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USER PERSPECTIVES ON COMPUTER APPLICATIONS

Introduction

• It should be understood from the outset that this paper has been

prepared from the perspective of the user. No special expertise is

claimed in the sophisticated disciplines that are involved in computer

technology. However, it is felt that some mutual benefit may be derived

from sharing the experiences of a technical group that uses the services

of computer centers.

The information in this paper will be presented in three sections.

First, an orientation on the background of the Engineering Technology

Division and its missions will be given. It is felt that this will be

valuable in providing a feel for the diversified efforts that have been

undertaken in the Engineering Technology Division and hence the many

opportunities to benefit from computer technology. Second, specific

ways in which computers are utilized within the division will be

described, and finally, problem areas which have been encountered and

which need attention and improvement will be identified and discussed.

BACKGROUND OF ENGINEERING TECHNOLOGY DIVISION MISSIONS

The Engineering Technology Division is an energy research organization

which is a part of the Oak Ridge National Laboratory. ORNL is operated

by the Nuclear Division of Union Carbide Corporation under contract to -

the Department of Energy. As is seen in Fig. 1, the Engineering

Technology Division reports through an Associate Director for Nuclear

and Engineering Technologies to the Director of the Laboratory. As

is shown in Fig. 2, the division is involved in several energy technology

areas. The major emphasis is, and has been historically, in nuclear energy



with much attention being given to the question of nuclear safety. However,

in recent years increasing attention has been given to other energy technologies,

particularly to the fossil fuel area. The coal program particularly has grown

in recent years and it is felt that a significant contribution can be made

in advancing this technology through both technical and economic evaluations

as well as through development and demonstration of advanced energy systems.

As shown in Fig. 3, the full spectrum of endeavor in both experimental and

analytical work is available in the Engineering Technology Division.

As can be seen in Fig. 4, members of the Engineering Technology Division

have diversified academic backgrounds. For example, 32% of the technical

people have degrees in mechanical engineering, 20% in nuclear engineering,

14% in chemical engineering, and the remaining 34% represent 18 other disciplines.

It follows that multidiscipiinary efforts are common within the division. We

feel that having the opportunity to bring to bear the perspectives from many

backgrounds on the very difficult problems represents a real strength. As

far as funding is concerned (Fig. 5), the sources are the Department of

Energy and the Nuclear Regulatory Commission, with only 2% of the division

funding coming from other sources. The level of effort is about 35 million

dollars in Fiscal Year 1979, having risen substantially since 1975 when it

was at a level of 18 million dollars. A more detailed breakdown showing

how this budget is spent Can be seen in Fig. 6. It should also be noted

that, of this 35 million dollars, about 1 million is devoted to computing

services. The areas in which computers are utilized within the division

will now be discussed in some detail.



COMPUTER UTILIZATION WITHIN THE ENGINEERING TECHNOLOGY DIVISION

A variety of computing equipment is needed to serve the many needs

within the division. The equipment ranges from the standard desk-top

calculators, through the application of dedicated mini-computers, and

includes the large central computers that are available in other plant

locations. This equipment is applied to the problems involved in tech-

nology development and also in supplying updated administrative information.

Operational modes include both on-line interactive operations as well as

routine batch processing. A schematic indicating this information is

shown in Fig. 7. I shall now discuss some of our applications in the

area of technology development and will then follow this by discussion

of ways in which computers are used in our administrative functions.

Technology Development

1. Facility Controls. A common requirement in many experimental systems

iis that processed parameters such as flow, temperature, and pressure

must be both measured and controlled very precisely. In order to

assure proper control and sequencing of events it is necessary to have

fast response systems such as those that are made possible by mini-

computers. These systems are widely used in the Engineering Technology

Division in the conduct of our experimental programs.

2. Data Acquisition. In experimental si'stems such as those shown in Figs.

9 and 10, there is the need to acquire an enormous amount of data in

a relatively short time. Many of the phenomena involved occur in a

period of one or two seconds and there are many measurements that are

required. For example, in Fig. 10 there are approximately 150

sensor leads that are shown in the picture. In this case data are



collected at a rate of about 10,000 data points per second. A data

collection run lasts only about two minutes, yielding a total of

approximately 1.2 million data points per run.

3. Data Analysis. From the foregoing discussion, it is obvious that

data reduction and analysis would be impossible without the benefit

of computers. Thus, it is common practice to transfer tapes of

recorded data to large central computers where they are interpreted

and presented in usable form. An example of this is shown in Fig. 11.

Here, the flow vs time history from a simulated loss-of-coolant

accident in the Blowdown Heat Transfer Program being conducted in our

division is shown. Note that the entire duration of the run was 8

seconds, with significant events taking place during the first second.

4o Theory Applications. In many cases theoretical computations are required

which are very lengthy and time consuming. These must be remotely sub-

mitted to the central computers for batch processing. .An example of

this is shown in Fig. 12 where a model of a thermal hydraulic test

facility has been constructed for purposes of calculating the heat

transfer conditions (flow, temperature, pressure) that exist in various

segments of the loop. In this case 860,000 bytes of core storage are

required and approximately one-half hour is needed on the IBM-360/195

computer in order to obtain the desired information.

5. Code Development. Thare are many very sophisticated codes that are

used in predicting the margins of safety in nuclear power reactors.

Some of these such as COBRA, TRAC, RELAP, and PENSEM, may be familiar

to some of you. These are very sophisticated jodes which are continually

being improved and updated in order to provide more accurate predictions.

To use these codes it is best to work in an on-line interactive mode. This

leads to a problem of computer access which will be discussed later.



6. Information Processing. One of the activities in the Engineering

Technology Division is the operation of the Nuclear Safety Information

Center. In this center there are well over 100,000 abstracts stored

of articles based on nuclear safety topics. These are stored in

the computer and are searched when specific inquiries are made for

information on the various topics involved. The use of computers in

this case is an enormous advantage and makes it possible to provide

a service which otherwise probably could not be made available.

I will now discuss briefly some of the administrative uses of

computers and to show how they help"to control sorrs aspects of ou** work.

1. Cost Control. On the fifth working day of each month, a detailed cost

report is provided from the computer center and is run from master tapes

which contains all costs collected in various areas of endeavor. Through

software programs the information has been organized by administrative

units within the division so that each manager has the costs for his

organizational unit and a breakdown of those costs by each principal

investigator. These costs are, of course, compared to projections and

estimates of costs made earlier and therefore provide a very important

tool in evaluating the financial status.

2. Management of Purchase Requisitions. Much procurement is involved in

the building of experimental systems. It is very important to know

when equipment was ordered by the division, when it has cleared the

purchasing office, when it is received, and when the account has been

closed. Information such as this has been computerized and printouts

of the status of all procurement are obtained monthly. In this way



another element of program control' is made available to the engineers

and managers who are responsible for these functions.

3. Maintenance of Personnel Information. At the Oak Ridge National

Laboratory a computer data base containing employee information related

to training and pertinent work experience is maintained. Hence,

if there is a need or desire to use this information in evaluating

the capabilities of the Laboratory to handle certain types of work,

this is easily available.

4. Control of Technical Publications. The primary product of a research

and development organization such as the Engineering Technology Division

is the reports that are issued which give an account of the v/ork that

has been done and the results that have been obtained. Our organization

puts out approximately 150 reports each year. In order to plan the

manpower required in our publications office and in our Word Processing

Center it is important to identify and monitor the backlog of reports,

when they are to be written, and by when the draft will be available.

To this end, a computer listing has been developed and updated monthly

which shows the title of the report planned, the dates on which the

draft will be available, and when the report is suppose to be issued.

Such information represents a very valuable tool in that it enables

management to follow the reporting performance of tho division. In

connection with report preparation, one of the major improvements

made recently has been the establishment of a Work Processing Center.

Although not a computer in the strictest sense, the floppy disc storage

capability and the video display, plus the associated flexibility has

greatly enhanced our ability to prepare reports in an efficient manner.

A picture of the Word Processing Center is shown in Fig. 15.



PROBLEM AREAS NEEDING IMPROVEMENT

As can be seen from Fig. 16 it is very difficult and at times, impossible

to gain access to the computer facilities during regular work hours. This

contributes to inefficiences in the work of the engineers who must use the

on-line interactive mode of operation. I am frequently asked by frustrated

engineers, "Why can't we do something about this?" Some engineers come in

very early, (as early as 4:00 a.m.) and frequently ~.ome back in the evenings

and work in order to get time on the computer. Weekends are also used. This

certainly is not a preferred mode of operation but seems unavoidable in this

case. I realize very well that the solution of the overloading problem is

a complex issue and I have no easy solution to offer. One alternative is to

work shift work, which is not enthusiastically received by engineers and

does not allow them to participate in activities occurring during the normal

day shift. A second obvious solution would be more rapid expansion of

capacity, but limitations on funding for such expensive systems is z very

real factor. Expansion is further aggravated by the uncertainties in

forecasting the demands for computing needs such as those described here.

Our past history indicates, however, that the needs continue to expand

to fill whatever capacity is available.

A second serious problem is the machine dependence of large codes. In

our work it is necessary that we interact with workers at the Idaho National

Engineering Laboratory and at the Los Alamos Scientific Laboratory, among

others. Codes that are developed for computer systems available at those

Installations are not necessarily compatible with the computer systems that

are available in Oak Ridge. Therefore, in some cases it takes six months

or more to convert codes which have been originated at other facilities



to codes that can be used in Oak Ridge. This is very tedious work; it

involves difficulties with tapes, and many other frustrations. It would

be highly desirable if, at the times the codes are developed, transferability

of cedes were given high priority. Also,.programming standards should be

expanded and should be thoroughly impressed on programmers. It has been

our experience that there is a wide variation in the quality of programs

that are written and are available to our users.

A third problem we heve encountered has been the delays which results

from inability to obtain programming efforts when the programming required

is routine or rather mundane. Although in some cases programming efforts are

not technically challenging they are still crucial to research. For instance,

the software development required to control large experimental systems

in many cases is straightforward, but it is very difficult to challenge

highly skilled people to do this type of work. They view it, wvth some

justification, as a waste of their time and ability. The question therefore

is, "How can we get this work done promptly and efficiently and by whom

should it be done?"

Another problem is the long delays experienced with key punching

centers. Frequently large backlogs are built up in the key punching

centers and it is not possible to get information processed expediently.

Thus, information needed in various technical programs, important cost

and budget reports, personnel reports, and other administrative control

information is not available in a timely fashion. Here again this work is

not technically challenging but is a vital part of the overall sequence of

events that is involved in using the computing centers. Most of us feel

that there must be a better way but are at a loss to suggest improvement

over what we now have.



I wish now to discuss briefly the confusion and bewilderment that a

new user of the computing complex may experience. Initially, he or she

may get lost in the vastness of these sophisticated complexes. Many questions

are. not answered in an initial indoctrination; rather, the user scrambles

to find answers to the questions such as those shown in Fig. 17. Indeed,

as the figure suggests, he feels that he is trapped and surrounded by

questions and uncertainties on every side. We have found that in order

to minimize frustrations and delays that are unnecessary a thorough

indoctrination and follow-up for new users is crucial.

I wish now to pass on some of the concerns that I have heard expressed

that relate to job control language. Many users feel that job control

language is complex and its documentation almost incomprehensible. It

appears (to them) that rather than being written in a clear easy to

understand style, that the language is as complicated and involved as

possible. I have gained the impression that there is a very real need

for someone or some group to simplify the job control language and

present it in such a way that it is not as incomprehensible and difficult.

Figure 18 shows the feeling of many of our people as they have discussed

this concern with me.

A final area of concern from the user's standpoint is the quality

of computing software. The quality varies considerably in programming

and in documentation. As is shown in Fig. 19, programming factors such

as efficiency, logic, mnemonics, and accuracy vary widely from one set

of software to the next. It would seem that some standards of performance

for programming would improve the overall level and quality considerably.

~Tiiir~J



In the area of documentation, frequently documentation is not prepared

with the point of view that it may be used externally. Rather, only

incomplete internal documentation is available. A reasonable recommendation

would seem to be that quality index ratings could and should be established

and provided with each code when developed.

SUMMARY

In this talk I have described some of the activities of a multidisciplined

engineering research and development organization. I have shown how computers

are used both in the conduct of the experimental and analytical programs, and

in providing support for the administrative functions of the division. I have

discussed problems that we as active users of computers have experienced wi^h

the computer centers. Five of these problems are as follows: 1) inadequate

speed and capacity, 2) lack of code transferability, 3) data processing

delays, 4) job control language complexity, and 5) need for quality index

ratings. In each case some suggestions have been made as to how these problems

may be solved or at least improved. Frequently the problems are more difficult

to solve than they appear to be. This fact must be understood and appreciated

by customers of computer centers. If the user and provider of services continue

to work together closely, then progress toward the solution of these difficult

problems can be expected.
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Experiences of a technical group that uses the services of ̂ computer

centers are recounted. An orientation o/( the ORNL Engineering Technology

Division and its missions is given to pprovide background on the diversified

efforts undertaken by the division |iand its opportunities to benefit from
* J A,

computer technology. Specific ways in which computers are useS withinfche

division are described; these include facility control, data acquisition,

diata analysis, theory applications, code developmeii , information procSssling,

cost control, management of purchase requisitions, maintenance of personnel

information, and control of technical publications. Problem areas found to

need improvement are the overloflading of computers during normal working hours,

lack of code transportability, delay in obtaining routine programing, delay

in key punching services, smsSsxiSR bewilderment in the use of large computer
centers, complexity of pjob control language, and^quality of software.
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have been identified. Both of these design-related problems will be addressed

during the refurbishing of the battery module which is planned for Phase II of

RP226-.1.

The significant <icc»m[j! ish.nr.-nl., in the diivi.-lor^urit program during Prui:;<.- 1 are as

follows: (1) qualification of porous graph i te.;- - tht-: chlorinf-cloctro.lc matf-rial--

and plastics which meet the cost criteria for commercialization; (2) development of

an in-situ technique for chlorine-electrode activation which shortens the time re-

quired from ten or more days to a matter of hours; (3) invention of a dendrite-

inhibiting additive which will result in higher-efficiency lowc-r-cost battery stack.:

(4) understanding the major cause of significant levels of hydrogen evolution in

battery systems, e.g., the 18-kWh battery of RP22<i-2; and (5) demonstration of 500

charge-discharge cycles- -20-25% of the commercialization target--on a 1.7-kWh sys-

tem without performance deterioration.

x •


