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P’S 

This is the fourth in a series of long-range 
plans which began as internal documents and 
have now evolved into the Institutional Plans 
requested by the Department of Energy (DOE). 

Some retrospective overview is important, for 
between the late 1960s and the early 1970s the 
AEC/ERDA-funded* staffing level at Oak Ridge 
National Laboratory (ORNL) decreased rapidly, 
by approximately 30% (Fig. 1). Not until the end 
of the current year will the Laboratory regain its 
former level of staffing. 

We have emerged from this period with Lab- 
oratory programs that are a more balanced 
match to the research, development, and 
demonstration activities of DOE. At present 
there are four major activities at the Laboratory 
of approximately equal proportions: nuclear 
energy development, basic physical research, 
fusion energy, and environmental and biomedi- 
cal sciences. However, we anticipate that by the 
end of the period covered in this Institutional 
Plan, activities related to fossil energy will have 

*Funded by the U S .  Atomic Energy C o r m i s i o n  (AEC), 
1947-1971, and the Energy Research and Development 
Administration (ERDA). 1 9 7 5  1977 Both agencies’ research 
programs are now administered by DOE 

grown to match the others in size and that 
programs in conservation will also have in- 
creased substantially. These points are sunima- 
rized in Fig. 2 and Table 1. Appendix A gives 
detailed tables of resource projections. 

In the past few years there has been a 
noticeable shift in the  kinds of basic research 
being done, as well as a shift from the basic and 
applied sciences toward development and 
demonstration activities. We expect these trends 
to continue, but at a slower pace, during the 
remainder of the decade. 

A number of severe problems relating to 
capital budgets have arisen. The new programs, 
as well as important changes in the traditional 
areas of activity, have created unique require- 
ments which are not met by our present build- 
ings, most of which have been in usefor35years 
and are deteriorating. The ability to correct this 
deterioration and to make modifications in the 
buildings to match changes in programs is 
normally taken care of through the use of 
general plant project (GPP) funds, but in the 
case of QRNL those funds have actually been 
decreasing by approximately 20-30% per year, 
while the Laboratory staff has been growing. In 
this respect, we regard the Energy Systems 
Research Laboratory and, later, the I nforniation 
Resource Center for Energy and the Environ- 
ment as essential if we are to meet present 
commitments in an efficient and timely way 
while retaining the flexibility to reorient pro- 
grams in response to changing missions. 

ORNL-DWG 77-1 9749 

Fig, I .  History of personnel 
numbers at ORML (full-time 
equivalents). Between 1968 and 
1974 personnel numbers fell 
rapidly The last few years have 
seen increases, but staffing lev- 
els are still below their 1968 h#gh. 
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Fig. 2. Projected changes in 
ORNL programs. The most sig- 
nificant change during this period 
is expected to be t h e  growth of 
activities in the areas of fossil 
fuel arid conservation. 
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Table 1. Summary of Laboratory farecasts 

1977 1978 1979 1980 I981 1982 1983 

Operating costs (millions of dollars, budget outlays) 
Fo:i:;il 8 14 20 25 
C, o 11 S E  WI t i o n 4 11 14 17 
Solar, geothermal, and fusion 35 35 39 42 
Basic pliysic-al sciences 34 37 47 
Bioiriedical and environmental sciences 26 28 30 32 

83 76 

157 187 20 5 220 
Other federal agencies 38 40 42 43 

Total 1 95 227 24.7 263 

E x t r a n u  ial  experidiru re 24 40 50 63 

Nuclear e r w y y  ti0 __ 62 

 vera I I p mi t:c t i o n (I) OE on I y )’ 

171 187 197 200 b I ritramural expenditu re 

pe~oranel  (full-time ~ ~ ~ i u a ~ ~ ~ ~ ~ )  

Fossil 190 220 270 340 
Coi-lservation 94 100 1 FiO 170 
Solar, geothermal, and fusion 433 435 450 460 
Basic physical sciences 9 34 980 1150 1150a 
B i o rned i 68 l a i1 d en vi i-o 11 menta i sciences as0 910 $80 
N1rcittar eiiecgy 110% 1215 1430 1570 
Oiher federal agencies 

8 25 

1 ii ?D 1120 1130 ___ ..... 05Q .. - ....._____ 

30 35 40 
18 19 19 
45 48 4Y 
47 47 41 
34 35 37 

79 82 85 

230 240 250 
‘I 3 43 44 

273 283 294 

6 /  69 70 
2% 214 224 

- -I - - 

400 460 520 
180 200 21 ct 
450 4R0 490 

1150 1150 1159 

1520 1460 1410 
1140 1150 114C 

1030 ioao 1130 

_. . . . . . . . . . . . . 

4600 4850 4KJO 4900 5000 5000 5 W U  h Overal! projection 

‘In the absence of detailed guidance from I-ieadquarteis we project a constant level of effort beyond FY 1919. 

T h w ?  figures represent the Laboratory’s best estimates of total operating budgets or personnel for those years. 
T-hey do not equal ths w r n  of all the indlvidual programs or subprograms. 

‘This includes all ORNL staff, full- arid part-time, perrnarwtt arid lenipornrf. In addition, there will be 
approximatt?Iy 1170 guest workers and studentsspending some time at ORNL during 1977. Approximately 200 tnan- 
y%rs of ongirieering el’foit from UCC-ND Engineering at ORNL arid 100 riiari-years of support services fromi they-12 
Plant ,  iis well as 730 man-years of programming etfort and 50 other Computer Sciences Division staff, were used at 
OFirdL during FY 1977. 

i, 
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The need for funds to apply sound energy 
conservation practices at the Laboratory r w s t  
also be met. Alrnost no direct funds have beer] 
provided for this, and what we have done has 
been achieved through ad rnin istrative practices 
and investments from operating or other funds, 
where practical. However, all of the large 
investments required for effective conservation 
in the long term must come as direct capitai 
provided for that purpose. 

While the emphasis of this docuinent has been 
on programs and needs, the nature of our 
research contribution to the missions of DOE is 
also changing. This lnstitutional Plan indicates 
that more program management and technical 
support will be provided by the Laboratory; that 
is, the money will continue to grow but the 
increases will be used primarily for extramural 
research rather than for work done entirely in 
house (Fig. 3). We also anticipate a stronger 
regional role with universities, states, the 
Tennessee Valley Authority ('TVA), and others 
with i n the South east. 

ORNL is the principal contractor for the High-  
Temperature Gas-Cooled Reactor (HTGR) Fuel 
Recycle Program and the Advanced Fuel 
Recycle Program. The Laboratory also has a 
lead role in the work on structural materials for 
the liquid-metal fast breeder reactor (LMFBR). 
In fusion energy, have a lead role for 
designing and testing the magnet systems of 
tokamaks to be built in the 1980s, and in fossil 
energy we have developed lead roles in planning 

Fig. 3. History of operating 

dollars). The decline in funding 
levels which bcgan in 1967 was 
reversed shortly after the oil 
ernbargo in 1973 Work for other 
agencies has increased mark- 
edly over the past 15 years Sub- 
contracting and procurement 
expenditure will increase in the 
next few years so increases in 
personnel numbers will be !much 
lower than increases in funding 
levels 

COS& at ORNL (CQnStant 1977 

and implementing a life sciences program in 
support of synthetic fuel development and in 
designing, building, and testing a Fluidized Red 
Technology Test l lni t .  The Laboratory also has 
lead roles in low-temperature thermal energy 
storage and in regional energy development 
and utilization studies. 

I believe that the overall planning goals pre- 
sented in this dOClJnIent can be achieved and will 
contribute strongly to the DOE efforts. I t  is 
imperative, however, that the essential element 
of feedback from pr-ogrammatic arid institutional 
planners within DOE take place. All past long- 
range plans have lacked the perspective which 
this feedback would have given, and it is 
essential that such dialogue take place quickly 
and consistently i f  these Institutional Plans are 
to have any meaning. 

Oak Ridge National Laboratory is a national 
energy laboratory concerned with the develop- 
ment and efficient use of environmentally 
acceptable supplies of energy from various 
sources. It is a federal government facility 
owned by DOE, which sponsors most of the 
work carried out at the Laboratory. The major 
objectives of the Laboratory are: 

* To develop new and environmentally accept- 
able energy technologies that will offer the 

ORNL DWG 71-1 9748 
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nation safe options for energy supply and 
efficient systems for energy use. 

0 To generate, analyze, and systematize new 
scientific knowledge. 

* Po perform research and development in sup- 
port of other national needs where the Lab- 
oratory’s experience or abilities permit us to 
m ak e i m po rt an t c o n t rib ut io n s . 

To determine what activities we will under- 
.take, and to ensure that hiyh-quality work is 
produced, the Laboratory will: 

Be responsive to the full range of DOE 
programs. 

* Seek problems in technology development 
that are important to national energy needs; 
that use the Laboratory’s multidisciplinary 
capabilities; and that have too high a risk for 
private industry. 

0 Seek to become a “lead IabQratQry” in impor- 
tant areas of technology development. 

0 Continue strong basic research programs in 
the physical and life sciences that are related 
fa energy problems or use unique Laboratory 
facilities. 

* Cooperate with industry and work for rapid 
transfer of new technologies to industry. 

* Balance Laboratory activities to achieve an 
appropriate mixture of near-, middle-, and 
long -term p rog rams. 

aintain high-quality support organizations 
and facilities in engineering, computer 
science, instrumentation and controls, analyt- 
ical chemistry, fabrication, maintenance, and 
industrial health and safety. 

* Maintain a staff of exceptional quality through 
highly selective recruiting and careful person- 
nel development. 

The Laboratory program is currently domi- 
nated by four major areas of activity: nuclear 
energy development, basic physical research, 

fusion energy development, and biomedical and 
environmental sciences. Two other important 
programs, fossil energy and conservation, were 
relatively small in FY 1977, but we expectthem to 
expand during the planning period covered 
here. The scope and direction of these programs 
over the next six years are briefly summarized 
here. 

~ U ~ ~ ~ A ~  ENERGY ~ E V E ~ ~ ~ ~ E ~ ~  
The Laboratory’s program includes tech- 

nology development and reactor safety research 
as well as all phases of the nuclear fuel cycle. 
The technology development program for 
breeder reactors concentrates on the develop- 
ment and testing of materials for special service 
conditions, h ig h - tempera tu re struct ‘u ra I des ig n 
methods, reactor instrumentation, nuclear 
cross-section meaw rernen t and evaluation, and 
experimental and analytical studies of shielding 
configurations and system safety and perfor- 
mance. Related developments for I-iTGRs and 
for special projects and space applicatlons 
i n c I u d e h i g h -te m p e rat u re mat e r i a I s, f u e Is , f is- 
sion product chemistry, and containment tech- 
nology. Fuel cycle work involves management 
responsibility for the WTGR Fuel Recycle 
Program, development of techniquesand equip- 
rnent for reprocessing light-water-reactor 
(LWR) and advanced-reactor fuels, develop- 
ment of refabrication technology for WTGR and 
LWR fuels, and techniques for separation, 
stabilization, and eventual isolation and disposal 
of nuclear wastes. 

A reactor safety program, conducted pri- 
marily for the Nuclear Regulatory Commission 
(NRC), concentrates pressure vessel integ- 
rity, heat transfer under transient and accident 
conditions, and the behavior of structural 
materials and fission products under transient 
and accident conditions. Current work on 
commercial LWRs is designed to increase 
reactor reliability and define safe operating 
limits. Assistance to the NRC also involves work 
on environmental impact statements and related 
environmental and social impact research, 
preparation of “As Low A s  Reasonably Achiev- 
able” g 11 ides and assess men t niethodolog i es for 
the release of radioactive materials, work on 
siting of nuclear energy centers, and refinement 
of safeguards. 
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BASS@ PHYS1CAh RESEARCH 

There are three components to the basic 
energy sciences program at  ORNL: niaterials 
science, chemical science, and liuclear science. 
The materials science program includes funda- 
mental studies of materials phenomena which 
underlie materials problems in nuclear and non- 
nuclear energy technologies. These phenomena 
include surface properties, superconductivity, 
radiation effects, diffusion, lattice dynamics, 
and magnetic structure. 9, rnajrJr expansion in 
the materials program IS  expected in the area 
of high-tempera?ure materiais with the pro- 
posed High-Temperature Materials ILaboratoiy 
(HTML). 

The chemical research ptograrn has a large 
component which is concerned with the chernts- 
try of the actinides and fission products and is 
relevant to the technology needs of the nuclear 
fuel processing and waste disposal programs. 
The size of these programs will remain constant 
in this planning period. An area of rapid 
expansion over the next five years will be the 
cheiiiistry of processes coinmon i o  fossil energy 
technologies, including catalysis i1i coal conver- 
sion processes. Pwgrarns in fused-salt chemis- 
try relevant to high-temperature fuel cell and 
battery technology and therrnal energy storage 
will also expel-iencs some growth. 

I he nuclear sciences program supports 
facilities [ High-Flux Isotope Reactor (tHFlf3) and 
Transuranium Processing Plant (PHCI)] for 
transuraniurn element production as well as the 
program for separation of stable isotopes. These 
arc important resources for national as well as 
ORNL research needs. The Oak Hidge Electron 
Lineat- Accelerator (ORELA) wil l continue to 
provide data on neutron cross sections of critical 
importance to fission ancj fusion technology. 
The atomic physics program will expand in this 
planning period. I t  will focus on studies of 
energy-absorbing atomic processes of signifi- 
cance lo plasma dynamics. 

I he nuclear physics program is dominated by 
topics related io heavy-ion physics. The pi-eseni 
experimental program involves use of the Uak 
Ridge Isochronous Cyclotron (ORIC). The 
Holifield Heavy Ion Research Facility (HHIRF), 
which includes a 25-MV tandem electrostatic 
accelerator, will be operatiunal in FY 1979. Thc 
facility will be the central element of DOE'S 
heavy-ion physics program. A Phase II addition 

- 

I 

to HHIRF has been proposed for the %Y 19/9 
budget Phase I l  features a high-energy 
separated-sector cyclotron to be coupled lo the 
IIHIRF 25 MV tandem accelerator and toOTalC, 
which will result in significantly higher ion 
encrgies M ~ c h  of the rescarch in nuclear 
physics is directed at the general advancement 
of science rather than a specific energy mission 

$WS[ION ENERGY DEMELOPMEMT 

The ORNL program in magnetic fusion energy 
is a broad program of research and development 
aimed at the developt-nent of an economically 
viable fusion reactor. The program covers all 
aspects of magnetic fusion development, in- 
cluding studies of toroidally confined plasmas, 
plasma heating by neutral-beam injection, 
development and fabrication of supercon- 
ducting magnets, and fusion reactor tech- 
nology. In the immediate future, plasma studies 
will use the Elmo Bumpy Torus (EBT) and 
Impurity Study Experiment ( E X ) .  I-he technol- 
ogy program will utilize the Laboratory's ORR 
and HFlR reactors for materials irradiation, as 
well asanumberof largetest facilitiesforneutral 
beam atid superconducting magnet develop- 
ment. Later the program will center about the 
Long-Pulse Technology Tokamak (LP-PT) and 
the EBT-11, devices to be operational in theearly 
1980s. Initial design work on The Next Step 
(I-NS), the next proposed large fusion reactor 
after the Princeton Tokamak Fusion Test 
Reactor ( T f T R ) ,  will continue and will be used to 
guide the research program. 

The traditional role of this program has been 
the study of biological and environmental 
effects of radiation in support of the nuclear 
energy development p rog ram, with part icI.1 lar 
strength in the field of genetic effects of low- 
level radiation. The program is now expanding 
to include a broad spectrum of biological and 
environmental effects of the effluents of alterna- 
tive energy technologies. In the next few years, 
continued emphasis will be given to coal 
conversion and nuclear technologies. A new 
program in environmental policy analysis will 
develop critical analyses of environmental 
issues related to nuclear fuel cycles, coal 
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conversion technologies, and toxic substances. 
In the latter part of the next six-year period, 
programs related to geothermal and fusion 
technologies will expand. 

FOSSIL ENERGY 
We expect the fossil energy program to be the 

most rapidly expanding program at the Labora- 
tory over the next six years. The fossil program is 
roughly 8% of our total 1977 program, and we 
expect it to approach 15% in six years. Compo- 
nents of the program will include research and 
development on liquefaction processes, fluid- 
bed combustors, alkali metal vapor topping 
cycles, and advanced materials and compo- 
nents for coal conversion systems. Engineering 
studies, program planning, and environmental 
impact assessment in support of fossil energy 
will continue to be important activities of the 
Laboratory. 

CONSERVATION 
The conservation program at ORNL is ex- 

pected to increase substantially in this planning 
period. The broad program will include model- 
ing of residential, commercial, and industrial 
energy use; collection and dissemination of 
conservation data; evaluation and modification 
of household appliances including heat pumps; 
process development for recovery of energy 
from sewage; studies of insulation materials; 
development of thermal energy storage; cogen- 
eration studies; development and use of fly- 
wheels for vehicles and distributed loads; 
studies of gaseous high-voltage insulators; and 
work on load management for influencing 
patterns of electricity consumption. Over the 
next six years, ORNL will assume increasing 
responsibility for management of DOE conser- 
vation programs 

In order to direct this diverse multidisciplinary 
effort, ORNL has adopted a matrix form of 
organization. Viewed from one direction, the 
Laboratory is organized into 22 divisions which 
can each be clearly identified by a service 

function or an area of discipiinary expertise. 
Fourteen divisions are technical (e.g., Physics, 
Chemistry, Engineering Technoiogy, Metais 
and Ceramics, etc.) and the remainder are 
service divisions (e.g., Piant and Equipment 
Division, Health Division, Information Division, 
etc.). This organizational structure is best suited 
to guarantee the disciplinary strength of the 
staff. From another direction, the Laboratory is 
organized along program lines. At present, these 
programs include coal technology, gas-cooied 
reactors, breeder technoiogy, advanced fuei 
reprocessing, and magnetic fusion energy. 
These programs involve multidiscipiinary teams 
of physical and lifescientists andengineers.The 
members of the programs are drawn for varying 
periods of time from the disciplinary divisions. In 
this way, there exists flexibility witiaout sacri- 
ficing thedepth of knowledge which results from 
close involvement with disciplinary activities. 

Appendix B is an organization chart of the 
Laboratory which includes the names of the 
associate directors and the directors of the 
various programs and divisions. I n  Appendix C 
there is a matrix of the Laboratory activities by 
division and program. 

8 

ORNL is the principal contractorforthetiTGR 
Fuel Recycle Development Program and is 
responsible for technical direction of the pro- 
gram, including coordination of activities by 
other contractors and definition of program 
requirements. The objective of this program is to 
develop fuel recycle technology and provide a 
demonstration facility for the recycle of HTGR 
fuels on a production basis. Process technology 
and equipment will be developed to prototype 
scale and tested in hot engineering tests ,to 
confirm the design data required for the recycle 
faci I ity. 

The Laboratory is also the principal con- 
tractor for the Advanced Fuel Recycle Program 
(formerly the LMFBR Fuel Recycle Program).As 
such, ORNL is responsible for definition of 
program goals and technical direction of the 
program, which includes the activities of a 
nurnber of subcontractors. The program will 
develop process and equipment technology 
leading to the design and operation of an 
Integrated Equipment Test Facility. Design 
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studies for a Hot Experirnental Facility. which 
would demonstrate reprocessing of breeder 
reactor fuels, will be completed, but the sched- 
ule for cornmissioning the facility has been 
deferred until the needs are more clearly de- 
fined. 

'1-he work on Structural Materials for the 
LMFBH is a planning support function by the 
Laboratory, under which the naliorial efforts on 
nondestructive testing and tnechanical proper- 
ties are reported by ORNL and are closely 
coordinated with related programs in fabrica- 
tion, corrosion, and high-temperaturestructiJral 
design methods and criteria. This function also 
includes technical direction of a task on alter- 
native LMFRW sttuctural materials. This area of 
work involves interactions with several other 
contractors. 

Lowtemperature thert-rial energy storage 
(LTTES) can help to accommodate the time ciis- 
crepancy between availability and use for solar, 
wind, and off-peak electricity. The LTTES 
Program is aimed at developrnent of both 
sensible and latent heat storage techniques for 
temperatures below 250°C to be applied in 
building heating and cooling systems, industrial 
processes, and agricultural systems. - 1 - h  a c 3t-0- 

grai-n inanaged by OWNL for DOE is carried out 
primarily by industrial participants, research 
institutes, and universities. 

'The Annual Cycle Energy System (ACES) 
space heating and cooling system for residential 
and commercial buildings is designed to hal- 
ance theenergy requirements of a buildirig over 
a complete annual cycle. The ACES implemen- 
tation program at ORNL involves system and 
component research and development, field 
demonstrations, and dissemination of informa- 
tion. 

The use of fluidized-bed coal combustion 
systems in commercial and industrial applica- 
tions will make it possible to burn a widevariety 
of coals, including high-sulfur coal, in an 
environmentally acceptable manner. The 1.5- 
MW(t) Technology Test IJ nit being constructed 
at ORNL will be operational in 1980. I t  will serve 
as a development unit for performance testing 
and evaluation of the systems for cogeneration 
applications ranging up to 50 MW(e) with tern- 
peiatures up to 820°C. 

The S u percond u ct i in g Mag net Beve lop men t 
Program has the lead role for designing and 
testing the magnet systems of tokamaks to be 

built in the 1980s. The program is divided into 
two major activities, an ongoing program for 
basic magnet technology development and the 
Large Coil Program, which has the specific goal 
of fabrication and testing of large toroidal-field 
coils. Several manufacturers are designing and 
fabricating large coils whicii will be tested in the 
coil test facility being constructed at ORNL; this 
testing will include coils provided by several 
other nations. 

ORNL. has responsibility for implementing an 
integrated program on the assessment of energy 
effects in the soutliern portion of the lJnited 
States as partof an integrated DOE program that 
covers the entire United States. Our region of 
responsibility covers 14 states in the Southeast, 
which collectively represent an energy-rich 
national resource. 'I-he program focuses on 
national and regional effects of energy develop- 
ment arid utilization. Major recent efforts have 
included analyses of energy use and pt-ocluction 
in the South and work with the National Coai 
Utilization Assessment, which has involved all 
regional participants in the Regional Studies 
Program and requires an interdivisional, inter- 
disciplinary approach at the Laboratory level. 

We have also developed good liaison and 
relations with energyand other offices within the 
14 states and have started to interact on energy 
and environmental issues to the benefit of all 
involved. 

During the past several years, ORNL has 
developed a lead role in planning and irnple- 
mentiny a life sciences program in support of 
synthetic fuel development. The program fo- 
c u s . ' ~  on coal conversion systems, primarily 
liquefaction, hut also includes work related to 
s h al e-d erived fuels. 'T h is in t erd i sci p I i nary effort 
utilizes chemists, biologists, ecologists, iridus- 
t r i a I h y g ie n is ts, physic i an s, c h ern i ca I e ng i nee rs, 
and instrument developers. Both the in-plant 
and out--of-plant environments are of interest 
from the health, safety, and environmental 
viewpoints. Chemical and physical charac- 
terization of constituents and effluents, process 
streams. and products of various coal- 
conversion processes provide the basic for 
selecting materials to be screened in biological 
and ecological test systems. Control technology 
systems using animate and inatiimate systems 
are also developed as pari of ths program. An 
iterative procedure allows interactions between 
the process engineers, the analytical chemists, 
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and the life scientists who test the constituents 
for cytotoxic, mutagenic, carcinogenic, or 
teratogenic effects. A major program goal is to 
assist the developing technology in producing a 
product and system that will have minimal health 
arid environmental impacts and, therefore, will 
be more likely to be socially acceptable. This 
approach provides theopportunity to modify the 
early development of a process via feedback 
from the life sciences studies. Current interests 
are shifting towards specific applications to the 
Low-Btu Gasifiers in Industry Program. 

In developing the long-range projections in 
this plan, several assumptions have been made: 

There wil l bevery little growth in total person- 
nel full-time equivalents (less than QS%/year 
after 1979). 

The Laboratory will assume increasing 
responsibility for program management, and 
there will be an associated increase in the 
amount of work subcontracted to outside 
organ iz at i ons. 

The followifig growth patternsfor programs at 
t h e  Laboratory, based on changes in person- 
nel levels, were used for post-1 979 planning 
purposes: 

Strong growth-Coal, Conservation, Solar, 
Biomedical and Environmental Research 
and D eve1 o p ment , 

Low growth or diminution-Fusion, Basic 
Physical Sciences, Petroleum and Natural 

Gas, In-Situ Technology, Nuclear Physics, 
Basic Life Sciences Research, Nuclear 
En erg y Develop men t. 

0 An important consideration in this planning 
period is the large uncertainty in the future of 
nuclear energy and, in particular, the breeder 
programs. 

The Laboratory forecasts for operating and 
manpower levels through 1983 are summarized 
in Table I .  

The Laboratory faces difficult technical prob- 
lems in helping to accomplish national goals. 
Certain issues related to DOE policies and 
concepts concerning resource allocations will 
have a strong influence on the Laboratory's 
success in solving these problems. Some of 
these are discussed in Chap. 4 oi this pian. 
Stated succinctly, they are. 

Support of special facilities at ORNL (re- 
search reactors, accelerators, isotope sepa- 
rators, etc.). 

Funding of general purpose equipment and 
general plant projects for renovation and 
addition of laboratory and office space. 

* 'The future of nuclear fuel cycle research and 
development . 

* Management flexibility at the local program 
level. 
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From modest beginnings during the World 
War II Manhattan Project, when its principal mis- 
sion was the production and chemical separa- 
tion of the first gram quantities of plutonium, 
ORNL has emerged as a diversified center of 
nonnuclear as well as nuclear energy research 
and development. 

Although historically ORNL’s major mission 
had been in nuclear energy development, non- 
nuclear programs were growing steadily for 
several years prior to the creation of ERBA in 
January 1975 and the establishment of DOE in 
October 1977. Today these activities cover many 
fields of science and technology, with the focus 
chiefly on energy production and its environ- 
mental and health effects. In addition, ORNL 
does work sponsored by other federal agencies 
in areas such as cancer research, environ- 
mental assessment, and reactor safety. 

Staff specialties-once limited to the physical 
and life sciences, mathematics, and engi- 
neering-now extend into the social sciences 
and economics. Figure I is a summary of man- 
power levels at the 1-aboratoiy and shows the 
marked decline which took place between 1968 
and 1974. 

Figure 3 shows a summary of ORNL’s oper- 
ating budget in coilstant dollars. Eighty percent 
of the $195 million annual operating budget for 
FY 1977 was provided by ERDA. Work for other 
federal agencies, including the Nu,clear Regu- 
latory Commission (NRC), National Institutes of 
Health (NIH), National Science Foundation 
(NSF), Environmental Protection Agency (EPA), 
and Department of Defense (DOD), accounts for 
the remaining 20%. 

0RNL.k evolution into a diversified laboaa- 
tory was the result of several factors. New 
interpretations of the Atomic Energy Act al- 
lowed increased flexibility in the laws and 
regulations regarding the use of national lab- 
oratories. At the same time ORNL’s manage- 
ment sought to maintain a capable staff whose 
technical expertise could be applied in nonnu- 
clear as well as nuclear areas to meet national 
needs. 

BRNL had its beginning early in 1943 as the 
site for the first nuclear reactor to beoperated at 
power. Soon after the war the Graphite Reactor 
was converted to produce radioactive isotopes 
for applications in agriculture, industry, medi- 
cine, and research, and for many of the postwar 
years isotope production was a key function of 
OHNL. More recently, as private indcistry has 
gained the capability for providing these ser- 
vices, the Laboratory’s work with isotopes has 
largely been overshadowed by its broader 
involvement in energy research and develop- 
ment. 

During the 1948-1960 period ORNL carried 
out various reactor development projects, both 
military and civilian, within the AEC context. 
This included majorwork on the Aircraft Nuclear 
Propulsion Project, reactor types such as the 
Homogeneous R e  actor Experiment, the d eve I - 
opment of the “swimming pool reactor,” the 
Molten-Salt Reactor Experiment, and hiyh- 
ternperature gas-cooled concepts. T h e  Molten- 
Salt Reactor was the world’s first to operate on 
2331J fuel. This program alternately grew and 
declined through the years and was finally 
terminated in FY 1976. In addition to the reactor 
development efforts, ORNL has also done 
biological radiation research, which has pro- 
vided information of major significance in 
setting national radiation standards, and this 
work expanded into the environmental area. 

During the mid-1950s the concept of nuclear 
fusion began to be investigated. Laboratory 
physicists who had experience in magnetic 
fields, ion sources, and accelerator physicsfrom 
the calutron work at the Y-12 Plant began 
working on a technology development effort in 
magnetic mirror fusion. This effort grew slowly 
until 1970, when the new tokamak concept was 
adopted. Since then the fusion effort has grown 
rapidly at ORNL. 

ORNL did little work for federal agencies other 
than the Atomic Energy Commission during 
almost the first two decades of its existence. 
During the 196Os, however, there were three 
major areas where the ORNL skill base began to 
be applied to nonnuclear research. These 
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programs represented a. modest departure from 
ORNL’s strictly nuclear expertise to a more 
broad-based I - ~ ~ J I t ~ ~ ~ ~ c ~ p l ~ n a r ~  approach to 
problems of important national interest. They 
were the desalting program, which included a 
basin; water research program and a program 
airned at developing nuclear-powered desalting 
plants, the exparision ob OWNL’s biology re- 
search, which involved a multimillion dollar 
effort between NlM and REC in basic biological 
research, and the establishment of the Civil 
Defense Research institute at ORNL ira ‘1955 
under agreement with the Office of Civil Defense 
jOC0). 

In the late ’8960s when environmental prob- 
lems evolved as a national priority, ORNL’s skill 
base included animal and plant ecology, chemi- 
cal and radiation mutagenesis, and effluent 
control studies for clear power plants an 
other so117ct3s OR was very interested i 
applying this expertise as a national resource for 
facing environmental problen-rs. In 1967 the 
AlQmiC Energy Act  was amended to provide 
AEC authority to assist other agencies in solving 
health and safety problems unconnected with 
nuclear missions. N o  major impact of this new 
authority was reflected at the Laboratory until 
1969 arid 1970, when the first. af a number of 
i n terag en cy ag re ents were entered into with 
the EPA and the 

s 
In 7970 NSF sponsored a study to investigate 

how ORNL could best contribute to the growing 
problems of the environment. General energy 
work began with energy conseivation, energy 
derriarid analyses, and the economic and en- 
vironmental aspects of the c o d  supply systern. 
These early efforts included work on t he rm 
insulation in residential construction a 
energy use in transportation. The environmental 
work included modeling of mercury pathways in 
the environment and regional modeling, which 
contsibuted to QRNL’s  evolving social science 
program. The environmental information effort 
grew into an Environmental lnformaiiori Sys- 
tems Oflice which later became part of the 
Information Center Complex. Today ORNL is a 
major national resource in technical inforrnation 
for such fields as basic physical sciences, 
engineering, biomedical and environmental 

sciences, energy, socioeconomic studies, and 
coal technology. 

By the early 1970s nonnuclear energy was 
clearly ernergi ng as a new national policy focus. 
In 1971 the AEC’s authority was further ex- 
tended to include research on “the presewation 
and enhancement of a viable environrnent by 
developrng rnore efficient methods to meet t h e  
nation’s energy needs” As a result of the 
Natiorial Environmental Policy Act of 1963 and 
the Calvert Cliffs decision, the AEC’s environ- 
nierilal consi5oLisness was abruptly raised arid 
the AEC was forced to undertake a large impact 
assessnierit task. This movement paralleled 
OR N L’s g row i ng c o m p eience in e nvi ro n me nlal 
research. An Ecological Sciences Division had 
been formed in 1970, and because of ORNL’s 
ability to mobilize groups to work on this 
multidisciplinary task the Laboratory was as- 
signed a significant share of the AEC’s environ- 
mental impact work. 

By 1971 ORNL had about $2 million in 
research ar?d development. concerned with 
nonnuclear energy in addition to its large bio- 
iiriedical and ecological research efforts. Exam- 
ples of ORNL studies included impacts of 
central electrical plants, developmcnt of meth-  
ods of absorbing sulfurdioxide ( S O ? )  frornfossii 
fuels, and design of urban power systems. These 
were mainly sponsored by the NSF-Research 
Applied Is National Needs (RANN) Frogram and 
the AEC. A t  that time ORNL saw coal studies as 
an area of major interest. As part of an early 
B o n g - ra rig e p I an n i n g e f f o rt , c o a I h y d rag e n at i o n 
had beeri explored in the early 1960s during a 
series of advanced energy seminars at ORNL. 
interest in coal research was expressed then, hu t  
no funding had been available. However, in 1971 
8RNL was asked by AEC to look a t  502 ernis- 
sions from the Clifty Creek (Ohio) Power Plant 
to see if something could be done to meet Ohio’s 
new SO2 regulations. 

The 1973 oil embargo provided additional ini- 
petus for funding coal research, and in 1974 
ORNL became involved with the Oifice of Goal 
Research (a project then classified as work for 
others) in a joint effort with the AEC. Also in 
1974, in order to  be in a better position to 
administer nonnuclear energy programs, ORNL 
reorganized its internal structure and appointed 
an associate director for nonnuclear energy 
research and development. 
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W y  1995, the year in which ERDA was created, 
much of ORNi.'s energy work that had been 
work for other federal agericies became work for 
ERDA. During the E R n A  period OHNI.. con- 
tinued io build a broad tcchi7ical expertise which 
could be used to suppori a variety of programs. 
The newly formed Department of Erierc~y will 
bring together many elements of the nation's 
energy policy which had been scattered arnoc'ig 
several agencies. ORNL mariagemenl expects to 
work with ti le new Department in a coherent and 
effective manner to carry out energy research 
arid develop men t . 

L6CAT18N AND ADMINiSBFr!ATE$N 

The Laboratory occupies a wooded 2900- 
acre (1200-ha) site approximately 10 miles (15 
kmj  from downtown Oak Flidge, Tennessee 
(population 29,000). I t  is oil@ of four major pro- 
duction and research facilities---- thi-ee of wiiict-i 
art? located in Oak Ridge-that are operaietl .lor 
DOE by Union Carbide Corporation's Nuclear 
Division (UCC-ND). The others are the Oak 
Hidge and Paciucah (Kentucky) G ; ~ s ~ o ~ J s  Biffu- 
sion Plsnts and the Oak WidgeY-12 Plant which, 
although ptimarily a national defense insta!!a- 
tion, also /houses some of the ORNL facilities. 

Knoxville (population 180,000) is about 30 
miles (SO km) away. I t  is the biome of the 
I J  n ivers ity of Tennessee, wh ic h corn p rises about 
2-7,OOO students, and the central administrative 
office of the Tennessee Valley Authority (TVAj. 
Also in the Oak Hidge area are the University of 
Tennessee-DOE Cornpwative A.nimal Research 
L 3 bora t o ry (CAR L ) , w h i e h has extensive who I e- 
body anin-ial irradiation facilities, and the Oak 
Hidge Associated 1.1niversities (ORUU). OHACJ 
administers a nurriber of cooperative programs 
with universities, through which faculty merrr- 
bers and students participate in Labciatory 
programs for various periods of time. 

STAFF- AND FAClLlI IES 

ORNL is one of the largest sclnntific and 
tech nological t nu I t ip rog ram laboratories in the 
world One of OHNL's strengths is the diversity 
of the techtiicai staff Forty percent of the 
personnel are collegcgraduates, including more 
than 800 wittl tile P h  D degree 7 here are 800 

en g i n ee rs, p r i mar i I y c h e m /c a I e I ec t r i ca I, and 
mechanical; about 125 mathematiciaris; 350 
chemists; 330 physicists; and more t h m  300 bio- 
inedic..:l and errvironmental scientists There is 
also a growing staff of social scientists. which 
i7ow iiumbers more iiian 35. 

I he Laboratory poptilation ais0 includes 300 
to 400 guest scientists on assignment for periods 
ranging from a few months to a year or i7ToTe; 
many of them represent foreign laboratories or 
research centers. College and university visi- 
tors undera vafiety of research participation and 
advanced study programs number approxi- 
mately 1300 anriually; most of them spend be- 
tweeri a few days aiid several months at the 
Laboratory. This number includes participants 
in l)~iVL'sIJri iversityR~iat ionsProgtamsaswelI 
as ORA11 contractors and ORNL consultants 
from the uiiiversity communiiy. In addition to 
ORNL technical staff and guzsts, tlie !ICC-ND 
central organizaiiotis that serve all three insial- 
iations pi-ovide a general engineering staff of 
1330 and 2 computer scieac 
contribute to ORNL research efforts. 

In support of the Ldboraiory's programs there 
are facilities and equipment worth $525 million. 
Figure 4 shows a summary of capital equipment 
costs in constant dollars. Special facilities at 
ORNL include: 

__ 

An assortrrieilt of nuclear reactors ranging 
from the High Flux Isotope Reactor ( W I R j ,  
which produces the world's highest neutron 
flux, to theTower Shielding Facility, a reactor 
that can be suspended ii? the air for studies of 
radiation shielding. 

Six particle accelerators engaged it1 nuclear 
and atomic physics research. including 
an advanced e!ectroi-i linear accelerator 
(ORELA), dcsigrierf ti-, produce intense short 
pulses of neutrons for high-precision neutron 
cross-section measurements, and the iso- 
chrorious cyclotron (OHIC), which has spe- 
cial capability for accelerating iieavy ions. 

The world's largest electromagnetic stable- 
isotope separation facility. 

;4 variety of chemical processing development 
facilities, including the Transuranium Proc- 
essing Plant (TRL.1) for separating cali- 
fornium arid other heavy elements and the 

I hoiium--Uranium Recycle Facility (TURF) for 
remote!\( processing reactor fuels. 

- 
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@ The Aquatic Ecology Laboratory f o r  studying 
ti le effect of water temperalure ~ r ’ r  fish and 
~t h aq u r”i9 i i:; I i f <::. 

* Extensive rnaierials develnprnen? facili-ties, in- 
<:I ud i ng large iabo ratary -scale capab i 1 ities for 
pur i f y i~g ;  casting, forming, arid testing both 
metais and ceramics. 

e h large diversified research fabrication and 
s h o p  capability for the N~iciear. Division 
c; urn n I ex. 

Extensive NLlcleaf D iv i s im  cornpllting hard- 
ware for general use, consisting o f  two large 
batch high-speed computers (IHM 360/31 and 
360/195j and two major -time-sharing units 
( IGM 360/75 and n%c PDP-1C1) as well as 
rn an y 5 in ai i e r rx eci i <:a :e d c 0 m p 11 tin g syste rns 
thr0EJgia::irt il-le 1. ahoratOP/. 

Techi-Ecai Information Processing faciiilies 
whrch inc\i.de a major scientific library, 
compiitsrized on-line E L C C ~ S S  to the major 
bibliographic data bases in scic?iitx and tech- 
nology, and 23 specialized technical infoarm- 
i i cj r I  c en le IS is/ h i c h Fj r o v  id e rap id stat e-o f -t h e - 
art information i r i  a wide variety of fields 
i n c 1 u d in g p 11ys j ca I ,  en y i nee ri n g . 1 i fe, an cl 
social sciences. 

The k-iolitield Heavy Ion Research Faciliiy, 
which, when completed il-I 1979, will also in- 
corporate the Laboraiory’s present accel- 
erator, t h e  ORIG. 

* T h e  Environrriental Sciences Laboratory, 
which, when occupied in 3978, will be  the first 
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laboratory in the nationwide DOE complex 
des i g n ed e 1-1 'J i ro n m e n t a I 
sciences resea PC h . 

spec i C i c a i I y f o r 

C B F K  j a I 32 at i Q t~ and Tech IPO I Q $4 y hr It i iz 8 - 
tisn. A diverse research facility such as ORNL 
can interface with indiistry in several ways. One 
way is that in the process of conducting < 7'- ci ex- 
periment equiptr-lent may be developed that has 
commercial value. A second interface is ttirough 
the involvement of private companies in the 
early stages of design and development of "big" 
technology. ORNI.. has been involved success- 
fully with these types of interactiom for some 
years and has attempted to establish working 
relationships with industry at t he  earliest pos- 
sihie development stage of riew technoioyy. A n  
example of successful commercialization of 
OMNL. research is the zonal gradient cenlri- 
fuge, which is in wide use in clinical labora- 
tories around the woild. 

ORNL continues to be closely involved with 
industry in big technologydevelopme,iI, such as 
development of large superconducting mag- 
nets. In the near future, (IRNI.. will become 
involved with large development projects in the 
areas of nuclear fuel cycles, fossil fuel utiliza- 
tion, and magnetic fusion energy. Exampius 
of commercialization activities with small- 
scale technology include ideas such as the 
Annual Cycle Energy System (ACES) concept, 

bioreactor), and applications of end-use con- 
servation. 

In addition to the programmatic efforts that 
form the basis of technology transfer, the Lab- 
oratory also maintains an active program of 
public awareness of Laboratory devslopments 
through press releases and through t h e  publi- 
cation of technology utilization bulletins. Spe- 
cial workshops and conferences are held under 

ANFLOW (an anaerobic, upflow, Packed-bed 

the Technology Utilization and Comtmercial- 
ization program to discuss Laboratory work anel 
to identify the needs and concerns of industry or 
other user groups, as well as t h e  barriers to their 
use o i  such technologies. 

University ReAatism ORNL has had a long 
history of cooperation with universities in 
cducation and research prograrns. The Labsra- 
tory's prirnaiy objective in its university co- 
operative research and training is to help assure 
an adequate supply of manpower for t he  accom- 
plishment of energy research and development 
p rogram through activities that complernent 
those of academic institutions. These prclgra.i-ns, 
while providing uniq-le opportunities for 
cooperative research with the university corn- 
munity, fit within the Laboratory's program- 
matic goals and simultaneously effect a trans- 
fer of scientific and technical information. In FY 
1976 ORhL had programs (some of them carried 
out in cooperation with ORAU) involving 253 
undergradustes, 226 oradiiatestudents, 28 post- 
doctoral fellows, and 94 visiting faculty. There 
are also user gtoups making use of t he  major 
research facilities at ORNL. 

Research Cooperation with Energy Utiiitiw 
I hc Electric Power Research Institi.ite (EPRI) is 
XI organization of  riiore than 500 public anti pri- 
vate utilities interested in a national electric 
power research and development p rog ram. 
I here is cotisiderablc overlap of interest areas 
between EPRl and DOE. I !I order that ORNL c m  
most effectively work with EPWi on areas of 
mutual interest which are consistent with 
OHNL's mission, a coordinated program has 
been developed. This progran-i emphasizes 
active information exchange as weil as carrying 
out some direct research and developrrreni work 
for EPRI. We also foresee a larger involvement 
with TVA and other energy organizations in the 
reg ion. 

- 

- 
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3; c iJRRE@n AND PR0JEC;"rED 
A 6T 1 v I TI E s 

In this chapter we summarm the activities 
at O R N L  discussing where retcuant, the 
technological thrust of the program, the 
expected Ltiange in its character, any major 
difficulties or issues peculiar to the given 
program, and major milestones The budqet 
figures for FY 1978 and FY 1979 are closely tied 
to existing financial plans or budgets The 
personnel figures are for full-timz equivalent 
personnel arid they include support staff 
Additional guests are not and cannot be 
included in the figufes becausetheirsalariesare 
not, in general, funded programmatically 

ETWr-gy ($3) 
TECWMleAb THRUST OF THE PHOGRAM 

The main thrusts of the fossil cxperirrieilial 
program are in coal convetsion (particularly 
liquefaction) and fluidired-bed combustion 
ORNL's suppolting programs in engi1vering 
evaluation and review studies for DOE are 
expanding to cover all aspects of coal 
conversion atid utilizatron A new direction for 
the fossil progrdm is the managem?nt for DOE of 
an equipment testing program and possibly, in 
cooperation with the  Oak Hidge Operations 
Office, the management of a fluidircd-bed 
demonsiration plant program In addition, the 
Laboratory has the !eading role in itwestigating 
the hedith and envrronrnental aspects of coal 
con v e rs i o i I tech no I o'j I P> 

ORNL also carries out several activities ttldt 
support DOE investigations of tertiary oil 
recoveiy methods 

MAJOR CHANGE iN CHBAHACTEW 
OR DIWECTIQN OF THE PRQGRAM 

and comb IJ s t io n 

The principai change in direction anticipated 
in t h e  fossil work at ORNL IS the assumption 
of a management tole for DOE in rnzjor 
demonstration programs The first activity of 
this natute IS the rnanag6ment of a Coal Lquip- 
ment I est Program (CETP) for evaluating the 
performance of components for fossil fuel 
dCmOiiStrZtlQn plants Tnat may be followcd by 
tile technlcal management of a program to 
demonstrate utility useof atmosphPi IC f l u i d i z ~ ~ i -  
bed boilers 

- 
I he fossil program IS expected to have one of 

the highest growth rates at the : aborator>i 
during thls planning period The inteinal 
opemiing level will double and the iiianage- 
merii mpohslbilities for major programs will 
involve us in larger aniounls of subcontracting 

The major milestones of our ihree principal 
experimental programs (Hydrocarbonization, 
Industrial-sized Fluidized-Sed St>ilers, and 
Alkali Vlental 'Toppiny Cycles), as well as those 
for potential demonstration plant projects, are 
still being negotiated The i o l l o w i n ~  are goals 
that we suggested to EROA on the bask of our 
internal plans: 

* We plan to CompieiF: bench-scale studies of 
the hydrocarbonization of Illinois No. 6 coal, 
renovate the system for operation under flash 
pyrolysis conditions, and compiete high- 
pressure experiments to provide data that will 
be of direct use i i i  developing the optimal 
design of a future dornonstration plant. 

We plan io complete an endurance test of our 
gas-fired pstassii.irn boiler to provide 8 good 
bask for the scale-up of a natural-circulation 
potmsiurn boiler i f  DOE xgrees. We also plan 
to design and construct a prototype fluidized- 
Gel? poiassiuni boiler to complete the data 
coileciion needed for scale-up of a complete 
coal-fired aikali metal vapor topping cycle. 

* '&e plan to complete the construction and 
testing of a Technology Test Unit fiir an 
i n d u sir i ai -s ized -be cl b o i le r so that i n d u s t r i a I 
firms can take over this program and begin 
cornrnercial implementation in the mid- 
1980s. 

We expert to begjn a matidgement assistance 
and ipchnicai suppori role for a 200-MW(e) 
f I u id iz ed -b ed co In b i 1 s t i o n d c m o n st rat i o n 
plant and then assist in contractor selpctisn, 
design, construction, a d  operation 

We plan lo develop and inrplrmeiit plan.; for 
testing criiiical cormponents for fossil file! 
dcmonstratiori plants in FY 1978 anri rnndi ic i  
supporting work for these components 
through FY 1990 
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(ipetixtiny expenses' 
I ntal Fossil 
SA Coal 
88 Petroleum arid Natural Gas 
E3C; In-Siru Technology 

Si.~bi:i~itr~cting and prcx;irrt?n!eni: on 

Capital equipinerit' 
Personnel + 

Line items 

opeui3Plny exper1se:s' 

Energy Systems Fiesearcii Laboratory 
(wcitcibution) 

a 
L T  F T  

Our current activities supported by L3OE 
include development of heat exchangers !or 
ocean thermal energy mriversion (OTEC), 
evalruation uf solar total energy applications, 
assistance in applying solar heat in agriculture, 
assessment of environmental impacts of solar 
technologies, exploration of advanced concepts 
for central recei~ers, application of high- 
temperature hea? to the manufacture of fuels 
and chemicals, 
in the South. ca assist in review and 
surveillarice of a 25h)-kW(e) photovoltaic instal- 
l at i 0 ri. 

Moslor"rl-iesolarsupported workatORNL falls 
into the areas of analysis, technical support, and 
evaluation. Our solar experimental research 

nsfer of solar technology 

efforts, with the excepfiorl of OTEG, are sup- 
ported by Basic Energy Scienc:es (BES). 

Environiaiental assessment is a n  area in ~ h i c h  

assume a greater role in the fn~tiire. Anothernrea 
in which cwr imalvernerit may expand is the 
application of solar heat  lo high-temperature 
i 17 d tist r i a 4 p r'oces s es, es pe c ia 1 i y 7% el s a r'r d c 11 e ria i - 
cals. The work presently inclirdes a survey sf 
applicable processes and an evaluation of 

ORNL. is especiaily VJell quaiifled and hopes tc1 

~ ~ 

* Vl i I I i 311s of dol la fs 

+Fuil-.tirno eyuivaients 

7.6 14.4 20.0 75.0 30 0 35.0 40 0 
6.9 13.7 190 24.0 290 34.0 39.0 
0.6 0.5 11.8 0.7 0.5 0.5 0.5 
0.1 0.2 0.2 0.2 0.2 0.2 0.2 
1.5 4 5  7.1 8.9 10.8 12.6 14.5 

n 0.3 0.9 3.0 4 0 5.0 6 0 
I90 220 270 360 400 460 5:!cI 

engineeririg arid economic feasibility and may 
later incli-ide an experimental program to 
determirie the feasibility of using selar heal in 
some o f  the proccsscs. 

An area in which we are highly qualified and 
would hope to develop a larger role is materials 
research for solar applications. Specific areas 
include irivestigation of absorbing cnatings for 
solar collectors, ctrjrrosion of crucibles and dies 
by rnolten siliccsr\, irnproving silicon solar cell 
efficiencies and iifetinies, and corrosion preven- 
tion for ahininurn used in solar coliectors. 

QRNL.. is prepared lo assist DOE in the man- 
agerrient of their biomass program. Both culli- 
vated and currently wasted biomass should be- 
come imucl-n moss ismportant, and we expect 
related O R N L  efforts i i l  experimentation and 
management to expand 

In the area of solar healing and cooling, we 
have C C ~ C I U ~ B ~  that  passive solar systems for 
cornfort cunditioning of buildings should be 
emphasized. O R N E  is proposing io develop 
examples of passive designs arid to demonstrate 
the concept in the S9utkeast 

Tl-ie probable location of the '1982 I n t e r m -  
tionai Energy Exposition iil Knowiile, Teri- 
nessee, will place considerable emphasis o n  
new energy technologies, particularly solar. 
t)HNl.'s active technical support in developing 
the exposition rnay sfirricilate Laboratory pilrlici- 
pation in solar-related dC?nioiistratiC)nS. 

The expansion of mlar research and the 
direction of it at ORNL if1 s ~ m e  respects 
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depends on DOE'S particular programs and how 
the natiorial laboratories can ineci those needs 
The  future also depends on the Laboratory's 
relationship with the new Solar Energy Hesearch 
I nstitutc 

JBR RESULTS OR 
B%E%TON%%, E 
The major accomplishments which are antic- 

ipated by the end of FY 1978, based on our 
present program, include (1) centers for trans- 
fer of solar technology established for all 
southern states, (2) development of a plan and a 
program for applying high-temperature solar 
energy to industrial processes, (3) development 
of a design for a near-ground central receiver 
concept, (4) doubling of the seawater heat 
transfer coefficient for the OTEC system, and (5) 
the successful technical assistance to the 
photovoltaic-battery storage project at Blythe- 
ville, Arkansas. 

Summary of resai;rccs---S&r Energy (EA) 

' T i  '78 '79 '$0 '81 '82 '83 

Operating expenses' 1.0 1.8 2.6 2.8 3.0 3.2 3.4 
Subcontracting and 0.1 0.6 1.0 1.0 1.1 1.2 1.3 

procurement on 
operating expenses' 

Capital equipment* 0 0 0.1 0.2 0.2 0.2 0.2 
Personnelt 28 37 47 53 56 59 62 

Our current participation in geothermal re- 
search is in four areas: (1) heat transfer and 
power conversion systems, (2) environmental 
assessments and statements, (3) studies of scale 
formation in geothermal systems, and (4) cor- 
rosion studies. Two of the research areas, 
corrosion arid scaling studies, are being phased 
out of the program at DOE'S request. The 
corrosion work ended last fiscal year and the 
scaling work will probably continue only 
through FY 1918. The low-temperature heat 
transfer work is expanding with continuation of 
heat exchanger developtrient. T he current thrust 
is toward scale-up and field demonstration of 

. M i I I ions of dol la i s  
+Full-time equivalents 

enhanced heat transfer technologies developed 
at the Laboratory. Experimentai and analytical 
work is beginning in the area of heat rejection 
systems as related to geothermal power plants 
and the direct use of geothermal heat. 

The environmental impact work is focused in 
the near term on generic environmental assess- 
ments and statements of the various categories 
within the DOE geothermal program. The 
emphasis after the generic assessments are 
complete will be on impact evaluation for 
specific facilities, some of which may be 
associated with the Federal Loan Guarantee 
Prograrn.The Environmental Assessments proj- 
ect will involve some use of subcontracts to 
indmtry and consulting firms under ORNI.. 
supervision. 

MAJOR CHANGE IN CHARACTER 
OR DIRECTION QF THE P 

The low-temperature power systems and en- 
vironrnenial impact work described above are 
expected to continue and expand. In addition, 
the Gulf Coast geopressured resource poses 
major energy extraction and conversion ques- 
tions within the scope of OHNL's interest and 
expertise. In addition, major environmental 
questions associated with the resource must be 
pursued, and the Laboratory is well qualified to 
do this. 

The effects of scaling and corrosion are 
important areas in geothermal resource devel- 
opment, pariicirlarly in assessing the commer- 
cial feasibility of such systems.The resultsofthe 
current ORNL research on formation and 
control of scale in geothermal systems and the 
expertise developed may indicate a need for a 
continuation 01 the Laboratory's program on 
scale formation. 

MAJOR DQFF:CULTYE% OR 
ISSUES TO OVEWCQ 

A continuing issue for the OFINL geothermal 
program is definition of a role in relation to 
DOE'S objectives. Our primary talents lie in 
i ntermed iatr-term research efforts. This rep re- 
sents a small fraction of the DOE program which 
places greater emphasis on early "on-line" 
power from commercial plants. 

The geothevirial program has a regional 
orientation reflecting the regional natiure of the 
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resource. Therefore the future expansion or 
long-term direction of the ORNL program may 
be tied to the potential of geothermal resources 
in the eastern United Stales, primarily the Gulf 
Coast geopressured resource. 

ILESTONES EXPECTED 

T 1-1 e low -te rn pe rat u re he at ex eha n g e r deve I - 
opinent work is directed toward the major mile- 
stone of field testing a condenser tube bundle at 
the East MesaTest Facility during FY 1978. This 
is to be followed by the construction of a 500- 
kW(c,.) demonstration plant, for which the con- 
denser and heat rejection system will be the 
responsibility of O R N L .  In addition, theEnviron- 
rnental Assessments project has aseriesof mile- 
stones for the completion of the genericand site 
specific assessments. 

Summary of resources-Geothermal Energy (EB) 

'77 '78 '79 '80 '81 '82 '83 

Operating expenses' 1 0  1.1 1.2 1.5 1.5 1.5 1.5 
Sijbcontracting and 0 1 9.2 0.3 0.3 0.3 0 3 0.3 

procurement on 
operating expenses' 

Capital equipment* 0.1 0.1 0.2 0.2 0.2 0.2 0 2  
Personnel t 30 24 24 31 31 31 31 

TECHNICAL THRUST OF THE PRQGRA 

DRNL has a major role in the nalional research 
and development program directed toward 
designing and constructing a viable fusion 
reactor. The program at ORNL concentrates on 
theoretical and experimental studies of toroidal 
confinement fusion devices with particular 
current emphasis on the use of neutral-beam 

injection for plasma heating. The high-beta 
plasma program is pursuing the Elmo Bumpy 
'Torus (EBT) plasma confinement scheme with 
the objective of evaluating its feasibility as a 
fusion reactor concept. 

In the area of fusion reactor technology, 
ORNL has a leading role in the design and 
development of large superconducting mag- 
nets. Fundamental physical research in support 
of reactor technology is in the areas of proper- 
ties of materials at high temperatures, neutron 
cross sections relevant to fusion technology, 
neutron-induced radiation damage, heavy-ion 
simulation of neutron radiation damage, and 
basic chemical and engineering studies relevant 
to tritium handling. 

In addition, programs supported by t h e  
Division of Biomedical and Environmental 
Research are investigating the biological and 
ecological impacts of tritium in the effluents 
from fusion reactors. 

R E 
R 0 

Based on a combination of significant devel- 
opments in plasma physics and fusion technol- 
ogy at ORNL, the program is changing its goal 
from a marginal low-power-density fusion 
reactor design to a potentially very attractive 
design which is about one-half the original 
cross section. The expected increase in reactor 
power density results fromanORNL conceptfor 
obtaining increased plasma density in a toka- 
mak by rapid neutral-injection heating in time 
periods which are much shorter than magnetic 
diffusion times. ORNL's  work con radiation 
damage of materials for the first wall of a fusion 
reactor indicates that an economically attractive 
lifetime is possible with these increased power 
densities. These significant results are now key 

Summary of resources-Magnetic Fusion Energy (Ea) 

'77 '78 79 '80 '81 '82 '83 

Operating expenses* 32.9 32.0 35.0 38.0 41.0 43.0 41.0 
Suhcontracting and procurement on 8.8 11.7 10.0 11.0 12.0 12.6 12.8 

Cap ita1 equip mr3 rit' 4 0  7 0 5.0 5.0 6.0 6.0 6.0 
Personnel' 375 375 380 380 390 390 400 
Line items 

operating experises* 

I m p rove me nts lo t h e r ni on u c le ar 
research supporting faci I ities 

$12 6 riiillion. FY 1980 budget 
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elements in an OHNL-industrial design effort 
concentrating on a tokamak "fusion reactor 
plasma core." The ORNL experimental and 
theoretical plasma physics programs are simtil- 
taneously combining their efforts wit87 the very 
advanced technology program to build key 
experiments to verify these expected high- 
density plasmas. 

The fusion program has been the fastest 
growing program at the Laboratory in recent 
years. A t  present, 15% of the funds are subcon- 
tracted and 30% are in device fabrication. The 
program is expected to continue gmwing, with a 
possible increase in the levels of subcontracting 
dependent on the nailire of QRNL's role in major 
projects in the future. 

!MAJOR D)IFFBCUI,TIES OR 
ISSUES $8 OVERCOME 

The major difficuliy of the program is ohiain- 
ing adeq?rate suppor i to build the  expefimeintal 
devices reqtriied to verify. the crucial plasma- 
physics predictions. It  is necessary to pursue 
vigorously a fusion reactor design effort hut at 
the same time to continue working on those 
critical development activities that are essential 
for implerrienting the resulting reactor program, 
O H N L  has recently made major contributions in 
all arcas of fusion technology and plasma 

The growth o i  the program has placed severe 
strains on our 30-year-old buildings and facili- 
ties. An FY 1980 line item to begin renovation of 
these facilities is badly needed. 

physics. 

Experiments with the OF1ivW.K device, which 
have reached world record ion temperatures, 
have verified that  neutral injection is a viable 
heating scheme for tokamaks. Advanced 
neutral-particle beam lines have been developed 
and built for t h e  Princeton Large Torus; similar 
injectois will be used forexperimental confirma- 
tion of crucial high-density plasma experiments 
on tlie lrnpurity Study Experiment (ISX). This 
confirmation will be attempted in 1978 after a 

'Millions of dollars 
'Full-time zquivalents 

series of important plasma impurity studies. 
Additional microwave power is being installed 
on ERT and proposals for the further extension 
of the EBT program are being made. In a 
combined superconducting developmeiif pro- 
gram and large coil program, ORNL is working 
with U S .  industry and with the international 
fusion community to dwelop and test half -sized 
reactor coils by 1980. 

TECHNICAL THRUST OF THE PROGRAM 
I Irc high-energy physics program at 0RNL IS 

a small one conducted in collabordtion with 
physicists at the 1J niversity of 1-ennessee. The 
focus of thc research IS on the intetaction of 
hig ti-energy elemrniary parl idcs with iiuclci. 
The experimental Lidla are collectcd prirriarily at 
Fesmilab and analyzed on automatic data- 
scanning eqilipment at ORNL 

MAJOR CHANGE i N  CHARACTER 
OR DiRECT185ad QF THE ~~~~~~~ 

constant during the planning pcriod. 
1"he level of efioit of this program will remain 

Summary or" r ~ s ~ u r c e s - ~ l g h - E n e s g y  fhysics (EC) 

'77 '78 '79 '85 '81 '82 '33 

Operating expenses' 0.4 0.4 0.5 0.5 0.5 0.5 0.5 
Peisonncl t 6 6 6 6 6 6 5  

The Basic Energy Sciences Program at C)RNb 
includes materials research, chemical re- 
search, engineering science, mathematics and 
statistics research, and atomic aild nuclear 
science. These programs comprise both sxperi- 
mental and theoretical work and incl~ide a sub- 
stantial interaction with outside users of basic 
energy science facilities at ORNL, 

The materials research program is a broad- 
based program in solid-state physics, metal- 
lurgy, and materials chemistry. Included are 
fun darn en ta i stud ies of m ech an ica I, p t i  ys i cal , 
optical, electrical, and niaynelic properties. 
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Such phenomena as superconductivity, radia- 
tion effects, diffusion, surface properties, crys- 
tal structure, lattice dynamics, and magnetic 
structure are investigated both experimentally 
and theoretical ty. Fundamental knowledge of 
materials phenomena underlies many materials 
problems in DOE missims, such as the onset of 
tertiary creep, photovoltaic conversion, stress- 
corrosion cracking, and first-wall radiation 
darnage and sputtering in magneiic fusion 
energy reactors. 

'The chemical research program covers the 
range of chemistry disciplines from organic: 
chemistry to chemical physics and atomic and 
molecular beams. Chemical and physical prop- 
erties of the transuranic elements are deteer- 
mined. There is a stror-lg program in catalysis 
because of its fundamental role in coal conver- 
sion processes. Aqueous chemistry research 
provides basic chemical and thermodynamic 
data on solutions encountered in geothermal 
systems, 'Thermochemical, photochernical, and 
biochemical processes for production of syn- 
thetic fuels and the electrochemical properties 
of fused salts needed for thedeveloprnent of fuel 
cells and batteries are investigated. Studies of 
tritium chemical equiliisria and permeation are 
performed as background for the fusion energy 
program. Analytical chemistry research tech- 
niques are developed for identification of the 
constitirents in a wide variety of materials, 
including noxious by-products of coal con- 
version processes. 

R esearc t i  i t i  eng i n e e  r i n g science emphasizes 
separation with hydraulic cyclones, deep-bed 

filters, and three-phase flu id ized-bed reaclors. 
Mathematics research is directed toward 
moving-boundary problems, continuum me- 
chanics, statistical methods, and numerical 
analysis. 

The experimiental nuclear science program in- 
cludes basic light-ion nuclear physics, sepa- 
ration of stable isotopes, transuranium element 
production, and neutron cross-section meas- 
urements related to fission and fusion energy 
technology. 

Studies of molecular structure by electron 
spectroscopy and atomic collisions with slow 
multicharged ions are important parts of the 
atomic physics program. Charge exchange a i d  
ion izat i o n cross -sect io n rn e as u re rr i  e n is a re i m- 
portant for !usion energy. 

The major change in the direction of these 
programs will be a continuing shift from re- 
search relevant primarily to fission energy iech- 
nologies to research applicable to fusion, fossil, 
solar, and geothermal energy technologies. 
More emphasis will be given in chemistry re- 
search to coal-related catalysis studies and to 
studies of rnuitiphase flow through porous mem- 
branes. In materials research, the emphasis will 
be on properties of materials at very high tern- 
peratures in hostile environments. A diversified 
fundamental research program will be main- 
tairred to underlie the research directed toward 
energy technology. 

Summary ob resources--Basic Energy Sciences (EE) 

'77 '78 '79 '80 '81 '82 '83 

Operating expenses' 28.8 31.6 39.8 39.8a 39.8 39.8 39.8 
Subcontracting and procurement on 1.1 1.2 1.4 1.5 1.6 1.7 1.9 

Capital equipment* 3.0 4.0 6.7' 6.0 6.0 6.0 6.0 
Personnel t 774 016 961 961a 961 951 961 
Line items 

operating expenses' 

Eriergy Systems Research 1.abnratot-y 

High Temperature Materials Laboraton1 

$3.2 million, FY 1980 budget 

$24.8 million, FY 1980 biudget 
(contribution) 

a In the absence of detailed giirdance from Headquarters we project a constant level of effort 

'Excluding large ccimputer. 
beyond FY 1979. 



24 lnst,tut,ona/ Plan 1977-1983. Oak Rtdge National Laboratory 

MAJOR DlFFlCILILTIES OR 
ISSUES TO OVERCOME 

A major issiie in this program will be continu- 
ing support for the research reactors (the High- 
Flux Isotope Reactor in particular), and for the 
existing Tandem Van de Graaff Laboratory. We 
propose a significant expansion of our effort ill 
the area of materials research at elevated tern-- 
peraiures. This will require significant capital 
money for major pieces of new equipment. The 
EN TandemVan deGraafflabsratorywill not be 
supported by the Nuclear Physics Program 
when the Holifield Heavy Ion Facility is opera- 
tional. Most of the atomic physics discussed 
here is carried out on the EN Tandem, and sig- 
nificant support for this facility must be pro- 
vided by the Molecular Sciences Program if the 
accelerator is to be available. 

TECHNICAL THRUST OF THE PROGR@dM 

The Nuclear Phystcs Program at ORNL IS 
dominated by topics related to heavy-ion 
physics The present experimental program, 
using the Oak Plidge Isochronous Cyclotron 
(ORIC) involves the study of strongly clamped 
collisions ( I  e , deep inelastic or quasi-fission 
reactions) The theorptical physics program is 
strongly coupled to the experimental program 

~~ 

'Millions of dollars 
Full-time equivalents 

The present principal area of investigation is 
gross properties of heavy-ion collisions in 
hydrodynamic, time-dependent Hartree-Fock, 
and classical theories A significant fraction of 
the Nuclear Physics Program is involved in the 
development of the Holifield Heavy Ion Re- 
search Facility (HWIRF), the central element of 
which is a 25-MV -on-a-terminal tandem electro- 
static accelerator. 

The conservation research and development 
thrust at ORNL tias emphasized energy-use 
management and energy-saving systems, ma- 
chines, and processes. Designs for more 
energy-efficient buildings have been an impot- 
tant activity. The buildings work includes 
analyses and experimental investigation of 
heating and cooling systems and of the effi- 
ciency of various appliances. The experiments 
have involved gas furnaces, water heaters; room 
air conditioners, and a complete mobile home; 
the present emphasis is on heat pumps. New 
systems are being developed with the goal of 
co m me rc i a 1 izat i o n , 'I- ii e A n nu al C yc I e E ne rg y 
System, ACES; is in the demonstration test 
phase. 

A new sewage treatment process, ANFLOW, 
which has been under development at the 
Laboratory for more than two years, is currently 
being operated as a pilot demonstration in 
cooperation with the city of Oak Ridge and the 
Norton Company. 

Sutl?nlaiy of resaurces---Muclear Physics (EF) 

'77 '78 '79 80 ' a i  '82 '83 

Subcontracting and procurernerit on 0 2  0 7  0? 0 2 a  0 2  0 2  0 2  

Capital eqilipment' 0 0 5  0 5  0 5 d  0 5  0 5  0 5  

Operating expenses' 5 0  5 4  6 5  6 5 a  6 5  6 5  6 5  

operating expenses" 

Personnel+ 154 158 176 176a 176 176 176 
Line itcrns 

Addition to ORIC buiiding $4 5 million FY 1981 
Holifield Heavy ion Research $75 0 million. FY 1979 
Facility Phase I1 

a In the absence of detai!od guidance from lleadquarteis we projoct a constant level of effort 
beyond FY 1979 
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Summary of resources-Conservation 

0 perat i rig expenses' 
Total Conservation 
HA Electric Energy Systems 
HB Transpoftation Energy Conservation 
HC Energy Stotage Systems 
HD Buildings and Community Systems 
WF Conservation Research and Technology 
I i G  Industrial Energy Conservation 

Sub con tract I ng and p rocu rernent on 

Capital equipment* 
Personnel 
Llne Iterfrs 

cperating expenses* 

Energy Systems Research Laboratory 
(contribution) 

An expanding role for ORNL in conservation 
research and development is program manage- 
ment for DOE. Technical and manageria! 
assistance in program planning and implemen- 
tation is currently being provided in severai 
areas: (1 ) low-ternperatu re thermal energy 
storage, (2) residential and commercial appli- 
ances, ( 3 )  ACES, (4) electrical load leveling, and 
(5) performance of insulation materials. 

Two of ORNL's more fundamental conserva- 
tion research projects are (1) gaseous insuia- 
tors , w t7 i ch w i I I al low h i 9 k er-vo It age electrical 
transmission systems, and (2) studies of the 
physical chemistry of high-temperature fuel-cell 
electrolytes, which can lead to more efficient 
generation of electricity. 

Another category of conservation research 
and development at QRNL has been created by 
studies to establish performance standards and 
methods of &sting for thermal insulation. 

T h e  Laboratory is developing computer 
models which simulate the demand for fuels by 
sector, region, and end use. These models are 
used to assist DOE and state governments in 
evaluating energy conservation policies, tech- 
nologies, and strategies. QRNL is a center for 
the collection of data related to eriergy use, and 
information is provided to DOE and other 
agencies by the publication of energy consewa- 
tian data books. The first volumes were on 
transportation energy conservation, and a data 

y conservation in buildings is 
nearing corn p I et i o n. 

'77 '73 '79 '80 

4.4 11.2 14.3 17.3 
0.6 3.2 4.0 4.0 
0.3 0.4 0.5 0.6 
0 8 1.7 2.0 3.5 
1.9 5.0 6.0 7.0 
0.3 0.2 0 8 0.9 
0.5 0.7 1.0 1.3 
1.5 7.0 9 1 ll.G 

0.1 0 1 0.3 1.0 
94 97 155 161 

53 2 inillion FY 1980 budget 

'81 

18.0 
4.0 
0.6 
3.8 
' I .  5, 
1.0 
1.6 

11,s 

1.0 
187 

'82 

l a  6 
4 0  
0 6  
4 0  
1 9  
1 0 
2 0  

I ?  0 

1 0  
196 

'83 

19.1 
4.0 
0.6 
4.0 
7.0 
1 .o 
2.5 

12 2 

1.0 
208 

An important dimension of ORNL's conserda- 
tion efforts is the rnanagernent of rzsearct-i and 
development programs for specific DOE- 
Coriservatiori divisions. This activity is expected 
to grow and expand into other areas. Electric 
load management by improved end-use tech- 
nology and improved therniai insulation materi- 
als are recent additions. 

Research and development related to the use 
of reject heat from power generation is carried 
out in three ORNL divisions. Cogeneration of 
electricity and use of condenser heat for 
industrial processes, district heatirig and cool- 
ing, arid aquacultures have an irnporlantconser- 
valion potential. Reclaiming minerals from coal 
ash appears to offer conservation potential and 
is being studied at ORNL. De~delopment of high- 
temperature refractories to eriabie industry to 
switch from gas to heavy oils is ORNL's major 
undertaking in industrial conservation. 

ORNk has proposed a rriajor exparisiori of re- 
search, developrraen t, arid demonstration in 
industrial energy crariservatioai for FY '1978. The 
program includes analyses and experiments in 
the following areas: (1) demonstration of the 
energy conservation potential in optimizing 
preparatory operations for pyiuprocessing, ( 2 )  
development of refractory materials for hIgl-I- 
temperature recuperators, (3) development of 
low-cost nontoxic brazing alloys and solders for 
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economic waste- and process-heat exchangers, 
and (4) development of low-loss transformer 
materials. 

AJOR RESULTS OR 
MILESTONES EXPECTED 

One of the niajor accomplisl-irnents of the 
ORNIL conservation progiam in the nextyearwi!I 
be testing of the ACES concept in a variety of 
installations. in t he  residential atid commercial 
appliances program, our efforts toward develop- 
ment of higher-efficiency appliances will result 
in commercialization of one or more of the 
improved appliances by FY 1980. The energy 
demand models for residential and commercial 
sectors have already been used in the EHDA and 
FEA planning processes. \Ne expect similar use 
to be made of models of fuel demand by the 
industrial sector. Transportation data books 
have been issued, and bookson buildingswill be 
f o I I ow i n y . 

Reports will he issued in FY 1978 on the results 
of materials and insulation studies, including an 
assessment of rnaterials for hig in-te tm pe ra tu re 
recuperators; evaluation of test procedures for 
thermal insulations; and, in 1973, an evaluation 
of industrial refractories with heavy oil as a fuel: 
coal will be considered later. 

Muclear Energy ~~~~~~~~~~~~ (K) 

In support of the national effort 011 develop- 
ment of energy sources from fission reactors, 
the Laboratory will continue to concentrate on 
perfecting fuel cycle technology and will em- 
phasize the evaluation and assessment of 
alternative fuel cycles, particularly as regards 
safeguards, security, and resistance to prolifera- 
tion. The development of base technology on 
reactor physics and materials, high-temperature 
design, and safety of fast breeder reactor 
systems wil! also continue to receive high 
priority. The program will evzluate approaches 
to the  management of radioactive wastes 
derived from the fuel cycle, such as stabilization 
in cements arid actinide partitioning. 

'The fuel cycle development effort will support 
the concept of safeguarded nuclear energy 
centers, which would comprise fast breeder 
reactors and reprocessing facilities, and a 
system of power reactors outside the center 

that would be suppiied with denatured fuel from 
the energy center. This program would develop 
and demonstrate the technology for repro- 
cessing and refabrication of denatured thorium- 
cycle !ight water reactor-heavy water reactor 
(LWRIHWR) and high-temperature gas-cooled 
reactor (HTGR) fuels and the reprocessing of 
low-enriched HTGR fuels. Technology develop- 
ment for the gas-cooled fast reactor system will 
expand substantially because of the commit- 
ment to design and corni-nission a facility, the 
Core Flow Test Loop, in which simulated fuel 
bundles will be tested under design transient 
and accident conditions. Related technology 
development prograt-ns on breeder projects, 
isotopic power systems, and the HTGR are 
expected io iliccease only slightly. 

MA<J8 E 
QW DB 0 

Fuel cycle development activities are being 
sharply redirected 'io the study and support of 
proliferation-resistant fuel cycles in response to 
the Administration's decision to reduce the 
emphasis on use of plutonium in breeder 
reactors and the recycle of plutonium for use in 
LWRs. The program on breeder reactor fuel 
cycle will include the uraniun-233/th~rjurrr~ 
cycle as well as the pIutonium/uranium cycle, 
and emphasis in thorium fuel cycle studies will 
shift to denatured fuel cycles for use in I W R s  
and HWRs and to denatured or medium- 
enriched fuel for use in the MPGR. Development 
activities on these fuel cycles will be closely 
coordinated with the assessment and evaluation 
of the nonproliferation aspects of various cycles. 

In addition, the Laboratory completed a pre- 
liminary study on the feasibility of accelerator 
breeding and submitted a proposal for further 
work in recognition of the substantial benefits 
that could accrue if the fast breeder reactor 
programs are seriously delayed. Although 
another laboratory may b e  chosen for the lead 
role in this work, ORNL will in any case assist in 
supporting invesitgations as is appropriate. 

A major problem to be addressed will be the 
political and institutional acceptance of dena- 
tured and lowenriched fuel cycles as being 
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Summary of resources-Nuclear Energy Dweloprnent 

'77 '78 '79 '80 

Total 49.8 62.4 76.5 83.0 
0 perati ng expenses* 

KG Breeder Reactor Program 12.2 12.0 14.0 16.0 
KJ Nuclear Research and Applications 11.2 16.4 19.0 20.0 
KX Fuel Cycle Research and Develuprnent 22.2 27.5 35.0 41.0 
KZ Special Materials PrGduction 4.2 6.5 8.5 6.0 

Subcontractirig arid procurement an 9.3 13.6 19.9 26.1 

Capital equiprrit?nt* 6.8 8.7 14.6 14.0 
Personnel t 1102 1215 1430 1570 
Line items 

operating expense:;* 

Advanced Fuel Recycle Program liiteyrated 
Prototype Equipment Test Facility (IPET) 

Title 1 and I! design of Hot Expenmectal 
Facility (WEF) 

H E R  Fuel Recycle Hot Engineering 
Test Facility (}+ET) 

$15.4 million, f:Y 1979 budget 

$50.0 million, FY 1980 budget 

$30.0 million, after FY 1979 

kluclear-Energy-fdelafed Work for Other Agencies 

Operating axpeiises' 
Nuclear Regulatory G om mission 16.0 13.0 20.0 20.0 
Other federal agencies 9.0 6.0 7.0 6.0 

'E l  1 '83 

equally resistant to proliferation as the present 
LWR low-enriched fuel. 

ESULTS OR 
ME$ EXPECTED 

In the Advanced Fuel Recycle Program ( I )  the 
Integrated Prototype €qulprnent Test Facility 
(IPET) IS to be operational in 1981, and (2) 
complete coriceptual design of Hot Experi- 
mental Facility (HEF)  1s to be prepared for line- 
item budget submission in 1980. In the HTGR 
Fuel Recycle Program. conceptual design ofthe 
Cold Prototype Jest Facility (CPTF) wiil be 
completed in 1979 and construction of the 
facility will bugin in 1982 

The overall biomedical and environmental 
sciences program funded through the RK 
(Erwironrnentai Research and Development) 

+MiI/iotis of dollars. 
'FU\I -time equivalents 

85.0 
17.0 
18.0 
45.0 
5.0 

26.8 

13.0 
1515 

20.0 
6 0 

82.0 
16.0 
16.0 
45.0 

5.0 
25.9 

12.0 
1455 

20.0 
6.0 

79.1) 
16.0 
16.0 
'12.0 

5.0 
25.1 

11.0 
1405 

20.0 
7.0 

and RW (Life Sciences Research and Bio- 
niedical Applications) subprograms at 08NL is 
p ri m ari I y concerned ~ru i t h t i l  e identification, 
understanding, and reduction of health and 
environmental impacts of energy production 
and utilization. Research activities in this 
program iriciude physical, chemical, biological, 
ecological, health, and assessment studies on 
the transport and effects of products and by- 
products of both nuclear and nonnuclear energy 
technology at the molecular, cellular, organ- 
ism, population, and total-system tevels. 

The R M  subprogram activities are oriented 
tovvard specific techrmlogies, whereas the RV 
subprogram activities are oriented toward a 
more basic understanding of those biological 
phenomena which apply more broadly across 
tech no I og i es arid h aye IC) r;g e r-ran g e payoffs. 

Specific objectives in the biomeclical and en- 
vironnientdl studies include development of a 
bask  understanding of interactions o f  specific 
prrnducts and by-products with biological sys- 
lems, application o f  this understanding to 
evaluation and assessmeiit of observed trans- 
part and effects, and prediction of potential 
beneficial and detrimental impacts of energy 
production arid utilization through an integra- 
tion of avajlable information and mathematical 
simulations. Advanced instrumentation is being 
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developed at both basic and applied levels to 
ensure that potential energy-related pollutants 
can be monitored adequately. 

The Decontamination and Decommissioning 
subprogram (RlJ) is a continuing effort to 
respond to requirements for radiation sur- 
veillance. 

There have been three major changes i o  
ORNh efforts in the biomedical and environmen- 
tal areas. First, in response to DOE’S new interest 
in environmental policy analysis, ORNL set up 
an Office of Environmental Policy Analysis as 
part of the DOE program. Second, in the area of 
tox icolog i cal effects research , ttt e Laboratory’s 
strategy has shifted toward developing a strong 
major program. Third, ORNI.. has macle a shift in 
our program for early detection of environmen- 
tal health effects lo emphasize epidemiological 
techniques. 

While we do not anticipate any major prob- 
lems in our technology-related research fund- 
ing, as indicated by our projections in the 
accompanying budget summaries, we are 
concerned over the apparent plateau of funding 
in the basic life-sciences research area. l twi l l  be 
difficult and unwise to increase our level of effort 
in the nonnuclear research and development 
area by additional reprogramming from our 
nuclear research ana‘ development effort. 

Also in the area of budget allocation, costs re- 
lated to safeguards requirements may preclude 
further use of the Health Physics Research 
Heactor unless additional programmatic sup- 
pori  is obtained. 

~~~~~~~~~~~A~ RESEARCH A 
~~~~~~~~~~~~ (RK) 

DOE has the responsibilityforcreatlng energy 
choices for the future that are economically 
sound; socially acceptable, and in accord with 
health, safety, and continuing acceptablily in 
environrnental quality. Environmental policy 
issues concerning fuel cycles have been di- 
rected to DOE for analysis, evaluation, and 
judgment. The Office of Environmental Policy 
Analysis was established in ERDA to deal with 
current and future policies related to the 
development and utilization of energy and to 
provide inputs for decision-making by WOE 
management and higher councils of govern- 
ment. Each multipurpose laboratory has estab- 
lished an Office of Environmental Policy 

Analysis. In this program, OHNL has been 
assigned responsibility ior performing critical 
issue analyses of criteria, land use, and insti- 
tutional arrangements for control of solid wastes 
from energy technologies, with particular em.- 
phasis on the Resources Conservation and Re- 
covery ,4ct; decontamination and decommis- 
sioning criteria for inactive uranium mill tailings 
sites and excess DOE sites; and water and 
energy development policy issues in the eastern 
United States. 

In cooperation with other DOE laboratories, 
we are par.ticipating in the National Coal Utili- 
zation Assessment and expect completion of the 
f i rst-year assessment of environmental, social, 
and economic impacts of coal extraction and 
utilization through the year 2000 in t h e  South- 
east. Through the Environmental Policy Analy- 
sis Office we expect to assist DOE in dealing 
with current and future policies related to the 
development and utilization of energy and to 
provide inputs for decision making by DOE 
management and higher councils of govern- 
ment. 

We have developed a comprehensive pro- 
gram to investigate basic ecosystem processes. 
Through integration of these processes we can 
conduct assessments of the impacts on the 
environment of effluents from specific energy 
technologies. The activities encompass both the 
coal and nuclear fuel cycles, including low-level 
waste management. Future efforts will deal with 
the transport and behavior of effluents from geo- 
thermal energy and nuclear fusion as these tech- 
nologies are developed. The program will 
involve a broad range of studies from experi- 
mental work on poorly understood ecosystem 
models to field studies of actual impact. 

In the search for new energy sources, sortie 
previously unknown biologicai hazards are 
likely to surface. These hazards must be 
identified rapidly so that corrective action can be 
taken before exposure of the gerieral population 
occurs. Major research programs are involved 
with the development of genetic and somatic 
testing systems designed to screen animal 
populations for a variety of potentially liaz- 
ardous substances. 

Toxic effects will be the first detrimental 
health effect that will be detected in humans 
frons occupational or environmental exposures 
to energy sources and their by-products. Many 
of the techniques that were developed during 
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the past 30 years to study the risks to human 
well-being from exposure to radiation are also 
applicable to estimating the risk to humans from 
chemicals. However, there are some special 
problems, such as identifying the chemicals and 
mixtures of chemicals of interest, determining 
the methods of exposure to them, determining 
the dose received, and correlating the effects 
with risk to human health. The solution of these 
problems requires development of new pro- 
cedures. 

New initiatives are being taken in interdis- 
ciplinary programs in biotechnology and bio- 
engineering. The development of bioprocesses 
useful in the areas of energy production, re- 
source recovery, conservation, and pollution 
abate men t w i I I b eco me in creasing I y i m po rt an t . 
Investigations will include activated-sludge 
reactors for process waste treatment and bio- 
conversion to fuels, abatement of pollution due 

sMillions of do lk rs  
TFull-?ime equivalents 

to organic contaminants in the effluents of coal 
conversion processes by bioreactors that use 
immobilized enzymes or microorganisms, coal 
beneficiation and resource recovery by slurry 
reactors that use microorganisms, and removal 
and concentration of dangerous heavy-metal 
pollutants or resource materials from dilute 
aqueous st reams by using bi  oreactors. 

Another part of the program aims to provide 
information necessary for ensuring that pro- 
cesses for converting coal to synthetic fuels wi l l  
not result in unacceptable risks to human and 
environmental health when they are imple- 
mented on a large commercial scale. The 
development of this coal converion technology 
should proceed in such a way that conversion 
processes can be optimized not only eco- 
nomically but also for maximum protection of 
human and environmental health. Therefore, 
biomedical and environmental research must 
proceed in concert with technological develop- 
ment. 

Research activities in this program can be 
divided into two broad classes: th:ose designed 

Summary of resources-Biomedical, Environmental, and Safety Research 

'77 '7% 379 '80 '81 382 

Operating expenses' 
Total Biomedical, Environmenial, and Safety 
RK Environmental Research and Development 
HU Decontamination and Decommissioning 
HV Life Sciences Research and 

Subcontracting and procurenlent on 

Capital equipment' 
Personnelt 
Line items 

Biomedical Applications 

operating expenses' 

Energy Pollutant Conttol System 

Toxicology Laboratory (Super GPP) 
Addition to Aquatic Ecology Laboratory 

(Silper GPP) 
Toxic Substance Laboratory and 
Animal Facility 

Information Resource Center for Energy 
and the Environrrient 

M ani ma I i an Genetics F ac i I i ty 
addition to Building 9210 

(Super GPP)  

260  2 8 0  3 0 0  3 2 0  3 4 0  7 5 0  
1 8 4  2 0 0  21 0 2 3 4  248 264 
0 3  0 5  0 8  0 9  1 0  1 1  
7 3  7 4  8 0  8 0  8 0  8 0  

1 3  1 2  1 8  2 0  2 0  2 1  

1 5  i a  2 3  313 3 0  3 0  
825 856 906 982 1035 1084 

$1 9 million, FY 1978 budget 

$1 5 million FY 1979 budget 
S1 5 million, FY 1960 budget 

$11 5 million, FY 1880 budget 

$10 0 mill ion FY 1980 budget 

$4 5 million, after FY 1980 

Environmental-Research-Related Work for Other Agencies 

Operating expenses* 
NRC (includes impact statements) 30 2 5  3 0  3 0  3 0  3 0  
Other agenciesa 1 1 0  430  1 3 0  1 4 0  1 4 0  1 4 0  

'83 

37 0 
20 0 

1 3  
8 0  

2 3  

3 0  
1134 

3 0  
15 0 

alncludes work for HEW/NIH (NCI, NIAID, NLM, NIEHS, NIGMS), FDA, EPA, NSF, et al 
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to provide information on intact effli-ients and 
fractions thereof through use of rapid toxicity 
screening tests and those that utilize model 
compounds and are designed to elucidate 
rmschanisrris of effects, metabolic degradation 
pathways, persistence, bioaccumulation poten- 
tial, and ultimate fate. Research for evaluating 
the potential hazards to man and his environ- 
ment are proceeding from initial toxicityscreen- 
iny tests to chronicexposure and environmental 
transport and fate studies. Links have been 
established with the Energy Research Centers 
(?ittsburgti, Laramie, and Morgantown) and 
with industry for obtaining samples for initial 
chemical and biological screening. To facilitate 
this research, techniques are being developed 
for chernical profiling and multicomponent 
analysis of selected cornpoland types. A proclue- 
tion activity is being irnplemented to provide 
well-characterized materials for biological and 
environmental research. 'The health affects 
portion of the program will involve tests for 
toxicological, carcinogenic, mutagenic, ancl 
teratogenic effects of products and effluents. 
Emphasis will be on screening tests using multi- 
ple test systems in laboratory animals. Chronic 
effects studies on important components of the 
environment will be conducted at the organism, 
population, ancl community level. 

Major anticipated results in the Biomedical 
and Environmental Research Program include: 
the development of rapid, reasonably accurate 
early detection and screening techniques for 
health effects arising from synthetic fuel pro- 
duction; more efficient methods for assessing 
impacts of energy technology products and by- 
products on our environnient; a more thorough 
u nde rstand i ng of t h e rnecha n is rn s govern i n cj 
carcinogenic and mutagenic effects of chemical 
and physical agents; and development of ad- 
vanced methods of energy by-product deacti- 
vation through the concept of bioreactors. 

Much of the work in the General Lifesciences 
subprogram underlies the more specific, tech- 
nology-oriented activities in the RM programs. 
Development, validation, and improveinents of 
the systems for testing new biological hazards is 
supported by research efforts in carcino- 

genesis and mutagenesis. The problems re- 
lating to toxicological effects will require the 
acquisition of new knowledge on which to base 
identification, dosage, and source of the materi- 
als involved. 

The objectives of t h e  Biomedical Applica- 
tions Program are to provide the maximum 
possible contribution to  national health goals 
and to serve the needs of the biomedical corn- 
munity through various approaches. 

During the past few years the major focus of 
this program has been on radionuclide systems 
for early detection of disease, radiopharmaceu- 
ticals, radiation detection systems, and nuclear 
medicine instrumentation. The trend toward 
techniques for measuring dynamic functions 
will enhance sensitivity for detecting early 
pathophysiology and provide tools for deter- 
mining the metabolic parameters for polluta.nls 
of concern to energy technologies. Improve- 
ments are also being pursued in the techniques 
for yfeparing and separating isotopes. 

~~~~~~~~1~~~~~~~ AN 
D EC 8 M M B SS io N e N G (R a 

I- he d ecc) n i a  m i n at i on a n d de co m m i ss io n i n g 
work at ORNL is a continuing effort to respond 
to DOE requirements for radiation surveillance 
within the installation. I t  has threemajor phases: 

1. Long-term radioactive surveillance of sur- 

2. Formulation of plans for disposing of such 

3. Actual decommissioning work. 

Similar work is carried on for the NRC. 
Although not yet i-eflected in budget num- 

bers, OWNL would like to begin a $1.2 million 
phase-three effort to decommission the Fission 
Product Development L.aboraiory. 

p I us con ta m in ated fa c i 1 it ies. 

surplus faci lities. 

Major- Thrusts, The Laboratory's pi-irnzry ob- 
jective in its university cooperative research and 
training programs is to help ensure an adequate 
supply of manpower for the accomplishment of 
energy research and development pmgrams 
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through activities that csmpiernienf those of aca- TEC 1 ]I NFOR MATI 
dernic institutions. These programs, while pro- 
viding unique o p p o ~ ~ ~ n ~ t ~ e s  for cooperative re- 
search with the university cornniernity, fit within 
the Laboratory's programmatic goalsand simul- 
taneously effect a transfer of scientific and 
technical information. 'To achieve the program 
objectives, a multifaceted approach is em- 
ployed, dependent on the academic level of the 
participants from the university community. 
This includes undergraduate science semiesters 
in cooperation with the Great Lakes Colleges 
ASsOCiatiQn and the Southera-a Colleges and Uni- 
versities Union, co-op and pre-co-op programs 
with various engineering schools, and a pro- 
gram with the Carnegie Foundation for training 
minorities in the biological sciences. At the 
graduate level BRNL has a cooperative re- 
search quarter with the MIT School of Chemical 
Engineering Practice, a cooperative research 
program with the University of Tennessee ecd- 
ogy program, on-the-job training for industrial 
hygiene interns, and the University of Ten- 
nessee-Oak Ridge Graduate School of Bb- 
medical Sciences, which is a doctoral degree 
granting program. In the area of postdoctoral re- 
search, ORNL has the Eugene P. Wigner 
Fellowship program for exceptional post- 
dactoral candidates as well as a significant post- 
doctoral program through the Biomedical 
Graduate School. Finally, 8RNL has faculty 
participation programs, which provide uni- 
versity faculty the opportunity to use our unique 
research facilities, and the faculty institute in 
Applied Health Physics, which trains college 
professors who return to their institutions to 
establish curricula in health physics-related 

ajor Thrusts. ORNb has a major Technical 
Information Program amounting to over $6 mil- 
lion. However, most of the activities are inte- 
grated into and funded through various DOE 
technical program offices. In the UB support 
subprogram QRNL has funding for two relatively 
small projects. These are the development of 
data element description standards and support 
for a Deskbook on Energy. The descriptions of 
the major information activities funded through 
other DOE subprograms are contained in the 
appropriate Chapter 3 subprogram and in the 
chapter on centers of ~n te~prog f .~mma~~G ex- 
pertise. 

Summary of resaurcas-Institutional Reiations [UB) 
'77 '78 '79 '80 '87 '52 '83 

operating expenses' 0 2 ~  o 2 07 02 o 2 0 1  o 2 
Persor1nel/ 4 4 4 4 4 4 4  

In the absence of detailed guidance froml-leadquarters 
we project B constant level of effort. 

We expect the Laboratory's interactions with 
other organizations in the Southeast, including 
the Tennessee Valley Authorrty (TVA) and slate 
energy offices, to increase in the future. Ex- 
amples of current work with a regional ernpha- 
$is include the Coal Utilization Assessment, 
analyses of energy use and production in the 
South, and the Solar Energy Technology Trans- 

any of the ongoing environ- 
mental programs are related to organizations 
and institutions autside the  Oak Ridge area. 

areas. 
RNL ad ministered prag rams, 

the Laboratory cooperates with the Oak Ridge 
Associated U ra iversities (ORA 
ORAU's student education programs. 

~ f ~ ~ ~ ~ ~ ~ ~ @ ~ ~  A ~ e ~ ~ a ~ e ~ u n ~ ~ n ~  is a t - ~ ~ j o r  
em in the ~ e v e ~ o p ~ n e n ~ a n d  maintenanceof 

our university relations programs, many of 
which have ta be partially supported by other 

(th roug h sub p ro g ram a), a substantia! ccrt- 
back from FY 19-76. This came at a time when we 
were expandin our Great Lakes Science 
Semester Program and in addition experienced 
a general cost-of-doing-bLssin~~ rise of about 
Fh. Bi: we are to ~ a ~ ~ ~ ~ j ~  our present level of 

sources. At present w receive only $ ~ ~ ~ , ~ ~ O  

activity, some accommodation is needed. + F u 1 I-t i me eq 11 ival e rits 

The unique research facilities at ORNL are 
used by visitors from universities, other national 
laboratories, and industrial laboratories. Many 
of them engage in callalsorative experiments 
with O R N L  scientists and all carry out research 
relevant to the DOE/ORNL missions. Facilities 
frequently used by outside researchers include 
the High Flux Isotope Reactor (for material 
irradiations and neutron scatieriny experi- 
ments), the electron and ion acceleratars, and 
x-ray equipment for crystallography and small- 
angle scattering. 

. _... 
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Summary of rcsources-Woek f 0 7  Others 

'77 '78 '79 '80 '81 '82 'a3 

Operating expenses* 
Total 38.4 40.0 42.0 43.0 43.0 44.0 44.0 
Program 40-reimbursable work for other federal agencies 

NRC 17.9 20.4 22.8 22.8 22.8 22.8 22.8 
HEW 4.9 5.8 6.2 6.4 6.6 6.8 7.0 

2.2 2.2 2.3 EPA 2.0 2.3 2.1 2.1 
NSF 1.2 1.8 2.2 2.3 2.3 2.4 2 5 
Others 3.2 1.7 1.0 1.0 1.0 1 .o 1 .o 

Program 41-cash work for other DOE contractors 2.0 1.5 1.4 1.7 1.7 1.7 1.7 
Program 42-DOE transfers 6.3 5.5 6.3 6.3 6.3 6.3 6.3 
Program 43-work for other UCC-ND installations 0.9 0.7 0.5 0.3 0 3 0.3 0.3 

Personnel t 1020 1050 1120 1130 1140 1140 1150 

The Laboratory has substantial, and very 
valuable, programs for other federal agencies. 
Approximately half of this funding comes from 
the Nuclear Regulatory Commission ( N R C ) 7  
most of it from the Reactorsafety Research Clivi- 

'Millions of dollars. 

'Full-time equivalents 

sion of NRC. The next krgest sponsor is the 
Department of Wealth, Eili.ication, and Welfare 
(HE'W), followed by the Environmental Pro- 
tection Agency (EPAJ and the National Science 
Foundation (NSF). I t  is expected khat NSF and 
HEW prog ram will grow somewhat faster than 
those for EPA. 

Capital equipment acquired in the course of 
work for others is included in the operating 
5 II d CJ et. 





34 Institutional Plan 7977-7983: Oak Ridge National I-ehoratoiy 

Table A-1 , in Appendix A, shows a summary of 
total operating expenses at O H M  far the psrisd 
FY 1977 to FY 1983. Tables A-2 1 and A-2.2 give 
details of extramural expenditures; projections 
of personnel numbers are shown in Table A-3. 
Tables A-4 and A-5 summarize funds and pro- 
posals for, respectively, capital equipment and 
construction. 

c 0 m p w te F E 9 ad i p me n t 
The projection of computing capability 

needed at ORNL and at the other plants com- 
prising t h e  Oak Ridge site is shown in Fig. 5 T h e  
existing batch computing facilities were satu- 
rated at the end of 1976, and it is expected that a 
major new system will be installed late ii-i 
FY 1979. 

The interactive capability was greatly over- 
saturated, but with the addition of a PDP-10 
KL-10 central processor in FY 1977, adequate 
interactive computing is presently available, 
although it will again be saturated by FY 1980. 

The largest users of the batch coinputiriy 
facilities at ORNL are the Neutron Physics and 
Fusion Energy divisions. I t  is expected that they 
will still be the largest users in FY 1982. Perhaps 
the greatest uncertainties in the proj-c” 4 m n s  
arise from the impact of relativeiy young 
programs in fields like environrnerilal and health 

sciences and information processing, which 
have a large potential for growth. 

Projected needs and the computer acquisition 
schedule indicate that there will obviously be a 
significant computer shortage Q V W  the next 
several years A temporary solution over the next 
1 to 2 years will be to shift some of the load to 
computers at other installations (Idaho Falls, 
Savannah River, Rerkeley) which are not yet 
saturated. 

The pi~posed  new computers in FY 1979 will 
cost apyroxiinately $10 million but may well be 
leased. Included in the new system will be the 
devices needed to meet on-line storage re- 
quirements, particularly for interactive informa- 
tion retrieval from energy-related data bases. 

Addition of 
Our office space is insiiificicni for the present 

staff-ovei 800 of our office users are over- 
crowded (have less than 75 ft? each), and an 
additional 1100 are in offices of substandat-d 
quality (offices that are old and deteriorated; i:i 
attics, basements or trailers; or tire noisy, etc.). 
The laboratories are inadequate for our present 
needs. Much of the space dates from World War 
II, and few laboratories have been added sirice 
the early 1960s. Wecause of changes in the 
nature of our pragt-ams, the laboratories often 
bo not meet present requirements for height, 
floor loading, safety, isolation, temperature 
control, cleanliness, etc We anticipate some 

ORNL-DWG. 77-1 91 95 

I------ 40,000 71r .... .(....____ ~ . .  ....... _- 
Fig. 5. Requirements and cia- 

pacity for automated data 
piocessing. 
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growth in staff and programs in coming years, 
much of it in the nonngclear programs, so that 
our needs for different 01 special kinds of 
experimental space will become even inore 
acute, despite the relied granted by the cum- 
pletron of the new Environmental Sciences 
L.abQratOry. 

The situation is represented in Table 2. The 
major proposed items involved are the Energy 
Systems Research Laboratory, the High Tem- 

aterials Laboratory, and the Informa- 
tion Resource Center for Energy and the 
Environment It is important to note that the  
space shortages are not solely aconsequenceof 
projected growth in OR L staff, which is 
extremely small. We need more space to 
accommodate adequately the staff which we 
now have. 

Our priorities, after computers, are for the 
Energy Systems Research Laboratory, general 
plant constrinction funding (including conserva- 
tion projects), and funding required to comply 
with OSHA regulations. 

We have already alluded to the problem of 
obtaining continuing support for facilitieswhich 
have interprogrammatic and, in some cases, 

interagency applications. The research reactors 
(especially the High-Flux isotope Reactor) are 
one type of such facilities, and the existing 
Tandem Van de Graaff Laboratory is another. 
The tandem will not be supported by the DOE 

uclear Physics Program when the Holifieid 
Heavy Ion Facility is operational, and significant 
support must be provided i f  it is to continue to be 
available for atomic physics research. 

For the period 1979-1983, the Laboratory’s 
full-time scientific and technical personnel are 
expected to increase at a rate of less than 0.5% 
per year. This, coupled with an expected annual 
turnover rate of approximately 5% per year, will 
result in hiring activity of the order of 5-6% per 
year. The mix ob scientific and technical 
personnel is expected to show an increase in 
engineering disciplines, particularly in the fossil 
fuel area. The number of social 
expected to increase markedly. 
creases in the number of basic physical scien- 
tists and environmental scientists are expected. 
The number of research and development per- 
sonnel working in fusion energy and in life 
sciences research is expected to remain approx- 
imately constant. Increasing emphasis will be 

?Table 2. Personae! distribution by facility t y p e  

Laboratory forecast 

Tern porary 1900 4031 2072 2087 2177 2148 1643 

Permanent 1705 1 . m  ‘ im 1965 2009 2053 2558 

Proposed riew facilities 260h 44c 44d 505” 165‘ 

Total office persons” 3605 37% 4037 4052 4186 4201 4201 

Total popiiiationa 5778 6056 6328 6468 6543 6617 6625 

‘Personnel niimbers given include guests arid visitors who require office space. 
hEnvironmet+ital Sciences L.sboratoty, Holifield Heavy Ion Facility, general plant 

Toxicology L.aboralury, Integrated Equipment Test Facility, Oak Ridge 
projecfs. 

Isochronous Cyclotron. 
“Aquatic E C O I Q ~ Y  LA bo mtory. 
@Energy Sysrems Research Laboratory, High-Temperature Materials Laboratory, 

‘Information Resource Center for Energy and the Environrnerit. 
Toxic Substances Laboratory, and Animal Facility. 
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placed on the use of initial temporary appoint- 
rnents for- new employees, particularly in the 
basic physical and life sciences areas. Increas- 
ing difficulty in attracting top-flight engineers, 

reflecting the national supply/demand situation, 
will likely occur. The Laboratory will continue to 
pursue, both in policy and practice, its strong 
commitment to affirmative action. 
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In this chapter, we discuss sotm major new 
initiatives which, if funded, would have 8 signifi- 
cant effect on the Laboratory's activities. In 
addition to these specific proposals it is appro- 
priate in this chapter to give a brief description 
of the Laboratory's ongoing "seed money" 
program. 

S e d  Msney Program 
'This program is the means by which ORNI. 

research staff can Pi.irsue new and innovative 
ideas that cannot immediately be inkgrated into 
existifig projects and that show promise of 
ultimate funding by DOE or other agencies. 
Proposals for funding under this scheme are 
reviewed by a committee at ORNL and, if 
approved; may receive support from The 
resotiices allocated i o  the Seed Money Pro- 
gram. The program WGS inaugurated in 197.4 to 

continued ai about the same level. It is projected 
that by the end of t h e  current financial year, the 
reiirrns to OOE and other agencies (i.e., the 
an~ount of new work initiated) will exceed the 
outlay on Seed Money pojecis: 

support ijp to 14 m-iian-yezrs of effort anel has 

Estimated Outlays 9 14 14 13 13 63 
Estimated Returns 11 25 34 70 

Future success from theseed Money Program 
may be limited by allowable CHNL growth, so 
that extrapolation of the rate of growth of 
berd i i s  beyond f Y  1978 would probably be too 
optimistic. However, new proposals continue to 
he submitted a? a rate c imparabk to the past, 
and par ticipsnts arrioria the research staff con- 
tinue to be opiiirlistic ab0411 itiiiiaiing R ~ W ,  

cxternally funded progerts 

,A..lrnosi 311 enc;gy technologies involve the 
ger-8e;ation of heat. A major problem of R I I  t'7ese 
tectinoiogies will bc I k e  availability of materials 
with appropriate prope:ties at elevated t e n -  
peratures. Materials may be 3-15 decisive factor 

in a technology for reasons of economy as well 
as efficiency 2nd reliability. The new HTML 
would be a unique laboratory for basic research 
oil n-ialerials at eIevated temperatures, including 
dedicated precise measurements and very long 

organized for a variety of interdisciplinary 
st~~ld ies.  ,4 large inventory of materials-testing 
equipment already exists at ORNL which would 
be incorporated in the new laboratory with 
extensive new equipment. I he estimated ex- 
penses for building and equipping HTML are: 

term (100,000-111') experiments. I t  would be 

I 

Building (80,000 W) $18.3 million 
Equipment and moving expenses 6.5 million 

$24.8 million 
~ 

It is estimated the stafi of H'TM1. would include 
aboirt 65 piofessionals, about 20 10 25 of whom 
are at ORNL. We propcsed H M L  as a line item 
in F Y  1979, but it was nsi iricluded in the budget. 
We are submitting i t  for the FY 1980 budget. 
Uiscussions on this proposal have been tieid 
with the Materials Science Program in the 
Division of Dasic Ene!gy Sciences A c ~ n ~ p t ~ ~ i l  
design report has been piepared. 

ORNL proposed to ERDA's Division of 
Magnetic F U S ~ O ! ~  Energy (DMFE) that a major 
responsibility for the design and t h e  necessary 
supporting research and development program 
for TNS (The Next Step) be assumed by Oak 
Ridge's Fusion Program. Tne goal of the TNS 
program is to operate a fusion reactor core- - 
a long-lived, iyrrited deuterium-tritium plasma- 
by the lais 198Os, with [he simultaneous 
de?: el o p rneni of riecessa ry su p po rt tech nsl- 
ogies. The site would probably not be ORNL. 

As a result of the TNS activities, ORNL tias 
iclentified the need fur a Long Pulse 1 echnology 
'Tokamak (LPTT) BS an interim device to 
p:cvide intsgrzted systems experimce for the 
irnplzmcrrtation of T iW The LPT7 would be a 
supercoi-ducting hydragen device with a 
puke-!ength capability of tens of seconds. 
This device wo!!ld be operational in the early 
1980s and W O I . ~ ! ~  ConstriJctelj at ORNL.. 



Ti?$ increased use of siossi9 fuels and variom 
l8153:1-1.158 praclicss over t h e  lasf century have 
conlributed 10 an incfci3se in the alrreasphei-ic 
sloncentratisn of c a r h f i  dioxide (ca4 and have 
caused concern ai. the natiocml and in$eimtioniai 
levels. Ab: some level af GQ2 concerifraiion the 

nhoa.nse" effect can  bead tin significant 
char:ges in the oarth's cIimat2. These changes 
can, in turn, affect [and use in a number of ways. 
Si;nce t h e  use of fossil fuels is proposed to 

se significar7hiy in the coming decades, i t  
IS imperative that we develop 8 g m d  under.- 
standing of the GOa cycle. There are three 
ge:i.,arai areas H h i C R  have been idalltifieel as 
cmerai: ( I )  how 6 8 r  is distributed in the 
biosphere, (2) what climatic changes cauid 
resrrst fmm ccn2 buliiaup, and ( 3 )  the environ- 
inei,tal impacts of these changes. 

We gra.zpsse to contribute to a broad-based 
program of research and assessment of the c02 
prohlern. Discslssions have been initiated with 

rneinial %!search s@gardimg t h e  extent O f  this 

. .  

DOE'S Division of Biomedical and EnwAron- 

i nvo R ve 6'61 err t , an d a c om p re hens ive rese a TC h and 
dsvebuprr:ent proposal has been submitted tu 
NSF as pari of an ongoing program in 
ecosystems science. We W O U ! ~  corid~ncl: re- 
seas-i,:.h i v  three i3.rekis si: the GO;! problern: 

l~ Modeling %he carbon cycle in the biosphere. 
W e  already have extensive experience in 
1errestrial ecosystem anaalyses and are alrnosi 
;a sole source of much of t h e  needed data. 
will continue the terrestrial studies, and we 

are starling wsrk o n  atmospheric; and aquatic 

Climatoicgiasal modeling. We w o ~ l d  rely 
extensively ot-i expertise at ikie Nalisrial 
0 cean og rap h i c a la d A t  m os p h tari c Ad m i !A - 
istratinn, t h e  Rfatior-ral Center for Atmo- 
spheric Reseaach, and Oregor.1 Slate uni- 
versity in this field, althoargh we hope to 
develop enough c~mppetence locally to ds 
scirne 0.f our OWTI rmodeling and to interact 
useftdly with these existing gre>mp programs. 

Impact r-esearch and assessment. There is 

ellcPsystem model i ng I 

Very little effort in Phis art28 at Pi'eSWlt; We 
propose to play a major r5ie. our  experience 

ives 0s unique capabiiities For 

sensitivity analysis of those parameters in the  

irnpach studies. Particular enig;l;asis would be 
giver) tca r isk analysis nf GO2 isai.rlldsip and to 

model which may have highly uncertain 
values. 

ORNf already kaas lead roles in the Advanced 
Fuel Recycle Progl-am and the  High- 
'T'emperature Gas-Cooled Reactor (HTG 
Fuel Recyck? Beveloprr1ent Prograrn. Much 
the  fiael reprocessing chernistr,t and masay 

icadion techniques Were developecl at 

critical careas of tRese fuel cycles,. 

:L;IRNL operates a facility tksai has been 

SLIpply of :"w. Experience in recetvenry, 
processing, and snfegua,ding llae Pnalerial has 
been invaluable. 

We have an ongoing and diverse ;eactor- 
assessnaent group that has participated in 
such assessnaei1Bs l o r  abaut  20 years. 

I Thus we have extensive experience in 

designated as a repository ?OR the nation's 

\Me ysopose to assume wanagenwnl roles in 
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breeder reactors. These evali.iations of the fuel 
cycle and reactor concepts include such factors 
as reactor physics, resource utilization, fuel 
cycle and capital costs, safeguards, and vulner- 
ability to diversion and proliferation. Some of the 
evaluation work will be subcontracted to 
industry, universities, and other national labora- 
tories where possible. I nilial discussions of this 
program have been held with the DOE divisions 
involved i r i  nuclear energy programs. 

We propose that ORNL be assigned the lead 
role in management of the previously dispersed 
and considerably rieglected area of measure- 
ment and control (frequently called IRC, for 
“instrumentation and control”). Although mea- 
surement and control are integral parts of 
virtiially every technological discipline, there is a 
need for coordination of the many I&C activities 
related i o  energy generation and conversion, 
safely, component and materials testing, and 
fuel reprocessing. Pertinent activities at ORNI.. 
encompass a11 aspects of development, rnodel- 
ing, design, construction, installation, 2nd 
maintenance of measurement and control sys- 
terns. In addition, there are groups concerned 
with electronic circuit development, digital 
systems and pulse techniques, radiation detec- 
tion, process and analytical instrumentation, 
and metrology. Design requirements and per- 
formance criteria for measurement and control 
systems would be coordinated closely with 
industry and contractors that are rasponsible fer 
particular applications. 

The developml2nl of 
reactor vessels (PCFIVs 

~~~~~~~~ 

prestressed concrete 
as pressure contain- 

*.@? > 

ment systems for nuclear reactors and other 
energy-related purposes is receiving significant 
support, particularly for gas-cooled reactors 
and coal conversion systems. F ‘ G ~  about 10 years 
ORNL has been heavily involved with materials 
selection, modeling, testing, and analytical 
studies of PCRVs for theI-4‘I-GR and Gas-Cooled 
Fast Reactor (GCFB) programs and has con- 
ducted feasibility studies on vessels for other 
applications. Thus we propose that PCRV 
technology be designated as a major task area 
for developt-nent of containment systems and 
that ORNL. be assigned the lead role in this area. 
The strong participation by industry in design 
studies and by university subcontractors in 
analytical and testing efforts Yliould be an 
important ingredient of the progran. 

The Phase II project would expand the Holi- 
field Heavy Ion Research Facility (HHIRF) to 
provide the higher-energy bearns (at least 12 
MeV per nucleon for the heaviest elemenis and 
at leas: 100 MeV per nucleon for lighter 
elements) io  support a broad spectrum of 
national research programs in nuclear physics, 
nuclear chemistry, atomic physics, and mate- 
rials science. A separated-sector cyclotron 
(SSC) with an ion energy capability of apptoxi- 
mately 400 g?lA MeV will be the central item i n  
Phase I ! .  ‘Y  his K -= 400 SSC will be arranged to 
provide a second stag2 of acceleration for ion 
beams from both the 25-MV tandem and from 
C3RiC. 

The facility will be designed as a national 
facility with the capacity to support a latge user 
organization. ‘The total projcct cost for Phase II 
is estimated to be $25.0 million. A concepti-ial 
design report has been prepared, and the project 
was proposed for the FY 1979 budget. 
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Uy thoir natiire, tilc rnultipl-ograni Izboraicrics 
tend to Iiave broadly bctsed aieas of expertise 
w h ~ c h  underlie m m y  aspects of their ptogram- 
matic wcrk. Utscussed briefly in this chaplcr are 
so~neofihesebrodd areasatOHNt I t  is ~nierest- 
ing to  not^ that overall, those fields receive a 
high pioportron of ii-tsir support ;loril agericies 
othw than UOF 

Tne ultiri-iatr coinlnercial success of mariy of 
the :sew energy sources will depend critically on 
the availability of appropriate materiais, pailic- 
ulariy materials with accepiab!e properties zt 
elevslec! temperatures al-tb in corrosive en+ 
roilmenis. Onc of B R N L ' s  traditional and major 
rates in nuclear fission reactor technology has 
b?en in the area gf materials dcvelopmeni and 
testing. A s  ' h e  matrix in 'l~abie 3 indicates, this 
competence has been re~ i rec ted  and expanded 
to consider materials problems related to fossil 
m d  solar energy technologies as weii. 

I ne areas sf acfivirji at ORNL include: radia- 
tion effects on rneials and z!lnys; basic physicsl 
investigation of clear and absorbate surfaces; 
studies of the deforim!ion characteristics of 
metal oxides; fracture ?PI? ciec;: :;:!JdieS; high- 
p re :; i s i o n rri e 8s [ I re me n is i e  I ai  i n g to p I? y s i c a I 
transport prope~ties; siirface resetions on alloys 
in mixed-gas, high-temperature environments; 
e!estroche;riical Studies of corrosion meeha- 
nisms; aquecus chenistty at  elevated tempera- 
tures; joining technology atid alloy drvelopmerrt 
for materials in steam generators; drvelopnseni 
work on fabricati017 o i  components for Iargesys- 
terns; and development of large prestressed 
coricr::te vessels for coal corsvcrsion tech- 
niques. 

The staff involved in these programs are 
mechanical; civil, nuclear, eleciiical, and che 
ea1 cm~ineers; metallurgists; ceramicists; cherr;-- 
ists; and physicists. Specjzl facilitiss at ORNL 
which are particularly useful to these projects 
include 11iree research rexicsrs (the Oak Ridge 
Hexx i rch  Rezctor, the High-Flax Isotope ?!ex- 
tor, and t h e  3ulk Shielding Flexlot-); a I-Me?' 

_ .  

electron microscope; low.pr-eswre, high-tem- 
peiatur:: refractory furnaces; a small-angle x-ray 
scatteri:-:g (SP.XS) facility with 2 1 0-SI? spectrom- 
eter; and the Oak Ricige Isochronous Cyclotron 
(OWIC) fot- heay-ion bombardments of mate- 
rials. 

One crf the :iew initiatives ciisci~ssed E:-I this 
Institutiona! Pl'a;? caik ;or the development of a 
Sekjh-'l'emperature Materials Laboratory b4$hich 
wouid be devoted lo this area of research and 
would ii-iclude a considerable amaunt of hi9hly 
spwia!ized and prec ec! ii i iri l r i e  E? t for iiiate ria !s 
tcstirig. 

N o n d es t I uei iv e test i (1 y d sve lo p m c I ; act iv i t i es 
mi: conducted rii the Me?als and r;eram~cs KIWI- 
sion. Tt-ie cuircn? prcrgiam has a wide variety uf 

ICs, iriciudina substantial programs on the 
+alopmcnt of techniques far the rxamlna?ion 

of stai,3less stcei welds, s t e m  getrctdtors, 
pressure vsssels, arid glaphltc and fuel usiis. 
Techniques for coating and failure analysis are 
alsc under dev~'oprrc, i l .  Work is bcincj carried 

sion (NRC) x d  the Navy. In the past, other 
sponsors involved have included the National 
Aero ii ab i i c ii n d S 6, ace A 3 m In i st ra t i o n (N A S /i ) , 
Rllrpau of Mines, tile Depzrtmetit of Defense, 
Af3'vic C n c x y  of Cailai-la Ltil , atid p w a k  
inti 

I ,tin n s us i n t;i no nd es t TU c t I ve met i? od 5 
ate pet formed by ti le !;:spection Ftqqii-eeririg 

inc1udi.d in the n ~ t t i x  in I-abic 3 

out for Doc, the NiJClCx fleCJcJCaiOry COf7liiiiS- 

DE?pZriTC?fil ai ORbJ!L but  ihRS CffDrt IS not 

OR?& has an InsiriJmentation and Controls 
(I&@) Division whicrli acts partiaiiy as a sewvice 
organizatioii to other divisions a i i h e L  
arid in this \;yay paiiicipaPos in 2 n;Jmb 
programs. In addition, it receives funciirig f iom 
the N u c l e . ~  R cyu I2toi-y C om r i i  ission. t.lsivever, 
the effort which arises directly from I&C 
represents otiiy 3 fraction of the Laboratory's 
activities and expertise in this area. Most of the 
ex e r i mer! ta I p t'og rams req u i re a s iJ sla n t j a I 
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effort on instrurilentation, and this is often 
supplied by staff members who are riot in the 
I&C Division. In this way, tile expertise is dif- 
fused throughout theLaSoratory, as indicated in 
Table 3. 

Surface Sei 
A vital component of the basic energy sci- 

enms program at O H N C  is thecatalysis program 
in the Cherilistry Division. The work presently is 
focused on processes associated with coal 
combustion and conversion, but it clearly has 
wide I a p p I i cat i o n s. 

Molten salts are being I J S ~ C !  as homogeneous 
catalysts for steam--coal reactions and for crack- 
ing and hydrogenating carbonaceous mate- 
rials such as coal, tars, and hydrocarbon fuels. 
Oasic research is in progress to characterize the 
various salts 3s catalysts, to determine potential 
materials problems which might arise from the 
use of molten salt catalysts, and to understand 
the fundamental processes in homogeneous 
catalysis. In the area of heterogeneous catalysis, 
the chemistry of heteroatom rernova! from coal 
and the basic processes involved in the desui- 
furization of coal by heavy-metal sulfides arz 
being SttJdied. These programs presenlly in- 
volve 8 to 12 chemists wiw are already coor- 
dinating aspects of catalytic processes related 
to variom methods of hydrogen production. 
These aspects should be relevant to both the 
fossil and solar energy programs. Surface 
science research is a broad program at the 
Laboratory, with substantial efforts under way in 
seven divisions. Most of this research is 
supported by the Divisiori of Basic Energy 
Sciences, but thei'e is also significant funding 
from the Division of Magnetic Fusion Energy 
and a small program in the Division of Environ- 
mental and Biomedical Research. The work is 
g~.iided by the need to understand surface 
properties and behavior in heterogeneous catal- 
ysis, plastna-wall interactions in magnetic 
fusion, and mechanical behavior. Experimental 
studies include Auger spectroscopy, positive- 
ion crystallography, sputtering, ion implanta- 
tion, and ion microprobe analysis. 

A cadre of social scientists including econo- 
mists, sociologists, political scientists, and 
geographers are employed in a wide variety of 
energy system analyses and assessment proj- 
ects. These projects are funded ky a number sf 
divisions of DOE and by olher federal agencies 
including N R C  arid the Department of Com- 
inerce. The work includes (1 ) the preparation of 
envi ron menial stale rnents and assess men ts for 
NRC and DOE; (2) the assessment of the social, 
economic, and resource effects of various en- 
ergy futures at a regional level fortheElivision of 
Technology Overview; and ( 3 )  the deueloprnent 
and application of engineering-economic 
models for forecasting the effects of policy 
decisions and technological changes on the 
demand for fiiels by various sectors of the 
economy. The third Type of w w k  is done for 
DOE, NRC; and the state of California. In addi- 
tion, advanced computer graphicssystems have 
been developed for analyzing such varied 
problems as power plant siting, coal resource 
estimation, arid strip mining impact assessment. 
In support of these socioeconomic and r-esource 
analysis activities, ORNL has developed and 
collected extensive data bases which dvscribe 
energy supply and demand; resources; the 
transportation system; environmental charac- 
teristics; and social, economic, and derno- 
graphic characteristics at varioius levels of 
spatial arid temporal resolution. 

I i7 

Oak Ridge National Laboratory has a unique 
combination of computer processing capability, 
technical expertise, and information-science 
experience. 'The Laboratory has the most ex- 
tensive complex of scientific data and informa- 
tion -analysis centers in the I J  nited States, with 
21 active centers supporting DOE programs in 
e 1-1 y i nee r i n 9, t k i  e p h ys i ca I sc i e n ces , b I o m ed i c a I 
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and environmental sciences, socioeconomics, 
and conservation. In FY 1977 there were 150 
salaried staff working in thesecenters (including 
72 technical specialists), with an operating 
budget of about $5.6 million. 

To support information processing, analysis, 
and evaluation activities, ORNL has on-line 
access to 93 national and international abstract- 
ing and indexing services, which cover more 
than 30 million citations to the technical litera- 
ture. The UCC-ND Computer Sciences pro- 
gram, which supports ORNL’s information work, 
includes development and maintenance of 
RECON (DOE’s national bibliographic retrieval 
network) and an extensive generalized software 
system for technical information processing 
known as ORCHIS. 

This combination of facilities and technical 
subject knowledge gives OHNL a special ex- 
pertise in producing state-of-the-art reviews and 
critically evaluated data. Special recognition has 
been gained in the areas of environmental and 

biomedical contaminants, nuclear safety, radia- 
tion shielding, nuclear structure data, and high- 
purity research materials . 

ORNL believes that there will be a growing 
need in DOE’s programs for fast, reliable, and 
relevant information analysis and retrieval; 
increasingly, the programs and solutions that 
are being identified require interdisciplinary 
capabilities, which depend heavily on the anal- 
ysis and synthesis of information from various 
fields. Because of the importance of this work, 
ORNL’s information activities have recently 
been analyzed and programmatic responsibility 
for technical information centers has becorne 
more highly focused. A major new proposal 
known as the Information Resource Center for 
Energy and the Environment will be submitted 
for FY 1980 funding. This would establish an 
information sciences laboratory, where ORNL’s 
combination of information and technical ex- 
pertise could be physically integrated to create a 
State-of-the-art problem-solving environment. 









Appendices 49 

Table A- l .  Operating costs (budget outlays) in millions of dollars 

Progrsm 
1978 1979 

~~ 1977 - ................. 

Actual ~ d g a  ORNL Budget 
forecast subrnissiori 

. 
ORNL ;io 
forecast 

8A 
I3 B 
8 C  

EA 
EB 
ED 
EC 
€ E  

EF 

Coal 
Petroleum and Natural Gas 
In.Siru Technology 

Total Fossil (B) 

Solar 
Geothermal 
Maynetic Fusioii 
tiigh-Enr-ryy Physics 
h s i c  Energy  Sciences 
Nuclear Physics 

Total ASGX ( E l  

HA Electric Energy Systems 
HE Transportation Energy Conservation 
HC Energy Storilyo Systems 
H D  Buildjngs and Community Systems 
CiF Conservatiori Research and Technology 
HG 1r:dustrial Energy Conservation 

Total Conservation ( i i )  

K G  Breeder F<eactor 
KJ Nuclear Research a n d  Appl<cations 
K X  Nuclear Fuel Cycle 
KZ S w i a l  Materials Production 

Toral Nuclear (K) 

f7K Environmental Research and Development 
R V  Life Sciences arid Biomedical Applkations 
RU Ilecontaminatiun and Decornmissionivg 

Totdl Siumedicsl, Environmental, and 
Safety Research (R)  

IJB Institutional Relations 

Nuclear Regulatory Commission 
Department o f  Health, Education, and Welfare 
Other federal agencies 

'Total work for orhers 

ORNL forecasts 

1981 1082 1983 

6.9 
0.6 
0.1 

13.3 
0.5 
0.2 

13.7 
0.5 
0.2 

18.8 
0.8 
0.2 

19.0 
0.8 
0.2 

24 .o 
0 7  
0.2 

29 .o 
0.6 
0.2 

34.0 
0.5 
0.2 

7.6 

1 .o 
1 .o 

32.9 
0 A 

28.8 
5.0 

69.1 

0.6 
0.3 
0.8 
1 .9 
0.3 
0.5 

........ 

14 0 

1.3 
1.1 

39.1 
0.4 

31.6 
5.4 

78.9 

3 2  
0.3 
1 . 7  
4.2 
0.2 
0.4 

....... 

14.4 

1.8 
1.1 

32.0 
0.4 

31.6 
5.4 

72.3 

3.2 
0.4 
1.7 
5.0 
0.2 
0.7 

.. 

4.4 

1 2 2  
11.2 
22.2 
4.2 

10.0 

11.7 
13.9 
24.6 

5.7 

1 1.2 

12.0 
16.4 
27.5 
6.5 

49.8 

18.4 
7.3 
0.3 

55 .9 

20.1 
6.7 
0.4 

26.0 

0.2 

17.9 
4.9 

15.6 

27.2 

0 .? 

20.4 
5.8 

13.5 

62.4 

20.0 
7.4 
0.5 

27.9 

0 2  

20.4 
5.8 

13.5 

15.8 

3.1 
1.2 

50.7 
0.5 

39.8 
6.5 

20.0 

2.6 
1.2 

35.0 
0.5 

39.8 
6.5 

24.9 

2 8  
1 .ti 

38.0 
0.5 

39Sa 
6 . f  

101.8 

0.7 
0 4  
2.0 
4.9 
1.8 
1.3 

85.6 

4 0  
0.5 
2 .o 
6.0 
0.8 
1 .o 

89.1 

4.0 
0.6 
3.5 
7 .O 
0.9 
1 .3 

11.1 

14.2 
17 7 
49.0 

7 9  

88.8 

24.8 
8.1 
0.4 

33.3 

.- .... 

........ 

0.2 

22.8 
F.2 

13.5 

14.3 

14.0 
19 0 
35 0 
8.5 

76.5 

21 .o 
8.0 
0.8 

29.8 

- 

~ 

0.2 

22.8 
6.2 

13.5 

38.4 39.7 39.7 42.5 42.5 

29.8 

3 .O 
1.5 

41 .O 
0.5 

39 .a 
6.5 

92.3 

4.0 
0.6 
3.8 
7 .I1 
1 .o 
1.6 

.- 

34 7 

3.2 
1 .s 

43.0 
0 5  

39.8 
6.5 

94.5 

4.0 
0.6 
4.0 
7 .O 
1 0  
2.0 

.... 

17.3 

16.0 
20 .0 
41 .O 

6.0 

83.0 

23.4 
8.0 
0 9  

32.3 
... 

0.2 

22.8 
6.4 

13.7 

42.9 
....... - 

18 .I1 

17.0 
18 .G  
45.0 

5.C' 

85.C' 

24.8 
8 .O 
1 .o 

33.8 

-. 

0.7 

22.8 
6.6 

13.8 

43.2 
-. . 

18.6 

16.0 
16.0 
45.0 

5.0 

82.0 

26.4 
8.0 
1.1 

35.5 

..... 

0.2 

22.8 
6.8 

13.9 

43.5 

39 .I1 
0.5 
0.2 

30.7 

3.4 
1.5 

44 .o 
0.5 

39.8 
6.5 

95.7 

4.0 
0.6 
4.0 
7.0 
1 .0 
2.5 

19.1 

16 0 
16.0 
42.0 

6.0 

79.0 

28 .o 
3 .O 
1.3 

37 3 

...... .- 

~ 

- .  

__ 

0 2  

22.8 
7 .0 

14.1 

43.9 

'In the absence o i  detailed guidance from Heodquarters we project 3 constant level of etfort beyond F Y  1979 
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Table A-2.1. Subcontracting costs, miliions of dollars _ _  - - - - ~- -~ __I 
1979 

- .  
1978 

1977 - 
Program O R N L  Budget O R N L  

forecast submission forecast 
Actual Budget 

- _ _ . _ ~ _ _ _ . _ ~ ~  -- - __ _ _  
R Fossil 
EX Solar 
EB Geothermal 
ED Magnetic Fusion 
EE Basic Energy Sciences 
H Conservation 
K Nuclear 
R Bioiwdical,  Environrne 

Safety Research 

Total 

0.9 
0.1 
0 
4.4 
0.1 
1.2 
4 .O 

nidi, and 0.2 

1.9 
0.4 
0.1 
6.7 
0.1 
5.2 
8.0 
0.2 

__ ~ 

10.9 22.6 

3.9 
0.6 
0.1 
7.4 
0.1 
6.7 
9.8 
0.2 

2.0 
0.8 
0.1 
7.4 
0.1 
4.6 
16.4 
0.5 

5 .O 
0.8 
0.1 
5 .O 
0.1 
8.3 
10.4 
0.5 

~ 

1980 

6.3 
0.8 
0.1 
5.5 
0.1 
10.8 
16.4 
0.6 

28.8 31.9 30.2 40.6 

- 

- 
B 
EA 
EB 
ED 
EE 
EF 
Ii 
K 
R 

- O R N L  forecasts 

1981 1982 1983 

7.6 8.9 10.3 
0.9 1 .o 1.1 
0.1 0.1 0.1 
6.0 6.3 6.4 
0.1 0.1 0.1 
10.9 11.0 1 1 . 1  
16.9 16.3 15.7 
0.6 0.6 0.7 

~~ ~ - 

43.1 44.3 45.5 

Table A-2.2. Major research procurenients on operating expenses, millions of dollars 
- 

O R N L  forecasts 
Program 

1979 
..~. . . .......... 

1978 
1977 ~ ~ _ _ _  

O R N L  Budget O R N L  ~- 
Actual Budget forecast submission forecast lg80 

Fossil 
Solar 
Geothermal 
Magnetic Fusion 
Basic Energy Sciences 
Nuclear Physics 
Conservation 
Nuclear 
Biomedical, Environmw?al, 
Safety Research 

Total 

0.6 
0 
0.1 
4.4 
1 .o 
0.2 
0.3 
5.9 

a n d  1.1 

0.9 
0 
0.1 
4.3 
1.1 
0.2 
0.3 
4.5 
1 .o 

~ 

13.6 124 

0.9 
0 
0.1 
4.3 
1.1 
0.2 
0.3 
3.8 
1 .o 

2.1 
0.2 
0.1 
7.4 
1.3 
0.2 
1 .o 
9.5 
1.3 

11.7 23.1 

2.1 2.6 
0.2 0.2 
0.2 0.2 
5.0 5.5 
1.3 1.4 
0.2 0.2 
0.8 0.8 
9.5 9.7 
1.3 1.4 

__ ~ 

20.6 22.0 

1981 1982 1983 

3.2 3.7 4.2 
0.2 0.2 0.2 
0.2 0.2 0.2 
6.0 6.3 6.4 
1.5 1.6 1.7 
0.2 0.2 0.2 
0.9 1 .o 1.1 
6.9 9.6 9.2 
1.4 1.5 1.6 

~ - 
23.5 24.3 24.8 
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Table A-3. Laboratory forecast for personnel (full-time equivalents)a 

1977 1978 1979 1980 1981 1982 1983 

El 

EA 
EB 
ED 
EC 
EE 
EF 

tl 

KG 
K J  
K X  
KZ 

RK 
R V  
R U  

UB 

Fossil 

Solar 
Geothermal 
Magnetic Fusion 
High-Energy Physics 
Basic Energy Sciences 
Nuclear Physics 

Total ASGA (E) 

Conservation 

Breeder Reactor 
Nuclear Research and Applications 
Nuclear Fuel Cycle 
Total Material Production 

Total Nuclear (K )  

Environmental Research and Development 
Life Sciences and Biomedical Applications 
Decontamination and Decommissioning 

Total Biomedical, Environmental, and 
Safety Research ( R )  

Institutional Relations 

Work far others 

Laboratory best estimate 

190 

28 
30 
375 
6 

774 
154 

1367 

94 

288 
237 
472 
105 

1102 

578 
233 
14 

825 

__ 

- 

- 

4 

1020 

4602 

2 20 

37 
24 
375 
6 

816 
158 

1416 

97 

260 
310 
515 
130 

1215 

633 
236 
17 

886 

4 

1050 

4850 

270 

47 
24 
380 
6 

961 
176 

1594 

155 

290 
3 50 
600 
190 

1430 

640 
238 
28 

906 

4 

1120 

4900 

340 400 

53 56 
31 31 
380 390 
6 6 

96Ib 961 
17Sb 176 

1607 1620 

167 181 

330 350 
380 340 
700 700 
160 125 

1570 1515 

713 762 
238 238 
31 35 

982 1035 

__ 

- I _ _  

4 4 

1130 1140 

4900 5000 

460 

59 
31 
390 
6 

961 
176 

520 

62 
31 
400 
6 

961 
176 

1623 

I98 

330 
300 
7 00 
125 

1455 

808 
238 
3% 

1636 

208 

330 
300 
650 
125 

1405 

851 
238 
45 

__ 

I 084 

4 

1140 

5000 

7 134 

4 

1 1 50 

5000 

'This includes all QRNL staff, full- and part-time, permanent and temporary. In addition, there will be approximately 
1170 guest workers and students spending some time a t  QRNL during 1977. Approximately 200 man-years of  engineering 
effort from UCC-ND Engineering at QRNL and 100 man-years of  support sewices from the Y-12 Plant, as well as 130 
man-years of programming effort and 50 other Computer Sciences Division staff, were used at QRNL during FY 1977. 

*In the absence of  detailed guidance from Headquarters we project a constant level of  effort beyond FY 1979. 

Table A-4. Capital equipment 

1977 1978 1979 1980 1981 1982 1983 

FOSSll 

Conservation 
Solar, geothermal, and fusion 
Basic physical sciences 
Environmental and biomedical 
Nuclear energy 

Total programmatic 

General-purpose equipment (through Program EE) 

Total 

aExcluding computer equipment. See Chap. 4. 

0 0.3 0.9 3.0 4.0 5.0 
0.1 0.1 0.3 1 .o I .o 1 .0 
4.1 7.2 5.3 5.4 6.4 6.4 
3 .O 4.5 7.2 6.5 6.5 6.5 
1.5 1.8 2.3 3 .O 3.0 3 .O 
6.8 8.7 14.6 14.0 13.0 12.0 

15.5 22.6 30.6 32.9 33.9 33.9 

6.0 

-- I._._ __ __ - 

- __ -_ 5.0 ___ 1.7 2 .o 3 .sa 5.0 _ _ _ _  
17.2 24.6 34.5 37.9 38.9 39.9 

6.0 
1 .o 
6.4 
6.5 
3.0 

1 1 .o 
33.9 

6.0 

39.9 
___ 



Program 

EE 

E E  

E E  

EE 

KZ 

KX 

Ei 

E€ 

EE 

E €  

EE 

E E  

K X  

K X  

K Z  

ED 

ED 

K Z  

K Z  

R K  

R K  

RK 

R K  

R K  

Desc:iption 

Table A-5. Construction 

Conversion of steam plant faci l i ty 

Safegusrds and securiry upgrading 

Holi f ieid Heavy Ion Research Faci l i ty 

Improvements t o  Oak Ridge Electron 
LI near Accelera tor 

New hydrofracture faci l i ty 

Breeder Reactor Program Integrated 
Equipment Test Faci l i ty ( IPET)  

Energy Systems Research Laboratory (ESR L )  

Hoiif ield heavy :on Research Faci l i ty 
Phase I I 

Addi t ion t o  the Oak F(idge 
Isochronous Cyclotron Building 

Energy Management System (EMS) 

Environmental and emergency systems 
upgrading 

Modif icat ion aimec a; conpliance 
w i th  OSHA 

KTGR Fuel Recycle Ho t  Engineering 
Test Facility (HETF) 

Advanced Fuel Recycle Program Hot Experimental 
Faciiity 

Solid waste handling and 
decontamination faci i i ly 

improvements 70 fusion energy f5ciii:ies 

Long pulse experiment 

Sludge removal from gunrlite ranks 

Off-gas and cell ventilation improvement 

Toxic substsnces laboratory and animal facili;y 

Energy poiiutan: coi l trol sys;em 

Toxicoiogy iaboratory 

Addi t ion t o  aquatic ecology laboratory 

1nforma:ion Resource Center i o r  Energy 
and !he Envi;.onmsnt 

10.2 1.3 
."I 
I . ;  

?2.0 

0.1 

5.4 

1978 1979 
-. ___ 
BA 
~~ 

2.0 

3 .o 

BO E A  

5.4 

4.4 

3.7 

0.3 

0.4 

2.0 12.4 

7.2 

2.0 

? .5 

3.0 

6.9 

3.3 

BO 

4.0 

0.4 

2.7 

3.0 

8.0 

5.5 

1.3 

0.2 

0.5 

1 .o 

0.7 

~ 

BA 

23.0 

16.0 

12.3 

15.0 

5.3 

7.5 

15.0 

1.5 

2.4 

3.0 

2.2 

; .s 
4 .8 

>0.0 

1983 
~ ~ 

2.0 
~ ~~ 

7.5 

0.1 

2 .o 
5 .O 

16.0 

3.2 

-I , I  

2 .a 
2.9 

2.2 

4.5 

10.0 

3.0 

2.0 

15.0 

1 .0 

0.4 

1 .3 

0.5 

0.4 

0.2 

1 .0 

BA EO SA 

7 .O 

21.6 

35.0 

20.3 

5.1 

5.0 

2.0 

5.6 

0.5 

2.2 

10.2 

0.2 

0.5 

3 .o 

0.4 

9.5 

30.0 

7 .O 

4.3 

5 .0 

1.5 

1.2 

2.9 

1 .a 
1 .G 

0.9 

5.0 

3.2 

1.5 

0.2 

4.0 

8 0  

1.5 

6.5 

22.9 

10.0 

3.0 

4.0 

1.2 

0.8 

5.3 

0.7 

3.4 

3.7 

3.6 

1983 

BA 

2.7 

1.5 

0.2 

~ 

EO 
~~ 

: .8 

2.6 

8.0 

2.3 

0.2 

3.3 

0.2 

To?al 
estimated 

COST 

12.2 

5.9 

18.5 

0.4 

5.4 

15.4 

30.2 

25.0 

1.5 

3.0 

6.9 

3.3 

35.8 

50.0 

29.5 

12.6 

20.0 

4.5 

2.4 

1 2.5 

2.2 

1 .a 
1.8 

i 0.0 



fable 8-5  (continued) 

Program 
Tota l  

est mated 
1983 - _  1977 1978 1979 1980 1981 1982 

BAS E& BA BO aA BO EA EO aA BO EA ao BA BO 

EE Upgrade ORNL primac'y substation 

EE Physical security improvements 

E E  Improvements t o  fire protection 

E€ Modifications and addition to 
stores facilities 

E €  Emergency conwol center 

R K  Upgrade streamflow monitoring stations 

KZ Waste operations center 

E € 

EE Energy management program 

High-Temperature Marerials Lab {HTMLi 

General plant projects through Subprogram KZ 
General plant projezts through Subprogram E 

__-- - . 

%A = budget authority. 
= budget outlays. 

2.5 0.5 

1.2 0.3 

3.0 0.5 

3.0 0.3 

2.3 0.6 

1.8 0.6 

i .5 0.3 

4.0 3.8 13.5 9.2 

5 .O 
0.5 0.1 0.5 0.4 0.6 0.1 
2.8 0.4 2.4 0.4 7.8 1.6 

2.0 

0.7 

2.0 

1.5 

1 .o 
0.9 

0 .Y 

3.6 

5 .O 

0.2 

0.5 

1.2 

0.7 

0.3 

0.3 

0.9 

5.0 

2.5 

1.2 

3.0 

3.0 

2.3 

1 .% 

1.5 

77.5 

5.0 20.0 
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T F SE 
OF c IO 

Table Q-1.4. Functional phase af research 2nd development for FY 1977 
Laboratory estiinate of operating cost (budget outlays), 

millions of dollars 

Program 
Engineering Demonstration Basic Applied Technology 

research research development developinent 

B 
EA 
EB 
ED 
EE 
b l  
K 
R K  

EC 
E: 
R L' 

Eaecgy r e se~ch ,  development, and demonstration 

Fossil 
Solar 
Geothermal 
Magnetic Fusion 
Basic Energy Sciences 
Conservarion 
Fission Energy 
Biomedical, Environmental, and Safety 

Subtotal 

1 

1 
9 

16 13 
1 

1 1  
17 

17 53 
~ -- 

I 

6 
1 
0.3 
24 

3 
32 

-~ 

66 

i-iigh-Energy Physics 
Nuclear Physics 
Life Sciences 

Subtotal 

1 

0.4 
4 

- 
6 

A 

- 

4.5 

__ 

___ 

R 
EA 
EB 
ED 
EE 
H 
K 
R K  

EC 
EF 
R V  

1 a ~ B c  D-4.2. F u ~ c V ~ w l  phase c l  apseerch and development :or FT 1978 

Laboratory forecast of operating cost (budget outlays). 
millions of dollars 

~~ _~ 
~ _ -  

rJPrnonsrrdt ion Technoloyy tngineer ing 
resparch reseaiLh development development 

Basic Applied 
Program 

____ 
~ -~ 

Energy ;esezxc.ch, b c v e l o p ~ n t  ard detvonstrriehj. 
2 1 1  1 Fossil 

Solar 
(Geothermal 
Mayneiic Fusion 
Basic Energy Sciences 
Conservation 
Fission Energy 
Biomedical, Environmental, and Safety 

Subtotal 

17 

1 

18 
- 

I-ligh-Energy Physics 
Nuclear Physics 
Life Sciences 

Subtotal 

0.4 
5.1 
7.4 

12.9 
. -  

2 
1 0.4 
9 23 
14 
3 8 
14 37 
19 

81 81 
__ ~ 

0.3 

1 
G 

8 

6 

- 
6 

0.3 
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Table 0-1,3. F~nctional phase of research and daresopmen! in FY 4 979 
Laboratory torecast of operating cost (budget outlays), 

millions of dollars 

Pi c;gram 
Basic Applied Technology Engineering Demonstration 

research research development drveloprtienr 

B 
EA 
E8 
ED 
EE 
H 
it: 
RK 

EC 
EF 
R V  

Energy research, development, and ~ e ~ o ~ ~ ~ ~ t i o ~  

Fosi l  
Solar 
Geothermal 
Magnetic Fusion 

Co ciserva t ion 
Fission Eriergy 
Biomedical, Environmental, and  Safety 1 

SU btotal 23 

Hasic Energy Sciences 22 

___ 

% 16 2 
3 
1 0.4 
9 26 

18 
3 10 1 

17 4s 7 
20 

69 85 36 
.... ___ 

Wigh Energy Physics 
Fluclear Physics 
Life Sciences 

S?lb?Okll 

7 

-2. Summary of ~~~~~i~~~~ phase of research and development 
Millioiils of dollars 

Phase 1973 1978 1979 
I.a%iorarory estinidte Laboratory forecast Laboratcry torecast 

Applied research 53 
Technology development 66 
Engiireei ing development 6 
Denioristra tiori 4 

Subtotal 146 

&sic research 
Appiied research 

Subtotal 

Other research, development, and ~ e ~ ~ n s & ~ ~ ~ i o n  (nonenergy) 

12.5 
0.2 

12.9 
0.3 

23 
60 
85 
36 
7 

21 1 

14.7 
0.3 

12.7 13.2 15.0 
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