heads of an aging population. Furthermore, 
information preserved on paper and in magnetic files 
decay in times much shorter than an average generation 
age of 25 years. Software and hardware must be preserved 
alongside the files. The preservation of samples is an 
added problem. How is information to be preserved and 
made available to the younger generation? 

The Problems 
In summary, there are at least four problems: 

• Preserving the expertise and knowledge of those who 
will shortly not be available to the young generation,  

• Preserving present information in the long-lasting 
physical storage, 

• Recognizing that information did not begin with the 
web – there is prior knowledge stored in hard copy 
and in brains, and 

• Funding the solutions – it is not negligible. 

The Solutions 
The first part of the overall solution for the Young 

Generation is to make the problems known. 
Administrators of government agencies, government 
institutes and laboratories and private organizations must 
be persuaded that the issue is important and that money 
needs to be allocated to preserving your nuclear heritage. 
Recently, the American Nuclear Society published a 
policy6 on the preservation of important nuclear data and 
sent that policy for comment to US nuclear agencies. 

The second part of the solution is to make sure that 
the younger generation has access to older information 
and knows how to use it. There are ways to transfer 
knowledge: 
• In Younger Generation conferences, include work-

shops at which information-transfer issues are 
discussed by a mixed generation working group – 
recorded in the proceedings 

• For the most crucial subjects, conduct expert-system 
video taped interviews – and record those interviews 
within the latest artificial intelligence software, 

• Provide older-generation mentoring to younger 
professionals as they enter particular technical 
disciplines within companies and laboratories, and 
A third part of the solution, in order to raise the 

profile of the issue, is to include this subject – as a matter 
of international importance – in all nuclear technical 
conferences. 

I hope that I have given you food for thought – at 
least I have given you more paper to store. 
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