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Abstract

This report covers work done during FY 1931 by the staff of the Energy Divisicn, its subcon-
trators, and by colleagues from other ORNL divisions working on Energy Division projects. The

work can be divided into four areas: (1) analysis and assessment, (2) models and data, (3) eff--

ciency improvement and renewable energy techiology development, and (4) rescarch utilization.

Support came principally from the U.S. Department of Energy (DOE) and the Nuclear Regulatory -

Commission and also from thc Depariment of Interior, the Federal Emergency Management
Agency, the Department of Agriculture, the Departinent of Howsing and Urban Development, and
the Eiectric Power Research Institute. o

The analysis and assessment areas of concentration were cnvironmental issues (including those
deriving from the preparation of environmental impac’ statemeats), energy use analysis and fere-
casting, and emergency preparedness. Environmental offorts included completion for DOE of the
final environmental statements on proposed coal liguifaction ar.d gasification demonstration plants,
grabnation of the use of incentives to communities in siting nuc)z2r waste repositories, estimation of
the c:..ergy supply and demaad implications of CO,, and studyA Jf the energy resourcr potential of
proposed Wilderness Study Areas. Energy use analysis attemeied to identify the major causes for
the profound shifts in energy demand trends which have ocenrred in each sector of thc'economy
over the past decade. Causative factors such as price, gross national product, and government pro-
grams were analyzed. Emergency preparedness research involved a variety of studies such as the
effects of substitution of electricity for oil and gas during an oi: sh .stage, factors influencing public
cooperation, and use of vegetable oils for fueling farm equipment.

The models and data work involved the development of appropsiate models; the collection and
maintenance of a wide variety of energy- and environment-related urta bases; and the evaluation of
the quatity, relevance, and limitations of data bases and models. This latter included completion of
ten energy data system evaluations for the Energy [nformation Administration (EIA) of DOE, and
work on validating the Long-Range Energy Analysis Program (LEAP) model of EIA. Model
development included a cooling tower plu.ae model, single-point and multipoint source siochastic air
poliution models, a life-cycle cost mode! for analyzing efficiency improvements for commercial
buildings, and an integrated set of models for electric cnergy demand and load forecasting at the
state, utility, and rural electric cooperative evels. '

Technology development includ~d rescarch on impr ving .he efficiency of energy use, particu-
larly for the buildings and electrical energ sectors, an” some work on the development of renew-
able energy sources. A maior thrust was neat pump te-hnology, including absorption heating and
cooling, heat-engine-driven machines, and the computer simulation of air-to-air, electric-d:iven de-
vices for design optimization. Field and laboratory tests of subcontractor-developed advanced appli-
ances substantiated major cost-effective efficiency improvements. Additionally, research involved

vii
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underground structures, development of diagnostics for buildings, the measurement and computer
simulation of on-road antomobile fuel use characteristics, and advanced heat exchangers fur geo-
thermal and occan thermal energy cosversion (OTEC) zpplications. Electric pawer technology
included research on problems related to load control, high-voltage ac ard dc componerts, and
dispersion withia the grid of generation and s*crage facilities such as wind machin=s and photovol-
taic sources. Although some of {be rescarch and development was done in-house, 2 substantial frac-
tion was subcontracies! to industries and universities.

An important aipect of all (e work was research utilization. 'Because the Encrgy Division is
doing applied research, results, by Jdefinition, are intended to solve problems or answer questions of
DOE and other sponsoss. But there are other users, and rescarch utihizalion activities include
technology traasfer, commercialization efforts, outreach o state and regional organizations, and, of
course, information disscmination.
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1. Introduction and Executive Summary

W. Fulkerson

1.1 INTRODUCTION

The Energy Division is one of fifteen research divisions at Oak Ridge National Laboratory
(ORNL). It was established in 1974 to bring :ogether (1) work on environmental, techrological,
and regional assessments related to energy d:velopment and (2) rescarch on energy demand
analysis and on improving the cfficiency of energy use and conversion (energy conservation).
Because of this broad scope, the staff of the Division has always been multidisciplinary. During
FY 1981, scientific and technical professionals numbered about 132, including 56 engineers, 32
physical and life scientists, and 44 social scientists. The Division is the home for all of tke practic-
ing social scientists at ORNL. Although primarily economists and geographers, there are also pol-
itical scientists, sociologists, psychologists, demographers, and others.

Over the past several years the Division has accepted the responsibility for helping the U.S.
Drpartment of Encrgy (DOE) manage a variety of rescarch programs concerned with increasing the
efficiency of building equipment and systems, improving electric power technology, and cvaluating
enesgy data and models. These responsibilities have required extensive subcontracting and more
than half of the $3%,000,000 in zxpenditures during FY 1981 was subcontracted to aniversities and
private firms. The list of subcont-actors (Sect. 8.8, shows tac range of institutions involved. In addi-
tion to subcontractor activity, research maraged and condvcted by the Divisicr depends on collab-
oration with people from other ORNL divisions, including Enginecring Physics, Engineering Tech-
nology, Environmental Scienczs, Fusion Energy, Health and Safety Research, Information, Instru-
mentation and Controls, Metals and Ceramics, Enginecring, Computer Sciences, Chemistry, Phy-
sics, and Chemical Technology.



This cighth anaual report of the Division covers work cone during FY 1981 (October 1, 1980,
through Scptember 30, 198!). As with these documents in the past,’~” the format follows approxi-
mately the organizations! structure of the Energy Division. Chapters 2-€ summarize the activities
of the sections oi the Division: Eavironmental Impact Section, headed by H. E. Zittel; Regional and
Urban Studies Section, R. M. Davis; Economic Analysis Section, R. B. Shelton; Data and Analysis
Section, A. S. Locbl; and Efficiency and Rencwables Rescarch Section, J. W Michel. In addition,
work on a variety of projects which cut across section lines is reported in Chap. 7, Integrated Pro-
grams. These actizities are under the supervision of T. J. Wilbanks, Asscciate Director for the Divi-
sion.

The organization chart at the end of the report represents the Division as of September 1981,
Several major organizational changes took place during thz year. In April 1981. T. H. Row Icft the
Division to become head of the Nuclear Waste Programs at ORNL, and H. E. Zittel replnced Row
as the head of the Environmental Impact Section. In June 1981, parts of the Conservation and Use
Analysis Section were combined with the Conservation and Conversion Technology Section to form
the Efficiency and Renewables Ress ch Section under J. W. Michel. This change consolidated
technology development wo.k into a s...zle section. A second new section, Data and Analysis, was
formed under the direction of A. S. Loebl. This change was .nade to manage more cffectively the
growing activities in energy data and models being done for the Energy Information Administration
(EIA) of DOE. C. V. Chester was named coordinator for all emergency preparedness s udies in the
D'vision iucluding research refated to civil defense and contingency planning for cnergy emergencies
such as ar. »il import embargo or a nuclear reactor acuident. Finally, the former Solar and Special
Studies Section was merged into the Regional and Urban Studies Section.

During FY 1981, the research efforts were supported by a variety of federal agencies, but pri-
marily by DOE (91% of expenditures), the Nuclear Regulatory Commission (NRC), and the
Department of the Interior. Important support also came from the Department of Housing and
Urban Development (HUD), the Federal Emergency Management Agency (FEMA), the Depart-
ment of the Navy, the Environmental Protection Agency, the Tennessee Valley Authority, and the
Rural Electric Adminisiration of the U.S. Department of Agriculture. Within DOE, support came
from five assistant secretaries (Conservation and Renewable Energy; Fossil Energy; Environmental
Protection, Safety and Emergency Preparedness; Energy Research; and Nuclear Energy); from two
administrators (EIA and the Economic Regulatory Administration); from the Office of Policy Pian-
ning ard Analysi-; from the Federal Energy Regulatory Commission; and from cther DOE national
laboratories. Work was also supported by the Electric Power Research Institute, and cooperative
efforts continued with the Gas Research Institute on high-efficiency gas appliances and heat pumps.

1. S. E. Beall et al., Energy Division Annual Progress Report for Period Ending ecember 31, 1974,
ORNL-5030 (April 1975).

2. W. Fuikerson et al., Energy Division Annual Progress Report for Period Ending December 31, 1975,
ORNL-5124 (April 1976).

3. W. Fulkerson et al., Energy Division Annucl Progress Report for Period Ending September 30, 1976,
OR ,~L-5250 (Apfil 1977). “

4, W. Fulkerson et al., Energy Division Annual Progress Repor! for Period Ending September 30, 1977,
ORNL-5364 (April 1978). \

5. W. Fulker.on et a!, FEnergy Division Annua, Progress Report for Period Ending September 3, 1978,
ORNL-5513 (March 1979). ‘

6. W. Fulkerson et al., Energy Division Annual Progress Report for Periol Ending Sepienher 30, 1979,
ORNL-5638 (June 1980).

7. W. Fulkerson et al., Energy Division Annual Progress Report for Period Ending September 30, 1980,
ORNL-5740 (November 1981). ‘
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During FY 1981, the DOE sponsorship in many arcas pecame uncertain because of the change in
the administration and the reorganization of DOE. Despite these changes, much was accomplished
during FY 1981.

1.2 ACCOMPLISHMENIS

The work of the Division is very diversified, but it can be divided into three major categories:
analysis and assessmernt, modeis and data, and techrology development. Analysis and assessment
contribute information and informed perspectives on important cnergy issues and on policy and
technological alternatives, identify research and development (R &D) needs, and help to set R&D
priorities. The primary focus during FY 1981 was on (1) cavironmental issues (including those
deriving from the preparation of environmental impact staten.ents), \(2) energy use analysis and
forecasting, and (3) emergency preparedness. Related to the analysis and assessment area is work
on models and Jata. This work includes the development of appropriate madels and the collection
and maintenance of a wide variety of cnergy- and environment-related data bases. It als, includes
evaluation of the quality, relevance, and limitations of data bases and models. Technology develop-
ment incledes research on improving the efficiency of energy use, particularly for the buildings and
zfectrical encrgy sectors, and a smaller cffort on the development of renewable energy sources. Sig-
nificant accomplishments in cach of these areas are listed in Table 1.1, and each item includes a
refer=nce to the relevant section in the body of the report.

1.3 RESEARCH UTILIZATION

The principal users of the results of Energy Division research are, of course, sponsors. But the
resclts often have broader uscfulness, and it is incumbent upon the staff to encourage utilization by
others. Specifically, this utilization effori may involve technolgy transfer or technical assistance to
encourage commercialization, outreach to state and local governments, and other various avenu:s of
technical communication and information dissemination.

Models developed by the staff are being used for and by various orgamizations around the
country. For example, the ORNL energy demand models are being applied by staie energy offices,
utilities, private consultants, and regional power planning commissions. At present the staff is prn.’
viding limited consulting services (on a full cost-recovery basis) to private commercial organization.
who have contracts to install or use our energy demand models for their customers. For NRC, a
phase of transferring electricity demand forecasting models to state governments has been entered.
The heat pump simulation model has been sent to 55 requesters, including 27 industrial firms, and
our stochastic air quality model has been used for the state and cicy of New York.

Technical assistance to state and local governments involves not only models; for example, the
extensive experience of ihe Division with energy facility siting problems is being applied to aid
states in siting low-level radioactive waste repositories. Work for the Office of Surface Mining on
compiling an inventory of abandoned mine problems is of direct benefit to participating states. The
several years of effort with Minneapolis-St. Paul on district heating have resulted in the initiation
of a system for St. Paul using heat from an existing coal-fired power plant, In a collaborative effort
with Argonne National Laboratory, technical assistance on district heating is being provided to 12
other cities. A color movie on district heating was produced, providing a good introduction for cities



Trile 1.1. FY 1981 siguificast accomplishments of the Energy Division
togetiser with other collsborating ORNL divisions and sshcontracters

I. ANALYSIS AND ASSESSMENT

A

Environmental Issues

Fifteen caviroamertal statements and twelve environmental assessments were completed, includ-
ing the final statements for Solvent Refined Coal-I (SRC-I) and SRC-I1 and the Memphis
Light, Gas and Water coal conversion projects. These latter statements were pathfinding docu-
menis on propossd demonstration plants for coal liquifaction and gasifacation (Chap. 2 and Sect.
3.2.2).

Incenti~cs 1o communities for hosting high-level nuclear waste repositories were identified and
evaluated (Sect. 3.2.1); these incentives inclede payments in lieu of taxcs derived from facility
user fees (Sect. 4.4.3). ’

A stochastic air pollction model was developed and used to evaluate the effects of (1) the varia-
hility of the sulfur content of coals and (2) plant operation on the mecting and setring of cmis-
sion standards (Sect. 2.6.2).

The implications for atmaospheric CO; levels of various energy supply and-demand scenarios were
estimatean (Sect. 7.1.2).

The energy resource potential of proposed Wilderness Stody Areas was estimated (Sect. 3.2.4).

The role of gecgraphic scale scems to be important in making aad sustainirg major energy deci-
sions (Sect. 7.1).

Encrgy Demand, Renewables, and Fuel Switching

Trends in U.S. energy use, by sector, over the past decade indicate that the major ioclor: in
reduced demand have been efficiency improvements. behavior changes due to incizases in  vel
prices, lover economic growth, and, possibly, government encrgy comservation progrars (Sect
5.3.3).

An analysis of the barriers that reduce the effectiveness of market forces in stimulating energy
cfficiency improvements indicate that sovernment programs are having a significant catalytic
effect (Sect. 7.1.3).

Causes for the declining demand for gascline during the 1978-1980 period were ide .tified, and
the effects of ecach cause quantified. Well over halfl the decline is attributable to a short-run
response to the more than 50% inciease in fuel prices during this period. New-car fuel economy
improvements were the second largest factor, accounting for one-cighth ..ad one-fourth of the
1979 and 1980 declines, respectively. The much-publicized fuel shortage of the summer of 1979
reduced total consumption by only an estimated 1% (Sect. 3.4.2).

In a utility experiment in Vermont, time-of-day pricing was foun? t~ have a significant impact on
consumer hehavior and potential peak load (Sect. 4.3.3).

From an analysis of 48 hospital audits, it was estimated that the average hospital could achieve 2
potential energy savings oi 20% with an average payback period of onc yzar (Sect. 5.3.2).

A survey of 50 industrial represeniatives produced information on factors inflvencing boiler
investments and the use of coal (Sect. 5.4.2).

Analysis of the economics of dirzct and passive solar sysiems for residences indicates that a pay-
back period of less than 20 years is possible only in areas of high insolation or high electricity
costs (Sect. 5.4.3).
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Table 1.1 (continsed)

. Emergency Preparedness

During an oil shortage, the substitution of electricity by individuals or businesses (c.g., increased
lighting or use of ovens or portable heaters) ~muld 1c=-It in increased use of oil and gas by ut’li-
ties. These increases could far exceed the savings by consumers of premium fuels (Sect. 7.1.1).

metmymnmpmmmmmﬂuufdmumm
suggestion of principlzs for emergency planning (S=ct. 7.1.1).

The impacts of oil disruptions on U.S. refining activity are being analyzed to account for changes
in oil types and quantitics (Sect. 4.4.2).

Use of indigenous vegetable oils for fucling farm equipment may improve agricuitural seif-
sufficiency in times of fuel shortages; the price of vegetabic oils may be competitive with
petrolcum-derived fucls by the end of the decade (Cect. 3.3.3).

Three new handbooks arc being developed on radiological defense for the U.S. population in the
event of nuclear war. The first of these handbooks presents a d~tailed description of the potential
for radiation exposure for people who remain in sheltess after a nuclear attack and 2 description
of the equipmrnl and methods for determining radiation cxposure following an attack (Sect.
33135

II. MODELS AND DATA
A. Models

ORFAD, the ORNL cooling tower plume model, is being completely reformulated on tnc basis
of first principles. Tests indicate that the new model can quantitatively simulate observed plumes
(Sect. 2.6.3).

Single- and multipoint source stochastic air pollution models have been developed to account for
the effect of vanability of emissions on the probability of exceeding ambiem air qualny standards
(Sect. 2.6.2).

A pattern recngnition test is being ased in conjunction with field tracer experiments to cvaluate
the performance of various atmospheric dispersion models for use at reacior sites during emer-
gency situations (Sect. 2.6.1).

REED, the rural electric energy den2nd torecasting model, was updated, using data from 1969
1o 1979; a supply-side component was added that forecasts the growth in the total operating costs
of cooperatives (Sect. 4.2.3).

Documentation was completed describing the integrated system of ORNL models for forecasting
clectric energy demand and Joad at the state and utility-service-area levels, and a submodel was
developed to forscast durable appliance saturaiions (Sect. 4.2.2),

A lifecycle cost model was developed for annlyzing efficiency improvement measures in the
design of commercial buildings (Sect. 6.8).

The tax credit eligibility model was modified to uccount more accurately for oil and gas savings
(due to energy-saving appliances) by electric utilities; an equipment-choice model was developed
1o estimate new appliance sales for each of ten federal regions, to evaluate the impact of a2 tax
credit (Sect. 4.2.1).

The ORNL residential energy dcmand model has been improved in response to 2 variety of
evaluaiion studies, and the improved model was used to show that the new ASHRAE 90A-1980
standard is close to optimal cost-cffectivencse for current fuel prices (Sect. 5.4.3).

ORNL neared its goal of developing & comprel.ensive set of state of the art, energy-demand fors-
casiing nodels of cach transportation moce with the completion of air-passenger use and heavy-
truck dicsel fuel demand models. The heavy-truck model indicated that diesel fuel demand was
most sensitive 10 economic growth and much less sensitive o the number of trucks or to fuel
prices (Sect. 3.2.3).



Talle 1.1 (costinwed)

In colt.ooration with the Engince-ing Physics Division, validation studies were complcted for
three models for DOE/IEA including the long-term energy analysis program (L ZAP) model
(Sect. 4.3.2).

B. Data

Ten EIA energy data system evaluation studies were compieted, as were four data requirement
reviews in the areas of natural gas data; petroleum imports; fuel substitution policy, impler~=nta-
tion, and analys s; and cval gioduction data (Sect. 5.2).

One of the dat: system evaluation studies revealed that ‘or the four-year period of 1977-1980
approximatel «2 X §0° t/year of “old” oil was not reporied onder the entitiements program
(Sect. 5.2).

In (he evaluation of energy data systems, precise s*atistical calculation of probable error is often
irrelevant because of larger =rrors introauced by bias or by a misinterpret.ition or misapplication
of definitions (Sect. 5.2).

Avmatic data-editing break’hroughs resulted ir the development of an efficient, discrete error
localization algorithm which can be applied to large "ila bases (Sect. 5.2).

Preliminary energy audit data from ten stuwcs were edited to eliminate outlier errcrs and then
analyzed to yield statistically meaningful evidence concerning the effects of factors such as fucl
prices, floor arca, cumate, occupancy, and building type on institutional building energy use
(Sext. 5.3.2).

lll. TECHNOLCGY DEVELOPMENT

A. Efficiency Improvements

Two natural-gas-driven absorption heat pumps have been dceveloped by subcontraciors; these
demonstrate a heating coefficient of performance (COP) of abou: 1.2 ac 8.3°C ana, foi one of
them, a cooling COP of 0.45 (Sect. 6.2.1).

An advanced lithium bromine (LiBr) absorption heat pump was corceived for using fow-grade
waste heat (approximately 60°C) 1o produce steam at temperatures in ercess of 120°C, and a
two-stage LiBr absorption chiller built and tested by a subcontractor met the design exnectations
by producing chilled water at 5°C from low-grade 69°C heat (Sect. 6 5.1).

Fiexd measurements of a commercially available, high-efficiency, clectric air-to-air heat pump
showed a heating COP that actually aecreased :lightly with increasing outcoor temperatures in
sharp contrast to steady-state behavior. This effeci is apparently due to increased cycling losses
at higher temperatures {Sect. 6.3).

The ORNL Heat Pump Computer Simulation Model was uscd 1o show that analytical optimiza-
tion can significantly improve heat pump design (Sect. 6.2.3).

Field and laboratory tests of subcontractor-developed appliances iubstantiated major cost-
effective efficiency improvements, eg., in electric water heaters, refrigerator-freezers, and
compressors used in refrigerator-freczers (Sect. 6.4),

Eartb-sheltered houses of a size typical for single-family dw=llings were found to be significantly
more costly than coventional dwellings, and the added cost probably can not be justified by
energy savings on a life-cycle basis. This conclusion may not be true for commercial-size build-
ings (Sect. ¢ 7.3).

Field tcsts by utilities across the country indicated that many central residential thermal energy
torage systems avaifable on the market do not perform adequately for load management applica-
tions; therefore, additional research and development is needed (Sect. 6.6).
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Table 1.1 (contineed)

*  Subcontractor studies indicated that aerial infrared sensing of houses using state of the art tech-
niques can give meaningful comparative information about insulation levels and heat-loss differ-
ences (Sect. 6.7.2).

®  Construction of a hot water district heating system for St. Paul, Minnesota, will begin in 1982 —
par-ially as & result of technical assistance provided by DOE through ORNL anc its subcontrac-
tors (Sect. €.%).

*  Mecasurements of on-road, automobile-fuel-use characteristics coupled with computer simulation
and an optimizing procedure were used to calculate the driver behavior which would minimizre
fuel consumption over any given terrain and fou any given trip conditions or constraints. For
example, optimal driving of a Ford Fairmont over rolling hills of 6% grade requires 12% less fucl
than dr.ving at constant speed for the same trip (Sect. 3.4.4).

B. Renewables

*  Tests at Raft River, Idaho, of an ORNL-designed (high-efficiency, horizontal, fluted tube) con-
denser for geothermal applications confirmed predicted enhanced performance and indicated that
as much as a2 40% reduction in condenser capital costs could be realized (Sect. 6.5.2).

*  Mcasurements of the output of a photovoltaic system (the John F. Losg photovoltaic housc in

" Phoenix, Arizona) indicated that present inverter designs (dc to ac) are lacking in their ability 1~

produce high-quality, 60-Hz electricity and that improvements will be required before large-scale
intertic of photovoltaic sources to utility grids will be practical (Sect. 6.6).

*  Apalysis of the performance of concentrating photovoltaic collectors at the Mississippi County
Cummunity College demonstration at Blytheviile, Arkansas, shcwed that photovoltaic output
could be degraded by as much as 50% by a gravitationally induced twist of the collector about
the sun-tracking axis (Sect. 6.10).

*  Studies indicate that arrays of large wind turbines can cause operating problems for electric util-
ity systems unless supplementary control is added to cither or both the array and the electric util-
ity system (Sect. 6.6).

considering this option. For HUD the staff is contributing technical support to three cities on their
municipal refuse-to-energy projects. Revised handbooks on radiological safety are being developed
for FEMA, and a draft of the first of these was distributed to state radiological defense officials.’
Efforts to acceleraie the commercialization of energy-efiicient equipment were pursued through
extensive subcontr:cting with manufacturers for work on heat pumps, appliances, low-grade heat
recovery, and power system technology. Work on the Annual Cycle Energy System during FY 1981
focused o informing utilitics about the results of the research and the load-leveling potential of the
sverem. Finally, under the Building Thermal Enavelope Systems and Insulating Materials program,
tle staff is collaborating with many organizations in the building industry to develop information
vseful in estzblishing better methods (o improve the efficiency of existing and new buildings.
Technical communications and information dissemination included interaction with peers, spon-
sors, and the interested public and a recording of results of the woik (Chap, 8). During FY 1981,
the s«aff published S8 articles in scientific or technical journals and 21 others were accepted for

8. C. M. Haaland, A Proposed New Handbook for she Federal Emergency Management Agency: Radia-
tion Safety In Shelrers, ORNL-5766 (September 1981),



publication. In addition, 55 ORNL reports, 3 books, and 6 book chapters were published; 33 papers
were printed in the proceedings of technical meetings; and 27 environmental impact statemens or
assessments were issued.  Additionaliy, the Division held five workshops a~d symposia and hosted
many visitors from universitics, government orgarizations, industry, and other research institutions.
There were a number of foreign visitors, and some staff members presented papers abroad.

Onr staff remains active in 2 wide range of technical professional organizations, as indicated in
Sect. 8.1. During FY 1981, Axel Rose and David Greene served on the National Academy of Sci-
ences Committee on Energy Conservation and Transportation, and Thomas Wilbanks served on the

National Academy of Sciences Committee on Behavioral and Social Aspects of Energy Consump-

tion and Production.



ok

L |ﬁ!ﬁ47rﬁ“n‘¢}.\gfmw- e

¥4

2. Environmental Impact Section

H. E. Zittel

1.1 INTRODUCTION

During the past year the Environmental Impact Section has undergone a number of changes in
response to the changing times and needs of our sponsors. The section has been reorganized (see
organization chart at enc of Sect. 8.11) to meet more fully the diversity of problems and sponsors
which we foresee dominating the future. While work for our long-time cponsors — Department of
Energy (DOE) and the Nuclear Regulatory Commission (NRC) — still constitutes a large fraction
of our work load, we are increasingly aware that other sponsors such as the Department of Defense
(COD) and the Environmenta! Protection Agency (EPA) are interested in and need the expertise
the section represents. Because ORNL is 2 national laboraicry, we are attempting to extend our
services to state and local governments as well.

The section has a growing research effort in support of Nationz1 Environmextal Policy Act
(NEPA) activities. Work on transfer models by the Applied Physical Sciences Group is concerned
with predicting the dispersion of pollutanis in the biosphere. The NRC Nuclear Projects Group is
becoming increasingly active in support of the agency in terms of providing technical “eports no-.
directly related to NEPA.

These new arcas of work anC :nvolvemenmt with agencies other than our trzditional sponsors
represent a positive, healthy outlook for the section and the Division.

2.2 NRC NUCLEAR ”ROGRAMS

M. J. Kelly'
J.S.Baldwin R.L. Kroodsma®! A. M. Solomon?
R.Blumberg D.W. Lee W. P. Staub
K. S. Gant P. J. Mulholland?® V. Toloen?
G. S. Hil? C. B, Powers? L. D. Voorhees?
R. B.Honca R. M. Rush 1. W. Weob?

R. H. Ketelle F. E. Sharples? 3. Wright!

1. Project manager.
2. Environmental Sciences Di. ision.
3. Health and Safety Research Division.
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This group prepares Environmental Impact Assessments (EYAs) and Environmental Impact
Statements (EiSs) on nuclear facilities involved in licensing action by NRC and also prepares topi-
cal 1cports to assist the NRC licensing staff in developing techuical bases for the formulation of
positions applicable to specific categoriss of licensing actions.

22.1 Feel Cycle Projects

Table 2.1 shows the status of fuel cycle liccusing projects. Only the Bison Basin Preject was
completed ia FY 1681. Threc nrojects active in FY 1980 were delayed or cancelled in 1Y 1981
because of the decreased demend for urenium. *

Only two uranium prodvciion facilities EISs were initiates in FY 1981, namely the new Teton-
Nudco solution mining project in Wyoming and a revival of the Kerr-McGee Powder River Mill
project stasted in 1977. Three fuel fabrication EIAs were initiated, two for relicense of fuel fabrica-
ticn facilities and one for a license amendment on a2 UFg production facility. No major impacts
have been identified in the above projects.

In addition to the above, we were assign=d responsibility for preparatlon of eignit topical reports
(Table 2.2). These state of the art reports are in support of NRC licensing staff reviews of tailings
management programs submitted under the new requirements of 10 CFR Part 40, Appendix A.

4. W. Fulkerson et al., Energy Division Annual Progress Report [or Period Endiig Septcmber 30, 1980,

ORNL-574) (Nover:bes 1981), p. 21.

Table 2.1. Nuclear fuel cycle facilities in Ecensing actions in FY 1981°

- —

Facility Work started PEIA EIA PDES DFS FES

Ir. situ mining
Bison Basin (Wyoming) X
Teton Project (Wyoming X

Uranium mills
Conoco (Wy-ming) X
Fed-Am Partners (Wyoming)t X
Powder R.ver (Wyoming) X

Fuel fabrication
Combustion Engincering (Connecticut) X
General Atomics (California) X
Westinghouse ( Alabama)* X

UF ¢ preparation
Kerr-McGee (Oklahoma) X b4
Tailings disposal
Edgemoni (South Dakota) X

’,ow-levcl wastz disposal |
Bainwell (South Carolma)‘ | X

o ——

YAcronyms used: PEIA, Preliminary Frvironmental Impact Agreement; EIA, Eaviconmental
{mpazt Assessment; PDES, Preliminary Draft Environmental Statement; DES, Draft Environmental
Statement; FES, Final Environmental Statement.

PNot yet issued, by applicant's request.

“Project cancelled by applicant.

Agreement state project.
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Table 2.2. Topical reports for the NRC uwraniam recovery Bcessing branch

-— -—

In Dnft

&
Title pogres 1 NRC 1soed
I. Rack Cover vs Vegetation X
2. Upward Geochemical Migration X

3. Raclon Attenuation

4. Techriques of Groundwater Resteration

5. in Situ Dewatering Techniques

6. T2ilings Covsolidatic:n Techniques and Requirements
7. Cost-Benefit A wects of Long-Teyrm Performance

8. Land Ownership 2 equirements

X

HHH X

*Surmmary of required material in above topical reports:

1. Rock t‘over vs Vepetation—Based on current available data, this report is to
detail the rel: 17ve merits of rock cover vs revegetation as a means of providing rosion
prot-ction for tailings piles.

2. Upward Geochemical Migratio. —This report is to asscoble and - '‘mmarize tise
carrent available information regarding the potcatal for, impacts of, and means of
minimizing upv ard geochemical migration of contaminznt constituents of uraninm tail-
ings.

3. Radon Atteruation—A summary of cumreatly available knowledge on how to
predict aver- ~¢ equilibrium radon emissioas from tailing pil=s, this report also provides
recrmmendations for postreclamation radon monitoring and/or evaiuaticn models for
an-wal cycle radon emissions.

4. Techniquer of Groundwater Restoration—This report is o summarize the current
knowledge regarding the effectiveness, practicability, reliability, appiicability, and cost
of techniques for groundwater restoration. The report addresses groundwater restoration
of strata affected by uranjum solution mining as well as water table and aquifer coa-
tamination induczed by secpage from tai’ngs tnd evaporation ponds.

S. In Sitn Dewatering Techniques—This report is to address th.e feasibility, effective-
ncss, reliability, and cost of in-place dewatering of uranium mill tahings.

6. Tailings Consolidation Techniques and Requirements— This report s to evaluate
tailings consclidation requirements necessary to cnsure long-term stability of a ‘ailings
pile and to detzrmine the degree to which using dewatering techniques alonc would
achieve these requirements. -

7.” Cost-Benefit Aspects of Long-Term Pesformance—Based on currenly available
information, data, and experience, this report is to quantify to the extent possible both
the costs and beaefits of those design. siting, reclamation, cover, and erosion protection
alternatives bearing on the question of long-term performance in maintaining buricd
tailings isolated from the huina:: environment.

8. Land Ownership Requirements—Land ownership requirements the NRC must or
should impose, with respect to proposed final disposal sites for uranium tailings and/or
other above-ground surface wastes produced by licensable uranium extraction activities,
are 1o be covered in this report.

2.2.2 Low-Level-Waste Project

The group completed an EIA on the Chem-Nuclear Low-Level-Waste Disposal Facility at
Barnwell, South Carolina, This assessment was requested by the Department of Health and
Environmental Control of the state of South Carolina for their use in relicensing the facility.
Because South Carolina is an agreement state.® the document was not required under NEPA,

S. The provisions of the Atomic Energy Acts of 1954 allow states to enter into agreement with NRC to
~  perform as the regulatory authority, Because rio federal action on a license in such a state is taken thereafter,
NEPA provisions are not applicable.
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Because new applications ars cxpected for low-level-waste sites, ORNL staff and NRC
prepared the EIA at a treatment level expected for an EIS. This experience in an area previously
unaddressed by NEPA has prepared the staff to praduce credible EISs when needed.

The staff found that the Barnwell Facility is being operat>d at the state of the art ard that,
witk the initiation of some proposed operational improvements, it will have littlc eavironmental
impact. Such operational improvements include (1) improved trench design; (2) segregation and
placement of waste packages according to concentrat on, size, and volume; and (3) expansion of the
groundwater monitoring program.

1.5 DOE NUCLEAR PROGRAMS

J. B. Cannon

The major thrust of projects in the DOE nuclear area has been and continues to be concerned
with magnetic fusion energy and radijactive waste disposal. Ongoing activities included develop-
ment of the technical basis for assessing the potential environmental implications of the naiional
Magpnetic Fusion Energy Program (Sect. 2.3.1) and development of a draft EIS for constinction
and operatic\, of a defensec waste-processing facility at the Savannah River Plast (Sect. 2.3.2). We
also provided assist.;2ce to DOI-Xsvannah River Ope:ations in conducting NEPA reviews for
away-from-reactor {4FF" spent fuel-storage facilities. New endezvors include (1) an area-wids
screcning tudy to locar : potentially suitable areas ia Tennessee or a low-level-waste burial site and
(2) a pathways analysis study to ascertain the acceptability of potential sites on the Portsmouth,
Ohio, reservation for shaliow land burial of low-level wastes from the propoxd gas centrifuge
enrichment piant (Sect. 2.3.3).

2.3.1 Fusion Environmental Assessment Program

J. B. Cannon

The purpose of this program is to provide technical assistance to DOE's Office of Fusion
Energy in coordination and preparation of NEPA compliance documents. The current focus of the
program is on development of a generic environmental impact statement (GEIS) pursuant to
advancement of the national Magnetic Fusion Energy Program from basic and applied research to
engineering development. In FY 1981 significant progress was achieved in developing a tech-.ical
basis document for the GEIS. The sole purpose of this document is to demonstrate that the technol-
ogy is sufficiently advanced to aliow for preparation of a realistic GEIS, Based on favorable reviews
of this draft report (>1000 pp.), DOE ma.: 2 decision to proceed with development of the GEIS.
Accordingly, cfforts were initiated to upgrade the report for use as a major reference for the GEIS.
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232 Defense Waste-Processing Facility Project

J. W. Boyle

Work on developing 2 draft EIS for a defense waste-processing facility at the Savannah River
Plant was completed ® This facility will be used to immobilize Sigh-level radioactive waste, which
wil] eventually be disposed of in a mined g-ologic repository. Impacts from constructing and operat-
ing the facility will include disturbing 120 to 150 ha of land with resulting disrcp.ion of wildlife, silt-
ation of streams, and elimination of onc Carolina bay — a natural wetland. Some sociocconomic
immpacts on housing, schools, and comminity services over a six-county area will resclt primarily
from the influx of construction workers. Overall, the potential impacts of the proposed facility were
judged to be minimal.

2.3.3 Gas Centrifupe Low-Level-Waste Disposal Facilicy Pathways Analysis

R. Blumberg

The purpose of this project is to perform a pathways analysis for potential shallow i2nd boii -
sites on the Portsmouth, Ohio. reservation. These burial sites would accommodate low-level radioac-
tive wastes from the proposed gas centrifuge enrichment facility. Efforts werc aimed at geological
expiorations to ohtain data needed for modeling subsurface migration of leachate froin the wasies.
Prelimipary analysis i~ Jicates that the pathways of most concern are (1) leachate migration iato
groundwater du-".ig flo~ing events afier the landfili cover has deteriorated and (2) human intru-
sion on the site aft . instiiutional controls no longer exist.

2.4 FOSSIL ENERGY ENVILIONMENTAL PROGRAM

C. R. Boswon

The Fossil Enc.py Environmental Program provides DOE with eavironmental assessments and
technical support during the development of advanced fossil fuel facilities. Work during the past
year focused on three principal areas: (1) guidance to DOE industrial partners, (2) interactive
technical assistance activities, and (3) environmental asscssment. In the synfucls work, emphasis has
been on coal liquefaction and pasification demonstraticn Iacilities. ]

In addition to the work described below, ORNL caniied out the following tasks: (1) reviewed
the envircnmental report for the commercial-scale Breckinridge, Kentucky, H-Coal Project for
direct liquefaction of coal; (2) conducted a workshop and published proceedings on industrial

6. Draft Environmental Impact Siatement, Defense Waste Processing Facility, Savannah River Plant, :
Aiken, S.C., DOE/EIS-0082-D (September 1981).

!
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hygiene/occupational medicine in coal conversion facilitics;’ and (3) initiated a triweekly, regula-
tory and legislative update that provides a concise overview of current change, :n environmental
regulations.

2.4.1 Sysfuels Project

During FY 1981, ORNL completed EISs on five of DOE’s synfuels demonstration piojects —
three gasification and two liquefaction plants. The gasification plants included two higk-Btu gasifi-
cation plants, Conoco and Illinois Cozl Gasification Group (ICGG)*® and 2 medium-Btu plant,
Mempbis Light, Gas and Water (MLGW)." The two direct liquefaction plants were Solvent
Refined Coal-1 (SRC-1)'! and Solvent Reiined Coal-1I (SRC-II).**

Gasification Projects — A. J. Wikten

The MLGW draft EIS was issued in October 1980. A public hearing was held in December of
the same year in Memphis, Tenncessee. Most of the public comments on the draft statement {cither
submitted in writing or given at the hearing) concerned twa issues: floodplain/wetlands and occupa-
tional health. [n preparation of the final EIS, the floodplain/wetlands issues were addressed by
providing greater information on alternative sites. This was done to support DOE’s findings thai ao
practicable alternative existed. The occupational .calth concerns were addressed by ranking the
materials of concern based or: an analysis of pil-t plant data. The study revealsd that the materials
of most concern are carbon monoxide and hydrogen suifide. These are commonly encountered sub-
stances with established safety procedures.

Draft EISs were near completion on ICGG and Conoco when DOE requested that work be
stopped. The work completed at that time was documented and delivered to DOE as preliminary
draft EISs.

Liquefaction Projects — S. G. DeCicco

ORNL pionecred in environmental, heaith, and social asscssment of the emerging synthetic
fuel industry by preparing the first EISs on direct coal liquefaction plants (SRC-1 and SRC-II).

1. Proceedings of Workshop o.: Industrial Hygiene and Occupational Medicine in Coal Conversion Pro-
Jects, November 6-7, 1980, CONF-801143, September 1981,

8. CONOCO Pipeline Gas Demonstrasion Plant, Noble County, Ohio, Rmcw Draft Environmental State-
ment, March 1981.

9. llinois Coal Gacification Group, Pipeline Gas Demonsiration Plan, Culler Hllinois, Review Draft
Environmental Statement, March 1981,

10. Draft Environmental Impact Statemeni, Memphis Light, Gas and Walcr Division, Memphis, Shelby
rounty, Tennessee. DOE/EIS-0071-D (Nciobes 1980).

13. Final Environmental Impac - atemeni, Solvemt Refined Coal-1 Dcmomrraﬂon Project, Newman,
Daviess County, Kentucky, DOE/EIS-0073 (July 1981).

12. Final Environmental impaci Statemeni, Solvent Refined Coal-11 Demon.nmllon Project, Fort Martin,
Monongalia County, West Virginia, DOE/EIS-0069 (January 1981),
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Regardiess of the fate of these specific projucts (SRC-II has been cancelled), the EISs should have
generic value in devcloping an cnvironmentally acceptable synfuels industry and in setting a
precedent for future synfuel ElSs. '

Topics assessed included occupational and public health risks; air quality impacts from point
and fugitive emissions; water quality impacts from wastcwater discharge, spills, and water consump-
tion; groundwater impacts from solid waste disposal; ayuatic znd terrestrial ecological impacts;
noise impacts; traftic impacts from commuting workers; competition for skilled labor with other
projects; community impacts from in-migrating workers; cumulative impacts with other projects;
preliminary hazards identification; and hazards of siting on floodplains.

Environmental monitoring and industrial hygiene programs and specific mitigation plans for
fessening adverse impacts were also specified.

2.4.2 Fuel Use Act Project

R. C. Martin

E. L. Chumetski'> P.R.Intemann  A. W. Reed
E. D. Copenhaver'® F.C. Kornegay  D. N. Secora

J. E. Delene'? D. W. Lee L. L. Sigal'
L. C. Fuller"? A.S. Loebl W. P. Staub
R. E. Greene P.J. Mulhollund  P. J. Walsh'4
W. L. Greenstreet'* M. L. Myers"? A. P. Watson'*
N. E. Hinkle K. M. Oakes'* D ! Wilkes

The purpose of this project was 1o providz technical assistance to ERA-DOE in its implementa-
tion of the Powerplant and Industrial Fuel Use Act of 1978 (FUA). ORNL reccived task orders to
nrepzie technical support documents and Environmental Impact Reports (EIRs) related to proposed
prohibition orders issued to power plants in New York City (Arthur Kill'® and Ravenswood'”);
Huntington, Long Island (Northport); and Salem, Massachusetts (Salem Harbor). These task or-
ders required preparation of an engineering analysis tcchnical repu:?, a fuel supply and transporta-
tion analysis rcport, an environmental regulations technical report, and an EIR. ORNL also
received task assignments for special studies in the following areas:

1. Preparation of air quality and public health impact analyses and supporting studies for the
Northeast Regional EIS being prepared by DOE 1o evaluate the cumulative impact of the pos-
sible conversion to coal of 42 generating stations in the northeastern United Siates.

2. Uiility dispatch analyses to assist DOE in determining load factors to be used in financial
feasibility studies.

13. Engineering Technology Division.
14, Health and Safety Research Division.
15. Environmental Sciences Division.

16. Draft Environmental Impact Repori, Conversion of Arthur Kill Generating Station Units 2 and 30,
U.S. Depariment of Energy, July 1981,

17. Draft Envircamental Impaci Report, Conversion of Ravenswood Generating Station Units 30N and
30s, U.S. Department of Energy. July 1981,
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3. Development of 2 rate impact model for use by DOE in evaluaiing the changes in the cost of
power resultiag from use of alternative fuels.

The technical feasibility of four primary and six secondary alternative fuel aptions was evaluated in
the engineering analysis of the conversion of the Arthur Kill 2nd Ravenswood facilities. All options
were determined to be technically feasible. Cost estimates and supporting information were provided
to DOE for use in economic analyses. The fuel supply and transportation analyses for these facili-
ties indicated that conversion vnder any of the primary (coal) options would not be constrained by
the availability or transportatior of fuel. The analysis of the environmental impacts indicated that
conversion could be accomplished without violation of the applicable ambient air quality standard;
if appropriate contrcl and mitigation measures are emp'oyed. Impacts to terrestrial and aquatic
ecosystems are expected to be small and to be confined to the plant and sclid waste dispusal sites,
Impacts to public health are not expected to be significant.

The preliminary air quality unalysis for the Northeast Regional EIS predicted that conversion
under the scenarios resulting in the maximum SO, emissions could contribute to exceeding slightly
the annual average SO, standard near the Mason station and in New York City. Excreding the
24-k SO, standard could also occur in the Boston and Nev York subregions. It was concluded that
mitigative techniques could climinate the potential for exceeding the standard. Th: health impacts
resulting from the predicted 10% increases in ambient sulfate concentrations were not considered to
be significant. Impacts resulting from a predicted 2% increase in levels of nitrogen oxides could not
be predicted.

2.5 CONSERVATION AND RENEWABLE RESOURCES PROGRAM

L. J. Mczga't
H. M. Braunstein'® K. M. Oakes® G. W. Suter®
C. S. Dudney? C. D. Powers™® V. P. Tolbert®
G. K. Eddlemon®  A. W. Reed J. W. Webb?®
P. R. Intemann W. P. Staub D. J. Wilkes

J. F. McBrayer®

The Environmental Impact Section is responsible for preparing EISs and EIAs for virtually all
DOE geothermal research, development, demonstration, and foan guaranty projects and for desig-
nated solar and conservation projects, The geothermal support activity began in March 1976 and
has maintained a steady level of effort. EIAs have been prepared for projects in nine states and for
programs in the western United States, the Gulf Coast, and the castern Coastal Plains regions. Pro-
jects addressed have ranged from exploration to direct end use of heat and electrical generation.

!8, "Manager, on loan to DOE Low Level Waste Management Program.
19. Industrial Safety and Applied Health Physics Division.

20. Environmental Sciences Division.

21. Health and Safety Research Division.
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The geothermal resource program expanded during FY 1981 10 include assessment activities in sup-
port of the Navy's geothermal development and utilization p.ogram. The solar support activiti s
have evolved from preparation of the Biomass Programmatic Assessment?? to providing environmen-
tal support to the Alcohol Fuels Program.

2.5.1 DOE Geoikermal Projects

L. J. Mezga
A. W. Reed?

During FY 1980, ORNL continued or began wurk on 13 EIAs or other environmental docu-
ments in support of the DOE Geothermal Energy Program. Table 2.3 describes the environmental
documents work=d on during FY 1981. No one activity dominated Geothermal Environmertal
Assessment Program activities during FY 1981, and activitics were undertaken in support of the
Hydiothermal, Genpressure, and Geothermal Loan Guaranty Program. Actwvities of the past year
are characterized by a series of projects having their own unique and scientifically interesting issues
but having “no significant impact” in the connotation of the C-zncil on Environment=! Quality. In
additior to envirmamental assessments and evaluations for specific projects, ORNL assisted the
Division of Geothermal and Hydropower Technology in developing and eva! iating the effects of
environmental policies, laws, and regulations on the development and utilization of geotkermal
energy. Specific tasks include analysis of the impacts of the C'ean Air Act on geothermal energy®*
and identification of applicable state of Louisiana environmental requirements.

2.5.2 Department of the Navy Environmental Assistance Projecis

L. J. Mezga
A. W. Reed

This new activity was initiated in FY 1981 and consists of preparation of a programmatic EIS
for geotherm ! energy development and utilization at the Fallon Naval Air Station (NAS), Fallon,
Nevada. The Navy is evaluating the potential for use of alternative energy sources at its facilities
and as part of that activity is evaluating the potential geothermal resource at the Fallon NAS. No
potentially significant impacts were identified in the EIS; however, project activities will be
evaluated in more detail as the program progresses,

22. W. Fulkerson et al., Energy Division Annual Progress Report for Period Ending September 30, 1979,
ORNL-5638 (June 1980),

23. Acting manager.

24. Implications of the Clean Air Act and Other Air Quality Regulations on Geothermal Development in
the United States, Draft, September 1981,

f
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Table 2.3. Geothermal cavironmental documents worked on dusing FY 1981°

Project name and description Location Status
Geopressure esergy subprogram
Lafrurche geopressure well (drilling and Lafourcre Bayou, Louitiana Final EIA in preparation
flow testing of one well)
Gladys McCall well (drilling and tiow Cameron Parish, Louisiana Final EIA issued 1/81

testing of onz well)
Geupressure subprogrammatic for the Wilcox Texas and Louisiana Gulf Coast  Draft EIA submitted 9 /81

ard Tuscaloosa tormations (geopressure Region
well drilling and flow testing)
Blescing well {drilling and flow testing Matagorda County, Texas Evaluation compizted 9/81
of one wel!)
Analysis of s.ate of Louisiana environmental In nreparation
requirements
Hydvothetmal energy subprogram
Helical screw expander project Cesano, lialy, and Broadlands, International EJA
New Zealand completed 8/81
Analysis of the impacts of the Clean Air Draft EIA completed 9/81

Act on gevthermal energy development
and utilizatio..

Analysis of er.viromental, safety, and In preparation
health requirements for DGHT

Geothermal Loan Guaranty Office

Oregon Trail Mushrooms Geothermal Loan Vale, Oregon EIA issued 2/81
Guaranty (direct iteat application of
geothermal resource to produce mushrooms)

South Geysers--Rorabaugh Leaschold Sonoma County, California EIA issued 7/81
Geothermal Loan Guaranty (well drilling
and steam production)

Boisc Geothermal Partners (direct heat Boise, 1daho Enviromental evaluation
application) completed 6/81

?Acronyms used: EIA, Environmental Impact Assessment; DGHT, Divisicn of Geothermal and Hydropower
Technology.

2.5.3 Commercinl and Apartment Buildings Conservation Service Program

D. J. V/ilkes

The Commercial and Apartment Buildings Conservation Service (CACS) Program is proposcd
to be implemented as mandated by Congress in Subtitic D of the Energy Security Act of 1980
(Public Law 96-294). The program is designed to promote the installation of energy conservation
and renewable resource measures in residential and comn ercial buildings. ORNL supported DOE
in this effort through preparation of an EIS which was isiued as a supplement to the EIS prepared
for the Residential Conservation Service (RCS).?

25. Environmental Impact Statement. Diaft Supplenient, Residential Conservation Service Program
E xpansion 10 Multifamily and Commercial Buildings, DOE/EIS-0050-DS (December 1980).
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The EIS identified the eligible buildings inventory, the estimated participation rates, the energy
to be saved, 2nd the materials to be consumed because of the program. Fromn these estimates, pro-
Jections of the likely environmental impact were obtained. Other issues, including irdoor air quality,
nealth and safety impacts, and socioeconomic cffects, were examined independently. Positive
impacts of the program included reduction in consumption of clectricity, oil, and patural gas. This
reduction resulls in progress toward national energy independence and pollution reduction. Nega-
tive impacts incluced pctentiai contributions to indoor concentrations of air pollutants.

2.6 APPLED PHYSICAL SCIENCES GROUP

A. J. Witten
J.S. Baldwin®  F.C. Kurregay R. D. Roop
C. C. Gilmore D. W. Le: D. N. Secora
D. B. Hunsaker E. C. Long” R. D. Sharpe”
2_R. Intemann  F. G. Pin®® W. P. Staab

R. H. Ketelle A. W. Reed

The Applied Physical Sciences Group is concerned witk the dynamics of occans, rivers, lakes,
aquifers, and the atmosphere and with the dispersion of pollutants in these geophysical systems. The
group perfurms independent research and provides technical support in preparation of EISs and
Elxs.

Ongoing group projects include the study of atmospheric flow over complex terrain, turbulent
diffusion, stochastic transport, dynamics of buoyant plumes, groundwater flow, and the dispersion of
pollutants in the saturated and unsaturated zones.

2.6.1 Evaluation of Atmospheric Dispersion Models Program

F. C. Kornegay

The objective of the model evaluation program being carried out for NRC is to identify the
most accurate available atmospheric dispersion models for use at reactor sites during emergency
situations.

The program has developed criteria for judging atmospheric dispersion models through a “pat-
tern recognition test.” This procedure has been used in examining the performance of the Lawrence
Livermore National Laboratory (LLNL) Atmospheric Release Advisory Capability (ARAC) sys-
tem in actual field tests, in addition to determining the usability of other dispersion models when
compared with ;neasured data. The field test data, obtained in = ensive tests carried out at Idaho
Falls, is currently being documented.

26. Part-time.
27. Computer Sciences Division.
28. University of Rochester.
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The predictive capabilities of existing atmospheric dispersion models will be examined under
various circumstances. The most accurate techniques for given conditiors will be de* mined by the
pattern recugnition criteria developed in the earlier phase of this study. The final role of this pro-

gram is to provide recommendations to the NRC for implementing the best models at operating
reactors.

2.6.2 Stochastic Air Quality Vicdel

A.J. Witten 7. C.Kornegay E. C. Long?

Emiss’on rates from coal-fired power plants may vary from day to day as a result of the var
abilitv in the composition of the feed coal and in plant operations. One way to incorporate this vari-
2bility is to treat the emissin rate 2s a random variable. Given the statistics of the emission rate, it
i» possible to calculate the statistics of the resulting ground-level concentration.

This approach has been used to d:vel-p a single-source® and a multiple-source stochastic
niodel. The models require typical stack parameters as input along with the mean emission rate and
emiscion rate standard deviation. The moc*l assumes that the emissions are log-normally distrib-
ute:l, Outputs from the models are the probabilities of no exceedances, one exceedance, and two or
more excv.dances of given standards, cither on a receptor-by-receptor basis or over the entire
modeled region.

The stochastic approach las important impli_ations in air quality regulations. If air quality
regulations were modified to account for the variability of the sulfur content in coal, the regulatory
agency could specify a fixed violation probability that would not be exceeded by the utility. The
regulatory agency would develop an operating curve such as that shown in Fig. 2.1 for the
hypothetical power plant. This figure assumes that the allowable violation probability is 10% pex
year. This operating curve allows a range of means and standard deviations for the allowable SO,
emissions. This range is defined by the compliance area shown in this figure. For a fixed conversion
rate from percentage of sulfur in coal ‘o SO, emissions, allowable coal specifications can be
devcloped. These are also shown in this figure. The compliance space under the existing regulations
is also shown in this figure. Compu.ing currently allowable operating parameters wiib those gen-
erated by the stochastic approach, it becymes clear that accounting for the variability of emissions

allows utilities significantly greater flexitility in plant design, plant fuel selection, and plant operat-
ing procecdures,

2.6.3 Modified ORFAD Study

F. G. Pin*! A. J. Witten

The ORFAD cooling tower plume model is being redeveloped by J. Molyneux and F. G. Pin.
The original ORFAD code is based on an integral formulation utilizing many empirical relation-
ships. While this approach can reliably calculate drift deposition, it is inadequate for predicting

29. Computer Sciences Division.

30. A, I Witten et al., “An Aiternative Technique for Analyzing Sulfur Dioxide Concentrations from a
Single Source,” J. Air Pollut. Control Assoc. 31(7): 773 78 (July [981),
31. Hniversity of Rochester.
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grams/second) and sulfur (pescentage of weight) satisfying a 10% probability (omce in ten years) of violating the
24-h Prevention of Significant Deterioration increment.

other aspects of cooling tower plume behavior. The new version of ORFAD is based on first princi-
ples, numerically solving a set of coupled partial differential equations. The modeling effort gives
special attention to the microphysical cloud dynamics and to the treatmert of turbulence.

A preliminary two-dimensional model is being tested against available data. These tests indi-
cate that the model can quantitatively reproduce observed cooling tower plumes. Figure 2.2 shows
contours of constant cloud water (the visible part of the plume) concentration under calm conditions
and a strong atmospheric inversion. The plume is seen to travel vertically, penetrating the inversion,
then to spread laterally along the inversion. The dashed line on this plot represents the boundary of
the visible plume based on field observations. This resuli shows excellent agreement with observa-
tions.
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3. Regional and Urban Studies Section

R. M. Davis

3.1 INTRODUCTION

The principal objective of the Regional and Urban Studies Section {RUS Section) is to analyze
the social, resource, transportation, 2nd emergency planning effects of alternative energy policies
and technological optioas. The programs are designed around three related themes: (1) social and
resource assessments, (2) emergency planning, and (3) energy-use analysis — primarily for the
transportation sector. Social and resource assessments are conducted to analyze the societal impacts
of energy technologies and energy resource development. Emergency planning programs develop and
assess the feasibility of various options for responding to energy shortages. Our energy use analysis
combines analytical and experimental studies to assess the demand and conservation potential for
fuels in all modes of transportation.

Toward the end of the fiscal year, several new programs were initiated that are scheduled to
expand in the coming fiscal year. For example, (1) a major cffort in human factors research was
begun for the U.S. Nuclear Regulatory Commissicn (NRC) te improve the current examination
and training of nuclzar power plant operators; (2) several tasks were started to increase our encrgy
and civil defensc preparedness; (3) a program was initiated to evaluate the civil defense and energy
efficiency of underground housing; and (4) an experimental program was established to test the
energy efficiency of several classes of highway passe..ger cars. During FY 1981 the major sources
of support for these and other RUS Section programs included the U.S, Dcpard‘nent of Energy
(DOE), the U.S. Department of the Interior (DOI), the NRC, the Federal Emergency Manage-
ment Agency (FEMA), and the U.S. Depart'nent of Transportation (DOT). The work was carried
out by staff members from the section's four groups: (1) Resource Analysis (RA). (2) Social
Impacts Analysis (SIA), (3) Emergency Planning (EP), and (4) Transportation Energy (TE), in
conjunction with others from the Energy Division, other Laboratory researchers, and:subcontracton.

23
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3.2 SOCIAL AND RESOURCE ASSESSMENTS

W. B. Barron J. E. Dobson? C. H. Petrich

L. G. Berry A.M. Fullerton J. H. Reed

R. B. Braid, Jr.! E.L. Hillsman M. Schweitzer
L. M. Rronfman R. Lee E. J. Soderstrom
S. A. Carnes E. G. Llewellyn J. H. Sorensen
N. E. Collins E. Peclle A. H. Voelker

The RUS Section continued work on several social and resource assessments in FY 1981. In
addition, work was completed on an cvalvation primer for DOE's Office of Conservation and
Renewable Energy (CE).? The primer, described in detail in Sect. 5.2.3, is designed to aid program
managers in understanding evaluations and provides details on how to conduct an evaluation. This
year we also completed work on the Decentralized Solar Energy Technology Assessment
(DSETAP}, sponsorcd by DOE/CE. This program, discussed in detail in last yecar’s Annual
Report, analyzed the energy planning effects of several local communities under different levels of
government support and involvement. Several other assessments currently under way are discussed
below.

3.2.1 Siting of Nrclear Waste Repositories

An investigation of the role of incentives in nuclear waste repository siting was conducted for
the Office of Nuclear Waste Isolation in FY 1981.5 While various peonle had previously mentioned
the possible use of incentives, this systematic study classified incentives according to functional
categories {mitigation, compensation, and reward), outlined conditicns which would be prerequisitrs
to the use of incentives (guarantee of public health and safety, some measure of local control, and
official authorizatior of negotiations as a decision-making tocl during siting), and developed criteria
for evaluating diverse incentive systems. Figure 3.1 presents a simplified version of the criteria-
based frameworx that was developed for evaluating the usefulness of incentive systems. Table 3.1
defines various iypes of incentives, identifies a range of options within ecach type, and provides
examples of mechanisms that might be used for implementing the incentive.

't was found that incentive packages, as opposed to single incentives, may be useful in develop-
ing support and decreasing opposition to high-level-waste repositories in potentiai host communities.
Secondly, it was found that nonmonetary incentives, such as independent monitoring and access to
credible information, may be as important in eliciting support as monetary incentives, such as direct
payments to the community. In addition, without careful attention to prerequisites, it is not likely
that incentives will facilitate the siting process.

1. Leader, Social Impacts Analysis group.

2. Leader, Resource Analysis group.

3. E. J. Soderstrom, L. G. Berry, E. Hirst, and B. H. Bronfman, Evaluation of Conservation Programs: A
Primer, ORNL/CON-76 (July 1981).

4. W. Fulkerson et al., Energy Division Annual Progress Report for Period Ending September 30, 1980,
ORNL-5740 (November 1981).

5. S. A. Carnes et al., Incentives and the Siting of Radioactive Waste Facilities, Office of Nuclear Waste
Isolation, Columbus, Ohio, 1981.
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Fig. 3.1. A framework for evaluating incentives for high-level-waste repository siting.

Table 3.1. Incentives ciassification system

Example of corresponding
implementation mechanisms

o . o Range of
Incentive (ype Brief definitions possible strategies
Mitigation Actions gzared toward Buffers/land use management

preventing. reducing, or Monitoring /detection
climinating adverse impacts  Emergency preparedness
belore they occur Salety design
Public education
Socioeconomic impact mitigation
Land value guaranices
Compensation  Payments for actual Trust funds
damages in the event Insurance programs
of an accident or Assumption of liability
an anomalous event
Rewards Actions designed 1o award Direct monetary payments

benefits to communitics

assuming risks for

facilities that provide

public benefit

Bonus communily services

Tax incentives

Subsidies (advance)

Infrastructure development

Linking

Avoidance of other hazardous
facihities

Purchase of casements

Dosimeter program

Contingency plans

Establishment of acceprable risk levels
Distribution of information brochures
Job-training programs

Property dedication program

Excise taxes on wasies
Government-backed policies
Contracts with local governments

Payments-in-licu-of -taxes (PILOTS)

Programs such as the Comphrchensive
Employment Training Act (CETA)

Elimination of sales taxes

Reduced interest rates

Public works projects

Federal appropriations

Presidential order
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3.2.2 Sociceconemic Inpacts of Synthetic Fuet Plants

Late in FY 1981 the SIA group concluded its lengthy invoivement for DOL's Office of Fossil
Energ: (DOE/FE) in writing the environmental impact statements (EIS: ) for five synthetic fuel-
.dal-con "ersicr. demonstration plants. Thi program, described in more detail in Sect. 2.4.2, identi-
fied the potential impacts at the Solvent Refined Coal-I (SRC-I) plant in Newman, Kentucky, and
the SRC-II facility in Morgantown, West Virginia. The EIS prepared for the SRC-I facility identi-
fied important cumulative impacts. The potential cumulative impacts in the SRC-I area from a
total of fsur synfuel plants and seven coal-fired power plants were deemed so substantial as to
potentially create a boomtown situation in a nonisolated area, normally a highly unlikely event in
the East. The impact of the SRC-I project is represented in Fig. 3.2 with the relative population
impacts of the project being greatest in 1982 and 1989, the peak years of construction for the
demonstration and commericalization phases, respectively. Potentially severe highway impacts
around the SRC-I site warranted special treatment in the EIS and resulted in the development of a
detailed, multistep mitigation plan. Sociocconomic impacts projected in the anatysis received consid-
crable attention from the news media and interested groups.

ORNL-DWG 82-11828
' NEW ENERGY § PROJECTED SRCL
EMPLOYMENT BASELINE
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Fig. 3.2. Estimated comulative Isbor demand for the SRC-I region. Labor demand is based on the fore-
casted constouction schedule for four synfuel plants and seven coal-fired power plants added to the projected
baseline construction in the region.



3.2.3 Regional Coal Preduction Goals and Data Bases

In cooperation with the Los Alamos National Laboratory (LANL), ORNL continued work on
a study supported by DOE/FE to improve the methods and data used in developing regional coal
production goals. DOE has used a lincar programming model to simulate the functioning of
regicnal coal markets. The ORNL/LANL study examined each major component of such a mod=l-
ing system to determine needed improvements in the input data and model structure. The project
staff reviewed the most recent data available on coal reserve estimates, transportation cocts, and
demands. Information was updated as nceded (c.g., for transpoet costs), and variations in existing
estimates were documented (c.g., coal reserve data and coal demand projections). These studies
underscored the uncertainty associated with available data for a number of key data bases. Exten-
sive sensitivity analysis is required to determine the implications of this uncertainty on the credibil-
ity of lincar programming models to project regional coal production levels. Existing models do not
permit the ready substitution of data scis needed for such extensive sensitivity analyses. To address
this nced, the project stalT developed the Regional Coal Allocation model (RCA model). The RCA
model is created from components of existing models but incorporates a much higher degree of uscr
orientation to modify data inputs. The RCA model is being used to evaluate the implications of
variability in input data assumptions (c.g., the level of coal reserves existing in a given region) on
the model’s projections of relative demand for coal from that region.

In a related ongoing study sponsored by the Energy Information Administration, ORNL is col-
laborating with the Synergic Resources Corporation to provide the first detailed documentation of
the methods and data sources used to derive the Demonstrated Reserve Base (DRB) of coal in the
United States. The DRB is an estimate of the potentially minable coal in each state. The study
found that the methods and data sources varied considerably from state to state. Comparisons of
the DRB with other related estimates revealed considerable differences (Table 3.2). Nevertheless,
the estimates provide important informaztion on the geographical distribution of coal energy
resources (Fig. 3.3), and the range in estimates provides a measure of their precision.

3.2.4 Widerness Area Energy Resowrce Evaluation

Work continued for DOE/FE to evaluate the potential energy resources on areas being con-
sidered for possible designation as Wilderness Study Areas by the Bureau of Land Management
(BLM). With iajor assistance from Science Applications, Inc., we completc. a report assessing the
overall energy resource availability impact of withdrawing the proposed BLM Wilderness Study
Areas in the lower 48 states from rineral leasing.® The report concludes that the poiential collec-
tive contribution of these areas would be small — a slight percentage of the national resource base
for most mirerals. However, local impacts in areas having high coincidence of Wilderness Study
Areas and a high resource potential could be important. We identified several arcas as having a
high conflict potential (Fig. 3.4) and selected BLM districts for evaluation on the basis of these
areas.

The report also examined the availaJility of federal land for mineral exploration and extrac-
tion. The current level of formally and highly restricted land was found to be 40% or less of the
total public federal land, with another 5% estimated to be affected by administrative restrictions of
various types. These percentages are significantly lower than a recent industry estimate of 75% and




Table 3.2. Comparison of coal demsonstrated reserve base estimates, by state

(10° tems)® =s listed by six different
Anthracite excluded
Stal : el a
te

1979 DRB 1974 DRB RAMC Keystone ICF, Inc. NCRDS

Alabama 6.760 1,955 1,705 2872 1978
Alaska 6,156 11,645 2.386 7,000° 5.000 7,028
Arizona 424 350 350 387 800 8,116
Arkansas s 666 595 1,803 661 430
Colorado 16,190 14,869 5,585 16,300 14,863 - 16,122
Georgia 4 1 0 0 1
1dabo 4 0 0 0 0 5
Hinois 61,705 65.665 34,400 161,818¢ 143,188 60,643
Indiana 10,621 10,623 7.588 17,458 10,633 13,798
Towa 2,199 2,385 1,79 3.501/ 2,892 2,883
Kaasas 995 1,388 529 997 1,386 1,075
Kentucky 34,240 25,541 15,337 12,0745 25,830 38971
Louisiana 0 0 0 1,100 0 0
Maryland 826 1,048 915 1.230 1,043 312
Michigan 128 18 0 0 0 9%
Missouri 6,077 9,437 3677 3,808 7,743
Montana 120,469 108,396 102,384 291,639* 108,167 169,773
New Mexico 4539 4,395 4,367 6,504 4,188 3,884
North Carolina 11 32 0 0 0 20
North Dakota 9971 16,003 12,676 16,003 16,099 59,638
Ohio 19,035 21077 11,756 20,451 21,007 22,030
Oklaboma 1,644 1,294 835 7.216 1,296 1,339
Oregon 18 2 0 0 0 25
Pennsylvania 23,332 16,759 21.273 34,000* 31,088 12,703
South Dakota 336 428 200 0 408 1.856
Tennessec 998 987 753 987 1,035
Texas 12,694 327 7,000 12,984 8,174 3272
Utah 6,502 4,043 3,557 24,300 4,047 5,045
Virginia 3412 3,376 2,899 3,657 4630
Washington 1,580 1,954 609 6,179 62 1,670
West Virginia 35,985 39,590 27128 38,000 40,944 11,574
Wyoming 70014 53,336 48,988 55,952 89,514 45,899
Toal™ 467,211 421,187" 323,958 196,896 543,434 503,594

“Short tons are units of measurement used by the coal industry and all coal statistics sources. For conver-
sion to metric tons, multiply by 0.90718.

dSources:

I. 1979 DRB—Eanergy Information Administration, Department of Encrgy. Table 2 in Demonstration
Reserve Base of Coal in the United Siates on January |, 1979, DOE/EJA-0280(79), U.S. Government

Printing Office, Washington, D.C., 1981.

2. 1974 DRB—Robert D. Thomson and Harold F. York, Table | in The Reserve Base of U.S. Coals by
Sulfur Contens—Part I, The Eastern States, BM-1C-8680, U.S. Bureau of Mines, 1975; and Patrick
A. Hamilton, D. H. White, Jr., and Thomas K. Matson, Table | in The Reserve Base of U.S. Coals by

Sulfur Content—Part 2, The Western States, BM-1C-8693, U.S. Bureau of Mines, 1975.

3. RAMC—Complicd from Resource Allocation and Mine Costing input data file provided July 1981 by

Ramesh Dandekar, Coal Division, Energy Information Administration. Department of Energy.

4. Kcystone—State geological survey reports, various pages in the /980 Keysione Coal Industry Monual,
McGraw-Hill, Ngw York; may include anthracite.
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5. ICF, Inc.—ICF, Inc., Taoic 3.8 in Coal and Electric Utilities Model Documentation. draft, Washing-
ton, D.C., 1980.
6. NCRDS—Calculated from the ECOAL and WCOAL data files of the National Coal Resources Data

System, U.S. Geological Survey, Branch of Coal Resources, 1981; reserve estimates are as of the dates
of the individual source documents.

“Text suggests that this is an underestimate.

“Text suggests that this is an underestimate.

“Iilinois uses a different resource classification system.

/Text suggests that this is an overestimate.

$Text suggests that this is an overestimate.

.Tonnage is for “identified” resources (of which the demonstrated reserve base is a subset).
*Estimate is for only surface resources in the San Juan Basin.

Jincludes total resources.

"Tonnagcufor “recoverable reserves” over 71 cm (28 in.) thick

'Includes “inferred™ reserves.

*Data may not add to totals shown due to rounding. No entry in the table indicates that no cstimate is

available.

*{ncludes 126 X 10° tons of western anthracite.

somewhat higher than the 30% quoted by environmental interests.® Our estimate is expected 1o be

reduced by 15% as review processes, sct in motion by past legislation, are completed in the next few
years.

We also have assisted the BLM staff in more detailed evaluations for specific districts using

the resource evaluation methodologies developed earlier in this program. In FY 1981 we completed
our evaluation of the Cocur d’Alene District in Idaho,” and technical conclusions for the Cedar City
District in Utah were transferred to the BLM staff of that district.$

3.3 EMERGENCY PLANNING

M. V. Adler G. A. Cristy G. E. Kamp
M. Baker K. S. Gant J. M. Schreyer
D. J. Bjornstad C. M. Haaland H. B. Shapira
F. D. Boercker E. L. Hillsman R. N. Thurmer
C. V. Chester®

Emergency planning includes work directed at coping with a variety of energy-related emergen-

cies. Included is DOE work on radiological emergencies for the Division of Radiological Controls,
cmergency alternative energy supplies for the Division of Biomass Technology, and technical assis-

tance to the Office of Energy Emergencies. Work on measures to survive nuclear war is done for
FEMA. ‘

6. E. H. Oakes and A. H. Yoclker, Bureau of Land Management's Wilderness Rtvmv Program and the

Future Availability of Energy Resources: An Overview (in review; to be published as an ORNL/TM report).

7. E. H. Oakes et al., The Department of Energy’s Energy-Resource Evaluation of Wilderness Study

Areas Administered by the Bureau of Land Management, the Coeur d'Alene Dmria Idaho, draft report, Sci-
ence Applications, Inc., May 29, 1981,

8. E. H. Oakes ct al., The Depariment of Energy’s Energy-Resource Evaluation of Wilderness Study

Areas Adminissered by the Bureau of Land Management, the Cedar City District, Ulah draft report, Science
Applications, Inc., Apr. 20, 1981,

9. Leader, Emergency Planning group.
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Fig. 3.4. Regions recommended to the BLM for accelerated Wilderness Study Areas suitability studies
based on the coincidence of Wilderness Study Areas and areas of important emergy-resomrce potentisl.

3.3.1 Radiological Assessment and Planning

FEMA's recent radiological emergency planning regulations assigned the role of coordinating
offsite radiological ‘nonitoring and assessment activities 1o DOE. The Emergency Planning Group
assisted DOE in dcveloping a Federal Radiological Monitoring and Assessment Plan (FRMAP) to
replace the old Interagency Radiological Assistance Plan, aGopted in 1961. The plan under develop-
ment consists of a generic radiological assistance plan with annexes containing additional informa-
tion for specific types of incidents. The annex dealing with commercial nuclear power plant
incidents is currently being reviewed by the participating agencies. In a related task sponsored by
the NRC, we analyzed the proposed changes in the criteria for siting commercial nuclear power
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plants that would restrict the population density and distribution — and thus the population at risk
—- within 48 km (30 miles) of the proposed plant site.'°

In addition, three new handbooks are heing deveioped for FEMA on rad ological defense for
the U.S. population in the event of nuclear war. The first handbook to be prepared aeals with radia-
tion safety for the millions of people who may have to remain in shelters for days, possibly weeks,
after 2 nu-lear attack — until the radioactivity from nuclear fallout decays to less hazardous
levzis.!' This handbook has been pul’ished and distributed to health physicists. Two additional
handbooks are concurrently being developed. One deals with radiation safety for those people who
must leave shelier to perform emergency work while the radiation levels from fallout remain
hazardous. The second .escribes a monitoring and reporting system for fallout. In preparation for
writing the latter twe handbooks, a method by radiological defense officers has been developed to
solve the problem of furecasting radiation levels and accumulated exposure to radiation resulting
‘rom superimposed fallou. from many nonsimultaneous, npwind groundbursts.'?

3.3.2 On-Farm Applicatioas of Solar Process Heat

DOE has continued to support a research program by the Science and Education
Administration-Federal Research of the U.S. Department of Agriculture to develop on-farm pro-
cess applications of solar hear.!” The Emergency Planning Group’s technical monitoring assistance
to DOE in this area continued in FY 1981.

The solar systems designed and developed were directed toward providing farmers and food
processors with information that could reduce U.S. consumption of conventional fuels. Techniques
that were shown to be effective include solar collectors integrated into farm buildings, solar pasteur-
ization of fluid foods (Fig. 3.5), hops drying by use of solar and biomass energy. solar-heated
brooder houses, and a multilayer, thermal blanket for ~nergy conservation in greenhouses. While the
capital costs of the collector system for the solar pasteurization of foods will probably never be com-
petitive with other methods of providing the heat, developing the control system to maintain product
quality despite varying solar intensity was a major technical accomplishment.

3.3.3 On-Farm Applications of Biomass

Biomass fuels are particularly attractive for on-farm use because of the proximity of feedstocks
and because of the potential for agricuitural self-sufficiency in times of fuel shortages or price
increases. Rescarch funded by DOE'’s Office of Emergency Contingency Planning during FY 1981
focused on studying the cost cffectiveness of alternative biomass fuels relative to centrally delivered
fuels in the agricultural sector and evaluating the availability of feedstocks to meet agricultural

10. K. S. Gant and M. Schweitzer, Protective Actions as a Factor in Power Reacior Siting {to be pub-'
lished as an ORNL report). !

11. C. M. Haaland, 4 Proposed New Handbook for the Federal Emergency Management Agency: Radia-
tion Safety in Shelters, ORNL-5766 (September 1981). |

12. C. M. Haaland, “Forecasting Radiation Exposure from Fallout from Multiple Nonsimultaneous
Upwind Groundbursts™ (to be submitted to Health Physics).

13. L. B. Altman et al., “Agricultural Solar Research Programs  An Overview and Highlights” (submit-
ted to Transactions of the ASAE, May 1981),
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Fig. 3.5. Washington State University solar milk-pasteurizing omit.
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energy needs.'® The results indicate that at present only the direct combustion of such fuels as
wood. crop residues, and animal residees is cost competitive wi 1 central fuels. But vegetable oils
may soon become cost competitive with diesel oils. Table 3.3 illustrates this by presenting the ratio
of biomass fuel cost to diesel oil price for solvent-extracted vegetabie oils. Two elements will be cru-
cial in determining cosi ccmpetitiveness: (1) the price of centrally delivered diesel oil and (2) the
market value of oil-seed meal by-products, some of which are not currently mazketed. It appears
tha: for the nation as a whole, adequate feedstocks are available. However, individual regions might
necd to adjust crupping practices if extensive transport of fuels is to be avoided.

Table 3.3. Ratio of biomass fwel costs to diesel
cil price by feedstock and year

Feedstock 1980 1985 1990

Sunflowers 1.42 1.22 0.97
Soybeans 1.31 1.09 0.87
Peanuts i 3.27 2.61
Corn 1.59 i.29 1.02

Source: D. J. Bjornstad et al,, The On-
Farm Use of Biomass Fuels: Markei Pene-
tration Potential in a Fuel Emergen_y, draft
ORNL/TM report.

3.4 TRANSPORTATION ENERGY USE TRENDS

D. L. Greene!> M. L. Johnson  G. F. Roberts
M. C. Holcomb  G. Kulp A. B. Rose
J. N. Hookar B. E. Peterson

3.4.1 Transportation Energy Use Analysis

In support of a project for the DOE Office of Policy, Planning, and Evaluation, the TE group
made use of the ORNL Highway Gasoline Demand Model and time-series analysis to examine
recent trends in transportation energy usc. Declines in energy use in 1973-1974 and again in
19791980 (Fig. 3.6) were largely the result of short-run responses to higher fuel prices. Recession-
ary periuds reinforced the short-run price effect. Together, these factors accounted for two-thirds to
three-quarters of the decline in energy use in each episode.

Short run responses primarily consist of re-ictions in transportation activity and of operational
changcs to increase system energy efficiency, sucn as higher load yactors or greater use of more effi-
cient equipment. Declines in energy use resulting from technical efficiency improvements were less
significant, Although growing rapidly now, technological improvements in the fuel economy of new

14. D. J. Bjornstad et al., The On-Farm Use of Biomass Fuels: Market Penetration Putential in a Fuel
Emergency, draft ORNL/TM report.
15. Leader, Transportation Energy group.
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Fig. 3.6. Transportation emergy use, 1973-1980. Source: D. L. Greene et al., Transportation Energy Use
1973-1980: Trends, Changes, and Causes (in preparation as ORNL/TM-7953).

cars and light trucks in 1980 probably accounted for only 25% of the decline in highway gasoline
use between 1979 and 1980 (Table 3.4). Increased use of more efficient wide-body jets accounted
for some of the decline in aircraft energy intensity between 1973 and 1980. Data for other modes
indicated little or no technological improvement in stock fuel efficiency, partly because of lesser
incentives and slower capital stock turnover rates. In addition, freight modes appear to be less price
responsive in the short run, their demand oc.ig driven primarily by economic activity. Highway
diesel fuel demand, for example, indicated a short-run price clasticity of —.1, about one-half that
of gasoline. In the case of rail freight, a simple time-series model was calibrated in which gross
national product (GNP) was used ‘*» forecast revenue ton-miles. The model produced a constant

clasticity estimate for GNP of 0.5, indicating that rail freight activity is highly responsive to
changes in GNP.

Table 3.4. Estimates of sources of recent declines in gasolime consumption

Percent:ge of
Percentage decrease centcg

forecasted decrease
1978--1979 1979-1980 1978-1979
Price -4.3 -4.3 61 55
Household income -0.7 -1.4 10 18
Fuel cconomy -08 -19 12
Diesel penetration -0.2 -0.2 1 3
Shortage -1.0 0.0 14
Other (includes increase +2.2 +2.5
in households)
Total estimated -~3.7 ~5.2
by model
Total actual -3.7 ~4,8° 100 100

°The estimated decline is based on motor gasoline sales through Scp-
tember [980.
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3.4.2 ORNL Highway Gasoline Demand Modeling'®

Over the past four years, ORNL has done considerable research in analyzing and modeling
gasoline demand for DOE. We analyzed the determinants of differing regional pitterns of
demand,'” constructed a state-level forecasting model for DOE's Energy Information
Administration,'® developed and exercised a system for setting emergency gasoline conservation tar-
gets under the Emergency Energy Conservation Act,'® estimated individual, monthly gasoline use
forecasting models for all 50 states,® and, most recently, analyzed the causes of recent declines in
gasoline use in the United States.'® In a recent study for DOE, ORNL used its mid-iange gasoline
demand mode! to dissect the 1979-1980 decline in U.S. gasoline use and determine the relative
impertance (to consumption reduction) of automobile fuel economy improvements, dieselization,
and reduced travel. Actual historical data on prices, income demographics, new-car-and-truck fuel
economies, and discrepancies between in-use and EPA-measured miles per gallon were input to the
model.

In 1978, 425 X 10° L of gasoline were consumed on U.S. highways. This dropped to 409 X
10° L in 1979 and to 383 X 10° L in 1980, the first consecutive two-year decline in highway gaso-
line use since 1942-1943 and the first in peacetime since the Great Depression years 1932-1933.
Our analysis indicates that well over half of this decline is attributable to a short-run response (pri-
marily from reduced travel) to the more-than-50% increase in constant-dcllar fuel prices in those
two years (Table 3.4). New-car fuel cconomy improvements were the second largest factor,
accourting for one-cighth and one-fourth of the 1979 and 1980 declines, respectively.'® Reduced
reai souschold incomes were slightly less important and dieselization of automobiles and light
trucks accounted for less than 5% of cach year’s decline. The much-publicized fuel shortages of the
summer of 1979 reduced total consumption by only an estimated 1% — about 15% of the total
demand reduction (Fig. 3.7).

The impact of fuel economy improvements roughly doubled from 1979 to 1980.'® The incre-
mental effects of new-car fuel efficiency improvements will continue to grow, at least through 1983,
in accordance with the Corporate Average Fuel Economy standards mandated by law. Because of
these improvements, it is likely that highway gasoline demand will continue to decline through the
mid-1980s even in the presence of lower real fuel prices and economic and population growth,

3.4.3 Highwzy Diesel Fuel Demand Modeling

ORNL neared its goal of developing a comprehensive set of state of the art energy demand
forecasting mcdels for each transportation mode with the completion of air-passenger energy use

16. D. L. Greene and G. Kulp, “An Analysis of the 1978-80 Decline in Gasoline Consumption in the
United States™ (accepted for publication in Ene:gy).

17. D. L. Greene, “State Differences in the Demand for Gasoline: An Econometric Analysis,” Energy Sys.
Policy 3(2): 191-212 (1978).

18. D. L. Greene, “A State-Level Stock System Model of Gasoline Demand,” Trans. Res. Rec. 801:
44-50 (1981).

19. D. L. Greene and G. H. Walton, “Data and Methodological Proolems in Establishing State Gasoline
Conservation Targets,” Trans. Res. Rec. 815; 24-30 (1981),

20. D. L. Greene and C. K. Chen, “A Time-Serics Analysis of State Gasoline Demand, 1975-1980" (to
he published).
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Fig. 3.7. Estimates of sources of recent declines in gasoline consumption.

and heavy-truck, diesel fuel demand models.! The highway diesel fuel model is based on the
economic theory of production and views heavy trucks and the fuel used to propel them as inputs to
the production process of the economy. A significant problem that has hindered the development of
highway diesel fuel demand models in the past is th= general dearth of data on heavy-truck stocks.
This problem was successfully overcome by estimating a simple logistic scrappage mode! for a
known subset of the heavy-truck fleet and estimating stock by applying the model to historical sales
and truck-price data. In this way, both total and heavy-truck, diesel stock estimates were created
wuich replicate, with remarkable accuracy, truck stock age distributions based on national survey
data (Fig. 3.8). Estimation of a new heavy-truck demand equation indicated clastic demand with
respect o GNP but inelastic respunse to truck prices. Heavy-truck demand was found to be highly
sensitive to short-term GNP trends, as is evident in the recessionary periods of 1975 and 1980 (Fig.
3.9). Diese! {uel dunand was found to be most responsive to economic growth and considerably less
sensitive to the number of diesei trucks. Short-run price elasticity was found to be quite small, even
less than that of gasoline. This is hardly surprising in view of the fact that dicsel fuel use continued
to increase in 1979 and 1980 despite unprecedented price increases.

34.4 Vehicle Testing

The TE group carried ov¢ a vehicle-testing program in support of DOE's Driver Energy Con-
servation Awareness Trainirg program. The aim was to investigate the effect of driver behavior on
fuel economy and particularly to determine optimal control for minimum fuel consumption.

21. D. L. Greene, “A Derived Demand Model of Regional Highway Diesel Frel Use” (10 be published).
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One phase of the investigation determined that, in two 1979 miodel automobiles, one cannot
save fuel by closing the windows and turning on the air conditioner, contrary to previous claims
(Table 3.5).22 The sccond and most substantial phase involved developing maps of on-road fuel con-
sumption versus speed and acceleration,??* like that in Fig. 3.10. These maps were the basis for a
very fast and accurate vehicle simulator. For the third phase of the project, the simulator provided
the objective function in dynamic programming routines that calculated optimal costrol of a Ford
Fairmont i fuc! economy.”® The most fuel-efficient way to drive was computed for accelerating to
cruising speed (Fig. 3.11), driving a block with a stop sign at either end, and driving over various
hills. Optimal driving over rolling hills of 6% grade, for instance, requires 12% less fuel than driving
at constant speed without loss of time.

22. G. F Roberts and A. B. Rosc, “Detecting Small Differences in Fuel Economy: Air Conditioning vs.
Open Windows,” to be presented at 1982 SAE International Congress and Exposition, Detroit, Mich., Feb.
22-26, 1982, and to be published in SAE Technical Paper Series.

23. 1. N tooker, A. B. R “5¢, and G. F. Roberts, "A Holistic Approach to Vehicle Simulation™ (to be
submitted for journal publication).

24. A. B. Rosc et al, "A Data-Based Simulator for Predicting Vehicie Fuel Consumption,” to be
presented at 1982 SAE International Congress and Exposition, Detroit, Mich., Feb. 22-26, 1982

25. J. N. Hooker, A. B. Rosc, and G. |. Roberts, “Optimal Control of Vehicles for Fuel Economy™ (sub-
mitted to Transporiation Science).

Table 3.5. Contribution of opea windows and air conditioning to
fuel ecomomy, based om am ordinary least-squares regression

Predicted fuel  95% confidence

Test condition cconomy interval
(km/L) (km/L)
Chevette  Control” 13.89 20.071
Driving opposite -0.19 +0.063
direction
Windows open —0.01 +0.089
AJC. normal -0.29 +0.089
setting
A/C, maximum -0.44 +0.089
setting
Fairmont  Control® 11.03 10.048
Driving opposite -1 +0.043
direction
Windows open +0.04 +0.060
A/C, normal —~0.43 $0.060
setting
A/C, maximum —0.66 $0.060
setting

“Windows closed, air conditioner off, driving north at 90 km/h
on a slight downgrade.
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FUEL FLOW RATE (ML/S)

Fig. 3.10. Fuel flow rate (mL/s) vs speed and acceleration in first gear for 2 1979 Ford Fairmont station
wagon with antomatic transmission. The boundarics of the surface define the operating regton for first gear.
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Fig. 3.11. Optimal acceleration from rest (o s cruising speed of 90 km/h for the 1980 Ford Falrmont sts-
tion wagon. The solid line shows the optimal speed trajectory. The fincly dashed line at the bottom indicates
the terrain, which in this case is a level road. The third line shows the percentage of available power used,
where 0% refers to coasting and 100% to wide-open throttle. The numbers on the soerd line indicate nninte at
which the transmission shifts into the gear indicated.



4. Economic Analysis Section

R. B. Shelton!

4.1 INTRODUCTION

The Economic Analysis Section is invoived in a wide range of rescarch, and the major activitics
are ceflected in the responsibilities of the section’s three resecarch groups: the Energy Demand
Analysis Group, the Energy Modeling and Analysis Group, and the Resource and Regulatory
Analysis Group. The Energy Demand Analysis Group focuscs on the broad spectrum of energy-
demand issues; tlie primary research activity during the past year has been the development of
econometric models of clectricity demand, along with helping other groups in the development of
enginecring /cconomic end-use models and work on tax credits. The group’s work continued ‘his
year with the use, maintenance, and revision of the buildings sector end-use models of residential
and commercial energy demand. The Energy Modeling and Analysis Group's modeling activities
have been directed into areas of energy supply aad regional modeling issues. The group is currently
assisting in the modeling of the natural gas industry for the Energy Information Administration
(EIA) and utilizing regional models in the analysis of regional energy issues. This group also has
developed considerable expertise in the evaluation of models, an important emerging rescarch arez.
The Resource and Regulatory Analysis Group has worked on a wide range of issues involving the
use of encrgy resources and their impact on the environment and has looked at issues such as the
impact of regulations on the wheeling of clectricity in the United States. An important contribution
to research activities in other sections has been impact analysis of energy facilities. Emergency plas-
ning has been an evolving research activity, both within the section and in other sections.

Much of the section’s research activity involves working with groups in the Division's other
sections and also with other Laboratory divisions. Because the section is “home™ for all of the
cconomists at the Laboratory, input must be provided to all projects that require economic
analysis. As the needs of energy research in the various sections and divisions change, the section’s
research program will reflect these changes. The section attempts 1o remain flexible in terms of the
types of economic skills provided for research projects in the Laboratory. This need for versatility
is shown in the following detailed discussion of cach group’s activities during the past year.

1. Section head.

41



42

4.2 ENERGY DEMAND ANALYSIS GROUP

R. J. Maddigan®
W. S. Chern® D. M. Hamb.'n*
S. M. Cohn* R. D. Perlack
C. A. Gallagher

4.2.1 Isiroduction

Economists in the Energy Demand Analysis Group have been involved in the investigation of a
range of energy issues this year. Emphasis has been in the further development of empirical,
computer-based models to support the analysis of changing trends in energy demand, the impacts of
energy policy, and the development of domestic eneigy resources.

The group has provided technical support to projects which are described in detail elsewhere in
this report. Work continued with the Buildings and Industrial Energy Demand Group in the use,
maintenance and revision of the buildings sector end-use models of residential and commeicial
energy demand.® The group’s economists also helped complete 2 survey of life-cycle cost (LCC)
models for buildings’ load-simulation programs and assisted in the construction of an LCC code for
analysis of innovative building designs.® The analysis of residential energy tax credits for new
cnergy-saving appliances was continued this year with he Data and Analysis Section. The tax-
credit cligibility model was modified to account more accurately for oil and gas savings by clectric
utilitics. In addition, an equipment-choice model was developed to estimate new appliance sales for
cach of the ten federal regions, so that the impact of a tax credit can be evaluated.” In cooperation
with the Regional and Urban Studies Section, the group has been involved in developing an interac-
tive cost-accounting model for the economic evaluation of short-rotation woody biomass
plant-tions.® The group has also been involved in improving the demand data and methods required
10 help establish privrities for future coal-leasing and coal-production goals. The refinement and use
of a regional coal model for these priorities has been the major focus of the project.®

2. Group leader and Wigner post-doctoral fellow.

3. On leave of absence.

4. Dual capacity.

5. S. Cohn et al., A Commercial Energy U:e Model for the Ten U.S. Federal Regions, ORNL/CON-40
(March 1981); E. Hirst et al., Energy Use from 1973 1o 1980: The Role of Improved Energy Efficiency.
ORNL/CON-79 (10 be published): D. M. Hamblin and T. A. Vineyard, Modeling Buildings Sector Conserva-
tion Impacis of ASHRAE 90A-1980, ORNL/CON-82 (to be published).

6. G. A. Cristy et al., unpublished internal document.

7. S. M. Cohn and N. S. Cardell, Resideniial Energy Tax Credit Eligibility: A Case Study for the Heat
Pump Water Heater, ORNL/CON-T71 (to be published).

8. W. F. Barron and R. D. Perlack, “Designing Cost Accounting Models for Woody Biomass Sys:ems and
Direct Application of Geothermal Energy,” Proceedings of the Fourth Miami International Conference on
Alternative Energy Sources, Miami, December 1981,

9. W. F. Barron et al., Jaregrated Regional Sysiem for Setiing Coal Production Goals Projecs, ORNL
drali report (to be published).
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4.2.2 State-Level and Service-Area Specific Electricity Demand Analysis

The continuing development of the clectricity demand models for the Nuclear Regulatory
Commission (NRC) focused this year on completion of the description of the model interactions,'®
estimation of the Varying Elasticity Model,'' and development of the appliance-saturation forecast-
ing submodel.'?

Documentation describing the integrated system for forecasting electric energy and load was
compicted this year.!* The forecasting system comsists of three components: the State-Level
Electricity Demand (SLED) forecasting model, the Utility Service Area Disaggregation (USAD)
forecasting model, and the Load Distribution (LD) model. SLED forecasts of state-level, sectoral
clectricity demand and prices are input to the USAD model, which in turn produces a similar set
of forecasts for a utility. The aggregate demand projection obtained from USAD is input to the
LD model, which forecasts minimum and maximum hourly load and the load-duration curve for
the service area.

At thz request of NRC, an analysis of the future demand growth of the Northern Indiana Pub-
lic Service Company’s (NIPSCO) service area was conducted using the integrated forccasting
system.!* NIPSCO has an unusual service area in that approximately 70% of its sales are in the
industrial sector. Table 4.1 compares the state-level forecasts with the forecasts estimated for the
service area.

Work continued on the development of the Varying Elasticity Model (SLED-VEM), which
represents the demands for electricity in the residential and commercial sectors as functions of the
percentage of buildings that own electricity-using durahl= goods such as air conditioners.'s In addi-
tion to this innovation in the specification of demand in a state-level model, SLED-VEM also
differs from the partial-adjustment specification of SLED in ihat state-specific, own-price eclastici-
tics are estimated rather than applying regicnal elasticities to every state within that region. Results

10. W_S. Chem et al., An Iniegrated System for Forecasting Electric Energy and Load for States and
Utility Service Areas, ORNL/TM-7947 (1o be published).

11. W. S. Chem, R. E. Just, and H. S. Chang, 4 Varying Elasticity Model for Electricity Demand with
Given Applicance Soturation, ORNL/NUREG,/TM-438 (to be published).

12. J. L. Trimble, An Analysis of Residensial Fuel Choice (to be published as an ORNL/TM report).

13. Ref_ 10.

14. C. A. Gallagher and L. J. Hill, Electricity Demand Forecasts for the Northern Indiana Public Service
Company, ORNL draft ceport (July 1981).

15. Ref. 1.

Table 4.1. Comparison of amnual growth rates (%) of electricity demand by sector for the
state of Indiana and Northern Indians Public Service Company from 1978 to 1999

State of Indiana Northern Indiana Public Service Compeny
Sector Historical Forecast 1978-1990 Historical Forecast 1978-1990
196s-1973 Base Low High (g 155 Base  Low  High
pricc pricc  price price price price
Residential 1.0 317 4.3 34 6.2 1.9 27 1.5
Commerical 6.7 4.1 4.8 4.1 1.0 2.2 29 2.1
Industrial 6.2 49 6.1 4.8 8.3 .4 7.0 5.2

Total 6.5 44 5.3 4.2 15 4.8 6.2 4.5
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from this estimation of SLED-VEM indicate that the variation in elasticitics among states can be
substantial. The short-run-average, own-price clasticity of residential demand varies from —0.04 in
North Dakota to —0.85 in Mississippi. The model was estimated and the forecasting methodology
derived this year. Forecasts using SLED-VEM will be completed carly aext fiscal year.

Another task dealing with state-leve! electricity demand modeling completed this year was the
estimation of a submodel that can be used to forecast durabic appliance saturations, using
fundamental demand determinants. A maximum likelihood estimate of a multinominal logit model
was calculated for the saturations of electric space heat, electric water heating, and air conditioning.
The estimate was based on the Depariment of Energy (DOE) 1979 National Interim Energy Con-
sumption Survey of some 4000 houscholds in the United States.'® The analysis indicates that fami-
lies living in homes built before 1959 tend to rely on fuels other than natural gas or clectricity,
while homes located in warmer climates are more likely to be heated with natural gas.

4.2.3 Rwnal Electricity Demand Analysis

The research on modeling electricity demand for the rural clectric cooperatives, sponsored by
the U.S. Department of Agriculture’s Rural Electrification Administration (REA), continued into
its second year. The purpose of the project has been to develop the methodology for making state-
level forecasts of clectricity sales and average price for the cooperatives’ residential, commercial,
industrial, and irrigation sectors. REA, which administers a loan program for the cooperatives,
plans to use this study in its analysis of future growth of the rural electric borrowers.

The first version of the Rural Electric Energy Demand (REED) forecasting model, completed
last year, used state-level data on the cooperatives and their customers from 1969 to 1977.'7 The
model is similar in structure to Vession II of SLED — in that the submodels are specified using a
partial-adjustment, log-linear demand equation and a quadratic price equation. The irrigation sub-
model includes a third equation, which reflects the long-run growth in irrigation customers using
electricity. Forecasts using REED I were developed in this fiscal year. Although the cooperatives
had experienced an average annual growth in total sales of 9.8% between 1969 and 1977, the six
scenarios examined project annual growth from 1977 to 1990 of only 5.4 to 6.6%.

Comparable versions of REED and SLED were estimated to highlight the differences between
rural and total residential electricity demand.'® The results of the study indicate that rural residen-
tial customers are more sensitive to changes in electricity pricing than average, state-level custom-
ers. On the other hand, average, state-level customers are more responsive to changes in the prices
of substitute fuels than their rural counterparts.

One of the major activities this year has been the development of a supply-side component of
REED that forecasts the growth in the cooperatives’ total operating costs.'® Unlike the rest of the

6. Ref. 12,

17. R. ). Maddigan et al, The ORNL Rural Electric Energy Demand Forecasting Model,
ORNL/TM-7863 (September 1981).

I18. C. A. Gallagher, R. J. Maddigan, and W. S Chern, “A Comparison of State-Level and Rural
Residemial Electricity Demand,” American Statistical Association 1981 Proceedings of the Business and
Economic Statistics Section (to be published).

19. R. J. Maddigan and C. A. Gallagher, “The Impact of Changing Intercat Rates on the Rural Electric
Cooperatives’ Tota! Costs,” presented at the Western Economic Association Annual Meeting, San Francisco,
Calif., July 1981.
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industry, less than 30% of the cooperatives’ power is self-generated, making them dependent upon
wholesale purchases of electricity. The cooperatives are also set apart from the investor-owned utili-
ties by low interest rates on loans guaranteed by the government, income-tax exemptions, and their
not-for-profit status. The Total Rural Electricity Cost (TREC) forecasting submodel takes these
factors into account. The four-equation system is estimated for the five REA regions, using annual,
state-lcvel observations on the cooperatives from 1969 to 1979. Total clectricity sales, average price,
average operating cost, and the wholesale cost of power are determined simultancousty by TREC.
The estimation of the submodel was completed this year. REED has also been reestimated using
data from 1969 to 1979, and this version will be combined with TREC to develop 2 new set of fore-
cast scenarios next year.

4.3 ENERGY MODELING AND ANALYSIS GROUP

Larry Hill®

K. E. Johnson C. R. Thomas
J. L. Trnimble D. P. Vogt

4.3.1 Introduction

During FY 1981, the efforts of members of the Energy Mod:ling and Analysis Group were
focused on an array of research activities, with the use of models and their application in energy
policy analysis as the common underlying theme. Much effort was directed toward activities related
to the E1A-sponsored model validation praogram. Additional work involved analysis of a time-of-day
pricing program in Vermont.

Individual members of the group also made subs.antial contributions to other ongoing projects
within the Economic Analysis Section and to other Energy Division groups. The most significant
contribution involved use of the regional modeling and regional analysis expertise within the group.
Regional modeling and analytical support was provided to the Integrated Impact Analysis Group
and to a program sponsored by the DOE Office of Emergency and Contingency Planning. Ancillary
research support was also provided for projects involving the study of oil supply disruptions and to
various energy conservation studies.

4.3.2 Model Validation Activities

During the past year, members of the Energy Modeling and Analysis Group made a significant
contribution to the EIA-sponsored Model Validation Program (Sect. 5.2). In concert with the
Engincering Physics Division, members of the group completed an evaluation of the Long-Term
Energy Analysis Program (LEAP), a long-range energy forecasting tool used by EIA2 and ini-
tiated and completed evaluations of the EUREKA Uranium Mining and Milling Model?? and the

20. Group leader.
21. J. A. Hansen, M. Becker, and J. L. Trimble, The Economic Foundations of Leap Model 22C,
ORNL-5748 ( April 1981),

22. C. R. Thomas et al., An Assessment of the EUREKA Uranium Mining and Milling Model, ORNL-
5839 (10 be published).
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National Utility Financial Statement (NUFS) Model.2® Additionally, a research project was under-
taken to evaluate the allocation methodologies utilized in different energy modeling frameworks.2¢

With respect to the evaluation of LEAP, it was concluded that the principal economic def.cien-
cies of the model lic in the simplifying assumptions used to characterize energy markets and the
heavy reliance on information exogenous to the modeling framework. The latter characteristic of
LEAP necessitates the use of exogenous data that in many cases have not been estimated empiri-
cally and therefore must be determined by the user on a judgmental basis.

EUREKA is a supply-sife model of U.S. uranium mining and milling activity that is used by
EIA 10 forecast the quantity of cach of 75 categories of uranium that will be placed into production
annually. Because the model is oriented to the potential supply of uranium, tu- auantity of
uranium demanded must be provided by the user. One of the brincipal conclusions of ti ¢ evaluation
cffort was that, because of the exogenous nature of demand in the model and the use of empirically
nonestimable “psychological™ factors, a potential user of EUREKA must be an expert on the intri-
cacies of uranium markets. In an effort related to the evaluation of EUREKA, a comprehensive
survey of nuclear fuel-cycle models was undertaken for identification of models that are potentially
useful to EIA’s Nuclear Energy Analysis Division.”

The NUFS model was constructed for the primary purpase of evaluating the financial feasibil-
ity of forecasted electric utility capacity expansion profiles emanating from an electric utility
capacity expansion model. NUFS is specified as a series of financial accounting relationships that
characterize the intricacies of the electric utility regulatory environment. The primary deficiency of
the modeling framework is that capital supply curves are not modeled; therefore, the user deter-
mines the cost and availability of capital in the industry. Using the results of a comprehensive sen-
sitivity analysis, it was concluded that the use of NUFS outside of a broader electricity demand-
and-supply modeling framework will lead to results that are inconsistent with extzat economic
theory.

In the recent past, there has been a proliferation of technical models developed to describe the
relationships between energy-related variables and to forecast their values. Although the models
vary widely in their structural features and objectives, they share at least one common attribute: an
encrgy allocation problem (i.c., methods for allocating energy demand or supply among the various
end uses or sources).

By distinguishing problems of disaggregation as pure allocations and pure assignments, an
evaluation was undertaken of four methodological approaches that are commonly utilized in
representing the energy allocation problem in the production sector of energy models. These
approaches were evajuated in the context of the neoclassical theory of production with special
empbhasis given to the problems posed by aggregation ov.r both inputs and micro units and the for-
mulation of short-run versus long-run dynamics.

One of the principal conclusions of the research is that only the process optimization and trans-
log aggregator approaches are consistent with economic theory. The probabilistic and log-odds
approaches are not consistent with theory and, thercfore, must be regarded as ad hoc approxima-
tions to the underlying process that is being modeled. It should also be acknowledgrd, however, that

23, L. J. Hill et al., An Evaluation of the National Utility Financia’ Statement (NUFS) Model, ORNL-
5831 (1o be published;.

24. V. K. Smith and L. §. Hill. The Role of Allocation Rules in Energy Models. ORNL draft report
{September 1921).

25. C. R. Thomas ct al.. A Survey of Nuclear Fuel-Cycle Codes, ORNL/TM-7747 (April 198]).
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all of these methods can be regarded as approximations ard, as such, one would not necessarily
require them to e derived from economic theory. Under this interpretation, the only basis for com-
parison would be in terms of their performance in predicting desired energy measures.

4.33 Time-of-Day Pricing Project

The time~f-day (TOD) eclectncity rate is a potentially cffective conservation incentive.
Members of the group surveyed T*D and non-TOD clectricity customers in Vermont, wiere an
optional TOD rate has been in effect for the past six years.® By comparing the two groups, the
extent of appliance purchases and usage adaptation resulting from the rate structure was cvajuated.
The results show that TOD customers, who are mostly large users, reduce their average cost to
4.1¢/kWh from the 7.3¢/kWh that they would be required to pay under the conventional rate
(even thcagh peak rates are 13.6¢/kWh). The TOD customers accomplish this primarily by using
timers to control space heaters (68% of the sample), water heaters (81%), freezers (26%), and other
major appliances and by changing the timing of their consumption pallerns. In all, the results show
that the TOD rate can effectively provide an incentive for large users to reduce peak consumption.

4.4 RESOURCE AND REGULATORY ANALYSIS GROUP

R. C. Tepel?

D. J. Bjornstad  C. R. Kerley
N. S. Cardell J. W. Van Dyke
T. R. Curlee

44.1 Introduction

The Resource and Regulatory Analysis Group has been involved in a variety of research proj-
ects during the past year, rome of which involved commitments of researcls staff me.nbers to
research activities with other groups in the section and with other sections in the Division and
Laboraiory. Arn important contribution to rescarch activities in other sections has been in the
analysis of impacts of energy facilitics. This work has involved cost/benefit analysis, estimation of
employment impacts, and compensation plans to those adverscly affected by the facilities. A second
major activity involving rescarch both within the section and in other sections has been emergency
planning. Projects in this area involved cstimation of the effects of petrowcum disruptions and
potential use of biomass energy on farms. In the regulatory area, the group was involved in assess-
ments of the Residential Conservation Service (RCS) program and in studies of the wheeling of
power between electric utilities. The detailed discussion of the group’s research activities will con-
centrate on the impact of oil disruptions and payment-in-licu-of-taxes programs.

26. J. L. Trimble et al., A Survey of Electricity Consumers in Vermont: Evidence of Long-Range Adjusi-
ments to Time-of-Day Electricity Prices, ORNL/TM-7992 (10 be published).
27. Group leader.
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4.4.2 Impacts of Oil Disraptioas ou the Domestic Refinery Mix

An ol disruption in a particuiar region of the world will alter the mix of crudes available on
the world market. A disruption will result in a general increase in oil prices as well as a change in
relative prices of oil types (defined according to sulfur contents and specific gravities). Thus, the
severicy of an oil disruption to ou- economy and national security will depend not only on the size of
a disruption but also on the flexibility of domestic refineries to be able to producr certain refined
products from crudes of different types. With perfect flexibility, the costs associated with a disrup-
tion may be large or small. However, if little flexibility exists, the impacts of even a small disrup-
tion in cenain refined product markets may cause exaggerated impacts on the cconomy and
naticnal security.

The problem of flexibility may be significant because of the types of refineries that have been
coastructed during the past decade. Of those new refineries, 62% had initial operating capacities of
no more than 10,000 bbi/d. These small refineries tend to have simple refining process capabilities,
ang w1any are not caoable of processing sour crudes into light products such as gasoline.

ORNL is combining simple models of world-crude supply and domestic-refined-product
demar'd with a linear programming refinery model to determine the impacts of several sclected oil
disn:ption scenarios on the domestic refinery mix. The model minimizes the rost of refiners —
given cstimated relationships between crude oil prices and crude quantities and between refined
product prices and refined product quantitics. The modcling system will be solved iteratively so
that refine's’ costs are mini-nized and world oil prices, import quantities, refined product quanti-
ties, and refinad product prices conform to the estimated crude-supply and product-demand
schedules.

In addition, ORNL will determine the impacts of using the anticipated strategic petroleum
reserve (SPR) during a disruption. The sensitivity of SPR to changes in the types of oil it contains
will be determined.

Initial results indicate that oniy a small short-run supply response would be possible during a
disruption. The increased supply would be primarily from Mexico. Use of tne refinery model sug-
gests that we would be able to adjust to the different oil types available during a disruption, but this
result may be overly ootimistic due to the level of refinery aggregation in the model. To analyze
this possibility, disaggregation to similar types of refineries is being attempted.

4.13 Payment-in-Lieu-of-Taxes Programs and the
Storage of Nuclear Vaste

Frequently firms that produce, use, or dispoic of nuclear (... are linked to the federal govern-
ment and are not liable for local taxation. Tax payments are often a major local benefit from facil-
ity siting: in their absence, communities tend to be more resistant to siting efforts.?® One way to
overcome this lack of local siting incentive. is for the facility to make payments to replace the taxes
that would b: made if the facility were taxable. These monies are termed payments in lieu of taxes.

28. D. J. Bjunstad, “Economic Impacts Associated with Pure Taxable Capacity Changes,” Land Econom-
ics (February 1982Y, D. J. Bjornstad, “How Nuclear Reuctor Siting Affects Local Communities,” Survey Bus.
11(5) (May/Junc 1976); and D. J. Bjornstad, Fiscal Impacts Associated with Power Reactor Siting: A Paired
Case Study, ORNIL./NUREG/TM-86 (February 1977).
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As part of a larger study conducted on incentives (Sect. 3.2.1), these payments were studied to
determine their applicability to high-level nuclear waste isolation facilities. This work consisted of a
conceptual review of these payments and a case study for which hypothetical payments in lieu of
taxes were added to user fees for a typical isolation facility.

The conceptual review indicated that several types of payment plans could create local incen-
tives but that incentives would not be created unless the payment were keyed to cover all local
costs, including loss of local taxes from alternative taxpaying facilities.”® To do this would be
counter to current federal practices which treat such payments as a form of aid. The review also
indicated that many communitics outside the jurisdiction of siting would also suffer costs and that
payments in licu of taxes might also be used to compensate for these costs.

The case study reviewed payments in lieu of taxes from a more practical perspective than the
conceptual analysis and prepared estimates of the impact of such payments on facility user fees.®
These payments were calculated on the basis of the amoun: wnat the facility would have paid in
property taxes, had it been taxable and paying a national-average tax rate, under a variety of
assumptions regarding the exact form of payment calculations. It was determined that the payment
might add between 8.0 and 12.0% to the facility user fee but that this amount could yield a highly
significant amount of revenue for communities of modest size. It was further demonstrated that
failure to make payments of any kind coulC result in an out-of-pocket cost to local communities for
providing additional loca! public services.

29. D. J. Bjornstad and K. E. Johnson, “Conceptual Aspects of Fiscal Interactions Between Local Com-
munities and Federally Cwaed, High-Level, Radioactive Waste Isolation Facilities,” Office of Waste Isolation,
Battelle Memorial Enstitute, Columbus, Ohio (1o be published).

30. D. J. Bjornstad and E. Goss, “Issues in the Use of Pavments in Licu of Taxes to Provide Nuclear
Waste Isolation Facility Siting Incentives,” Rad. Waste Manage. (to be published).



5. Data and Analysis Section

A. S. Loebl

5.1 INTRODUCTION

The Data and Analysis Section (DAS) was formed in the summer of 1981 to coordinate and
more strongly focus Encrgy Division efforts toward the development and improvement of cnergy
data systems and mathematical models. Current work includes evaluations of existing energy data
systems and models; formulation of specifications for data systems and models; development of ways
to fulfill these specifications; construction and improvement of models; and research to develop con-
cepts and procedures appropriate for such evaluations, specifications, and model constructions.

The latter kind of research may be considered more basic than applied. It includes research
that may facilitate the satisfactory completion of ongoing applied tasks, but more generally, the
results of such research help prepare for increased effectiveness in continuing efforts to develop and
improve the collection, accessibility, and use of data. It also improves our core capability to conduct
the evaluation, analysis, and assessment tasks that are the thrust of the DAS'’s technical responsibil-
ity to its sponsors. Because of the far-reaching importance of such research, the DAS seeks projects
that provide opportunities for some basic research, as well as opportunities for developing generally
useful skills in our staff.'

Improvements in data and models are needed so that energy policy can be based on better
information. Energy policy includes actions by federal state, and local governments, as well as by
business and even private citizens. Thus, the users of energy data and models include a broad spec-
trum of individuals and organizations. Also, good data and models are needed so that energy regu-
lations can be enforced justly.

Progress during FY 1981 was consistent with the general goals and interests outlined above.
The progress described represents but is not exhaustive of the work of the three groups of the
DAS—the Evaluation Group, the Data Methods Group, and the Buildings and Industrial Energy

1. Results of this type of wo, - include presentations and publications such as E. A. Hirst, “Disaggregate
Data: A New Foundation for Energy Models,” presented at the University of California at Berkeley, May
1981; J. L. Blue, “The Importance of Scale in Evaluation of Energy Conservation Programs,” presented to the
Association of American Geographers, November 1981: M. R. Chernick, *The Influence Function Method
Applicd to Energy Time Series Data,” piesented at the Department of Energy Statistical Symposium, October
1981; C. R. Weisbin, R. W. Peelle, and A. S. Locbl, “An Approach to Evaluation of Energy Economic
Models,” Energy 6(10): 999--1027 (1981).
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Demand Group. The work of the Evaluation Group included analysis of government energy conser-
vation program impacts.’

Work of the Buildings and Industrial Demand Group during FY 1981 includes improvement of
ORNL energy-economic models (for the residential and commercial sectors). Progress in the Data
Methods Group included formulation and codification of methods, procedures, and concepts for
evaluating energy data and determining requirements of energy data.’

5.2 DATA METHODS GROUP
G. A. Dailey
R. G. Alsmiller* E. C. Halbert’ D. J. Pack’
J. Barish’ L. J. Hill R. W. Peelle*
S. Cantor J.E. Horwede!*  C. R. Thomas
G. de Saussure* J. Jacobs* B. Toney*
J. D. Dischler? G. E. Liepins J. L. Trimble

D.J. Downing®  J. H. Marable* H. J. Tsao

D. M. Flanagan® B. F. Maskewitz* C. R. Weisbin*
W. Ford® S. A. McGuire® T. Wright’

M. Goldstein* E. M. Oblow*

ORNL continues to support the Energy Information Administration (EIA) in evaluating the
quality of enr gy information by determining and documenting the validity of data, models, and
analyses used by the Department of Energy (DOE) and particularly EIA; improving the methodolo-

gies available for such assessments; and supporting the development of requirements and specifica-

tions for energy information. Work completed during FY 1981 and currently continuing work
include mathematical methodology research to support data validation with a focus on applied
research to improve automatic data editing, error localization, and data frame development.
Management of these efforts is located within the Data Methods Group of the DAS, althougn
additional staff support for the EIA program is drawn from other groups within the DAS and from
the Economic Analysis and the Regional and Urban Studics sections of the Energy Division. The
program also frequently uses staff from other divisions within ORNL, namely, Engincering Physics
(expertise on model assecssments), Computer Sciences (computer assistance and mathematics and
statistical research expertisc), Physics (expertise in clectric power production and assessment), and
Chemistry (awareness of current petroleum production methods and handling techniques). ORNL
staflf members are also assisted by technical experts from universities, consulting firms, and other

1 2. An example of work resuiting in improved understanding of energy use is Eric Hirst et al., Energy Use
from 1973 10 1980: The Role of Improved Energy Efficiency, ORNL/CON-79 (December 1981).

+ 3. Guidelines and Procedures for the Conduct of a Review of Data Requiremenis, DOE/EIA-0276
(March 198i); A. S. Loebl and S. Cantor, "Energy Data Validation: An Overview and Some Concepts,”
presented at the Annual Meeting of the American Statistical Association, Detroit, Mich., August 1981,

. 4. Engineering Physics Division.

, 5. Computer Sciences Division.

. 6. Technical Services, Oak Ridge Gaseous Diffusion Plant.

‘ 7 Ph‘ylia Division.



subcontractors. Working with universities and companics in the private sector allows ORNL to
maintain a greater staff flexibility in responding to EIA needs in a rapid and efficient manner.

The key to the reasonableness and credibility of energy information is a viable quality control
effort that will (1) ensure that the data being collected are needed, (2) reduce and control errors in
data reporting, and (3) assist in the interpretation of that data. At first glance, the data quality
problem secems to be a statistical question — an issue of sample size, sampling error, and tesponse
bias. To be sure, valid data rest on obtaining information from a representative sample of the
universe of interest, but they also rest on the clarity and understandavility of the survey question-
naire used to collect the data. One of the most significant conclusions of om work to date is that a
precise statistical calculation of probable error is irrelevant compared to questions of bias. It is not
that we found rampant misrepresentation, nor that onc needs to deal with the probability that
respondents and nonrespondents are from different populations. Rather, we found that the energy
sector is so heterogeneous that data provided in response to a question may be full of idiosyncratic
responses. That is, there is much more room for error in interpretation or applicability or variation
in definition than there is for uncertainty due to random variation. We have had to go beyond clas-
sical statistics (becanse the sources of error are outside the sample design) and beyond classical
auditing (because that precision is not worth the cost).

Data validation studies completed at ORNL (Table 5.1) dealt with energy data systems in the
petroleum, coal, and clectric power sectors of the encrgy sector. These studies help define the
bounds of industry data and its accuracy. One of the data systems evaluated at ORNL was the
Domestic Crude Oil Entitlement (DCOE) System. This system was designed by DOE to ensure
that the benefits of cheaper, price-controlled domestic oil were distributed equitably to all refiners
when the price controls were enforced by the federal government (January 1977-December 1980).
Data for DCOE were collected monthly on a form (ERA-49) sent to ail U.S. refiners of crude oil.
The ORNL-led evaluation of this system showed that during the period of January 1977 through
December 1980, a total of approximately 53 X 10° m? (335 X 10° bbl) of old oil was not reported
as part of the DCOE system and that 42 X 10° m’ (269 X 10° bbl) of stripper well oil were not
reported by first purchasers during the same period.® The report showed that during this period sig-
nificant under-reporting of domestic crude oil production was common.® Table 5.2 shows that an
average of “missing” old oil per day over the three-year period was 36.5 X 10° m%/d (230 X 10°
bbl/d). The results of the study showed that possible explanations for the disappearance of old oil
included nonrefinery uses of crude oil, inventory practices, definitional differences of petroleum
types by company, and miscertification (labeling new oil as “old”). It was not possible to quantify
each error because of insufficient resources. The first three explanations are technical in nature and
appear to explain why similar petroleumn data systems do not agreec in aggregate total. The last
explanation may account for the disappearance of old oil. This investigation did not constitute a
complete field investigation or audit of the data and was unable to prove or disprove that miscertifi-
cation had taken place. However, the Economic Regulatory Administration (ERA) Office of

8. The actual study was conducted under subcontract by Transportation and Economic Research Associ-
ates (TERA), Inc.

9. For example, see C. G. Everett and R. L. Farmer, *A Comparison of Lower-48 Production Data from
Three Crude Oil Data Systems,” DOE Analysis Memorandum (September 1978); House Committee on Inter-
state and Foreign Commerce, The Case of the Billion Dollar Stripper (October 1980).
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Table 8.1. Semmary of findings from validation studies’

Study/repont title/group/date

Purpose/requirements of data

Conclusions and recommendations

Joint Petroleum Reporting Sysiem (E1A-R87, -88, -89,
90), Validation of the Joint Petroleum Reporting
System, TERA (June 1980)

Domestic Crude Oil Entitlements System (ERA-49),
Validation of the Crude Oil Entitlements Information
System, OELV, E1A, DOE, Oak Ridge data validation
team, and TERA (August 1981)

Mandatory Crude Oil Allocation System (ERA-S6,
-$7), Validation of the Mandatory Crude Oil Alloca-
tion System (Buy/Sell). TERA (April 1981)

To collect and process complete, comprehensive,
detailed, and accurate inforr.stion on the supply and
derived demand, stocks, and flows of crude oil and
refined petroleum products within the United States
and it territories am! to make that information avail-
abls to analysts, regulators, and policymakers in the
federal government and in the public.at-large. This is
a mandatory data collection system as determinsd by
law.

To collect the necessary information 1or the calculation
of entitlements prices and obligations as specified in
the rogulations. The NDCOE system gathers data on
volumes and weighted average coms of crude oil
receipts by category or tier, and on volumes of crude
runs-to-stills from domestic refiners. The system aiso
collects volumetric data on certain importa of residual
fuels and naptha, on deliveries of crude oil to the
Strategic Petroleum Reserve, and on production of
petroleum subatitutes used for fuel (e.g., shale oil and
cthy! alcohol).

To support the management information requirements

of the regulatory program that determines crude oil.
allocations and sales obligations, decides on directed"

sales, and monitors and regulates program activity,
As a management information system, it is not
intended to provide statistical information or to sup-
port mcondary users,

The broad purposes of thiv data file work to limit
accomplishing all that is expecied. Except for EIA,
limited access and lack of timeliness prevent satisfying
all DOE data requirements, but changes in the data
collection form with avtention to respnndent frame
and universe, combined with modification allowing
certain groater access, would increase both use and
validity. Certain designated adjustment procedures
need to be eliminated, but data editing and analyses
of completeness are needed. Strong enforcement of
procedures 1o reduce late reporting along with greater
attention to user needs were also recommended.

Since the DCOE aystem ia being eliminated as part of
the President’s decontrol of oil, no recommendations
are made concerning the operation of the system.
However, secondary users of the DCOE data should
be warned concerning their use. The following caveat
thould be published with these data: “Entitlements
data are financial or accounting cons.ructs. They may
not moasure reflnery operations or physical flows of
oil. Therefore, the data are not approprinte as a surro-
gaie for otherwise unavailable data on refining opera-
tions,”

No recommendations were made, Th: program was
oxpected to end with the expiration of the Emergency
Petroleum Allocation Act on Sept. 30, 1981,

119



Table 8.1 (continued)

Study /report titie/group/date

Purpose/requirements of data

Conclusions and recommendations

Supply and Disposition of Natural Gas Sysiem
(BOM 6-1340-A, BOM 6-1341-A, ElA-176), An
Evaluation of 1he Supply end Disposition of Natural
Gas System, ORAU (September 1981)

To provide an annual measure of the consumption of
natural gas by major end-use category and by siate,
This system was originated by the BOM in 19($ when
it was given the right “10 investigate the mineral
fuels . " The submission of data to the
BOM was voluntary. Starting with the 1981 collection
of 1980 data, the two BOM forms were replaced by a
single form, EIA-176. Completion of EIA-176. Com-
pletion of E1A-176 is mandatory.

Prospective data users should be warned that the
SDNGS published data are not the same as the data
that are coilected from respondents. The size of the
nonresponse problem and of the respondemt errors
should be clearly stated, and the subjective naturs of
data alterations should be clearly explained, Usen
should be informed that although state data may be
greatly i error, national data are better because they
are constrained by external sources,

Recommended changes in the data system include:

¢ Expand and document ‘“» nrocedures in be fol
lowed in the operation of the SDNGS and siso
record actual operations, lo ensure consistency and
objectivity in the processing of raw data.

o QGive immediate attention to problems of frame
maintenance, nonresponss, and the failure of editing
procodures to eliminate large errors to improve
accuracy of the SDNGS data.

* Set up a respondent identification system applicable
to all EIA natural gas data operations lo facilitate
system maintenance and data correction,

o Shift the emphasis of EIA from correcting data
errors to preventing them,

¢ Integratc the SDNGS data with other EIA natural
gas data collections to make the dain more mean.
ingful, consintent, and comprehensive,



Table 5.1 (continued)

Study /repont title/group/date

Purpose/requirements of data

Conclusions and recommendations

Natural Gas Cunailments Systems  (ElA-30),

Validation of the Natural Gas Curtailments Sysiem,

ORAU and ORNL Computer Sciences Division with
the Mathematics and Statistics Research Department
(August 1979)

Netural Gas Supply. Requirements and Usage (El1A-
149) Field Validation Study, TERA in association
with Alexander Grant and Company (March 1981)

To provide an early indicator of geographic areas most
susceptible 1o chianges in gas curtailment and aliernate
fuel needs, thus allowing for alternate contingency
planning and/or action at all levels of government in
areas whore potentially serious conditions may exist.

To enable DOE's ERA 1o collect the data necessary to
meet its responsibility for allocating oil and petroleum
products oquitably among users throughout all regions
of the United States and sectors of the peircloum
industry.

To onable DOE to inform swate and federal agencies
and the public about developments related to natural
gas curtailment that may occur during the winter,

Form ElA-149 w.s designed 10 collect the necessary
information for regulation of Titles !l and 1V of
the Natural Gas Policy Act.

The data will never be quantitatively precise, und con-
sintency and uniformity of data should be improved
The proper source of information (respondent
universe) has been properly identified and the prob.
lems, Naws, questionable meaningfulness, und timeli-
ness of the data base indicatu revision rather thun
abolishment ¢f the sysiem is in order. By lailoring
the annual report of this system (0 user needs (which
have been and can be idemiified), changing respon.
dent instructions and directions, and impraving the
form as indicated in the report, the system will be
useful to siate energy offices and public servic: com-
missions, By adding caveais to al) published reports
and data (iles, this system can be carefuily employed
for allocation and planning purposes.

Data users within DOE should be identified und their
potential future use of the existing datn hase defined.
If there are potential future uses for the dats base,
OEIV should comider the following steps for each
application:

¢ Analyze the potential application and approaches
to be used,

¢ Design a sot of simple edit checks for the data,
based upon the Field Validation Study results 10
eliminate outliers,

¢ Determine which respondents within the base hav
the greatest impact on the spproach to be used,

¢ Drawing on the results of this study, perform
Astailed validation procedures on those respondenis
whe impact the approach.

S¢S
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Table 3.1 (continued)

Study/report title/group/date

Purpose /requirements of data

Conclusions and recommendations

An Evalugtion of Published ElA Gasoline Supply
Estimates, OELY, EIA, DOE (April 1930)

Oit and Gas Information System (E1A-2)), Field
Validation of the OG!S Estimate of Proved Reserves
of Oil and Gas in the United States as of
December 31, 1977, OElLV, EIA, DOE (Juno
1981)

Federal Encrgy Conservation Performance Repont, The
Federal Enmergy Conservation Performance Report,

the Oak Ridge data validation team (August 1978)

To compare tho estimates of the monmhly U.S.
domestic supply of automotive gasoline produced by
four systems: (1) the Joint Petroleum Reporting
System,. (2) the Market Shares Monitoring
System's  Refiner/Importer Monthly Report of
Petroleum Product Distribution (Form PJ06),
(3) the Federal Highway Adminisiration (FHWA)
compilation of reporis from siate tax agencies, and
(4) the Prime Supplior's Monthly Report Form of
gasoline deliveries (EIA-23).

To collect annually detailed veriflable information on
the crude oil, natural gas, and natural gas lquids
proved reserves and production of the United States
and its outer continental shelf, The validation deals
with the present restriction of Form E[A-2) to data
on crude oil and dry natural gas.

To collect and distribute information concerning energy

consumption by fuel type and purpose for each of 28
federal agencies. This system is part of the Federal

Encrgy Management Program. This review was Ini.

tiated to provide an adequate backdrop for work on
the industrial energy conscrvation report; it is not a
complete systom validation,

All available information shoud be used to construct

a now frame for PY06, to select an expandod sample,
and 10 initiate direct estimation of total product sup-
plies using the existing form. This should produce
celinble estimates of monthly gasoline supply and
might be used to estimate historical errors in the
P304 estimates,

The petroleum product definitlons in JPRS should be

revised to seliminate all definitions which require
knowledge of the intended use of s product (e.g.,
potential gasoline components should be classified
according 10 Iheir chemical charscteristics). To
implement these changes, form El[A-37 of the JPRS
must be revised and its frame must be expanded.

The OEIV has not, in the first year of its validation
effort, made any specific recommendations,

The FECPR should not be considersd as an inv.epen-
dent candidate for a detailed validation at the present
time. Such s validation would appear to bs meaning-
less since there are so few users and uses of the infor-
mation produced by the system. The prime use.
appear to be the FECPR office and the responding
agencies, and the major uses of the information are
for project maintenance, information verification pur.
poses, and general public relations,

If significant system improvements were made (more
than those to be included in the new sysiem program-
ming) the system information would probably increase
in usefuiness. Such improvements could center on the
initiation (actually reestablishment) of a well-designed
sciivity measurement indicator so that increases and
decreases in agency aclivities could be reflscted in
their baseline figures or the utilization of year by year
comparisons,

B —



Table 3.1 (continued)

Study/report title/group/date

Purpose/requircments of data

Conclusions and recommendations

Boiler Manufacturers Report of Order(s) Received
(ERA-97). Velidaiion of the ERA-9?7 “Boiler
Manufacturers Report of Order(s) Received™ System,
Evalvation Research Corporation (September 1981)

ladustrial Energy Efficiency Improvement
Program/Voluntary Business Energy Conservation
Program, Data Validation of the Industrial Emergy
Efficiency Improvemen: Program and the Volumary
Business Emergy Conservation Program, Evaluation
Research Corporation (May 1979)

To collect data on each order for a boiler with a heat
input rate of 30X 10% Btu/h or more for use in mon-
itoring compliance with the fuel use restrictions in
Public Law 93-620 entitled “Powerplant and Indus-
trial Fuel Use Act of 1978,

Some ambiguity exists as to the purposes of these sys-
tems. According to the Energy Policy and Conserva-
tion Act, the LEELP wandatory data collection system
is to measure progress toward voluntary energy effi-
ciency improvement targets for the ten most energy-
consumplive industries (the respondent universe was
cxpanded as a result of the passage of National
Energy Conservation and Policy Act). Similarly, the
VBECP voluntary daia collection sysiem is lo provide
encrgy progress measurements sufficiently credible
and accurate that the government and the public
accept them as indicators of business conservation
efforts,

Also, in response to the Energy Policy and Conserva.
tion Act, sponsors of both programs hope that the sys-
tem will aid in stimulating government/industry dialo-
gue about energy use and measurement and increase
energy efficiency awarens .. The program offices are
concerned that a too rigorous pursuit of the measure.
ment aspect of these sysiems may compromise the
conservation promotion objective.

This report focuses on the extent to which the data col-
lection systems serve either of these purposes.

The major alternatives that DOE should consider to
improve the ERA-97 system are form modifications
(including expansion of the instructions, form
redesign, expansion and clarification of dats collected,
and new and expanded definitions), system and data
dissemination modifications (including improved hsn.
dling of forms and modification snd documentation of
the data processing system), inclusion of caveats for
users of the forms or computerized data, and develop-
ment and impiementation of quality control and frame
update procedures,

Numerous caveals should be applied to the data; for
example, data values are relative (not absolute) und
use to which the data may be put is limited, because
reporting practices vary over time and produce incon-
sistencies. Also the intended purpose is not fully
achieved since the dala, due to the above and other
examples, may not measure absolute levels of achieved
progress. There are seasonal distortions due to report.
ing practices as well, and the plethora of reporting
forms (over 50) needs to be reduced 1o a single form,
thus allowing for comparison not o, 'y within industry
but between industries. Aggregaticn problems must
be corrected, adjusiments to date must be documented
ard standarized, und timeliness of duts releuss und
the requirements lor credible energy conservution dutu
should be determined. DOE is presently reorgunizing
this system and examining its collective (aults und
strengths, in a large measure bused upon ORNL's
efforts and with ORNL's continued ussistunce.

LS
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Table 5.1 (continwed)

Study/report title/group/date

Purpose /requirements of data

Conclusions and recommendations

Prime Suppliers Moanthly Report (ELA-28), Data Vali-
dation Study of the Prime Suppliers Monthly Report
(E1A4-25), TERA (April 1980)

Monthly Power Plant Report (FPC Form 4),
Validation of the Monthiy Power Plant Report Sys-
tem, ORNL Computer Sciences Division and
Mathematics and Statistics Research Department
assisted by the Evaluation Research Corporation
(October 1980)

The purpose of the EIA-25 system is not precisely
defined by a single piece of legislative text, The
specification of the data clements and the responsibili
ties cited in the statutory authority imply that the sys-
tem is to assist state and (ederal allocation officials to
effecct an cquitable distribution of designated
petroleum products according to priorities established
under the Mandatory Petroleum Allocation Program
by monitoring past and anticipated supply and
demand by state and supplier.

To collect generating plant data from all electric utili-
ties owning or operating power plants and from indus-
trial plants with at lcast 10-MW nameplate capacity.
(Since January 1980, only hydroelectric plants have
been surveyed in the industrial sector,) Data are used
by the FERC, DOE, Congress, and other governmen-
tal bodies to perform their regulatory and policymak-
ing activities and to provide a historical record of
domstic electric power generation operation,

Clarification of prime supplier as anyone who produces,

refines, manufactures, or introduces into & state an
allocated petroleum product for sale in that state
would be a good starting point for upgrading this sys-
tem. Additionally, five other recommendations are
made:

1. direct all prime suppliers to report sllocation frac-
tions and total supply monthly; )

2, collect total delivered, supply obligations, and
amounts not subject to allocation from
separately defined frame consisting of those per-
sons or firms who purchase an sllocated petrojeum
product for direct use or resale within a given
state;

3, periodically verify the data collected in No, 2;

4. Identify nonrespondent prime suppliers through the
use of state revenue, licensing, or energy office
information; and

. revise data verification and editing procedures to
incorporate knowledge about the petroleum pro-
duct distribution phenomena,

The collection form should be improved and caveats on
the data provided to all users, More detailed informa.
tion is needed on fuel oil use, boiler start-up, flame
stabilization procedures, generation, pumped storage
plants, and cogeneration facilities, A standard identifi-
cation code scheme should be implemented and data
editing/updating reduced as far as practical where
human intervention judgment is employed. All data
entry/update procedures should be documented and «
fixed schedule instituted to avoid confusion regarding
diffcrent data base updated liles being used.



Table 5.1 (continued)

Swdy/report title/group/date

Purpose/requirements of data

Conclusions and recommendations

Moathly Power Plant Report (FPC  Form 4),
Analysis of Supplemental Form FPC-4 lssues, Syner-
gic Resources Corporation (September 1981)

Monthly Report of Cost and Quality of Fuels for Elec-

tric Plants (FPC-42)), Validation of the Monthly
Report of Cost and Quality of Fuels for Electric
Plams, Symergic Resources Corporation (September
1981)

To collect generating plant data from all electric utili-
ties owning or operating power plants and from
industrial plants with at least 10-MW nameplate
capacily. (Since January 1980, only hydroelectric
plants have been surveyed in the industrial sector.)
Data are used by FERC, DOE, Congress, and other
governmental bodies to perform their regulatory and
policy-making activities and to provide a historical
record of domestic eloctric power generation opera-
tion.

- This veport addressed three gencral arcas: (1) the

history of the collection of FPC-4 data elements,
(2) the accuracy of reported FPC-4 data clomonts,
and (3) the availability of selected additional infor-
mation.

To provide monthly information to (ederal officials on
the availability and cost of fossil fuels to electric util-
ity companies. The information is used in current
analysis of encrgy and (uel supply, in review of elec.
tric utility rates, and in evaluation of developments in
fuel supply that may affect the reliability of electric
service, emergency preparedness, of environmental
improvement programs,

- —

Utilities were generally capable of providing data on
fuel use by combustor and gross generation by gen-
crator, but these values were often not the result of
direct measurements. Fuel consumption is measured
for approximately 66% of the units, while gross gen.
cration is measured at approximately 95% of the
units. The study estimated that unit level reporting
would increase respondent burden from a present
burden of about 1.4 h per utility per month to a
burden ranging from 3.6 to 4.5 h per month,

The additional availability issues werc addressed
under the sssumption that unit level reporting would
occur, The additional information was cither already
available at the utility or could be provided if
required. Although the additional information is
available, substantial additional respondent burden
(+6.6-9.7 h) would result from its collection.

The instructions to Form FPC.42) should be clarified

and expanded. Edit checks to identify nonreporting
and error-reporting inatitutions should be established.
The frame should be updated and maintained. In
addition, caveats to the users are recommended as
solutions to certain problems.
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Table 5.1 (continued)

Swdy /report title/group/date

Purpose/requirements of data

Conclusions and recommendutions

Capacity of Petroleum Refincties System  (Form
6-1334-A), Validation of the Capacity of Petroleum
Refincries System, Evaluation Reseacch Corporation

{February 1979)

To collect and publish siatistical data measuring the
current sustainable capacity of the significamt facilities
of all refinerien located in the United States and
Puerto Rico.

Data are collected to support activities of assessing the

domestic, regional, and local capacity 10 process crude
oil; monitoring changes in the national and regional
capability of refineries to moet the domestic demand
for petroleum products; describing the composition,
flexibility, and capability of major processing and
storage facilitics at each refinery; forecasting capaci-
ties available (assuming cucrrent trends in operating
conditions); and anticipating capacity additions about
1o become available.

Consistent with other studies, proper caveats lo avoid
misuse of data and redesign of the form are necessary.

This study warned users of serious problems with cer-
tain published data, including overestimation of pub-
lished capacity estimates, The study indicated that the
Systemn Administrator of the Division of Oil and Gas
and Gas  Stavistics should investigale respondent
teporting practices to CPRS as well as another report-
ing system. Also the study developed and proposcd a
new form in response to findings indicating that the
form failed to piovide enough ‘nformation on the con-
figuration and capacity of modern refineries and that
the form contributed to a misunderstanding of report-
ing requirements, These recommendations have
heavily influenced the form redesign efforts, which are
currently nearing completion and promise to incor-
porate many of the modifications recommended by the
study.

A rovalidation of this system was recommended alter
introduction of majar impravements,

*Acronyms vsed: TERA, Transportation and Economic Rescarch Aascciates; E1A, Energy Information Administration; OE1V, Office of Energy Information Validation of ElA;
DOE, Department of Energy. DCOE. Domestic Crude Oil Eantitlements; SDNGS, Supply and Disposition of Natural Gas System; ORAU, Oak Ridge Associated Universities;
BOM, Bureau of Mines; ERA, Economic Regulatory Admini *ration; JPRS, Joint Petroleum Reporting System; OGIS, Oil and Gas Information System; FECPR, Federal Energy
Conscrvation Performance Report; 1EELP, Industrial Energy Efficicacy Improvement Program; VBECP, Voluntary Business Encrgy Conservation Programi, OPNL, Ouk Ridge
Nationa! Laboratory; FERC, Federal Encrgy Regulatory Commission; CPRS, Capacity of Petroleum Refineries System.



6l

Table 5.2 Comparison of fisst parchase and Demestic Crude Ol

Entitlements (DCOE) data®
[m®/d (b1/d)]
1977 1978 1979 1930
OMd oil —30,300 (—190,600) —34.400 (—248.000) —34.000(—214.000) —42.000 (—264.100)
New oil 7,000 (44.000) 5.300 (33,600) —4.110(—25900)  —33.300 { —209.400)
Stripper well oil —2,300 ( —14,200) ~2.200 ( —13,700) 32,000 (205.700) 34,400 {530.800)
Other domestic —43000 { —272,600)  —8,500 | —53.600) —9.200 (—57,800)  —18.800 ( —118.000)
Total domestic  — 70,500 { —433.106)  —44.800 ( —281.900)  — 14,500 (—92.900) —9,700 ( — 60,700}

“Entries are DCOE data minus first purchaser (ERA-182) data, which records the volumes of crude oil the first
purchaser receives cach month. Negative volumes indicate that crude disappeared: positive volumes indicate that crude
appeared.

Enforcement has found miscertification by resellers.'® As of April 1981, ERA had completed audits
for the period prior to 1979 of 96 of 400 crude oil resellers it had identified. Their investigation
showed that prior to the entitlements program enaction, the quantity of oil misrepresented per day
averaged approximately 1100 m® (7500 bbl). After the entitiements program was begun, this aver-
age was found to be 4300 m?/d (27,000 bbl/d).

The second basic type of study conducted at ORNL is that of a review of information require-
ments (Table 5.3). This type of study is for the determination of information needs by DOE and the
ability of a respondent industry to meet those needs. Currently ORNL is conducting an information
requirements review of industrial energy consumption for EIA. This study, while still in its early
stages, has already shown that many information requirements of DOE cannot be met by industry
because the information is not available or considered to be proprietary. Corporate data and espe-
cially plant-level data are considered senmsitive because in a competitive market details of plant
operation can make a critical difference in profitability and ultimate survival. The study has also
shown that energy data systems within the federal government have 7ot clearly categorized industry
for placement into the standard industrial codes (SIC), which are normally used to identify indus-
tries by types.

The principal in-house activity of the Data Methods Group is statistics research applicable to
EIA programs. This research includes reviewing and testing available statistical techniques and
adapting them to the data ascessment studies. ORNL also develops new techniques as needed and
recommends appropriate statistical techniques for specific studies. Fiscal year 1981 saw the begin-
ning of coalescing automatic data editing, statistical outlier detection, and preliminary data screen-
ing techniques into a collection of relatively general software components. These techniques and

10. The figures are based upon DOE Enforcement docrments isiued as of Apr. 30, 1981, against 61
resellers.



Table 5.3, Summary of (ladings from requirements reviews®

Report title /group/date

Purpute

Conclusions and recomm sndations

A Review of Requirements for Natural Gas Data,
ORAU (Dec mber 1980)

A Review of Requirements for Petroleum Imports
Information, OEIV, EIA, DOE, ORNL, Evaluation
Research Corporation (March 1981)

A Review of Data Requirements for Fuel Substitution
Policy Implementation ¢+d Anmalysis, Evaluation
Rescarch Corporation (June 1981)

To determine DOE requircme:'s for information on
natural gas and to compare liic requirements with
tiie existing data collectin st tems. Additionally, the
task will use the knowicdge of requirements to recom-
mend a framework for conducting future validation
studics on specific DOE natural gas data systems,

The study is focused on ihree areas: (1) the physical

" flow of natural gas {rom production through distribu.

tion, (2) the legally manda..] requirements for
ne'ural gas data, and (3) the users of natural gas
iniormaton within DOE. Specifically excluded are the
areas of natural gas cxploration and end-uez, the
forms which primarily gather other fucl data, and the
data needs of FERC, These topics are 10 be covered in
other studies,

To determine information requirewnents or the importa-
tion cf crude oil and petroleum products. The report is
10 also aid development in the NOIRS,

Petroleum importation is viewed as an integrated pro-
cess that begins when agreements a~c made for the
acquusition of forcign petroleum and ends only when
foreign identity is no longer distinguishable. Five
major stages arc important to DOE: contract, loading,
in-transit, landing, and disposition.

To asscss the data required to suppcct four functional

areas: (1) fuels conversion policy implementation,
(2) emergency fuel-switching policy implementation,
(3) fuels conversion policy analysis, and (4) emer-
gency (uel-switching policy analysis T.c study was
limited in scope to fuel-burning ciectric utilities and
fuel-burning  manufacturing firms and the
combustion-related equipment, material, land, and
information resources of those two types of (uel
burners. Only DOE ucer requirements were con-
sidered.

The cxisting natural gas data collection system is not

unified or comprehensive. Definitions vary among
forms < it ' Jdifficult to link data collected by
soparate ciforts, For the same reason, a number of
similar {aia clements are collected by separate forms
although ittle exact duplication exist-,

Most of the required data types are collected. Tlie
major omissions are wellhead prices, monthly state
consumption, and LNG storage.

Data user services need improvement., Users are con-
fronted with poor documentation, long publication
{ags, and limited accem to nonprint media.

Consistent definition of the terms, shipments, and geo-
graphic coverage involved in data collection is needed
to reduce duplication in and increas» utility of existing
collection systems,

Timeliness of the release of data is an important user
concern that is not being well met,

Presently, respondents are allowed “continuous updat-
ing." With no final accounting required, the data base
is in constant flux, Users are reluctant to rely on
ever-changing data,

Two sety of data items to be collected are pr ed,
Set A would collect annually a profile of each fuel
burner and its planned use. Sst B would collect an
additional group of data items on {uel storage, fuel
stocks, fuel conts, and substitution studies.

9



Table 8.3 (continued)

Report title/group/date

Purpose

Concluvions and recommendations

DOE Information Requirements for Crude Oil and
Other Refinery Feedstocks, Evaluation Rescarch Cor-
poration (December 1979}

Petroleum Products Sysiems Evaluation Task Force
Revised Report, E1A (December 1979)

Requircment=  Analysis for the Energy Emergency
Management Information System, Logistics Manage-
ment lastitute (December 1978)

A Review u; Reqirements for Coal Production Dara,
MAXIMA Corp. (June 1981)

To identify the information needed regarding petroleum

teedstock supply and consumption, to evaluate the
ability of present petroleum information systems to
meet those neec's, and to recommend system enhance-
ments tha! would improve the quality of petroleum
feedstock data.

Feedsinck flow from point of foreign acquisition or
domestic production o consumption at domestic
refineries was included, All activities in which

_ feedstocks are produced/acquired, held-handled, or

disposed /consumed were considered within the scope
of the reviev

To identify and review DOE requirements for informa-
tion on the petroleum products industry; to review
ElA's existing petroleum product data collection sys-
tems; and to recommend an improved (ramework (or
meeting such information requirements, Collection
systems or forms primarily concerned with natural gas
processing were excluded.

To determine the user :equirements of an energy emer-

gency management information system in terms of its
capabilities, services, and data output. This report
additionally presents a framework for evalualing
(1) designs of an EEMIS and (2) the priorities of
its implementation.

To examine the primary information sources of coal
production data, the primary uses and requifements
for data from these sources, and the rationale for
determining to what degree each requirement should
be satisfied by ElA,

Coal production data are defined here to include both

information on the physical processes of production
(i.c., extraction from the scam) and on the organiza-
tional and economic factors directly aff~cting such
activities.

The present system of stand-alone data collection

aclivites has a number f problems including incom-
plete coverage, unknown accuracy, inconsistent for-
mats, incompatible definitions, dissimilar measure-
ments, and data redundancy. An integrated collection
system based on an inventory balance atructure is pro-
posed to alleviate thess problems, Additionally, costs
and respondent burden may be r !uced with a consoli-
dated effort.

Although current surveys appear to satisly the specific
legal mandates of each act, they do not do 10 in a
timely and consistent manner, The aampling frames
are outdated and do not have update procedures. In
particular, the surveya do not track products through
the indusiry distribution aystem. To solve these prob-
lems, a comprehensive petroleum product information

system is proposed,

Current data collection activities do not cover all arcas
of anticipsted need. State-specific, timely data are
largely unavailable. Greater state/EEMIS interaction
and co.peration will be required to standardize termi-
nology and procedurea for collecting, processing, and
retrieving data to provide the capability of forecasting,
monitoring, and managing of emergencies.

None of the current |2 relevant federal survey systems
fully meet the needs of any of the clusiered data sets.
However, seven of the individual requirements are met
by existing systems, The remaining requirements
could be satisfied by modification of three forms and
estabishment of a mining methud survey.

€9



Table 5.3 (continued)

Report title/group/date

Purpose

Conclusions and recommenda‘ions

Vaidation of Information Requiremenis for Commer-
cial Sector Enmergy Consumption, BDM Corp.
{August 1980)

A Review of Requirements for information on Energy

Consumption in the Residemtial Sector, OELV, EIlA,
DOE (April 1980)

To provide a baseline of commercial sector energy con-
sumplion information requirements for use by OEIV
in validating the commercial sector encrgy data sys-
tem.

To determine DOE requirements for information on
encrgy consumption by the residential sector. In par-
ticular, the review is direcied toward offices that col-
lect or propose to collect such data, and specifically
the Residential Energy Consumption Survey.

Emphasis was placed on identifying data needed to
understand and predict energy consumption within the
housing unit. Ti>nsportation energy consumption asso-
ciated with the .esidential sector was excluded
because the uses and users of information on transpor-
tation were presumed to be distinct from those con-
cerned with housing. Similarly, a review of data
needed for the monitoring and evaluation of specific
DOE consumption-oriented regulatory or conservation
programs (i.c., natural gas curtailment) was beyond
the scope of this effon.

The commercial energy data system should incorporate
a number of different collection strategies (i.e.,
periodic surveys, case studies, ctc.) to acquire the
variety of data and detail required. However, the prin-
cipal collection strategy should focus un nonresidential
and apartment buildings wilh establishment data col.
lecled as possibie,

Current data sources do not meel these needs because
critical data items have cither not been collected at all
or have not been collecied in needed combinations.
The EIA's Residential Consumption Survey program
will collect many of the consumption-related data
items. Nevertheless, this program may be improved by
collecting a more complete and balanced set of infor.
mation, The largest improvements can be achieved by:

* rencwing cfforts 10 find 4 usable method to meusure
air infiliration in residences;

* renewing efforts to obtain the year of manufacture,
capacity, and cventually, the efficiency of the major
appilances;

* utilizing this program as the first-stage screener for
any future surveys similar to the Consumer Pro-
ducts Survey (Form CS-159) so that joint analysis
of the two data sets can be performed;

* obtaining a history of the availability of natural gus
hookups from the covered utilities; and

¢ renewing efforts to oblain measures of appliance
utilization for space heating, air conditioning, and
water healing.

Successful implementation of these recommendations
for the Residential Consumption Survey pregram
should enable it to provide the most essential datu for
each type of analysis.



Table 4.3 (continued)

Report title/group/date

Purpose

Conciusions and recommendations

Identification of Siate Energy Data Needs, ORAU

{July 1980}

To identify the energy-related data needs of seventecn

southera statet and twa territories. ldentification of
data requirements is an cssentinl first step in the
cxploration of methods of (ederal and state gavern-
ment cooperation leading \o better oncray data for
both levels of government.

The study focused on the energy office, public service
commission, geological survey, revenue or tax office,
and the environmental control agency of each state or
territory. This report is part of a more comprehensive
effort on southern states’ cnergy dala,

The major deficiencies with published federal data fre-
quently mentioned are slow release and aggregaic
scales. This report did not attempt to make conclu-
sions and recommendations. That area will be covered
in another segment of the project,

*Acronyms used: DOE, Department of Energy, ORAU, Oak Ridge Associated Universities; OEIV, Office of Energy Information Validation, ORNL, Oak Ridge Nationu)
Labuoratory: FERC, Federal Encrgy Regulatory Commission; NOIRS, National Oil Imports Reporting System; LNG, liquified natural gas; EEMI, Energy Emergency Management
Information System.
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associated software represent a powerful inventory of analytical methods to assess data quality. This
research resulted in several automatic data editing breakthroughs.''-"?

Among these advances were an cfficient error algorithm for discrete data, a statistical analysis
of error localization and imputation procedurcs, a detailed analysis and upgrading of the Chemi-
kova algorithm, extension of Fourier-Motzkin techniques for the determinatinn of an objective func-
tion for error localization, and the preliminary development of a row-gencration algorithm for error
localization of continuous data. Tests conducted at ORNL showed that the efficient discrete data
localization algorithm appears to handle data bases an order of magnitude larger than previous
algorithms could handle. The practical significance of this improvement is that this error localiza-
tion method can now begin to be applied to cxisting energy data bases, whereas previously it was
simply an appealing concept. This result has direct application to thosc energy data bases now
under study at ORNL and on-line at EIA. Astde from demonstrating error localization applications
to actual energy data bases and the devzlopment of new automatic data editing algorithms, ORNL
also conducted tests to determine the performance and usefulness of the developed outlier software
with empirical data. The results of the test seem to suggest that among the univariate tests, the
extreme Studentized deviate and co=fficient of kurtosis were the most effective at locating outliers
{with no appreciable increase of false positives, that is, observations suggested to be outliers which

were not), and that among the bivariate tests, the adjusted discriminate function and discriminate
function were rated first and second, respectively.

11. G. E. Liepins and D. J. Pack, ~Prior Probabilities, Maximal Posterior and Minimal Field Error Local-
ization,” Proceedings of the Computer Sciences and Statistics Thirteenth Symposium on the Interface,
Springer-Verlag, New York, 1981,

12. G. E. Licpins and R. Garfinkel, “Optimal Imputation of Erroncous Data: A Survey,” Optimization in
Staristics 1981, The Institute for Management Sciences, accepted September 1981,

13. G. E. Liepins, “Towards the Quantitative Assessment of Encrgy Data,” Proceedings of the Third
International Conference on Energy Use Management, Pergamon Press, New York, 1981,

14. G. E. Licpins and D. J. Pack, “An Integrated Approach to Automatic Data Editing,” Proceedings of
the American Siatistical Association, Survey Research Methods Section, Detroit, Mich., Aug. 10, 1980,

15. Ref. [1.

16. H. J. Tsao, "On the Risk Parformance of Bayes Empirical Bayes Procedures for Classification
Between N(—1, 1) and N(1, 1),” Staristica Neerlandica 34, 197-208 (December 1980).

17. H. J. Tsao, "On the Risk Performance of Bayes Procedures in the Finite State Component Case,”
Ph.D. Thesis, Michigan State University (December 1980). |

18. H. J. Tsao and T. Wright, contribution to the coal section of Accuracy of Energy Information
Adminisiration Data Related to Volumes of Petroleum, Natural Gas, and Coal: Ar Assessmens of the Accu-
racy of Principal Data Series of the Energy Information Administration, U.S. Department of Energy, EIA,
198. ‘

19. H. J. Tsao, "On the Risk Performance of Bayes Empirical Bayes Procedures in the Finite State Com-

ponent Case,” presented at the Annual Meeting of the American Statistical Association, Detroit, Mich., Aug.
10, 1981.
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5.3 EVALUATION OF ENERGY CONSERVATION PROGRAMS

E. A. Hirst®
L. G. Bary?  i.T.Goeltz?  E. J. Soderstrom?'
J. L. Blue P.S. Knight2?  J_ L. Trimbie?*
J. H. Camey?  G. Kulp® P. B. Zuschneid

N. E. Collins® L. N. McCold?

5.3.1 introduction

The Evaluation Group works on research projects relaied to the following issues:

I. historical trends and patterns in U.S. energy use (i.c., what changes occurred and why did they
occur),

2. role of government and utility conscrvation programs in improving ~nergy cfficiency (ic., are
these programs effective and are they cost-cffective),

3. management and usc of disaggregate energy consumption data to better address issues 1 and 2.

During FY 1981, the group worked on several projects related to these areas, briefly described
below.

5.3.2 Energy Ead-Use Data

We continued 2 project (begun in FY 1980) to examine and analyze data collected for the
federal Institutional Conservation Program (ICP). The Preliminary Energy Audit (PEA) phase of
the ICP involves collection of basic data on energy consumption and related characteristics from
institutional buildings (schoois, hospitals, local government buildings, and public care institutions).
We first reviewed the data management procedures in each state; in brief, we found many deficien-
cies in the ways that state enc-gy offices designed their data collection forms, validated the data
they received, and used the PEA data.?

We then obtained PEA data from ten different states; the data include information on almost
15,000 institutional buildings 3cross the United States. We developed a common structure to apply
to the data obiained from each state and developed outlier detection tests (both engineering and sta-
tistical), which were used to delete outliers we thought were errors. This yielded a clean data bas:
containing information on all these buildings in a machine-readable rormat.¢

20. Group leader.

21. Regional and Urban Studics Section, Energy Division.

22. Computer Sciences Division,

23. Efficiency and Renewables Rescarch Section, Energy Division.

24. Economic Analysis Section, Energy Divic' .

25. J. L. Blue &t al., State Energy Office vata Managemeni: The Preliminary Energy Audit of the Insii-
tutional Buildings Gramis Program, ORNL /CON-55 (October 1980).

26. E. Hirst, J. Carney, and P. Knight, Energy Use ar Institutional Buildings: Disaggregate Data and
Data Management Issues, ORNL/CON-T73 (June 1981).
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Finally, we developed regression equations for each building type, using this clean PEA data
These equations provide statistically meaningful evidence concerning the effects of various factors
(such as fuel prices, floor area, climate, occupancy, and building type) on institutional buildicg
energy use.?’

In a related project, we worked with staff at the Oak Ridge Associated Universities (ORAU)
to organize data they had collecied during energy audits at 48 hospitals. In bricf, the average hospi-
tal hzd a potential energy saving of 20% with an average payback period of onc year.

Based on our experience vith the PEA data and the ORAU energy audit data, we prepared a
report suggesting generic improvements in the way that state and federal agencies collect, organize,
and usc disaggregate energy consumption data.”® We also nublished a 1980 version of 4 Pocket
Reference of Energy Facts and Figures.®® We analyzed data collected by the EIA from 4000 house-
holds in terms of encrgy usc and retrofit actions.® Finally, Science Applications, Inc. (under sub-
contract to ORN.), analyzed home cnergy audit data coilected by the Wisconsin Power and Light
Company; a final report will be published during FY 1982.%

5.3.3 Evaluation of Government and Utility Conservation Programs

We reviewed utility cvaluations of their home energy audit programs with respect to both the
evaluation methodologies used and the evaluation results.”® This study was heipful to DOE in
developing a plan for evaluation of the federal Residential Conservation Service.

We developed a primer on evaluation of conservation programs. The primer was intended for
evaluation practitioners and for program managers (who are users of evaluation results); it will be
useful for personnel working on either government or utility conservation programs.>

We provided assistance *o several divisions in DOE’s Office of Conservation and Renewable
Energy in preparation of the DOE Sunset Report. This report, which must be submitted to
Congress in January 1982, is intended to document the past performance of each DOE program
and its likely future accomplishments.

We completed two studies that examine recent trends in U.S. energy use and the role of
increased encrgy efficiency on these trends. One study used the ORNL energy end-use models to

27. E. Hirst, J. Trimble, and R. Goeltz, Analysis of Energy Use ar U.S. Institutional Buildings,
ORNL/CON-78 (November 1981).

28. E. Hirst et al., Analysis of Energy Audits at 48 Hospitals, ORNL/CON-77 (July 1981).

29. J. L. Blue and E. Hirst, Disaggregate Energy Consumpiion Data: Federal/State Cooperation,
ORNL/CON-72 (May 1981).

30. J. Blue and J. Archart, A Pocket Rejcrence of Energy Facts and Figures, Oak Ridge Mational
Laboratory (December 1980).

31. E. Hirst, R. Goeltz, and J. Carney, Residential Energy Use and Conservation Actions: Analysis of
Disaggregate Household Data, ORNL/CON-68 (March 1981).

32. S. Grady, Analysis of the Results of the Wiscoasin Power and Light Home Survey and Audit Pro-
gram, Science Applications, Inc. (to be published).

33. L. Berry et al., Review of Evaluations of Utility Home Energy Audit Programs, ORNL/CON-58
(March 1981).

34. E. J. Sodersirom et al., Evaluation of Conservation Programs: A Primer, ORNL/CON-76 (July
1981).
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analyze historical trends by sector.® The other examined the need for and the role of federal con-
Our analysis of historical trends included development of simple econometric models of

national energy use as functions of gross national product (GNP), average energy price, and time.*

These models were used to project energy use from 1973 to 1980 under three sets of assumptions:

I. Real GNP grows at its 1960-1973 rate (4.2%/year), and real encrgy prices remain at their
1973 levels.

2. The (GNP follows its actual path, and energy prices remain at their 1973 levels.

3. Both GNP and energy prices follow their actual paths.

These three projections and the values of actual energy use are shown in Fig 5.1. Relatve to
historical trends (i.c., a business-as-usual projection), encrgy use in 1980 was reduced by 20 EJ.

ORNL-0WG 81-17765

U.S. ENERGY USE (EJ)

1950 1960 1970 19680

Fig. 5.5. US. energy wse, 1947-1980. The top projection (dashed line) assumes thst the gross mational
product grows during the 1973-1980 period at its 1960-1973 rate (4.2%/year) and that real fuel prices remain
constant at their 1973 values. The middle projection (dotted linc) assumes that the gross national product fol-
lows its actual path and that fuel prices are constant. The botiom projection (solid line) assumes that both the
gross national ;-zduct and fuel prices follow their actual paths during the 19731980 period. The dot. are
actual energy use.

.S E. iurst et al., Energy Use from 1973 1o 1980: The Role of Irmproved Energy Efficiency,
ORNL/CON-79 (December 1981).

36. E. Hirst et al., Improving Energy Efficiency: The Effectiveness of Governmemi Action, Osk Ridge
National Laboratory informal report (April 1981).

37. E. Hirst, W. Fulkerson, and R. Carlsmith, "The Role of Government Action in Improving Buildings
Energy Efficiency,” ASHRAE J. 23(6): 25-28 (June 1981).
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Half of this difference was due to slower growth in GNP between 1973 and 1980 (ic., the differ-
ence between the top two projections). About 80% of the remaining 10 EJ was due to changes in
energy prices (the differcnce between the bottom two projections). Finally, about 2 EJ (the differ-
cnce between the bottom projection and actual energy use) was due to other factors not included in
these simple models. These other factors include errors in the models and data, structural changes
in the economy, and the effects of government and utility encrgy conservation programs. Additional
work in FY 1982 is exploring these changes in more detail, with particular emphasis on the role of
federal conscrvation programs.

During the last quarter of FY 1981, we began several projects that will be completed during
FY 1982. These include

1. cvaluation of the federal State Energy Conservation Program,

2. cvalustion of the federal Encrgy-Related Inventions Program,

3. development of an evaluation plan for the Boaneville Power Administration residential conserva-
tion programs, and

4. assistance to Electric Power Rescarch Institute (EPRI) on cvaluation of utility conservation
prograsis.

5.4 BUILDINGS AND INDUSTRIAL ENERGY DEMAND ANALYSIS GROUP

R. W. Barnes™

S. M. Cohn D. B. Reister”
D. M. Hamblin T. A. Vineyard
G. R. Hadder

5A4.1 Overview of 1981 Activities

During FY 1981, work was peformed by this group for six principal offices of DOE. These
offices are listed below, tugether with the major activities accomplished for each.

1. Office of Energy Use Analysis, EIA. Journal article on the Oak Ridge Industrial Model
‘ORIM).® Updated drafts of the ORIM documentation.* Improvements to the ORNL residen-
tial model.*2

2. Office of Coal Utilization, Fossil Energy (FE). Survey of industrial auuuda toward coal usec.
Data base characterizing the industrial steam market *?

38. Group leader. ‘

39. On loan from Institute of Energy Analysis.

40. R. Barnes et al., The Ook Ridge Indusirial Model (ORIM) — A Component of thc Midierm Energy
Forecasting System (MEFS), draft report (September 1981),

41. D. Reister et al., The Oak Ridge Industrial Model Volumes I, 11, and 111, ORNL/CON-56 (forth-
coming).

42. D. Hamblin and T. Vineyard, "COMMENT: An Evaluation of the ORNL Rmdenml Energy Use
Mode!l,” draft report (October 1981).

43. G. Hadder, ~Industrial Boilers: Population Characterization and Investment an draft working
paper (December 1981).




7

3. Office of Policy Planning and Evaluation, Conscrvation and Renewable Energy (CE).
Solar/conscrvation bascline projection.** Natural gas price deregulation study.*S Cost perfor-
mance report on residential solar heating, *

4. Office of Buildings and Community Systems, CE. Constrained optimization mode! of resideatial
energy demand. Reestimation of residential model parameters.*? Tax credit analyses for heat -
pump water heater.*’

5. Ofiice of Technology Assessments Environment (EV), now called Office of Environment Plan-
ning of Enviromental Protection, Safety and Emcrgency Preparedness (EPSEP). Study of the
impact of the energy and eaviromental legislation on the petroleum and chemical industries. %

6. Office of Data Standards, EIA. Industrial energy consumption data requirements study (techni-
cal assistance to the study contractor).

Funding was cut off midway through 1981 for much of tt : CE work. This resulted in cessation
of the integrated buildings energy conservation forecasting system that was being developed for the
Systems Analysis Division of Buildings and Community Systems.

There was a substantial change in emphasis in 1981 on the market analysis for coal technolo-
gies sponsored by the Office of Coal Utilization. In prior years, we had been developing a computer
model to estimate the market penetration. The emphasis in 1981 was shifted to interviews and sub-
jective cstimates together with development of a data base describing the characteristics of the
industrial stcam boiler population.

Also in 19801981, a aumber of reviews of our ORNL residential sector models were made by
outside agencics. In response to these reviews and to our own interests, intensive effort was concen-
trated on correcting the primary shortcomings identified in the model.

In summary, during 1981 there were two major thrusts to our work. One was improving our
capabilities for cnergy demand analysis by improving our data bases and the algorithms used within
our models. The other major effort was in developing fuel demand analyses reflecting the changes
in perspective within the administration and in DOE relative to expectations for future energy
prices 2nd to the continuation of various conservation programs.

In the two following subsections, results from three of our 1981 activities are highlighted.

54.2 Industris! Sector

As part of a continuing effort to evaluate the market penetration potential of future, industrial
coal-using options, two information systems were established in 1981. The first system of direct
data characterizes the industrial boiler population. The second system of corollary data contains

44. R. Barnes et al., Projection of Energy Use in the U.S. Economy, 1980-2000, Reference Case, 1981
ORNL/TM-8245 (forthcoming).

45. R. Carlsmith, CRNL, communication to M. Savitz, DOE, “Effect of 1ligher Prices on Conservation
Program Impacts,” April 1981.

46. F. Zehr et al., The Performance and Economics of Residential Solar Space Heating,
ORNL/CON-70 (forthcoming).

47. S. Cohn et 3\, A Commercial Energy Use Model for the Ten U.S. Federal Regions, ORNL/CON-40
(March 1981).

48. D. Phung and R. Barnes, “The Petroleum Refining Industries in the 1980's: Impact of the National
Energy Plan and Related Legislation,” Marer. Soc. 5(4), (1981).

49. D. Nguyen and R. Barnes, Impacts of Recent Energy and Environmental Legislation on the U.S.
Chemical Indussry, draft repost.
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subjective opinions from 50 industrial representatives on factors that influence boiler investment and
serve as the driving force for change in the boiler population.

Relative to mid- 1981, we found that the dominant opinions and concerns of industry represen-
tatives included the following.

1. Investments in encrgy systems arc constrained by limited capital availability and by competition
for capital from nonenergy projects.

2. There is interest in advanced coal-burning technologics, particularly Fluidized Bed Combustion
(FBC). However, FBC is not considered to have been adeq ately demonstrated.

3. Enecrgy conservation and waste heat reuse programs are decreasing plant steam requirements. As
a result, investmert in new boiler installations will be postponed or reduced. This subjective
opinion is confirmed by direct data on industrial (SIC categorics 20-39) boiler sales (Fig. 5.2).
After a precipitous sales drop from 28.0 X 10° kg/h in 1974 to 12.7 X 10° kg/h in 1975,
annual sales have continued to decline at an average rate of approximately 1.6 X 10°kg/h.

4. New boiler systems will be multiple-fuci-fired to mitigate the consequences of shortages of a sin-

gle fuel.

Uncertainty about environmental regulations will constrain investment in coal-burning systems.

Few existing non-coal-fired boilers will be converted to coal use.

An increasing fraction of new boilers will be coal fired.

In general, federal involvemem .3 energy-related enterprises is unwelcome. There is, however,

strong support for federal participation in the advancement of coal-burning technology.

P NAW

A significant coal utilization issue is identification of opportunitics and mechanisms for con-
sumption of abundant coal resources in lieu of scarcer fuels. Our direct and corollary data systems
will provide a foundation for estimation of the market penetration potential of those technologies
that support the substitution of coal for other fuels in industrial markets.

5.4.3 Buildings Sector

Solar heating cost performance study

The performance and cconomics of residential solar space heating were analyzed for |7 cities
in the United States. Specifically, the active systems evaluated consisted of air and liquid flat plate
collectors with single- and double-pane glazing. The passive systems include Trombe wall, water
wall, direct gain, and sunspace systems. Water heating is included with the active systems because
most of the equipment needed for solar water heating is integral with the space heating systems.
However, the passive solar systems do not lend themselves readily to heating water.

The solar systems analyzed were applicd to an average-sized, single-family house designed 0
meet the thermal integrity requirements of the Department of Housing and Urban Development
Minimum Property Standards. Simple payback, discounted payback, and discounted 20-year life
cycle costs were computed for each combination of system type, collector (or glazing) area, backup
fuel, and city. The auxiliary heating systems are sized to match peak heating requirements. There-
fore, the installed costs of the conventional and auxiliary systems are equivalent. Life-cycle-costs
scenarios were constructed using federal and state income tax credits, financing charges, a range of
discount rates (0, 2, 6, and 10%), and two separate estimations of fuel escalation rates.
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Figure 5.3 presents the cost-performance data for the four collector types and six collector
areas in each of three cities representing a broad range of heating loads. The perfurmance curves
for water wall, Trombe wall, and direct gain systems for various collector glazing arcas are
presented in Fig. 5.4. In the passive solar cases, water wall systems perform as well as or better
than other systems. In contrast, Trombe walls with night insulation demonstrate the poorest perfor-
mance.

ORNL-OWG 80—15760

10 T T T T T T T
o AIR -SINGLE
® AR -DOUBLE
4 L IQUID-SINGLE
08— s LIQUID-DOUBLE —
BOSTON ‘\

o
-]
T

RELATIVE ANNUAL ENERGY USE

CHEYENNE
04 |-
02| DENVER
0 | l
0 a 8 12 16 20 24 28 32

CAPITAL COST (dolisrs x 1000)

Fig. 5.3. Fraction of comventional heating emergy required vs solar system capital cost for active systems.
Note: "Relative annual encrgy use” refers to the fraction of purchased energy needed as a backup for the solar

system relative 10 the purchased energy for a conventional system supplying ihe full heating load. The terms
=air” and “liquid™ refer to a system with fluid flowing through the collectors. The terms “single™ or “double”
- refer to the number of glazing plates over the collector aperture.

Table 5.4 gives a comparison of discounted payback periods for a common type of active solar
heating system with electricity backup. The values in parentheses include currently available tax
credits. With natural gas or fuel oil as the backup fuel, longer 1 -~ neriods occur. Note that
payback periods of less than 20 years occur infrequently. Similarly, Table 5.5 presents discounted
payback periods for a Trombe wal’ (passive) system with clectricity backup. The first line for each
cily pertains to systems with night insulation, while the second line relates to systems without night
insulation. The values in parentheses include federal and atate tax credits. Boston, Denver, New
York, and Philadelphia exhibit payback periods near 20 years or less. Essentially, we find that very
high solar insolation levels or very high electricity rates are required to have acceptable payback
periods even with tax credits.
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Fig. 5.4. Fraction of conventionsl heating energy required vs passive solar system capital cost. Note: “Rela-
tive annual energy use” refers to the fraction of purchased encrgy needed as a backup for the solar system rela-
tive to the purchased energy for a conventional system supplying the full heating load.
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Table S4. Discosnted payback periods (vears) for liquid single-giazed active solar
systems with electricity backsp for discount rates of 10 to 0%
and for collector areas of 20 and 40 m?

10% % 2% 0%
20m* 40m? 20m? 40m? 20m? 40m? 20m? 40m

Minneapolis (49) 53(22)  606(37) 36 (18) 40 (28)
Cheyenne 48 (28) 60 (43) 33(22) 39 (31)
Boston (18)  (45) 27(13)  31(20) 21(11) 24(17)
Chicago 46(28)  57(43) 33(23) 39(31)
Secattle

New York (36) 33(18) 41 (28) 25(15) 29 (22)
Omaha 68 (36)  95(63) 41(27) S0 (40)
Denver (40) (16) (122) 24(12)  36(24 20011) 27(19)
Kansas City $9(32)  82(5S) 38 (25) 46 (36)
hiladelphia (33) 31(18)  38(28) 24(15) 28(22)
Washington 50(29) 65(47) 34(23) 41(3))
Atlanta 45(28) 64 (48) 33(23) 42(35)
Knoxville 64 (40) 88 (68) 42(30) 53 (45)
Dallas (35) 31 (20)  43(24) 24(17) 32021
Phoenix (26) 33(16) 63 (42) 25(14) 41 (31)
San Diego : S8 (25) 118 (63) 38(21) 60 (42)
Miami 69 (44) 125(97) 45(22) 67(S8)

“Blanks indicate nonconverging payback periods. ftems enclosed in parentheses are payback periods
with tax credits considered.



Table 5.5. Discounted payback periods’ for Trotabe wall with electricity backup for
discount rates of 10 10 0% and for collector areas of 10 and 30 m?

10% % 2% 0%
10m: dm? 10 m? 30 m? 10 m? 30 m? 1om? 30 m?
Minncapolis® (45.3) (83.6) 34.7 (20.9) 40.2 (24.2) 26.3(17.4)  29.4(19.7)
$7.6(38.3) - 64.9(43.2) IR.3(284)  41.50312)
Cheyenne 421 (33.0) 415 (37.1) 29.9 (24.9) 3.6 (27.3)
55.0 (46.9) 65.0(34.7) 36.1 (32.2) 10.2 (36.0)
Boston 354 (11.8)  66.0 (21.5) 185 (9.2) 21.9 (141 15.4 (8.4) 17,9 (12.3)
86.9 (17.3) (46.1) 22,7 (12.3) 30.8 (20.2) 18,4 (109) 23,6 (16.8)
Chicago 37.1 (20.8) 433 (14.4) 276 (2.3 1 (26.)
47.3 (40.9) 61.6 (51.3) 33.2(29.8)  40.1 (36.3)
Scattle 141.4 (113.3) 171.7 (137.0) 61.3(60.0)  74.6 (67.0)
158.6 (136.6) 235.9 (200.8) 71.6 (66,6)  86.6 (81.3)
New York 29.1 (22.4) 32.5 (24.9) 222(181)  24.2019.7)
49.9 (40.8) 49.8 (40.8) 32,5(28.%)  32.5(28.5)
Dmaha 9.7 (38.0) 63.8 (48.1) L1 (27.8) 389 (32.5)
Denver (12.8) (45.2) 5.3 (9.9) 31.1 (20.2) 0.2(89) 23,8 (16.8)
W13.5) 31.0 (10.2) 39.6 (26.4) 23,7 (9.3) 28,6 (21.0)
Kansas City 44.0 (33.8) $5.3 (42.0) T30.5(25.2) 355 (29.6)
61.2 (50.7) 85.7 (69.5) 37.9(33.6) 460 (41.0)
Philadelphia 88.7 (35.7) (56.5) 234 (18.7) 27.4 (21.8) 19.0(15.7) 21,6 (18.0)
33.3 (28.6) 37.0 (31.8) 25,2 (22.4)  27.4(24.3)
Washington 48.0 (37.9) $5.8 (44.0) ILN(27.0) 389 (334)
65.0(55.) 71.5 (65.8) 405 (36.7)  45.6 (41.2)
Atlams 46.2(31.2) $8.4 (47.2) 32.8(27.0)  38.9 33.4)
$4.5 (41.3) 69.1 (60,1) 37.01334) 37 (39.8)
Knoxville 54.0 (43.6) 72.3 (58.5) 36,8 (31.%)  «3.1(30.1)
63.9 (55.5) 87.0 (75.8) 414 (37.6)  31.0 (46.7)
Dallas (68.1) 30.9 (25.6) 4',6 (34.8) 24.5(709)  31.2(27.0)
34.2 (30.2) 4.3 (39.4) 26.6 '24.0)  32.8 (29.9)
Phoenix (42.6) 46.4 120,1) 1€0.3 (95.9) 323(168)  67.5(52.7)
(62.3) 3.4 (22.4) 19 (75.1) 3.8 (18.4)  $8.1(45.2)
San Dicgo 116.0 (47.3) 9177 (132.8) $7.6(33.3) 958 (65.1)
118.1 (48.0) 341.. (105.6) $8.1(33.7)  87.0(57.0)
Miami
280.9 (242.1) 96.5 (91.4)

“Blanks indicate noncoverging payback periods. [tems - closed in parenthuses are payback periods with tr.x credits considered.
5The first line of entries indicates values for systems with night insulation; the second indicates values 'stems without night insulation,

9L
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Residential sector mode! improvement

During the past two years, the ORNL residential energy demand medel has been formally
reviewed by individuals such as Daniel McFadden;*® John Herbert;' David Freedman, Thomas
Rothenburg, and Richard Sutch;’? and Robert Weatherwax®® These critiques have been commis-
sioned by EPRI, CIA, and the Nation.l Bureau of Standards. In addition, comments about the
model’s strengths and weaknesses are being received from various model users and DOE sponsors.

The primary criticisms communicated through the formalized model evaluation process involve
aggregation bias, which includes the lack of a housing vintage structure, out-of-date documentation,
and insufficient validation. In addition, no feedback loop from energy prices and policies to housing
numbers and size, double translation of usage and fuel-and-equipment-switching elasticities, and
lack of usage consideration in life cycle cost optimization are considered weaknesses in the model.
An additional criticism expressed by the model practitioners and DOE sponsors concerns improving
i technology curves.

Most of the issues raised in the formalized critiques and the concerns of the model users and
DOE sponsors have been previously recognized by ORNL, and corrections in many of these arcas
of weaknesses are already under way or completed. For example, the conversion procedures
employed to imr'ement fuel-and-equipment-switching simulations were examined ard inconsisten-
cies have been eliminated. Likewise, the interest rates employed in fuel-and-equiprient switching
have been corrected.

A major revision to the model is the joint determination of spacx-conditioning equipment,
water-heating equipment, and thermal cfficiency of the housing structure. Simultaicous optimiza-
tion provides the opportunity to discern shadow prices associated with energy pol.ces that can be
characterized as constraints. For example, building energy performance standards (which do or do
not permit trade-offs amcne the shell, space conditioning, and water heating) ¢an be considered
directly in the constrained (sin.ultancous) optimization framework.

Finally, the model structure has been expanded to accommodate an expecterd fuel price cscala-
tion factor in the present worth calculations. An average price escalation factor is computed from
the vector of forecast fuel prices input into the model. Other areas in which the model has been
improved include associating housing-size-growth-induced increases in equipment capacity with con-
comitant increases in equipment price, considering usage in efficiency choice, and the elimination of
duplicative lags in life cycle cost optimum efficiency choices.

The revised ORNL building secte  models have been employed to analyze impacts of the
ASHRAE 90A-1980 Stzndard for building construction.® The work was done on a regional basis
for EIA, appropriate for analyzing conservation innovations in commercial and multifamily huild-

50. D. McFadden, An Evaluation of the ORNL Residensial Energy Demand Model, Massachusetts
Institute of Technology, Energy Laboratory Report, MIT-EL-81-021 (April 1981).

51. J. Herbert, Selected Comments on the ORNL Residential Energy-Use Model, EIA, 1.3, Depart-
ment of Energy, TR/OA /80-09 (June 1980).

52. D. Freedman, T. Rothenburg, and R. Sutch, Analysis Quality Report on Midierm Energy Demand:
The Hirsi-Carney Model for the Residential Sector, advance copy, University of California, Berkeley (June
1981).

53. R, Weatherwax et al., An Assessment of Residential Energy Consumption Data ond Their Use i
Forecasting Models, Volume III; Data and Models: A Comparison of the ORNL and CEC Model, Energy
and Resources Group, University of California, Berkeley (July 1981).

54. The ORNL commercial sector model also was significantly impreved in 1981,
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ings. and is reported in CON-82 (forthcoming). Our analysis indicates that the ASHRAE Stan-
1ards are close to being optimally cost effective for current fuel prices, but they should be updated
as future conditions change.

5.5 RESEARCH UTILIZATION

In addition to providing substantive assistance 10 each of EIA's missions and objectives as a
part of that organization’s program of support vis-a-vis our nation’s overall energy program, the
results of the rescarch proposed here will be helpful to ORNL, other national laboratories, and of
value 10 energy data analysts.

The products of this work include

data and improved data management tools,
analysis and analytic methods,

professional publications, and

procedures for evaluating publications.

Cal ol

Because of its breadth of scope (covering every aspect of energy data), the program has the
potential of providing research results of at least incidental value to any analyst concerned with
energy and to many znalysts interested in topics other than energy but concerned with issues of
data quality, data management, or the communicability of their results.

Program results to date have already been used within EIA to

1. redesign data collection efforts so that the data which EIA collects is more accurate and more

useful,

clarify data requirements so that the data which EIA collects is more relevant and less burden-

some,

3. qualify data presentations so that users of EIA data are less likely to mislead themselves,

4. cstablish data quality standards so that data series have a high likelihood of being reasonably
accurate and useful,

5. exemplarize data quality assessment techniques so that the ORNL-developed methodologics can
be generalized to broad »cts and whole series of EIA data,

6. develop projections of expected fiture fuel consumption by ¢.«d use for EIA policy studies and
for their annual report to Congress,

7. provide accuratz energy cost information to policymakers so that possible impacts of new legisla-
tion may be weighed prior to pas.age,

8. define the availabilities of specific energy data within the industries so that requests for nonex-
istent data are avoided, and

9. reduce respondent burden by identifying dupli.ative and unnecessary data systems and recom-

mending their discontinuance.

12
‘

Outside EIA our research products in the energy demand analysis area have been used to pro-
ject future fuel consumption within states, service territories, and regions. ORNL energy demand
models are being used by state energy offices, utilities, private consultants, and regional power plan-
ning commissions. We are .urrently providing consulting services (on a full cost-recovery agree-
ment) to private commercial organizations who have contracts to install our energy demand models
in regional planning and Jorecasting systems,



6. Efficiency and Renewables Research Section

J. W. Michel!
W. R. Mixon?

6.1 INTRODUCTION

During this year, a divisional reorganization resulted in expanding the work of this section to
include the electric energy systems program, community systems and cogeneration projects, and
projects related to building energy performance standards and solar photovoltaics. Progress is
reported in these areas and in the other work of the section, which includes research and develop-
ment (R&D) activities relative to heat pumps, appliances, the annual cycle energy system, waste
heat utilization, geothermal and ocean thermal energy conversion (OTEC) power cycles, and build-
ing thermal envelope systems. Most of this worlk:, which includes both subcontracted and in-house
R&D activities, is related to energy conservation through efficiency improvements or to developing
alternative energy sources.

6.2 HEAT PUMP RESEARCH AND DEVELOPMENT

F. A. Creswick R. D. Ellison P. D. Fairchiid

R.C. DeVault W. A. Miller
S. K. Fischer G. T. Privon
W. L. Jackson’ C. K. Rice
V. C. Mci

This activity provides assistance to the Department of Energy (DOE) in the management of an
R&D program to improve the efficiency and reliability of heat pumps for residential and commer-
cial service. This work is implemented by subcontracts with industry and by in-house research on
advanced energy-conserving systems, associated technology projects, and supporting studies.

I. Section head.
- 2, Manager for X-10 groups.
3. Computer Sciences Divisio-,
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6.2.1 Heat-Actuated System Developmest

Two development projects on residential absorption-cvcle heat pumps have been carried out
through laboratory proof-of-concept experiments. One ¢ these systems, developed by Allied
Corporation* and Phillips Engineeriag Company, uscs an unconventional organic-working-fluid pair:
ETFE (ethyl-tetrahydrn-furfuryl ether) is the absorbent and R133a (chiorotrifluorocthane) is the
refrigerant. Figure 6.1 shows an early hardware design reliability test unit. Six of thesc units
operated in Michigan throughout the 1980-1981 heating and cooling seasons. Two residential-size
state of the art packaged units are being fabricated. These units have a target heating coefTicient of
performance (COP) of 1.25 (based on natural gas input).

ORANL-PHOTO 486381

i 24 o . 3 -7

Fig. 6.1. Field-trisl instalintion of an organic working-fiuid residential absorption heat pump developed by
Allied Corporation snd cofunded by Gas Research Institute snd DOE.

The second absorption unit, a heating-only system which is being developed by Arkla Indus-
tries, Inc., utilizes ammonia and water as working fluids and employs technology used by Arkla in
an existing line of residential gas-firee - ‘nrption air conditioners. Figure 6.2 gives a view of the
internal components of this system. Laboratory tests of the second prototype unit achieved a heating
COP of 1.25 at 8.3°C ambient temperature and 1.12 at —8.3°C. Six preproduction protciypes are
being fabricated for laboratory and field evaluation and reliability testing. |

4. The Allied, Garrett, and General Electric projects are cosponsored by the Gas Reuaﬂ::h Institute.

o ca o maverd
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ORNL-PHOTO 4864-81

Fig. 6.2. View of the internal compoments of an smmionia-water residentizl absorption (heating owly) heat
pump prototype developed by Arkla Industries, Inc., wnder ORNL ssbcontract.

-

Other heat-actuated systems under development include a gas-turbine-driven unit by Garrett
and AiResearch*® (Fig. 6.3), two free-piston-Stirling-engine-driven (FPSE) devices [one by General
Electric Company*® and one by Consolidated Natural Gas Company with Mechanical Technology,
Inc. (CNG/MTI)], and a free-piston internal combustion engine/compressor by Honeywell, Inc.,
with Tectonics, Inc. The efficiency targets for these systems are given in Table 6.1.

5. AiRescarch Manufacturing Company, Phase Il Brayton/Rankine 10-1on Gas-Fired Space Cunditioning
System, First Annual Techmcal Reporr, ORNL/Sub/80-24706/1 (10 be published).

6. Advanced Energy Programs Department, General Electric Company, Development and Demonsiraticn
of a Stirling/Rankine Heas-Activated Heat Pump, General Electric Semiannual Report No. C00/2911-8 (July
through December 1980). !
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ORNL-PHOTO 1058-82

Fig. 6.3. Model equipment packsg: for an experimental 35-kW gas-turbine-cagine-driven beat pomp for

light commercial use; system was developed by Garrett Corporation and jointly swpported by Gas Research Insti-
tute.

Table 6.1. Efficiency objectives for gas-fired

heat pump development profects
Unit Heating COP at  Cooling COP at
8.3°C ambient®  35.0°C ambient®
Gariett/AiResearch gas-turbine 1.5 1.3
General Electric free-pistor. Stirling 1.6 0.85
CNG/MTTI free-piston Stirling 1.6 .27
tioneywell / Tectonics free-piston Proof of Proof of
internal combustion enginc concept concept

“Target fucl COP values are :t:;dy-atate ratings (excluding paras'i-t?c;)
for prototype hardware.
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6.2.2 Advanced Electric System Development

The advanced electric beat pump under developmeat by Westinghouse Electric Company™
uses high-efficiency fans and fan motors, a novel modulating compressor, and an optimized heat
exchanger design to obtain a heating scasonal performance factor that is expected to be at least
30% higher than that of the best available, 1979 single-speed, air-to-air heat pumps, that is, 2 sea-
sonal COP of 2.6 as compared to 2.0. The compressor design is based oo a mechanical stroke-
leagth-change concept that modulates capacity so ss to achicve high part-load efficieacy and to
reduce efficiency losses caused by off-on cycling. The compressor also features improved valving,
modified compressor-motor cooling, and direct utilization of reject heat from the compressor shell
These latter attributes have the effect of substantially enbancing compressor performance at low
ambicat temperatures (Fig. 6.4). This development has progressed through breadboard system tests.

1. S. E. Veyo, Adwonced Electric Heat Pump Component Development and Evalnation, Draft Report,
prepared for ORNL by R&D Ceater, Westinghouse Electric Corporation, ORNL/Sut/79-24712/2 (¢ be
published).

8. J. C. Kaswovich & al, Advanced Electric Heat Pump Moarket and Business Analysis, Final Report,
prepared for ORNL by R&D Ceater, Westinghouse Electric Corporation, ORNL/Sub/79-24712/1 (10 be pub-
lished).
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6.23 Heat Pump Technology Development

This year, we concluded work on an advanced uscr-oriented version of the ORNL Heat Pump
Computer Model. Recent improvements include a revised treatment of heat transfer with dehumi-
dification, shortened running time, and improved documentation. Earlier versions of this model have
been distributed to a number of universities and manufacturing organizations. A heat pump design
optimization study was also concluded this year in which our computer model was used as a design
tool. This exercise produced some unexpected results (such as a reduction in required compressor
size as system design is optimized), which indicate that a heat pump design produced by a methodi-
cal, analytical optimization procedure will generally have significantly better performance than one
devised by a cut-and-try approach. Details on this mathematical method are available to equipment
manufacturers.

In other tests at ORNL, we have been conducting laboratory studies on the performance of a
water-source heat pump and have installed a single, vertical heat exchanger in the ground [47 m
(155 ft) decp] outside our laboratory for tests using the water-source heat pump as a ground-
coupled unit. Also, instrumentation is being installed for cycling-loss asd frosting-loss experiments
on an air-source heat pump in our environmental chamber.

6.3 ANNUAL CYCLE ENERGY SYSTEM (ACES)

R. E. Minturn®
L. A. Abbaticllo E. A. Nephew
V. D. Baxter C. A. Sady'®
J. L. Bledsoe'®

The experimental work in the ACES program was confined to obtaining additional operating
experience on the full ACES, to validaling some parameters used to size the radiant/convector
panels for minimum ACES installations, and to evaluating a specially designed outdoor air fan coil
as an alternative to the radiant/convector pancl as a means of collecting or dissipating energy dur-
ing operation of ACES’ several modes. The analytical work reported last year,'' comparing perfor-
mance and economics of a number of different heating, ventilating, and air conditioning (HVAC)
systems in 115 U.S. cities, was updated'? to reflect more recent cost information and was extended
to include three fossil-fucled systems. A number of utilitics and utility organizations were presented
with illustrated lectures indicating the value of ACES as an clectric load management tool.

Data on the field performance of a high-efficiency, air-to-air heat pump was retrieved from the
ACES program data file and used to prepare a report comparing steady-state performance to per-
formance under field conditions.'> It was found that not only is field performance significantly less

. 9. Department of Energy Natioaa! Annual Cycle Energy System program manager.

10. Compnter Sciences Division.

11. W, Fulkerson et al., Energy Division Annual Progress Report for Period Ending September 30, 1950,
ORNL-5740 (November 1981).

12. E. A. Nephew et al., Performance and Economics of Eight Alternative Residential Heating and Air
Conditioning Systems in 115 U.S. Citles, ORNL/CON-85 (in press).

13. V. D. Baxter et al., “Comparison of Field Performance to Steady-State Performance for Two Dealer-
Installed Air-to-Air Heat Pumps,” ASHRAE Trans. 88(2) (1o be published).

[NCWRRPY
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efficient than steady-state performance because of frosting, defrosting. and duty cycling losses but
that the absolute efficiency of an air-to-air heat pump in the heating mode may be lower in mild
climates than in more severe climates because of increased losses from duty cycling (Fig. 6.5).

ORNL-DWG 81-4755
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Fig. 6.5. Steady-state (lime) and ficld-measuved (points) coefficients of performance (COP) as functions of
average outdoor temperature during operation of s middie-of-the-fine air-to-ais heat pamp.

6.4 RESIDENTIAL AND COMMERCIAL APPLIANCES PROGRAM MANAGEMENT!

| V. O. Haynes

W. P. Levins
E. A. Vineyard

\ W. L. Cooper, Jr.
) K. E. Heidenreich

During the year, we continued to assist DOE in implementing a national research, develop-
ment, and demons‘;ration (RD&D) plan’* 10 improve the energy efficiency of residential and com-
mercial appliances by contracting and monitoring the progress of hardware projects and analysis
and information activities related to consumer products. As part of this activity, in-house RD&D
projects are planned and implemented. Table 6.2 shows the variety of appliances and components
being investigated. “ |

14. Heat pump;, central l;qunditioning cquipment, building materials, controls, lighting, and windows
are excluded.

15. US. Depan:mem of Ene“rgy. Technology and Consurmer Products Bronch Program Plan, March 1980,
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Table 6.2. Residential and commercial appliance prejects

Project /subcontractor Sector Accomplishments
Heat pump water heater A Residential Uhits use about half the cnergy of
Energy Utilization Systems, Inc. : a resistance water heater
MOR-FLO Industries, Inc.
Refrigerator-freezer Residential  0.51-m® (18-ft’) refrigerator, tested
Arthur D. Little, Inc. with 2.04-kWh/d consumption
Amana Refrigeration, Inc.
Motor-compressor - Residential 0.51-m? (18-1%) refrigerator, tcsted
Kelvinator Compressor Company with 2.9-kWh/d ccasumption
Gas-fired water heater Residential Achieved 2 67% service cfficiency
Advanced Mechanical Technology, Inc.
AMTROL, Ioc. )
Gas-fired wate; cater Commercial Pulse-combustion unit being developed

Shock Hydrodynamics, Inc.
American Appliance Manufacturing Corp.

Oven Residential Cooks with 1/4 to 1/2 the energy of a
Purdue University conventional oven

Supermarket equipment Commercial Research on a multiple-size, parallel
Foster-Miller Associates, Inc. compressor system

Friedrich Air Conditioning
and Refrigeration Company

Mixed refrigerants Residential or  Potential energy savings of about 12%
University of Hlinois commercial estimated for refrigerator-freezers

Insu ation Residential or  Scoped the opportunities and economics
Arthur D. Little, Inc. commercial for several applications

Tests to evaluate the performance of heat pump water heaters under field service were
completed.'® The tests were conducted with the assistance of 20 utilities encompassing a wide
variety of climates (Fig. £.6) and locations in houses, that is, basements, utility rooms, breezeways,
and garages. The ficld tests indicated that these heat pump water heaters can provide hot water
with about half the energy a resistance water heater would require.

Two series of tests to evaluate the performa..ce of improved refrigerator-freczers under ficld
service were initiated. Onc serics is an extension of research which increased the energy efficiency
by improvements in the refrigeration system and cabinet features.!” The reference energy consump-
tion of the 0.51-m> (18-ft’) model, ohtained using the DOE test procedures, is 2.04 kWh/d. In the
other series, the reduced consumption is achieved by use of a better compressor.'® These compres-
sors reduce the refrigerator energy consumption of the 0.51-m® (18-ft*) model from 3.5 to 2.9
kWh/d (17%) and of the 0.59-m’ (21-ft*) model from 3.7 to 3.1 kWh/d (16%).

16. Robert P. Blevins, Barry D. Sloane, and Gary E. Valli, Demonstration of a Heat Pump Water Heater,
Volume 2, Final Repori, prepased for ORNL by Energy Utilization Systems, Inc., ORNL/Sub-7321/4 (June
1981).

17. W. David Lce, Development of a High-Efficiency Automatic Defrosting Refrigerator-Freezer, 2 vols.,
prepared for ORNL by Arthur D. Little, Inc., ORNL /Sub-7255/1 and ORNL /Sub-7255/2 (February 1980).

18. Richard T. Nelson and Parker W. MacCarthy, Research and Developmens of Energy-Efficient Appli-
ance Motor-Compressors, 3 vols., prepared for ORNL by Columbus Products Company, ORNL/Sub-7229/1
(September 1980), ORNL /Sub-7229/2 (December 1980), and ORNL/Sub-7229/3 (September 1980).
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ORNL.-OWG 8t- 4760

REGION UTILITY TJATE
NORTHEAST 1 NEW YORK STATE ELECTRIC AND GAS Ny
2 VALLEY RURAL ELECTRIC CO-OF PA
3 SOMERSET RURAL ELECTRIC CO-OP ot
NORATHCENTRAL 4 INDIANAPOLIS POWER AND LIGHT »
S PUBLIC SEAVICE OF INDIANA ™
& KANSAS ELECTRIC COOPERATIVES s
7  KANSAS GAS AND ELECTRIC s
SOUTH 8  TENNESSEE VALLEY AUTHORITY AL
$ ODUKE POWER COMPANY NC
10 SOUTH CAROLINA ELECTRIC AND GAS COMPANY sc
11 FLORIDA POWER AND LIGHT n
12 GULF POWER COMPANY I
13 MISSISSIPPI POWER AND LIGHT [V
14 GUADALUPE VALLEY ELECTRIC CO-OP =
wEST ) BONNEVILLE POWER ADMINISTAATION WA
16 PORTLAND GENERAL ELECTRIC on
17 PACIFIC GA: %A ELECTRIC ca
18 SOUTHEAN CALIFORNIA EDISON COMPANY ca
'8 ARIZONA POWER SEAVICE AZ
0 MAWAIIAN ELECTAIC COMPANY "

Fig. 6.6. Map showing wtility locations for testing the Emergy Utilization Systems, Inc. (EUS), heat pump
water heater.

Other projects are in progress on high-back-pressure compressors (e.g., used in refrigerated
vending machines); bi-radiant ovens; residential and commercial gas-fired water heaters;'® refrigera-
tion systems for supermarkets; use of mixtures of refrigerants; and advanced insulation for
appliances.”®

19. Andrew D. Vasilakis et al., Research and Developmens of a High-Efficiency Gas-Fired Water Heater,
2 vols., prepared for ORNL by Advanced Mechanical Technelogy, Inc., ORNL/Sub-7381/1 and
ORNL/Sub-7381/2 (May 1980 and January 1980),

20. W. Thompson Lawrence and Frank E. Ruccia, Development of Advanced Insulation for Appliances,
Task I, prepared for ORNL by Arthur D. Little, Inc., ORNL/Sub-81/13800/) (June 1981).
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A conference on waste heat recovery from HVAC and reirigerstion systems was sponsored in
conjunction with several interested organizations.?'

In-house work continued to gather data on performance of various heat pump water heaters
and to establish a base for investigation of improved refrigerator-freezers. A report was also pub-
lished concerning the effect of forced ventilation on air infiltration into houses.?? This correlation is
shown in Fig. 6.7.

ORNL-DWG B84-4624

e7 o 1 T T T T T T

Y * AINFILTRATION RATE / VENT RATE

04 0§ o8 LI} 12 14 16 18 20 22
X = INFILTRATION RATE /VENT RATE

Fig. 6.7. Effect of vented dryer om infiltration rate.

21. P.ucvedings of the Conference on Waste Hear Recovery for ‘nergy Conservation — Residential and
Light Commercial Heat Pumps. Air Conditioning, and Refrigeration Systems, prepared for ORNL by Purdue
University, C NF-800966 (S=pt. 15 17, 1980).

22. W. P. Levine, Effect of Forced Ventilation on House Infiltration, ORNL/CON-75 (August 1981),
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6.5 LOW-TEMPERATURE-HEAT UTILIZATION

H. G. Amold®
N. Domingu?* R. W. Murphy?*
G. Grossman H. Pere:-Blanco

W. R. Huntley?  R. C. Robertscit
G. H Llewellyc?®

6.5.1 Low-Grade-Heat Recovery

The purpose of this project is to develop conversion technology for recovering hcat at tempera-
tures below 90°C. The principal accomplishments for 198} were the completion of feasibility stu-
dies and preliminary designs of two industrial heat pumps and two heat-actuated chillers by subcon-
tractors and the cycle analysis, test loop verification, and preliminary design of an absorption heat
pump by ORML staff. One of the chillers (a lithium bromide absorption unmit) was builv and suc-
cessfully testcd at the subcontractor’s installation,”” and the remaining chiller will be built as
detailed designs are rinalized in FY 1982.2% It was deternined that the industrial heat pumps,
using vapor compression of 60°C water, would not be economical in sizes smaller than 3 kg/s but
that potentially economic applications for such equipment are abundant in industry.”®* Table 6.3
summarizes the status of subcontracts at the end of 1981.

The ORNL-designed absorption heat pump will be built and tested in 1982 as a proof of con-
cept for advanced absorption cycle configurations suitable for boosting 60°C water to steam tem-
peratures in excess of 120°C.3' An experimental loup for determining heat and mass transfer coef-
ficients in desorption processes was constructed and began operation in 1981. Initial results are con-
sistent with the computer models for oper. desorption that were also developed for this project.’?

23. Group leader.

24. Engincering Technology Division.

25. On temporary assignment from Technion, Israel Institute of Technology, Haifa, Isracl.

26. Engincering Division.

27. Battelle Columbus Laboratories, Final Report, Compound Absorption Cooling with Low Grade Heat,
Subcontract 7805 (in publication).

28. Foster-Miller Associates, Inc., Final Report, Design, Test and Demonstration of an Integrated Ther-
mally Activated, Low Temperature, Waste Heat Utilization Chiller System, Subcontract 41X-28906C (in pub-
lication).

29. Mechanical Technology, Inc., 4 Theoretical Evaluation of Liquid Injection Cooling of the Rusating
Gas in Centrifugal Compressors, ORNL/Sub-79/24713/1 and ORNL/Sub-79/24713/2 (February 1981).

30. General Electric Company, Open Cycle Hear Pumps for Indusirial Wasie Heat Ulilizasion, Subcon-
teact 86X-24717C (in publication).

31. H. Perez-Blanco and G. Grossman, Cycle and Performance Analysis of Absorption Heat Pumps for
Waste Hear Ulilization, ORNL /TM-7852 (September 1981).

32. H. Perez-Blanco, Heat Pump Concepis for Indusirial Use of Wuste Hear, ORNL/TM-7655 (May
1981).
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Table 63. Sintus of subcentracts in low-grade-heat recorery project

Subcontractor Descrintion of activity Status
Battelle Columbus  Absosption chiller using low- Testing complete:
Laboratories grade heat as energy source desi, a perforn-ance
(90 kJ/s) met; final report
in publication
Mechanical Open-cycle vapor compression Phases | and 2

Technology, Inc. heat pump to produce process feasibility studies
steam from low-grade heat published; task completed

General Electric Open-cycle vapor compressics Phase | feasibility

Co. heat pump to produce process in publication;
steam from low-grade heat negotiations in
progress tc continue;
cquipment size 1o be
determined
Foster-Miller Wasie-heat-actuated, expander-  Phase 2 report in
Associates driven refrigeration cycle publication; con-
(35 kl/s) struction and test
in progress

6.5.2 Geothermal Emergy

This geothermal energy project has been invrlved in a long-term research effort aimed at
improving the effectiveness of power plant heat rejection equipment. The major component Jf this
rescarch is the experimental and analytica) evaluation of various condenser tube enhancement tech-
niques that might ultimately reduce the size and otherwice improve the performance of geothermal
power plant heat dissipation systems. This work was maintained at a laboratory-scale, single-tube
level for several years, until appropriat~ condenser tube surface geometries were determined for the
halocarbon and fluorocarbon binary cycle fluids.*

This work formed the basis for the design of two condensers that were fabricated and installed
in prototype power systems at the Raft River, Idaho [60 kW(e)), and East Mesa, California [S00
kW(e)], test sites. The tests at Raft River confirmed the predicted performar.ce and showed that as
much as a 40% reduction in condenser costs could be realized. Testing at East Mesa is in progress.

In addition, a task was begun to survey the state of the art in condensers and cooling towers
and to select advanced concepts that are suitable for use in the next generation of binary power
plants, especially those using binary fluid mixtures. This work will result in a spectrum of advanced
heat rejection options to be evaluated in decail for site-specific, advanced plant concepts to be
prepared by the Idaho National Engineering Laboratory.

A major accomplishment during 1981 was the completion of an evaluation of water availability
and cooling wate: . auirements as a possible constraint to geothermal development.’* The study
concluded that, while it |- not possible to forecast such constraints with accuracy due to the legal
structure surroupging wa!er:righu, water ajwailability is 8 major factor, if not a constraint, in
developing the full potential of a geothermal resource.

33. N. Domingo, Condensation of Refrigerant-II on the Outside of Vertical Enhanced Tubes,
ORNL/TM-7797 (August 198]), ‘

34. R. C. Robertson et al., Water-Related Consiraints to the Development of Geothermal Electric Gen-
eraring Stctions, ORNL/TM-7718 (June 1981).
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66 POWER SYSTEMS TECHNOLOGY PROGRAM

T. W. Reddoch®
R. K. Adams* S. R. Greene™ R. C. Muller®
P. R. Barnes W. T. Jewsil M. O. Pace*!
R. B. Bigps*’ J. W. Klein W. P. Poore™

H. 1. Bowers™® M. A. Kuliasha® . L. Purucker™
C. R. Brinkma,” J. S. Lawje:® D. T. Rizy

W. L. Bryan*® F. W. Mamning”®* R. W. Rochelle®
G. L. Campen B. W. McConn:ll J. P. Stovall
G.S. Canright*  H. McCoy” F. W. Symonds®
P. A. Gnadt® J. M. Mclutyre*

During FY 1981, activities involving electric utility systocms were expanded from the original
program in load management to include new source technology :ntegration studies and power
delivery technology development. The enlarged collection of activities embraced much of the power
systen technology needed for the future of the electric utility industry. The program has five major
functional categories: technology development, measurements and materials, transmission and distri-
bution, generaiion planning and operations, and automation and information processing. The pro-
gram is a blend of in-house studies and subcontracts involving private industry and universitics as
needed to solve future, complex electric problems. The Energy Division has lead responsibility for
the program; however, key roles have been assigned to the Ergincering Technology, Engincering,
Health and Safety Research, Instrumentation and Controls, and Metals and Ceramics divisions.
This report only sur.marizes the activities for which the Energy Division is directly responsible. A
summary of responsibilitics and activities for each division is shown in Table 6.4.

A major part of the program is concerned with end-use technologies, inclvding research on dis-
tribution automation, customer-side thermal encrgy storage, and the system integration of dispersed
generation sources such as photovoltaic devices or wind machines. Distribution automaticn involves
the use of communication and control between the utility and the distribution network and between
the utility ar”’ end-use devices in order to use equipment capacity more eiTectively by reduction in
peak demands and to reduce the power losses in lines and transformers by distributing the power
flows through the system using a real-time control system. Planning and implementation cortinues
on a large-scale distribution automation and load manugement experiment to be conducted on the
Athens Utilities Board system at Athens, Tennessee, in cooperation with the Tennessee Valley

35. Program manager.

36. Instrumentation and Controls Division.
37. Engineering Division.

38. Engineering Technology Division.

39. Metals and Ceramics Division.

40. University of Tennessee.

4], Health and Safety Research Division.
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Table 6.4. Respensibilities of ORNL research divisions in the Power Systems Techmelegy Pregram

Division Fundamental categories Activities
Frergy « Overall program management HVDC” systen: studies; distribution system
* Automation and information design and protection with adtomation and dis-
» Greneration planaing .nd operations persed storage and generatior, load management;
*Transmission and distribution harmonics analysis: and wind-turbine-arvay
dynamic intesacticns
Eugincering « ‘sechnology development High-voitage equipment and HVDC systems

» Transmission and distribution

Engincering Technology  « Generation plauning and operations  High-efficiency motors and large power
» Technology development transformers; reactor cores; ac and dc circuit
» Transmission and distribution interruption techniques; high-volrage
transmission; load management; gener.ion
expansion planning; and generation reliability
Instrumentation and » Automatio:. and information Low-losz core steel measurements; commaunication
Controls * Measurements and materials systems for load management; direct load
control methods; metal oxide varistor
development; and harmonics measurements

Health and Safety » Measurements and materials Gaseous diclectrics and toxicity of various
Research gases
Metals and Ceramics ¢ Messurements and materials Solid diclectric materials and large power
« Technology development transformens

“HVDC = high-voltage direct current.

Authority (TVA), which will test these concepts.*2** A concept plan for the experiment is shown
in Fig. €.8. Research studies are in piogress to determine the planning and design coasiderations
associated with distribution systems having automation and contrel capabilities.** Furthe-more, a
study of the distribution system requizemeats is in progress to ascertain the design and protection
needs for both the accommodation and optimal integration of dispersed generation into electric util-
ity systems.* R.solving personnel safety issues and general electric system protection needs is the
key for integrating new dispersed systems.

For s:veral years, an important aspect of the program has been the tests that were designed to
determire the value of customer-side tnermzl energy storage systems for load management applica-
ticns. iHeat storage systems were placed in five electric utility syztems: Long Istani Lighting Com-
pany, Niagara Mohawk Power Corporation, : ublic Service Electric and Gas Company, United

42. W. Fulkersor ¢t al., Energy Division Annual Progress Repori for Period Ending September 20, 1977,
ORNL-5364 (April 1978),

43, W. Fulkerson et al., Energ) Division Annual Progress Report for Period Ending Sepiember 30 1979,
ORNL-5638 (Jun: ' $8)).

44. W. Fulke.son et al., Energy Division Annual Prog.ess Report jor Period Ending September 30, 1980,
ORNL-5740 (November 1981). ‘

45. “Electric Distribution System Planning and Design ‘ith Dispersed Storage and Generation (DSG)
and Distribution Autemation and Control (DAC),” Request for Proposal No. DEDS-19-01, Sept. 4, 1980,

46. D. T. Rizy and T. W. Reddoch, “Distribution System Protection with Dispersed Storage and Genera-

" 1 (DSG) Devices,” Proveedings of the International Conference on Distribution' Fusing, Varennes, Quebec,

._anada, Nov. 2 4, 198,
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Fig. 6.8. A concept pi1n for the Athens Utilities Board System Jor the Auntomstion and Control Experiaent.

Power Association, and Virginia Electric and Power Company (Table 6.5).“** Results of install-
ing and operating these heat storage systems indicate that these particular units are not fully com-
mercial hardware.*” Cool storage systems were installed in the following five utilities: Arkansas
Power and Light Company, Long Island Lighting Company, Pacific Gas and Eiectric Company,
Virginia Electric and Power Company, and Wisconsin Electric Power Company. These test results
sugge:t that residential cool storage systems are not ready for commercialization.® The electric
system benefits of all thc thermal energy storage systems are currently under evasuation.

In addition to the clectric distribution system requirements for interconnecting dispersed sys-
tems, such as photovoltaic installations, the design of appropriate interface hardware, the inverter
system, is cssential, At the John F. Long photovoltaic house in Phoenix, Arizona, measurements

47. D. T. Rizy, Unility-Conirolled Cusiomer-Side Thermal Energy Storage Tesis: ilear Siorage,
ORNI.-5796 (February 1982).

48. M. A. Kuliasha, Urtlity-Controlled Customer-Side Thermal Energy Siorage Tests: Cool Sitorage,
ORNL-5795 (to be published).
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Table 6.5. ORNL beai sad cool sterape demonstrations

Utility® Location system (manufactarer) data ollection equipment
AP&L Little Rock, Arkansas Cool storage (A. O. Smith) Radio (Motorola); magnetic
tape data collection
L1LCO Mincola, New York Heat storage (Mecgatherm); Radio (Motorola and Scientific
cool storage (Calmac) Atlanta); magnetic tape data
llect
NMPC Lake Placid, New York  Heat storage systems: Leasnd telephone lines;
ceramic brick (AEG); on-line data collection
pressurized hot water
(Megatherm);
beat pump with supplemental
storage (Carrier);
concrete slab storage
PG&E Fresno, California Cool storage (Girton) Radio (Motorola and Scientific
Atlanta); magnetic
tape data coliection
PSE&G  Newark, New Jersey Heat storage: Telephone (DARCOM); magnetic
ceramic brick (TPI) tape data collection
UPA Elk River, Minnescta Heat storage: Radio (Scientific Atlanta);
ceramic brick (TPI) magnet:: tape data collection
VEPCO  Richmond, Virgnia Heat pump system with dual Leased telephone lines;
storage: on-line and magnetic tape
heat storage (Megatherm); data collection
cool storage (Carrier)
WEPCO Milwaukee, Wiscensin Cool storage (A. O. Smith) Power line carrier (American

Science and Engineering),
on-line data collection

“Acronyms used: AP&L, Arkansas Power and Light Company; LILCO, Long Island Lighting Company;
NMPC, Niagara Mohawk Power Corporation; PG&E, Pacific Gas and Electric Company; PSE&G, Public
Service Electric and Gas Company; UPA, United Power Association; VEPCO, Virginia Electric Power Com-
pany. WEPCO, Wisconsin Electric Power Company, AEG, Allgemeine Elekirizitaets-Gesellschaft, TPI,
Tennessee Plastics, Inc.

were taken of various sysiem voltages and currents to determine the performance of a present con-
verter design, including the harmonic output and power factor.”® Analysis of the data yielded results
that were sufricicnt to provide a sound basis for the conservative modeling of a :reprelentative pho-
tovoltaic system intertied (o a utility. The most important findir.g of the project was that the partic-
ular type of photovoltaic inverter system can be considered as an ideal current source at each har-
monic frequency. however, the inverter linking the photovoltaic system to the utility exhibited a
poor power factor and produced significantly more harmonics of 60-Hz powcl': than conventionai
loads. This result suggests that present invertzr designs are lacking in their ability to produce high-
quality electricit:. Improvements will be required before a large-scale intertic to utilities of photo-
voltaic and other sources will be permitied. As a result, the design of an innovative power converter

-

49. G, L. Campen, Results of the Harmonics Measurement Program at the John .F. Long Photovoltaic
House, OP,NL-5834 (March 1982). ‘
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that is low in harmonics, has a good power factor, and has high efficiency is under development at
ORNL.®

A new cffort has been initiated to understand problems caused by intertying large arrays of
wind turbines to clectric utility systems. The problems are both cconomic and technical. A class of
electric utility operating problems with wind turbine arrays has been defined,! and efforts are
under way to design control procedures to mitigate them.

Most of our efforts in power delivery activities concentrated on high-voltage direct curreat
(HVDC) transmission. The value of such systems to the electric utility industry is significant and
results in improvements in the system stability, cffective usc of power parks, and long-distance
transportation of electric power. There arc numerous iechnical problems to be resolved in HVDC
technology; one in particular is commutation technologv. (Commutation is the continuous process
that converts direct current into alternating current.) A study has been conducted that addresses
the critical issues of an alternative commutation technique (force commutation), which could
replace line commautation. In line commutation, energy to operate the switching devices is taken as
nceded from the alternating current source to which the inverter is intertied, but in force commuta-
tion, switching energy is taken cither from the direct current or the alternating current system and
is stored until needed. Force commutation has superior properties to line commutation, especially
regarding the effectiveness of HVDC for control purposes.

6.7 BUILDING THERMAL ENVELOPE SYSTEMS

G. E. Courville®?
K. W. Childs*®>  J. N. Robinson®  R. L. Wendt

ORNL provides technical support and subcontract management for the DOE component of the
national plan for Building Thermal Envelope Systems and Insulating Materials. Under this national
plan, the Energy Division is responsible for work in Building Envelope Systems, Building Diagnos-
tics, and Innovative Structures.

6.7.1 Bailding Eavelope Systems

A comprehensive multilaboratory program has been organized by ORNL to investigate the
dynamic performance of building envelope syitems. Of specific interest are the circumstances under
which massive materiais significantly alter the thermal efficiency of buildings. Wall sections are
being analyzed under dynamic temperature cycling in the Portland Cement Association’s calibrated
hot box, and a new calibrated not box, designed as an industry standard, is under construction at
the National Bureau of Standards (NBS). Whole building ficld tests are under way at an cight-cell
site in New Mexico, a six-cell site at NBS, and at the Joint Institute Dormitory Building at ORNL.

50. C. Jobbins, HETUP Utility Interactive Power Converter, Delta Electroniz Con'rols Corporation,
UCC-ND Subcontract 9079.

51. T. W. Reddoch et al., “Operational Concepts for Large Wind Turbine Arrays,” Proceedings of the
Fifth Biennial Wind Energy Conference ana Workshop, Washington, D.C., Oct. 5-7, 198].

52. Group leader.

53. Computer Sciences Division,

54. Deceased,
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Results are expected to facilitate the development of techniques to predict and optimize the use of
mass in building coastruction.

An assessment of roofing rescarch documents the Iack of roof research in the United States
and the poteatial impact of encrgy-efficient roofs (a potential of abuut 1% of total US. cnergy
consumption).’®> As a follow-up, OP.NL sponsored sn international workshop on mathematical
modeling of roofs and supported studies by the Army Construction Engineering Research Labora-
tory and the National Roofing Contractors Association into aspects of adding insuiation to roofs.
Work continues on a study »f the feasibility of a national roofing test center.

6.7.2 Building Disguostics

Three studies, prepared for ORNL by NBS, National Acronautics and Space Administration
(NASA), and Calspan Corporation, examined the limits of usefulness of :csidential aerial infrared
sensing 5% Results of these studies are shown in Figs. 6.9-6.11. Significant results include the fol-
lowing: (1) measurements of roof temperatures to within 1°C are possible, (2) roof temperature is
a good indicator of ceiling insulation levels in adjacent homes, (3) roof temperatures can be used to
identify homes with significantly different heat losses, and (4) it is possible to specify microclimate
conditions required for good-quality aerial imagery.

An assessment of building diagnostics stressed the need for more accurate building perfor-
mance analysis and broadly outlined areas where improved diagnostics are needed.

6.7.3 Iasovative Structures

A preliminary evaluation of carth-skeltered housing was completed. The impact of climate on
carth-sheltered dwellings®! is illustrated in Fig. 6.12. An ORNL study found that earth-sheitered
houses were significantly more costly and that this added cost would not be justified on a life-cycle
basis.$? A summary evaluation of the relationship between carth sheltering and demographic factors
is shown in Fig. 6.12.93

55. 3. N. Robinson, The Assessment of Roofing Research: An Interim Report, ORNL/TM-7640 /July
1981).

56. H. W. Busching and G. E. Courville (eds.), Proceedings, DOE-ORNL Workshop on Mathematical
Modeling of Ro.fs, Atlanta, Ga., Hov. 3-4, 1981, CONF-811179 (in press).

57. S. J [rseado et al., “Aerial Infrared Vvhermography for Reridential Energy Analysis,” to be published
a3 an NBS Technical Note.

58.J. R. Jack and R. L. Bowman, Reliable Aerial Thermograshy for Energy Conservation,
DOE/NASA/20270-1, NASA TM-61766 (August 1981).

59. 1. R. Schott, Aerial Measurement of Heat Loss, Phase 11, NYSERDA report (to be published).

60. G. E. Courville, Assessmens of Building Diagnostics,. ORNL/Sub-80/61602/1 (July 1981).

61. Kenneth Labs, Regional Analysis of Ground and Aboveground Climate (to be published as an ORNL
report).

62. H. B. Shapira, Cost and Energy Comparison Study of Abuve- and Below-Ground Dwellings,
ORNL/CON-91 (in preparation).

63. R. L. Wendi, Earth-Sheltered Housing. An Evaluation of Erergy-Conservation Potential,
ORNL/CON-86 (April 1982).
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residences with ceiumg insuiation levels of RO, R11, and K30. Note the strong effects of radiative coupling
between residences and sky: first, in the night, surface temperatures are typically depressed below the ambient;
second, roof temperatures follow changes in sky temperatures. The strong increases near midnight imbly cloud
coverage. The converging of all roof temperatures under clouds suggests problems with aerial thermography if
taken under mixed cloud coverage. Source: ref. 56. “

The energy conscrvation potential of using a large envelope to enclose inhabited structures was
investigated. The results from this preliminary effort® indicate that energy ~onsu.nption 'within
enclosed structures in summer-dominated climates would be reduced by approximately 70% :and in
winter-dominated climates by abou? 30%.

64. R. L. Wendt, G. E. Giles, ar@ J. E. Park, Large Climate-Moderating Envelope. for Enclosed Struc-
fures, ORNL /TM-8018 (1981). | ‘
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Fig. 6.10. The two curves, one with positive slope and the other with negative slope, bound the valwes of swr-
face wind speed and ambisnt slr temperature for which good-quality acrial thermograms are svailable. T2.c area
to the I«ft of the positive-slope curve represents poor quality becavse it is difficult to disciiminate between dif-
ferent degrees of insulation. Increasing wind speed helps this discrimination. The area to the right of the
negative-slope curve represents poor quality because high ambicnt temperatures reduce discrimination between
roof and surrounding terrain. Increased wind accelerates this problem. Open data points represent flight condi-
tions for surveys, independently judged v have provided good-quality imagery. The two solid points represent
surveys with poor imagery. Source: ref. 57.

In an assessment of the energy conservation potential of the use of vegetation, it was found
that the proper use of vegetation throughout the United States could result in a2 net reduction in
total U.S. energy consumption of slightly more than 1%.9%"

65. B. A. Hutchison (ed.), Uses of Vegetation 10 Ameliorate Building A‘{icrocllmaus: An Assessment of
Energy Conse—at’ n Potentials (20 be published as an ORNL report),
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Coid, cloudy winters maxwnize value of earth-tempering as 2 hedi comservation measwre. Cool sof and dry summers
faver subgrade placement and earth cover with Ritle Bkefhood of condensation.

Severely cold winters demand major heat conservation measres, even though move sumshine is avadable here than on
the coast. Dry summers and cool soll favor earth-covered roofs and ground coupling.

Good winter insolstion offsets meed for extraordinary winter heat conservation, but sumunes beneft is more impcriant
hese than in zone B.  Exth cover is advaatageous, the ground offers some cooling. condemsation is unikely, and sentila-
tion is not 2 major necessity.

Cold and often cloudy winters place a2 premiom on heat conservation. Low summer ground temperatures offer 3 cooling
sowce, but with possibiity of condensation. High wwezaer humidity makes ventilation the leading conventional summer
chmate control strategy. An sboveground, superinsulated house, designed to maximize ventilation, is an important com-
peting design approach.

Generally good winter sun and minor heating demand reduce the need for extreme heat conservation measures. The
ground offers protection from everheated aiv, but not major cooling potential as 2 heat sink. The primacy of ventilation
and the possibility of condensation compromise summer benefits. Quility of design will determine actual bev.efit realized
here.

High ground temperatures. Persistent hih humid .y levels largely negate value of roof mass and establish ventiation a3

the only important s mer cooling strategy. Any design that compromises ventiation effectiven~:: without contributing
to cooling may be consadered counterproductive.

This is a ransition area between zones 7 and H, comments conceming which apply here m degree. The value of earth-
tempering increases moving westward tivough this zone, and diminishes moving southward.

Summer gromnd temperatwes 2re nigh, but refatively much cooler than ar. Addity favors roof mass, reduces need ‘or
ventilation, and eliminates concern aboul condensation. Potential for mtegrating earth-tempering with other passive
design alternatives i high.

Extraordinary means of cimate control are not required due to relative moderateness of this zone. Eart'-tempering
compatible with oiher sirategies, with no strong argument for or agaimst it.

Fig. 6.12. Comparison »f rcpromal switability of earth-sheitered housing as s means of energy conservation.

Housing starts in 1979 show tha’ the major growth in the United States occurs in areas other than where carth

sheltering is highly beneficial.
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6.8 BUILDING ENZRGY PERFORMANCE STANDARDS
G. A. Cristy* K. R. Conum®

H. B. Shapira R. E. Sheiton®
D. M. Hamblin  G. H. Llevellyn®®

In November 1979, DOE issued a Notice of Propased Rulemaking (NOPR) for Building

Energy Performance Standards ( BEPS). DOE discussed tne NOPE. guite thoroughly with members
of the building commusity and the generai public at four hearings. These hearings generated so
many objections o technical and economic issues related to the standards for the commercia. and
multifamily structures that DOE requested ORNL to =stablish a new project to expand the data
base upon which the standards were based and to resolve the major controversies within the build-
ing community.

Three tasks were completed this year:

. The first commercially available DOE 2.1 program for [BM computers was obtained,

debugeed, and made operational. A “friendly” processor was developed on the DEC-10 system
to make the program readily available to ali ORNL and DOE users. The data for 62 Test
Reference Year (TRY) stations and 260 Typical Meteorological Year (TMY) statior: were
processed and packed. A prototypical small office building reflecting 1980-1981 norms was
developed as a base case. Various energy-conserving options for the base case were developed
and analyzeq.

. A prototypical small office building reflecting 1980-1981 norms was developed as a base case.

Various energy-conserving options for the base case were developed and analyzed.

. A thornugh study was made of the existing life-cycle cost (LCC) models available to the gen-

eral public. No one model was adequate for all users’ needs. A new LCC model was developed
based on the best models available. The new model was usec to compare conservation options
vor the prototype office Suilding.

The project was terminated at the end of this period with submission of a final progress report

which included recommendations for additional research to provide : morc complete analysis of
commercial and multifamily buildings.

6.9 COMMUNITY SYSTEMS AND C¢GENERATION

f

M. A. Kamitz®
M. A. Broders L. N. McCold
J. 0. Kolh J. T. Meador

C.G. Lawson  W. L. Jackson™®

The Community Systems and Cogeneration Group is préviding technical assistance to 12 U.S.

cities that are doing prelimirary district heating feasibility studizs. The ORNL staff is assisting the

66. Project manager.

€7. Nov: with Bonneville Power.
8. Engine ring Division.

69. Group leader.

70. Computer Scicnces Division,
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cities in their efforts to identify poteatial district heating and cooiing projects, assess their economic
viability, and develop a plan of action for uaplementation. The staff is also providing diz=ct assis-
tance to three cities vu tacir municipal refuse-to-cnergy projects: Detroit, Michigan; Akron, Ohio;

and Szn Juan, Puerto Rico. For example, for the city of Akron, ORNL analyzed the steam district

heating distribution system with a pressure-flow computer model. Akron is considering installing a
cogencration turbine, -ud the smount of clectricity that can be produced is linked to he turbine
exhausi or distr'st beating supply pressure. The pressure flow modeling of the district heating sys-
tem has shown that dictrict beating costomers can be served with reduced steam pressures, taereby
increasing the cogeneration turbine efficiency.

The Community Systems Group completed its work with the St. Faul district heating project.
Our involvement in the detailed design verifies that the Europeun-type svstem can be constructed i
the United States using the low-cost design techniques.” TLe St. Paul District Heating Develop-
ment Con.pany is successfully marketing the bot water service to building owners, and it is antici-
pated that - :astruction will Legin in late 1982. ORNL staff, jointly wita the city of Minrcapolis,
anal,zcd the fcasibility of a hybrid, hot water-sicam district heating sysiem. The study showed that
it was feasible to develop hot wate: island. around the existing Minneapolis steam system.” There
are many old US. stcam systems, and this analysis showed tha: at icast one system could be
expanded using hot water distribution piping.

A movie entitled *An Energy Opportunity — District Heating aed Cooling for U.S. Cities”
was produced by ORNL.” This movie mainly explains the concept of efficient thermal energy pro-
duction and hot water distribution for loval goverament planners and decision makers.

6.10 SOLAR PROJECTS

6.10.1 Solas Photovoltaic Grast Projects

S. I Kaplan
J.R. Mullens™ 1. A. Tag

ORNL technica! assistance to DOE includes monitoring and evaluating the design, construc-
tion, and start-up operation of three photovoltaic (PV) power projects located at institutions of
higher learning. ORNL also works clcsely with other DOE laboratories, crordinating their technical
input to the project where their special expertise is required. The three systumi are in varying stages
of completion; their location, intended composition, and state of completion are shown in Table 6.6.

71. M. R. Barnes et al., District Heating/Cogeneration Application Studies for the Minneapolis-St. Paul
Area: St. Paul District Heating System Conceptuas Design Study and Report: Appendix C, Market Assess-
ment and Fconomic Analysis of the St. Paul Districs Heating Demomtrallon Project, ORNL/TM-6830/P10,
vol. {1 (January 1982).

72 T. K. Stovall et al., Minneapolis District Heating Opllom, ORNL/TM-7780 (October 1981).

73. 4n Emerg Opportunity — District Heating and Cooling for U.S. Cliies, 16-min color movie with
sound, available in 16 mm and videotape, produczd by Oak Ridge Mational Laboratory (June 1981). !

74, (nstrumentation and Controls Division,
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Table 6.6. Photeveltzic (PV) graat projects

Project PV cells snd Design Status
cacentration  output (kW)
Mississippi County Comiaunity Si, 40X 240 Complete; in
College, Blytheville, Arkansas start-up phase
Northwest Mississippi Junior CdS/CuS, 1X 1 Project suspended
College, Senatobia, Mississippi  Si, 5X 50
Si, 40X S0
GaAs, 406X 50
Georgetown University, S, I1X 300 Six bidders selected;
Washington, D.C. request for proposal
for design and possible
construction to be

issued ¢a Dec. 11, 1961

ORNL’s specific roles have varied for each project according to its respective stage of comple-
tion. For the Mississippi County Community College (MCCC), computer modeling of the solar
field is now being finished, and a report will be issued in June 1982.7 Direct technical assistance
in .neasuring field output and diagnosing the caucss of reduced conversion efficiency has been pro-
vided by ORNL and by other DOE laboratories throuz.a ORNL anangements. Figure 6.13 shows
the morning and afternoon output of 15 PV collector rows at MCCC, supporting a diagnosis that
defocusing of the collectors was occurring duc to gravitationally induced twist about the tracking
axis. Table 6.7 reflects the change in row clectrical output when the twisting was marually
corrected.

Evaluating desigr changes and monitoring subcontractor progress were the main ORNL activi-
tics performed on the Northwest Mississippi Junior College (NMJC) Project. Technical evaluation
services provided for the Georgetown University (GU) project included assistance in evaluating pro-
fessional qualificatiors of GU’s project consultant candidates and critiques of draft Requests for

Proposals to sccure and qualify vendors and to obtain design proposals for the roof-mounted PV sys-
tem. -

€.10.2 OTEC Power Cycles Derelopment

F. C. Chen™
N. Domingo”  A. Golshani”’
The objective of the OTEC Power Cycles Development task is to assist the DOE Energy Sys-

tems Division in the development of OTEC advanced power cycle concepts and subsystem com-
por..nis into cost-competitive power conversion options. Besides program technical assistance in

75. J. R. Mullens, Model of the Solar Power Supply System of the Mississippi County Community Col-
Jege. ORNL/TM-8262 (to be prblished).

76. Project manager.

77. Engineering Technology Division.
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Fig. 6.13. Response of MCCC PV collector rows to morning awd aftermoon in-olation, Sept. 29, 1981.

Table 6.7. Ressits of manuai correction of row twist to ovescome insufficient cosaterbalancing

Before correction After correction
Row  Shontcircuit  Open-circuit  Peak power  Peak power || Shortcircuit  Open-circuit  Peak power  Peak power
No. current voltage current - voltage current voltage current voltape
' {amp) (V) {(amp) (V) {amp) (V) famp) V)
27 592 409 13 295 1.3 411 6.5 295
29 6.6% 404 42 295 9.8 409 58 295
33 1.50 402 )2 295 9.6 410 5.2 295

which the proof-of-scientific-feasibility experiment of the OTEC mist-lift cycle concept was success-
fully performed by the subcontractor,”’® K&D Associates, the task activities also include in-houss
gas desorption studies and ammoria condensation tests.

78. C. V. B. Lee and S. Ridgway, “Vapo: /Droplet Caupling in Flashing Mist Flow,” presented at the
ASME 101st Winter Annual Meeting. Chicago, 1., Novemter ; 980,

79. S. L. Ridgv.ay, C. V. B. Lee, and R. P. Hammond, ‘Experimental Demonstration of the Feasibility of
the Mist Flow Ocean Tnermal Energy Process,” Paper 11A3, Proceedings of the 8th Ocean Energy Conference,
Washington, D.C., June 1981 (to be published).

R
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Gas Desorption Studies

Vacuum deacration tesis on several types of packings in a column and on the barometric intake
system: were completed. The test results were documen:ed and published.®®** [t was found that (1)
the vacuum deaeration in a column packed with plastic pall rings is as effective as a corresponding
column packed with Raschig rings, while the cost of pall rings is about 2.5 times less than the cost
of Raschig rings, and (2) deaeration does occur in a barometric intake pipe, and dezeration up to
27% was observed in the test with high bubble nuclei content. An OTEC deacration subsystem
aaalysis was also carried out.%* It was found that both cost and power reductions up to 10% can be
realized with a combina* n of a barometric intake deacrator and a column deacrator packed with
plastic pall rings (Table 6.8).

Table 6.8. Comparison of deacration cost and pamping power for various
packings with and with .ot barometric istake systems®

Size Case 1° Case ¥
Packing Deacrator  Pumping Deaerator  Pumping
(cm) cost power cost power
(s) (MW) (s) (MW)
Ceramic Raschig ring  3.81  2.58 X 10% 5.10 240 X 10°  4.57
508 2.5 X 108 4.68 256 X 10° 423
Plastic pall ring 381  1.50 X 10° 5.43 i.38 X 10° 4.83
890 1.22 X i0° 6.26 1.12 X 108 5.49

“Warm seawater flow rate = 355 X 10° kg/h; 80% deaeratioa.

bCase 1: Barometric intake deaeration effeci not included; packed-co'umn deaera-
tion only.

‘Case 2: Combined barometric intake and packed-columr: deacration.

To provide data on an alternative system for the removal of noncondensible gases, hydra ilic air
compression tests were performed. Compressor power consumptions at different conditions were
ot ‘ned in the tests. As shown in Fig. 6.14, for a fixed air flux (J,), the power consumption
decreases as the water flow rate is increased. Based on preliminary test data, a computer model was
developed to simulate the performance and to 2nalyze the feasibility of an OTEC hydraulic air
compressor.®

80. A. Golshari and F. C. Chen, OTEC Gas Desorption Study — Design of Experiments,
ORNL/TM-7438/VI (Octoter 1980).

81. A. Golshani and F. C. Chen, “Vacuum Deacration for OTE( Application..” presented at the Interna-
tional Symposia on Alternative Energy Sources and Technology, San Francisco, Calif., May 20-22, 1981.

82. F. C. Chen and A. Golshani, *OTEC Gas Desorption Studies,” Paper 11AG, Proceedings of the 8ih
Ocean Energy Conference, Washington, D.C., June 7--11, 1981 (1o be publish:d),

83. F. C. Chen and A, Golshani, "OTEC Gus Desorption Studies,” J. Solor Energy Eng 104: 33 (Febru-
ary 1982).

84, A. Goishani and F. C. Chen, OTEC Gas Desorption Studies — Deaeraiion in a Packed Culvmn and
.« Baromerric Intake System, ORNL/TM-7428/V2 (September 198]).

85. F. C. Chen and A. Golshani, “Sin.ulation of a Hydraulic Air Ingestion Process,” Model. Sim. 12(}):
55-59 (May 1981).
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Ammonia Condensation Tests

Four csingle-tube condensaticn experiments were conducted ¢ the OTEC heat transfer
loop.***7 Various comparisons were made bziween fluted tubes tested during these tests and other
tubes tested in carlier studies. Also, the effect of tilt angle on smooth tube condensing performance
was examined (Fig. 6.15). A horizontal smooth tube yielded condensing cocfficients 2.0 and 2.1
tinies higher than that of a corresponding vertical tube at a given heat flux.

6.11 RESEARCH UTILIZATION

Through subcontracts to industry, much of the work of the section directly involves the ulti-
mate user of the rescarch. This practice is ~specially significant in the heat pump, appliance, low-
grade-heat recovery, power systems technology, and building thermal envelope programs. In the
community systems work, we are providing technical assistance on district heating feasivility to 12
cities and providing direct assistance 1o three cities on their municipal refuse-to-energy projects. We
have alsc produced a sound and color movie for use by local government planrers.

86. N. Domingo and J. W. Michel, “Ammonia Condensation Experiment at ORNL,” Paper [IB4,
Proceedings of the 8th Ocean Energy Conference, Washington, D.C., June 1981 (1o be published). .

87. N. Domingo and J. 'V, Michel, “Ammonia Condensation on Smooth and Fluted Aluminum Tubes,” J,
Solar Energy Eng. 104: 9 (February 1982).
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In addition, wide dissemiration of the work, both subcontracted and in-house, is further
achieved by the publication of reports and papcrs, presentations at technical mectings and
workshops, and the use of industrial/academic advisory committees and consultants. Also, active
participation in work of several technical societies such as American Society of Heating, Refrigerat-
ing, and Air-Conditioning Engineers (ASHRAE), American Society for Testing and Materials
{ASTM), American Society of Mecharnical Engincers (ASME), and Instituie of Electrical and
Electronic Engincers (IEEE) provide for further industrial interactions and technology transfer,

Finally, the heat pump computer model has now been sent to about 55 users, including 27
industrial firms, and the TECH houses continue to attract large numbers of visitors who tour this
facility and iearn about ACES and heat pump installations.



7. Integrated Pregrams

T. J. Wilbanks

When FY 1981 began, three complex multidisciplinary programs were operating under the
recponsibility of T. J. Wilbanks as Associate Director of the Division: (1) Regional Iniegrated
Analysis, headed by R. B. Fionea; (2) Model and Data Validation, headed by A. S. Loebl; and
(3) Conservation and Renewable Energy Studies, headed by S. C. Parikh. Two changes occurred
on June |, 198¢: the Model and Data Validation Program was incorporated in the Division’s new
Data and Analysis Section; and the Division’s emergency preparedness work, ranging from civil
defense te emergency planning for oil supply curtailments, was placed under C. V. Chester as
Coordinator, rﬁp;msiblc to T. J. Wilbanks. This kind of evolution will probabl; be common in the
Intcgrated Programs area as certain programs become clear-cut line management functions and
other Division activities develop into multisectional, multidivisional programs calling for exceptional
management arrangements.

In addition, the Division's Planning Group. consisting of A. M. Perry, Jr., G. Samuels, Jr.,
and T. J. Wilbanks, continued t play a variety of roles, including Division planning and program
development, assistance with Division research projects, and continu.tion of research .ad assess-
ment activities of its own.

7.1 ENERGY PLANNING AND POLICY ANALYSIS

W. Fulkerson G. Samuels, Jr.
A. M. Perry, Jr. T. J. Witbanks

Consistent with the Divisiun's long-range plan, studies were conducted on (i) energy emer-
gency planning, a particularly critical issue during FY 1981; (2) CO, decision options, related to
our interest in clarifying the implications of fossil fuel use; (3) conservation and renewahle energy
policy; and (4) ways to reach a consensus on energy policies.

7.1.1 Energy Emergency Planning
Two major activities were under way in 1981: an examination of ways to replace oil and gas

with alternatives during a petroleum shortage and a survey of behasioral and social aspects of
energy e nergency planning (other related projects are discussed in Chaps. 4 and 5).
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In the fuel-switching study, the focus was on options that could be implemented in a short time
with few or nc 2dditional requirements for capital investment. Such options include the use of elec-
tricity in place of heating oil in the residential and commercial sectors (increased use of lighting,
ovens, or portable heaters) and means for utilities to reduce oil and gas consumption by increasing
the output of existing coal-fired plants (shutting off precipitators and flue gas desulfurization
scrubbers). The study also examined the effect of sower wheeling, or power transfers, between utili-
tics on the benefits that may be derived from these options. Because of the interchangeability of oil
and gas in many end uses, saviags of natural gas were equated with savings of oil.

Based on utility peak load and energy demand projections, the study showed tid. oil and gas
savings would be highly dependent on power wheeling and the degree of public cooperation in using
the addiuonal electrical energy only during off-peak periods. In effect, the use of electricity in place
of heating oil would result in a net savings of premiuin fuels only in those regions in which most
power generation is by nonoil and nongas equirment. If the transmission svstem is already heavily
loaded to displace oil and gas, the benefits to be gained from this option would be limited to the
north central and southeastern areas of the country, with part of the benefit gaincd at the expense
of other areas. The maximum potential net savings would be in the range of 150 to 300 PJ (25
X 19%to 50 X 105 bbl of oil) during a heating season.

Oil and gas savings would also be affected by price differentials, but the relationship may not
be a simplc one. A comparison of the current price of heating oil with the average price of electric-
ity in the United States shows little difference in the cost of providing space heat from hese two
sources during normal conditions. Increasing oi! prices associzted with an emergency would there-
fore increase the economic incentive for consumers using oil to switch to electricity in many parts of
the country. Although the total cost to the utilities might exceed the total savings by consumers
switching to electricity, the inreased cost of generation would be shared by all electricity consum-
ers, not limited to thase ben fiting from the increased load, and the new load could result in
increases in the use of premivm juels by utilities that far exceeds the savings in heating oil. It could
also drive utility loads beyond their capacity.

One option for dealing with this problem would be to encoirage the substitution of additional
clectricity from coal for electrizity from oil and gas, perhaps by suspending certain emission control
requirements, Preliminary analyses for 1981 conditions indicate that, with the current transmission
system heavily loaded to save oil and gas, shutting off the scrubbers of the 80 to 90 plants equipped
with these systems would decrease oil and gas use by the equivalent of 60 10 90 TJ (10,000 to
15,000 bbl/d of crude oil). Shu'ting off both scrubbers and precipitators would increase the savings
o 120 to !85 TJ (20,000 to 30,000 bbi/d).

The importance of public cooperation is only one oi many examples of the importance of
behavioral and social variables in emergency planning, response, and recovery. For the Committee
on Behavioral and Social Aspects <f Energy Consumption and Production, National Research
Council, the appropriate literatures were surveyed to produce a summary and interpretation of these
factors.' In addition to identifying a number of dimensions that cause various emergencies to differ
in their behavioral implications (¢.g., an oil import interruption from a nuclear accident or a coal

I. Assistance was provided by T. R. Curlee, Economic Analysis Section, A. M, Fullerton and J. §5. Soren-
sen, Regional and Urban Studies Scction. and R. Weaver, Informaticn Division,



strike. Fable 7.1), the report suggested several principles for energy emergency planning in the
United States:

1. Because people respond to an emergency as they perceive it, not as an expert or a policy maker

may see it, il is essential to develop systems to provide reliablc and credible informaiion about

the emergency to the public.

1f economic markets and other decentralized decision-making approaches are to be allowed to

operate during a major emergency, certain social needs must be anticipated and provided for.

3. The federal government should seck to minimize uncertainty about the potential uses of avail-
able policy instruments.

4. The nation’s cnergy emnergency planning effort should not be limited to oil import interruptions
alore.

~

This work continues in 1982,

7.1.2 CO, Decision Options

Last year we reported an analysis of the timing of actions that might be needed to limit
increases in the concentration of atmospheric CO,.2 That analysis was based primarily on scenarios
for future world energy demand that were developed by the International Institute for Applied Sys-
tems Analysis (IIASA) and on modifications by us of IIASA’s scenarios to consider the effect of
substituting cnal for a major part of HHASA’s nuclear contribution. These scenarios, though much
lower than those that would result from continuation of historical growth rates {1950-1973), still
call for 2.4 to 3.8 times as much annual, wor'ldwide energy use in the year 2030 as in 1980. In
1981, we also considered the cffects of both higher and lower scenarios, the former prompted in
part by suggestions for greatly expanded use of coal and the latter by a recognition of the possibil-
ity that greater gains in energy cfficiency may be realized than those postulated by IIASA. The
results are presented in Fig. 7.1 in terms of a date, called the action initiation time (AIT), when
growth in annual CO, production wouid have to begin to decrease in order to prevent the concen-
tration of atmospheric CO; from eventualiy exceeding a specified maximum value We assume a
uniform deceleration of growth rate after the AIT, followed by an exponential decrease of annua!
CO; production. The curves of Fig. 7.1 represent what we consider to be a rather rapid and hence
difficult phasing-out of fossil fuel use (a deceleration rate of 0.2%/year followed by an exponential
decline of 2% /year); mose or less difficult transitions might change the requised AIT by about ten
years. Annual CO, prcduction increased during the period 1950-1973 at an average annual rate of
4.6% /year, but since 1973 the average rate has been about 2.3%/year.’

If we assume that estimated recoverable resources of oil and gas (capable of increasing CO; to
about 430 ppm) will eventually be uszd and that restrictions on CO, emissions would primarily
affect production of coal, oil shale, etc., and if we impose reasonzhle restrictions on the rate at

2. W. Fulkerson, Energy Division Annual Progross Report for Period Ending September 30, 1980,
ORNL-5740 ( November 1981), pp. 164 65,

3. R. M. Rotty, Dist-ibution and Cho~ in Industrial Carbon Dinxige Product;on, paper presented at
WMO/ICSU/UNEP Scient:fi: Conference un Analysis and Interpretation of Atmospheric CO; Data, Bern,
Switzerland, September 14 18, 1981,



Table 7.1, Energy emergencies

An carthquake in the south cen-

Dim::_\sion A major interruption of oil A shutdown of nuclear electricity ' tral Unileq States that seri_oua'l)'
. supply from the Middle East generation bcca'use of a A protracted coal strike damages major oil and gas pipelines,
cmergencies nuclear accident tail lines, and electricity
lines in the region
Causation cxternal governmental deci- Regulator decision to Labor dispute Natural hazard (act of
sions, political instability, protect public safety God)
or terrorism
Ymmediacy lmport cutoffs lagged 5 10 6 Immediate cifects on ¢lec- End-use energy scarcily Immediate effects on gos
weeks tricity supply lagged up to 90 d supply to importing
regiors and on the elec-
tricity grid; various
lugs otherwise
Magnitude Uncertain: could be Could be substantial Probably no more than Possibility of immediate dan-
serious, but unlikely in some iocales discomfort in most places; gers to life and health in
1o be catastrophic union control over coal the affected area, but energy
supply apears limited impacts unlikely to be the
major concerns——at least
locally
Diffusenzss  Affects most sectors of Some geographical focus, Moderately focused In addition to the earthquake
society and economy but broad social effects region, focused on other
throughout the United States in regions impacted regions receiving encrgy
and in other oil-importing shipments through the
countries south central United States
Target General impacts, but par- Impacis elsctricity users, Coal-producing and coal- Sectors and groups
ticular impacts on trans- regions where nuclear using regions and sectors dependent on energy ship-
portation activilies and powec is important, and ments that are interrupted
other end-users of oil the nuclear industry
theavy industry, some
utilities, buildings in
some regions)
Duration Uncertain; unlikely to be Uncertain and probably Strike must be fairly Short--until repairs are

very short, could be quite
long

contentious; likely to
be a political decision

iOng to create an emer-
gency: length of emer-
gency probably not long

made and shipments resumed



Table 7.1 (continued)

Dimension . . .
of A major interruption of oil
. supply from the Middle East
emergencies

A shutdown of nuclear electricity
gencration because of &
nuclear accident

A protiacted coal strike

An curthquake in the south cen-
tral United States that seriously
damages major oil and gas pipelines,
rail lines, and electricity
lines in the region

Probability  Opinioas differ, but may
be fairly high

Credibi 1y Uncertain, unicss the
cause and magnitude of
the emergency are self-
evident; considerable
public distrust of some
of the key institutions

Wieldiness Causation is hard to
control, but the impacts
on an import cutoff can
be reduced by prior
actions: stockpiling,
fuel shifts, oil con-
servation, and domestic
energy production

Opinions differ; probably
low, but with a rising
probability if/as nuclear
power generation grows

Probably high, but dis-
putes about the need for
the encrgy action would
grow as impacts are felt

There are ways to reduce
the likelihood of the
emergency; but the
impacts of an emergency,
f it occurs, would be
hard to handle

Low to moderate; prob-

ably varies with national

dependence on coal

Higher in coal-producing
than cual-using areas

The relative lack of
immediacy makes this

situation more manageable

than most

Low

High

Almost impossible (o
prepare for or to manage e
in the very short run;
rapid racovery is practicable
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Fig. 7.1. Kequired action initintion time (AIT) vs initial growth ra‘e of sswmal CO; production snd max-
mum atmospheric CO; concentration.

which fossil fuel use can be replaced by other nonfossil energy sources, then peak coal production is
roughly related to the maximum CO, concentration that will eventually be reached. This correlation
is shown in Fig. 7.2 for transition scenarios of various degrees of difficulty and for growth rates of
annual coal production ranging from 2 to 4%. For 2 CO; limit of 500 to 600 ppm, annual coal pro-
duction could probably not exceed two to four times the present level of production. Higher CO,
limits would evidently allow coal production (or its equivalent in oil shales, tar sands, eic.) to
expand much more and to last much longer.

' 7.1.3 Conservation and Renewable Energy Options
The Di‘%ision continued its analyses of questions about the potential contrioutions of conserva-
tion and renewable energy options under a variety of conditions. As a contribution to discussions of
federal government roles in improving energy efficiency, the Division summarized available infoi-
mation about impediments that slow or prevent consumer responses to market forces, such as imper-
fect informat:ion. problems in obtaining capital, institutional barriers, and certain regulations. Data
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on the cffectiveness of government programs in speeding responses to market forces were analyzed,
and the results indicated that certain programs have had, and can continue to have, substantial
benelts related to energy savings, reductions in the cost of energy services, =nd reductions in oil
impo-ts.* Another report argued that the petential of alternative energy systems is greater if options
arc compared at a local or regional scale than if they are analyzed at a national scale.’

7.1.4 Building Consensus for Enesgy Decisions

Because it appears that a funcamental part of our national energy problem is the difficulty of
making and sustaining major energy decisions, we examined some possible strategies for improving

4. E. Hirst, W. Fulkerson, R. S. Carlsmith. and T. J. Wilbanks, “Improving Energy Efficiency: The Case
for Government Action,” Energy Policy (to be pubiished).

5. T. J. Wilbanks, "Decentralized Encrgy Planning and the Potential of Alternative Energy Systems,”
Environmeni, Energy, and Economics, ed by ). Henderson (to he published).
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the effectiveness of our decision-making structures. One such effort is reported in Sect. 3.2. In addi-
tion, the major policy alternatives for making energy technology decisions more effective were
outlined,® and the potentiai for making more use of decisions at local and rzgional scales was
cxamined.” Although there are limitations as well as advantages to emphasizing local energy plan-
ning and decision making, there are some indications from both theory and experience that consen-
sual decisions are more feasible at smaller social and spatial scales. Experiments in the United
Suates since the mid-1970s with local energy actions need to be studied carefully in order to evalu-
ate both the potential and the possible drawbacks of this approach to meeting national needs.

7.2 REGIONAL INTEGRATED ANALYSIS

R. B. Honea

The Regional Integrated Analysis Program included a number of research projects in FY 1981:
several efforts related to the role of the Office of Surface Mining (OSM), Department of the Inte-
rior, in solviag problems with mined lands: a continuing effort to help the Department of Energy
(DOE) improve its locational analysis and regional modeling capabilities for environmental assess-
ments; and an analysis of several issues in rule making for siting nuclear power plants (Sect. 2.2.3).

7.2.1 National Inventory of Abandoned Mine Lands

R. B. Honea

F. P. Baxter®
J. Allen® M. L. Green'® J. Muncy?
F. M. Alvic® D. M. Hester'® R. W. Feplies"
E. Baldwin'! J. Hines® C. H. Petrich
K. Baldwin'' R. S. Horne'! R. M. Rush
G. Broyles® B. Howard*® W. T. Stone'?
M. Cherry® J. A. Johnson K. A. Taft®
P. R. Coleman'? R. W. Kiima® C. E. Tanner'®
C. R Crigger'® R. D. Kramer' J. E. Thomas®
S. L. Donald'® S. A. Laufer'® E. P. Tinnel'?
R. C. Durfee'? S. M. Margle'? A. H. Voelker
R. G. Edwards'? W. J. McDonald'® C. W. Weems!'!
J. Farmer'® I. S. Messer® B. F. Whiie'”
N. S. Fischman''  G. J. Morris'? D. L. Wilson'?

M. L. Grachis'®

6. T. J. Wilbanks, Builuing a Consensus about Enerey Technologies, ORNL-5784 (August 1981),

7. T. J. Wilbanks, ~Local Energy Initiaiives and Consensus in Energy Poli~y,” prepared for the Commit-
tee on Behavioral and Sucial Aspects of Energy Consumption and Product ,n, National Rescarch Council
(March 1981), T. J. Wilbanks. “Energy Self-Sufficiency as an Issue in Regional and National Development,”
Energy and Regional Growth, ¢d by T. R. Lakshamanan (to be pchlished), and T. J. Wilbanks, "Energy Seif-

Sufficiency vs Interdependency. Implications for Regional [rcome Distribution,” pp. 78 94 in Regional
Developmens Dialogue, Vol. 2, 1981,

8. Tennessee Valley Authority.

9. The University of Tennessee.

10. East Tennessce State University.
1. Computer Sciences Division.

12. Lockheed.
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During FY 1981, significant progress was made toward completing the natiowul inventory of
abandoned mine land problems for OSM." The data entry and storage procedure was revised,
based on & pilot test, and several other changes in the process were required because of issues
related to the quantity and quality of information to be received from the states. Particularly .ipor-
tant was the data validation process initiated this year, seeking to reduce inconsistencies and uncer-
tainties in the data. By September 1981, ORNL had received more than 3000 fcrms from the
states, with the remainder expected cacly in 1982. Because of the cust of data collection and a
number of other factors, about 7000 forms are now expected — compared with the 30,000 origi-
nally anticipated.

7.2.2 Locational Analysis and Regionsl Modeling

D. R. Alvic"* E. L. Hillsman
P. J. Carroll R. B. Honea
N. G. Dossani'®  J. B. Mills

R. C. Durfee's D. P. Vogt

in FY 1981, ORNL assumed 2n inzreased resonsibility for improving DOE’s capabilities for
regional environmental analysis. Most of the work ¢oncerned (1) improvements in data on manufac-
turing and clectric power plants by county and (2) improvements in models used to forecast the sit-
ing of new electric sower plants.!” Such data and models are used by DOE to forecast regional pat-
terns of economic and energy activity in the future, and these forecasts are combined with emission
characteristics of individual facilitic. tu estimate future poir*-source pollution levels.

For example, during the year, DOE 2sked ORNL to assist in the evaluation of regional
economic and environmental implications of the 1981 National Energy Policy Plan (NEFP). As a
part of this support, ORNL converted the NEPP's midle-level national electricity and coal use
forecasts for 1985 into regional estimates of the conversion of utility and industrial boilers to coal
use. To achieve the forecasted national totals, ORNL's analysis showed that more than 28,000
MW(e) of coal-fired electricity generating capacity would have to be added by 1985.'® Clearly, this
could aggravate air quality problems in certain vegions of the United States. It is questionable, how-
cver, whether a shift to coal of this magnitude is realistic, which suggests that other aspects of the
NEPP forecasts might need to be reexaminec.

7.3 RESEARCH UTILIZATION

In addition to the utilization of rescarch by sponsors and the communication of work to the
research community (Chap. 8), the Integrated Programs area of the Energy Division had several

13. For background, secc W. Fulkerson, Energy Division Annual Progress Report for Period Ending Sep-
tember 30, 1980, ORNL-5740 (November 1981), pp. 172-78.

14, Lockheed.

iS CONSAD Corp.

16. Computer Sciences Division.

17. E. L. Hillsman and D. R. Alvic, “Issues in Modcling the Future Spatial Distribution of Electric Power
Production,” draft paper submitted to DOE, September 1981,

18. R. B. Honea, E. L. Hillsman, and D. R. Alvic. An Analysis of the Electric Utility Sector for NEPP:
Some Preliminary Cutputs, d.aft report submitted to the Office of Environmental Assessment, August 1981,
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other notable instances of research utilization. The preliminary data on abandoned mine land prob-
lems gathered for OSM were used by several states to proceed with solving urgent problems. The
Division’s analyses of the impacts of government conservation programs were used by the US.
Congi=ss and others in considering energy policy and budget priorities.!* The Division's years of
experience with social science aspects of energy issues were recognized by the appoiatment of T. J.
Wilbanks to the Committee on Behavioral and Social Aspects of Energy Consumption and Produc-
tion of the National Academy of Scienccs, National Research Council, which drew heavily on
ORNL information and materials duzing the year.

19. Reference committee off-print containing a version of the paper noted in ref. 4.



8. Publications, Presentatiors, and Professional Activities

8.1 PROFESSIONAL ACTIVITIES AND AWARDS

Barnes, P. R., Member, Subcommittee of the Passive Solar Section of the International Solar
Encrgy Socicty (ISES) on Natural Lighting.

Baxter, V. D., Secretary, ASHRAE TG Ice-Maker Heat Pumps.
Blue, J. L., Bibliographer, Association of American Geegraphers, Energy Specialty Group.

Blue, J. L., Chairman, Commiittzc on the Status of Women in Geogrophy in the Southeast,
Southeas:ern Division of the Association of American Geographers.

Blue, J. L., Regional Representative, Standing Committee on the Status of Women in Geography,
Association of American Gecgraphers.

Braid, R. B., Jr., Chairman, Publications Committce, International Association for Impact Assess-
ment.

Broders, M. A., Participating Member of ANSI/ASME Committee on Nuclear Quality Assurance,
Design Control Working Group.

Chen, F. C., Chairman of the Simulation of Transport Procesces Session of the 12th Modeling and
Simulation Conference, Apr. 30, 1981.

Cooper, W. L., Jr., Member, ASHRAE TC 19.5, Refrigeraticn Wa' shouses.

Cooper, W. L., Jr., Member, ASHRAE TC 6.6, Service Water Hcating.

Cooper, W. L., Jr., Member, ASHRAE TC 7.1, Domestic Refrigeraticn.

Courville, G. E., Chairman, ASHRAE TC 1.2, Instruments and Measurements.
Courville, G. E., Session Chairman, Thermosense IV, Ottawa, Can-da, September 1981,

Courville, G. E., Session Co-chairman, ASHRAE Seminar on Applications of Infrared Sensing,
Cincinnati, Ohio, January 1951.

Creswick, F. A., Member, ASHRAE TC 7.6, Unitary Heat Pumps and Air Conditioners.

Davis, R. M., Chairman, Energy Session, Southern Regional Science Association Meeting, Rosslyn,
Va., Apr. 15-16, 1981.

Ellison, R. D., Vice-Chairman, ASHRAE TC 8.4, Air to Refrigerant Heat Transfer Equipment.
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Fairchild, P. D.. Member, tias Heat Pump Advisory Group, Gas Rescarch Institute.
Fulkerson, W., Consulting Editor, Environmental Impaci Assessment Review.
Gant, K. S., Plenary Member, Health Physics Society, July 1981.

Greene. D. L., Editor, Transportation Geography Newsletter, Association of American Geogra-
phers.

Greene, D. L., Member, Committee on Encrgy Conservation and Transportaton Demand, Tran-
soortation Rescarch Board, National Academy of Sciences.

Greene, D. L., Member, ORNL Exploratory Studies Program Proposal Review Committee.

Greene, D. L., Secretary-Treasurer, Transportation Special Intere<. Group, Association of Ameri-
can Geographers.

Grossman, G., Member, National Laboratories Working Group, Department of Energy Heat Pump
Program Integration Task Force.

Haynes, V. O., Member, Appliance Advisory Committee, Gas Rescarch Institute.
Hirst, E. A., Associate Editor, Energy.

lirst, E. A., Chairman, Session on Evaluation of Government Energy Conservation Programs,
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Pe:ry, A. M, R. S. Livingston, T. D. Anderson, T. M. Besman, M. Olszewski, and C. D. West,
Toward a Des_rable Energy Future, ORNL /PPA-81/6 (July i981).

Reddoch, T. W_, and P. R. Barnes, *A Review of Utility Issues for the Integration of Wind Electric
Generation,” Proceedings of DOEJNASA Workshop on Large. Horizontal-Axis Turbines,
Cleveland, Ohio, July 28-30, 1981.

Reddoch, T. W, H. J. Robinson, and J. W. Klein, “A Gen.ralized Model for Electric Distribution
Systems,” Proceedings of the IEEE Region 3 Southeastern ‘81 Conference and Exhibit,
Huntsville, Ala., Apr. 5-8, 1981.

Reddoch, T. W., P. R. Barnes, J. S. Lawler, and J. C. Skroski, “Operational Concepts for Large
Wind Turbine Arrays,” Proceedings of tne Fifth Biennial Wind Energy Conference and
Workskop. Washingten, D.C., Oct. 5-7, 1981.

Reddoch, T. W., "PURPA and Associated Technical Issues,” Proceedings of the IEEE 1981 Inter-
national Conference on Electric Energy (ICEE), Oklahoma City, Okla., Apr. 13-15, 1981.

Reddoch, T. W, “Use of Frequency Domain Techniques to Determine the Effects of New Source
Technologies of Power Systems,” Proceedings of the 1981 Joint Automatic Control Confer-
ence. Charlottesville, Va., June 17-19, 1981.

Reid, R. L., and L. A. Abbatiello, “Seasonal Performance Factors for Active Solar Systems and
Heat Pump Systems,” Proceedings of the 1981 IECE Conference, Vol. 11, ASME, August
1981.

Rice, C. K., S. K. Fischer, R. D. Ellison, and W. L. Jackson, “Design Optimization of Conventional
Heat Pumps: Application to Steady-State Heating Efficiency,” ASHRAE Trans. 87(1) (198!).

Robertson, R. C., A. D. Shepherd, C. S. Rosemarin, and M. W. Mayfield, Warter-Related Con-
straints to ihe Development of Geothermal Electric Generating Siations, ORNL/TM-7718
(June 1981).

Robinson, J. N., and C. L. Nichols, Roofing Research — A Bibliography, ORNL/TM-7629 (April
1981).

Robinson, J. N., Assessment of Roofing Research — An Interim Report, ORNL/TM-7640 (July
1981).

Rose, A. B., "Vanpool Energy Efficiency: A Reevaluation and Comparison with a Brokered Car-
pooling Concept,” Transp. Res. Rec. (accepted for publication).
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Rosenberg, H. N., R. B. Braid, Jr, R. F. Mader, L. F. Menendez, and S. M. Cohn, Expansion of
the Residential Conservation Service Progrart to Multi-family and Small Commercial Build-
ings, Draft Regulatory Analysis, DOE/CS-0194 (Ncvember 1980).

Samuels, G., “Future Transportation Energy Requirements,” Proceedings, Energy in the Man-Built
Environment, Vail, Colo., Aug. 3-5, 1981.

Samuels, G., Transportation Energy Requirements to the Year 2010, ORNL-5745 (April 1981).

Schrever, J. M., “Residential Application of Refrigerant-Charged Solar Collectors,” Solar Energy
26: 307-12 (1981).

Schweitzer, M_, “The Link Between Traditional Flanring and Energy Management,” Proceedings.
Community Energy Planning Conference, Gatlinburg, Tenn., Jan. 29-30, 1981, sponsored by
the Tennessee Chapter cf the American Planning Association and the University of Tennessee.
Also in The County Energy Management Noitebook, National Association of Counties, Wash-
ington, D.C., May 1981.

Shelton, R. B., and D. L. Shapiro, “Public Ownership and Natural Resource Utilization,” Studies
in the Management of Government Enterprise, vol. 1, ed. by R. J. Horn, Martinvs Nijhoff
Pub., Boston, 1981.

Soderstrom, E. J., L. G. Berry, and E. A. Hirst, “The Use of Metaevaluation in Planning Evalua-
tion of Conservation Programs,” Eval. Prog. Plan. 4(2): 113-22 (1981).

Sode.strom, E. J, L. G. Berry, E. A. Hirst, and B. H. Bronfman, Evaluation of Conservation Pro-
grams: A Primer, ORNL/CON-76 (July 1981).

Soderstrom, E. )., Social Impact Assessment: Experimental Methods and Approaches, Pracger
Press, New York, June 1981.

Soreasen, J. H., “Review of Natural Hazards in Australia, ed. by R. Heathcote and B. Thom,”
Geogr. Rev. TI(3): 370-71 (July 1981).

Staub, W. P., “A Preliminary Geothermal Resource Appraisal of the Tennessee Valley Region,” in
Geothermal Energy and the Eastern United States, Johns Hopkins University/Applied Phy-
sics Laboratory, OM-80-185, November 1980.

Stovall, ] P.,, T. W. Reddoch, and D. T. Rizy, “Impacts of Dispersed Storage and Generation on
the Distribution System,” Proceedings of the Pennsylvania Electric System Planning Commii-
tee Fall Meeiing. Hershey, Pa., Sept. 15, 1981.

Talwar, R., and E. A. Hirst, “Energy Savings from the Minnesota Low-Income Weatherizaticn
Programme,” Energy Pol. 9(1*: 47 (March 1981).

Tepel, R. C., R. W.“ Barnes, and J. W. Van Dyke, Generic Review of Conservation, Load Manage-
ment, Rate Res!ruclure, and Cogeneration, ORNL/NUREG/TM-418 (June 1981).

Thomas, C. R., G.' de Saussure, and J. H. Marable, 4 Survey of Nuclear Fuel-Cycle Codes,
ORNL/TM-7747 (April 1981).

Thomas, C. R, 'A Theory of the Vertically Integrated Input Monopolist with a Depletion
Allowance,” South. Econ. J. 47(3): 799-803 (January 1981).

Thomas, C R., "Economic Ev-luation of the Short-Term Nuclear Annnal Power Production Simu-
lator (SNAPPS) Model, published as part of CET-001 /SNAPPS by the Engineering Physics
Information Centers (1931),

Trimble. J. L., and J. A. Hausman, “Sample Design Considerations and Sample Selection for the
Vermont Time-of-Day clectricity Use Survey,” Rev. Public Data Use 9: 83-96 (1981).
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Trimble, J. L., E. A. Hirst, and R. Geeltz, Analysis of Energy Use at U.S. Institutional Buildings,
ORNL/CON-78 (November 1981).

Trimble, J. L., J. A. Hansen, and M. Becker, The Economic Foundations of LEAP Model 22C,
ORNL-5748 (April 1981).

Tsao, H. J., “On the Risk Performance of Bayes Einpirical Bayes Procedures for Classification
Between N(—1, 1) and N(1, 1),” Statistica Neerlandica 34(4): 197-208 (December 1980).

U.S. Department of Encrgy, Implications of the Clean Air Act and Other Air Quality Regulations
on Geathermal Development in the United Siates, draft prepared for U.S. Depariment of
Energy, Division of Ged:hermal and Hydropower Technologies, September 1981.

U.S. Department o: Encrgy, Preliminary Analysis of Environmental Regulations Applicable to
Northport Gezcrating Station, prepared for DOE Economic Regulaiory Administration, Office
of Fuels Conversion, Fuels Conversion Analysis Division (January 1981).

Yan Dyke, J. W, “A Simulation Analysis of Alternative Policies to Stimulate Energy Conservation

in Commei..al Buildings,” Proceedings, Electric Power Research Insiitute Conference,
November 1980.

Van Dyke, J. W., “Need for the Station,” Final Environmental Statement Related to the Operation
of San Onofre Nuclear Generating Station, Units 2 and 3, NUREG-0490 (April 1981).

Weisbin, C. R., R. W. Pecle, and A. S. Loebl, “An Approach to Evaluation of Energy Economic
Models,” Energy 6(10): 999 (Septemver 1981).

Weisbin, C. R., R. W. Peele, and A. S. Locbl, An Approach to Evaluating Energy-Economy
Models, ORNL-5742 (March 1981).

Wendt, R. L., “Reclaiming an Urban Quarry,” ~n entry in the 1981 Design Competition of the
American Underground Space Association.

Wilbanks, T. J., “Geography and Jobs in the Nonacademic World,” Geog. Perspect. 47: 1-5
(Spring 1981).

wlbanks, T. J., “Introduction,” Social and Political Perspectives on Energy Policy, ed. by K. M.
Gentemann, Pracger, New York, 1981.

Wilbanks, T. J., 'Locétion and Energy Policy,” Applicd Geography: New Perspectives and Direc-
tint 5, ed. by J. Frazier, Prentice-Hall, Englewood Cliffs, N.J., 1981.

Wilrnks, s. J., Building a Consensus about Energy Technologies, ORNL-5784 (August 1981).

Wilkes, D. J., “Animals: Bioenvironmental Effects,” pp. 9-1 through 9-163 in Environmental
Health, and Control Aspecis of Coal Conversion — An Information Overview, vol. 2, ed. by
H. M. Braunstein, E. D. Conenhaver, and H. A. Pfuderer, Ann Arbor Science, Ann Arbor,
Mich., March 1981.

Wilkes, D. J., EiS Prospectus, Oak Ridge National Laboratory, Energy Division, Oak Ridge,
Tennessee, June 1981. ’

Witten, A, J., F. C. Kornegay, J. E. Molyneux, and E. C. Long, Jr., “An Alternative Technique for
Analyzing Sulfur Dioxide Concentrations from a Sine'e Source,” J. Air Pollut. Control Assoc.
31(7): 773-78 (July 1981).
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8.3 ENVIRONMENTAIL !MPACT STATEMENTS AND ASSESSMENTS

US. Department of Energy, “Programmatic Eavironmental Assessment (Documentatior),” pp.
52-55 in Proceedings of Mechanical, Magnetic. and Underground Energy Storage 1980
Annual Contractors’ Review, CONF-801128, November 1980.

U.S. Department of Encrgy, CONOCO Pipeline Gas Demonsiration Plant, Noble County. Ohio,
Review Draft Environmental Statement, prepared by ORNL for U.S. Department of Energy,
March 1981.

US. Department of Encrgy, Draft Environmental Assessmeni: Geothermal Energy, Geopressure
Subprogram, Gulf Coast Well Drilling and Testing Activity (Frio, Wilcox, and Tuscalousa
Formations, Texas and Louisiana) (September 1981).

U.S. Department of Energy, Draft Environmental Assessment: Geothermal Energy, Geopressure
Subprogram. La Fourche Crossing, No. I, Terrebonne Parish and La Fourche Parish, Louisi-
ana (June 1981).

U.S. Department of Energy, Draft Environmenial Assessment: Rorabaugh Lease Development,
Geothermal Loan Guaranty Application, Sonoma County, California, February 1981.

U.S. Department of Energy, Draft Environmental Impact Repori, Conversion of Arthur Kill Gen-
erating Station Units 20 and 30 {July 1981).

U.S. Department of Energy, Draft Environmental Impact Report, Conversion of Ravenswood Gen-
erating Station Units 30N and 30S (July 1981).

U.S. Department of Energy, Draft Environmental Impact Statement, Defense Waste Processing
Faciiity, Savannah River Plant, Aiken, S.C., DOE/EIS-0082D (Szptember 1981).

US. Department of Energy, Draft Environmental Impact Siatement, Memphis Light, Gas and
Water Division, Memphis, Shelby County, Tennessee, DOE/EIS-0071-D (October 1980).

U.S. Department of Energy, Drafr Environmental Impact Statement, Solvent Refined Coal-I
Demonstration Project, Newman, Daviess County, Kentucky, DOE/EIS-0073-D (January
1981).

U.S. Department of Energy, Environmental A. essment — Aquifer Thermal Energy Storage Pro-
gram, DOE/EA-0131 (January 1981).

U.S. Department of Energy, Environmental Assessment: Geothermal Energy, Geopressure Subpro-
gram, Gladys McCall Well Site, Cameron Parish, Louisiana, DOE/EA-0134 (January 1981).

U.S. Department of Energy, Environmental Assessmens: Oregon Trails Mushrooms, Geothermal
Lou. Cuaranty Application, Malheur County, Oregon, DOE/EA-0103 (February 1981).

U.S. Department of Energy, Environmental Evaluation: Boise Geothermal Limited Geothermal
Loan Guaranty Application, Ada County, Idaho (Junc 1981).

U.S. Department of Energy, Environmental Evaluation: Federal Actions in the Blessing Geopres-
sured Prospect, Matagorda County, Texas (September 1981),

U.S. Department of Energy, Environmental Impact Statement, Draft Supplement, Residential
Conservation Service Program: Expansion to Multifamily and Commercial Buildings,
DOE/ELS-0050-DS (December 1980).

U.S. Department of Energy, Firal Environmental Impact Statement, Memphis Light, Gas and
Water Division, Memphis, Shelby County, Tennessee, DOE/EIS-0071 (May 1981).

U.S. Depariment of Encrgy, Final Environmental Impact Statemem, Solvent Refined Coal-1
Demonstration Project, Newman, Daviess County, Kentucky, DOE/EIS-0073 (July 1981).

f
|



132

U.S. Departmen: of Energy, Final Environmental Impact Statement, Solvent Refined Coal-II
Demoistration Project, Fort Martin, Monongalia County, West Virginia, DOE/EIS-0069
(January 1981).

U.S. Department of Energy, Illinois Coal Gasification Group, Pipelin: Gas Demonstration Plant,
Cutler, Illinois, Review Draft Environmental Statement, prepared by ORNL for U.S. Depart-
ment of Energy, March 1981,

U.S. Department of Energy, Implications of the Clean Air Act and Other Air Quaiity Regulations
on Geothermal Development in the United States, draft prepared for U.S. Department of
Energy, Division of Geothermal and Hydropower Technologies, September 1981.

US. Department of Energy, International Environmental Evaluation for the Helical Screw
Expander Generator Unit Projects in Cessano, Italy, and Brocdlands, New Zealand,
DOE/SF/2 (August 1981).

U.S. Departmen. of Energy, Preliminary Analysis of Environmental Regulations Applicable to
Northport Generating Station, prepared for DOE Economic Regulatory Administration, Office
of Fuels Conversion, Fuels Conversion Analysis Division (January 1981).

U.S. Navy, Programmatic Draft Environmental Assessment (PDEA) for the Fallon Naval Air Sta-
tion Geothermal Development Program, Fallon, Neviuda, prepared for Naval Air Station Fal-
lon (Scptember 1981).

U.S. Nuclear Regulatory Commission, Draft Environmental Impact Appraisal of Proposed Amend-
ments for Use of Raffinate, Related 10 Kerr-McGee Nuclear Corporation Uranium Hex-
afluoride Fecility, Sequoyah, Oklahoma, Docket No. 40-8027 (September 1981).

U.S. Nuclear Regulatory Commiission, Draft Environmental Impact Statement Related to the Pro-
posed Westinghouse Fuel Fabricaticn Plani, Pratville, Alabama (not issued, but completed
September :781).

U.S. Nuclear Regulatory Commission, Draft Environmental Statement Related to the Decommis-
" sioning of the Edgemont Uranium Mill, Docket No. 40-1341, NUREG-0846 (September
198i).

U.S. Nuclear Reguiatory Commission, Final Environmental Statemens Related 1o the Operation of
Bison Basin Project, Docket No. 40-8745, NUREG-0687 (April 1981).

U.S. Nuclear Regulatory Commission, Final Environmental Statement Related to the Operation of
San Onofre Nuclear Generating Station, Units 2 and 3, NUREG-0490 (April 1981).

84 PATENTS

Grossman, G., “Absorption Heat Pumps for Temperatvre Boosting — Adaption for Operating Con-
ditions with a Smail Temperature Difference Between the Heat Source and Sink,” CNiD
4143, May 8, 1981.

Grossman, G., and H. Perez-Blanco, “Improvement in the Absorption Heat Pump Cycle for Tem-
perature Boosting,” CNID 4108, Oct. 30, 1980,

Mei, V. C., “Highway Vehicle Exhaust Gas Refrigerant System,” partially approved by the U.S.
Patent Office. {This is work developed prior to employment at ORNL.]
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8.5 WORKSHOPS AND SYMPOSIA ORGANIZED BY ENERGY DIVISION STAFF

Energy Session, Southern Regional Science Association Mecting, Kosslyn, Va., Apr. 15-16, 1981,
organized by R. M. Davis.

Fifth DOE/ORNL Heat and Cool Storage Demonstration Workshop Lake Placid, N.Y., Oct. 8-9,
1980, organized by D. T. Rizy.

Industrial Hygiene and Occupational Medicine in Coal Conversion Projects, Washington, D.C.,
Nov. 6- 7, 1980, organized by T. H. Row.

Integrated Electrical Distribution Management System (IEDMS) Pre-Bid Conference, Oak Ridge
National Laboratory, Oak Ridge, Tenn., July 1981, organized by B. W. McConnell and R. L.
Waters (UCC-ND Purchasing).

Joint Institute Dormitory Study Group (symposium of cight experts on earth/building interface to
discuss Joint Institute for Heavy Ion Research), Oak Ridge National Laboratory, Oak Ridge,
Tenn., Aug. 25, 1981, organized by G. E. Courville.

Thermosense 1V, Sept. 1-4, 1981, Ottawa, Canada (cosponsored by DOE, Socicty of Photo-optical
Instrument Engineers, Public Works Canada. and American Society of Photogrammetry),
organized by G. E. Courville.

8.6 INVITED SPEAKERS

Date

Subject

Speaker

October 20, 1980

Pzeliminziy Review of Application of
Vegetation in Architecture for Cooling

A. W. Spirn, Harvard
University, Cambridge

October 21 EIA Siate-of-the-Data Program Plans Jokn B. Shewmaker, EIA, DOE
and Activities; Guidelines and
Procedures for the Conduct of a Data
System Requirements Review
Oxtober 22 Regional Electricity Model Martin Baughman, University of
Texas, Austin
October 24 Accuracy Assessment and Data Validation John B. Shewmaker and
Concepts and Methods Charles S. Smith, EIA, DOE
November 4 Gorernmer.. Policy. Technological Innovation, David Roessner, Georgia
and Alterpative Energy Sources: The Sawhill Institute of Technology.
Task Force Report on Innovation Atlanta
November 6 Encrgy from the West Michael D. Devine and Steven C.
Ballard, University of Oklahoma,
Norman
November 17 Coal Leasing David B. Pariser, General Accounting
Office, Washington, D.C.
December | Energy Model Validatic, and Evaluation: George F. Rhodes, Colorado
A Comprehensive Validation Methodology State University, Fort Collins
Necember 3 A Multiregion Morsel of Factor Demands: T. R. Lakshmanan, Boston

Preliminary Results

University, Boston



December 9

December 15

December 11

December 17

January 12, 1981

January 15

January 19

February 17

February 23

February 27

March ©

March 12

March 26

March 27

April 9

April 16

April 20

May 18

May 20
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Theory of Power Pooling under
Regwation

Optimal Exploitation of Energy Resources:
Sclar Power and Electricity Generation in
Below-Sea-Level Basins

Analysis of Coal Production [nformation
Requirements

An Overview of Energy Planning
in Brazil

Computer Graphic Applications
for Policy Analysis

The Environmenta: Ozone Issuc

Natural Gas in the Context of the
History of US. Energy Policy

Theoretical Advances in Modelicg Economic
and Social Bebavior: Applications to the
Evaluation of Policy-Oricated Models

Overview of the Statistical Group
Sciences at Research Triangle Institute

Energy, Safety, and Envirpnmental
Programs in the U.S. Air Force

Policy Considerations for '
Development of Public Lands
The Contributions of the Social
Sciences to Emergency Planning
Hedonic Price Analysis and the
Demand for Fuel Efficiency in
Automobiles ‘
Kzy Environmental Issues at High-Priority
Geothermal Areas in the West: A Summary

of the LLNL Environmental Overview Program

Water Resources Modelling with
Interactive Graphics '

Ejector Heat Pumps for Low-Grade Heat Utilization

Research and Development of Patents

Electric Utitities Load Forecasting:
System Load Analysis Method

Locational Analysis Methods for
Higher Order Objectives

Dynamics of Transpom:tion
Development: Financing and Stability

|
|
!

John Tschirhart, University
of Wyoming, Laramie
Eithan Hochman, University
of Southern California (on
Icave from Ben-Gurion University,
Beer-Sheba, lsrael)

Joseph J. Bross and
Jeffrey P. Price, MAXIMA Corp.
Marisa V. Gallariny, Ministry
of Rio de Janciro, Brazil
John Sibert, George Washington
University, Washington
Robert B. Hull, Dupont, Freon
Products Division, Atlanta, Ga.

Edward Enckson, North Carolina
State University, Raleigh

Pat Burnett, Northwestern
University, Evanston, [llinois

D. G. Horvitz and D. L. Bayless,
Rescarch Triangle Institute

Carlos D. Stern, Department
of the Air Force

Danicl Beard, George Washington
University, Washington

Russell Dyi.es, American
Sociological Association,
Washington, D.C.

Allen Goodman. Johns Hopkins
University, Baltimore

P. Leitner, St. Mary's
College of California

Daniel P. Loucks, Cornell
University, Ithaca

Z. Lavan, Hlinois
Institute of Technology, Chicago

Jerry A. Hausman, Massachusetts
Institute of Technology, Cambridge

Gary L. Jackson, TVA,
Cliattanooga

G. Juseph Meneley, University
of North Carolina, Chapel Hili

Bruce A. Ralston, University
of Tenncssee, Knoxville
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June 25 Results of the State of the Art Survey Robert D. Fischer, Battelle
of Ground Coil Heat Pump Technology Memorial Inst:tute, Columbus
July 10 Heat Pump R&D Program, West German Federal Peter Kiippers,
Ministry for Research and Development Kernforschungsanlage, Jiilich
July 17 Delivering Energy Conservation: Julic Elworth, Yale University,
Primary Factors in the Design of New Haven
Programs
July 23 Problems in the Cultural Analysis of Stephen F. Rayner, Russell
Public Response to Radiation Hazard Sage Foundation, New York
August 12 The Origin of the Earth’s Deep Gases Thomas Gold, Director,
(The Abiotic Theory) Center for Radiophysics and Space
Research, Cornell University
September 16 Theoretical Problems in Measuring Blaine Roberts, University
Economic Responses to Eartnquakes of South Carolina, Columbia
September 23 Hedonic Demand Analysis of the Allen Goodman, Johas Hopkins

Used Automobile Market University, Baltimore

8.7 PRESENTATIONS BY ENERGY DIVISION STAFF AND SUBCONTRACTORS

Alvic, D. R., and E. L. Hillsman, “Trends in the Outsiting of Electric Power Plants in the United
States,” presented at the North American Meeting of the Regional Science Association,
Milwaukee, Wis., Nov. 14-16, 1980.

Barbier, M. M., K. S. Gant, and C. V. Chester, “Adaptation of Construction Machinery for Large-
Scale Environmental Decontamination,” presented at the 26th Anniversary Meeting, Health
Physics Society, Louisville, Ky., June 21-25, 1981.

Barnes, P. R.,, “A Review of Utility Issues for the Inicgration of Wind L.ectric Generation,”
presented at the DOE/NASA Workshop on Large, Horizontal-Axis Turbines, Clev and, Ohio,
July 28-30, 1981.

Barnes, R. W., “Conservation Potential in the Industrial Sector,” presented at the Bor -vilie Power

Administcation’s Eighth Annual Energy Management Conference, Portland, Ore., February
1981.

Barnes, R. W., “The Oak Ridge Industrial Model: An Introduction,” presented at the Electric
Power Rescarch Institute’s End Use Modeling and Conservation Analysis Workshop, Atlanta,
Ga., November 1980.

Barron, W. F., and P. Kroll, “Modcling the Future Role of an Unconventional Energy Technology:-
Balancing Engineering and Economic Analyses,” presented at the Operators Research Society

of America/The Institu’e of Management Science Joint Meeting, Colorado Springs, Colo.,
Nov. 11, 1980.

Barron, W. F., “Alcohol Fuel Development: Comparing Ethanol and Methanol,” presented at the
Third World Energy Engincering Conference, Atlanta, Ga., Oct. 13-16, 1980.

Baxter, V. D., “Annual Cycle Energy System Experimental Performance and Applicability,”

presented to the Intersociety Energy Conversion Engineering Conference, Atlanta, Ga., Acg.
12, 1981.

Baxter, V. D., "Annual Cycle Energy System,” presented to the Paducah, Ky. chapter of AIChE,
Apr. 14, 1981.



136

Bjornstad, D. J., aud K. E. Johnson, “An Economic Analysis of Faynicnts in Lieu of Taxes,”
presented at the Southern Regional Science Association Meeting, Washington, D.C., Apr.
14-16, 1981.

Bjornstad, D. J,, J. Mills, and D. N. Stuckwish, “Regional Ecoromic Vulnerability due to Imported
Crude Oil Curtailments,” presented at the North American Meeting of the Regional Science
Association, Milwaukee, Wis., Nov. 15, 198G.

Blue, J. L., “The Importance of Scale in Evaluation of Energy Conservation Programs,™ presented
at the Annual Meeting of the Southeastern Division of the Association of American Geogra-
phers, Blacksburg, Va.,, November 1981.

Boston, C. R, “Synfuels and the NEPA Process,” presented at the Seventh National Coaference on
Energy and the Environment, Phoenix, Ariz., Nov. 30-Dec. 3, 1980.

Boston, C. R., “The Environmental Assessment of Synfuels Projects,” presented to the Oak Ridge
City Council, Oct. 30, 1980. Invitation resulted from earlier presentation on the same subject
to Tennessce State Lezislature, Sepr. 24, 1980.

Braid, R. B., Jr., “Socioeconomics of Energy Development: Some Obscrvations,” presented at the
American Rural Hea:h Association, Fifth Annual Institute on Delivery of Human Services to
Rural People, Brainerd, Minn., June 12-16, 1981.

Broders, M. A., Taped presentation of “Potential of District Heating: An Historical Overview,”
presented at the European District Heating and Cooling Bricfing, sponsored by the U.S.
Conference of Mayors, Hcidelberg, Germany, May 2-16, 19°1.

Broders, M. A., “Potentizl for District Heating: An Historical Overview,” presented to the District
Heating and Cooling Training Workshop, U.S. Conference of Mayors, Washington, D.C.,
April 1981,

Bross, J. J. (MAXIMA Corporation), and J. P. Price (Resource Dynamics Corporation), *Analysis
of Coal Production Information Requircments,” presented at an Energy Division Seminar, Oak
Ridge National Laboratory, Oak Ridge, Tennessee, and to the Energy Information Administra-
tion, Washington, D.C., January 1981.

Cannon, J. B., Testimony concerning Allens Creek Nuclear Generating Station Unit | at Atomic
Safety and Licensing Board Hearings, Houston, Tex., Mar. 18-20, 1981.

Cannon, J. B, “Fusion’s Potential as a Clean and Safe Energy Source,” presented at the Atomic
Industric’ Forum Conference on Industry’s Role in the Development of Fusion Power, New
York, May 5, 1981.

Carnes, S. A., “Community-Based Assessment and Planning of Eneigy Futures,” precented at the
Community Energy Planning Conference, sponsored by the Tennessee Chapter of the American
Planning Association, Gatlinburg, Tenn., Jan. 29--30, 1981.

Chen, F. C., “FY-1981 ORNL-OTEC Program,” presented at the DOE-CORO program review
meeting, Chicago, IIL, Oct. 6, 1981.

Chea, F. C., “ORNL Open-Cycle Deaeration Tests,” presented at the OTEC open-cycle component
development quarterly review meeting, Columbia, Md., Feb. 23, 1981.

Chen, F. C., “OTEC Alternate Cycles Development,” presented at the DOE-CORO program review
meeting, Chicago, Ill., Mar. 17, 1981.

Chen, F. €., “OTEC Gas Desorption Studies,” presented at the 8th Oczan Energy Conference,
Washington, D.C., June 3, 1981.

Chen, F. C., “Simulation of a Hydraulic Air Ingestion Process,” presented at the 12th Modeling
and Simulation Conference, Pittsburgh, Pa., Apr. 30, 1981.
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Chester, C. V., “Incorporating Civil Defense Shelter Space in New Underground Construction,”
presented at the Underground Space Conference and Exposition, Kansas City, Mo., Jure 8-10,
1981.

Coar, G. (Transportation and Economic Research Associates, Inc.), “Validation of the Mandatory
Crude Oil Allocation Program (Buy /Sell) Information System,” presented at an Energy Divi-
sion Seminar, Oak Ridge National Laboratory, Oak Ridge, Tean., October {980.

Cohn, S. M., and N. S. Cardeli, “Residential Energy Tax Credit Eligibility: A Case Study for the
Heat Pump Water Heater,” presented at the Southwestern Economic Association Annual
Meceting, Dallas, Tex., November 1980.

Corum, K. R., Conservation Potential in the Commercial Secior, preseated at the Bonneville Power

Administration’s Eighth Annual Energy Management Comference, Portland, Ore., February
1981.

Creswick, F. A, “Alternate Heat Pump Cycle Studics,™ presented to the DOE Heat Pump Coatrac-
tors’ Program Intcgration Meeting, McLean, Va,, June 2-4, 1981.

Creswick, F. A, “Gas Heat Pump Development,™ preseated to the 1981 International Gas Rescarch
Conference, Los Angeles, Calif., Sept. 28-Oct. 1, 1981.

Cristy, G. A., H. B. Shapira, G. H. Liewellyn, R_ B. Shelton, and D. M. Hamblin, “BEPS Project
Review,” July 21, 1981 (presented to review team from DOE-Headquarters).

DeCiceo, S. G., “SRC Demonstration Plants: Alternatives in Pollution Control,” keynote paper
presented at the 20th Hanford Life Sciences Symposium on Coal Conversion and the Environ-
ment, Richland, Wash_, Oct. 19-23, 1980.

Dobson, J. E., “Geographic Factors in Federal Coal Leasing Policy,” presented at the Annual Meet-
ing, Association of American Geographers, Los Angeles, Calif., April 1981.

Domingo, N., “Ammonia Condensation Experiment at ORNL," presented at the 8th Ocean Energy
Conference, Washington, D.C., June 3, 1981,

Fischvr, S. K., and C. K. Rice, "Computer-Aided Heat Pump Design and Optimization,” presented
to the DOE Heat Pump Contractors’ Program Integration Meeting, McLean, Va., June 2-4,
1981.

Fischman, N. S., R. W. Peplies, and R. B. Honea, "A Geography of Abandoned Coal Mines:
Problems in Identification, Classification, and Implementation,” presented at the 1981 Annual
Meeting of the Association of American Geographers, Los Angeles, Calif, Apr. 19-22, 1981.
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Foster-Wheeler Energy Corporation

Franklin Rescarch Center

GAI Consultants

Gant Scientific Consultants

General Electric Company, Energy Systems Division
Georgia Institute of Technology

Gruy Federal, Inc.
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Gulf Universities Research Consaritum
Harbridge House, Inc.

Harvard University

Healy/Russem Associates

Henningson, Durham and Richardson, Inc.
Honeywell, Inc.

Hystad and Associates, Inc.

ICF, Inc.

Intertechnology /Solar Corporation

JBF Scientific Corporation

Johns Hopkins University

Kelvinator Compressor Company

KVB, Inc.

Lawrence Berkeley Laboratory

Lockheed Missiles and Space Company, Inc.
Long Island Lighting Company
Massachusetts Institute of Technology
MAXIMA Corporation

McGraw-Edison Power Systems Division
McGraw-Hill Information Systems, Inc.
Mechanical Technology, Inc.

Michigan State University

Minnesota Energy Agency

National Academy of Sciences

National Bureau of Standards

National CSS, Inc.

National Roofing Contractors Association
New York State Energy Research and Development Authority
North American InfraRed Thermographic Association
North Carolina State Unijversity

Nuclear Resources International

NUS Corporation

Oak Ridge Associated Universities
Oklahoma State University

Omaha Public Power District

Pacific Gas and Electric Company
Pennsylvania State University

Price Waterhouse and Company

Public Service Electric and Gas Research Corporation
Public Technology, Inc.

Purdue University

Putnam, Hayes, and Bartlett, Inc.

R&D Associates

Radian Corporation

Rand Corporation

Resource Consulting Group, Inc.
Resources for the Future, Inc.

RGT, Inc.

Roy F. Weston, Inc.

Science Applications, Inc,

Scientific Measurement Systems, Inc.
Shock Hydrodynamics Division, Wkittaker Corporation
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Southern Five Regional Planning District and Development Commission
St Mary’s College of California

Stevens Institute of Technology

Structured Methods Inc.

Studsvik Energiteknik AB (Sweden)
Synergic Resources Cotporation

System Development Corporation

Systems Control, Inc.

Systems Engineering for Power, Inc. (SEPI)
Systems Research and Applications, Inc.
Tennessee Technological University

The Institute of Man and Science

TLH Associates, Inc.

Transportation Economic Research Associates (TERA), Inc.
TRW Inc.

U.S. Conference of Mayors

Underwriters Laboratories, Inc.

United Engineers and Constructors, Inc.
United Indian Planners Association

United Power Association

University of California

University of Florida

University of Idaho

University of Hlinois

University of Iowa

University of Minnesota

University of New Mexico

University of North Carolina at Chapel Hill
University of North Dakota

University of Pennsylvania

University of Pittsburgh

University of Rochester

University of Tennessee

University of Wisconsin

Vanderbilt University

Virginia Electric and Power Company
Warren Glimpse and Company
Westinghouse Electric Corporation
Wisconsin Electric Power Company
Zaininger Engineering Company

8.9 PUBLICATIONS BY SUBCONTRACTORS

Basmann, R. L., and G. F. Rhodes, Perspectives and Foundation Concepts for Evaluating Policy

Models, January 1981,

Bi-State Metropolitan Planning Commission, Community-Level Energy Planning: Potential Pro-

grams and Processes (draft), Rock Island, IIL., 1981.

Blevins, Robert P., Barry D. Sloane, and Gary E. Valli, Demonstration of a Heat Pump Water
Heater, vol. 2, Final Report, prepared for ORNL by Energy Utilization Systems, Inc.,

ORNL/Sub-7221/4 (June 1981).

i
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Blevins, Robert P, “Demonstration of a Heat Pump Water Heater,” Proceedings of the DOE Heat
Pump Contractor's Program Integration Meeting. McLean, Va_, June 2-4, 1981.

Boercker, S. W., N. B. Gove, C. Levison, W. H. Owens, and B. Sigmon, An Evaluation of the Sup-
ply and Disposition of Notural Gas Systems, Oak Ridge Associated Universities, September
1981.

Boercker, S. W., R. W. Gilmer, N. B. Gove, K. R. Jarrett, C. Levison, and B. Sigmon, A4 Review of
Requirements for Natural Gas Data, Oak Ridge Associated Universitics, November 1980.

Bullock, R. D, and R. M. Zabell, A Review of Data Requirements for Fuel Substitution Policy
Implementation and Analysis, vols. 1-4, Evaluation Research Corporation, June 1981,

Bullock, R. D, D. S. Cooper, D. B. Koopman, and R. M. Zabell, A User's Guide tc Sources of
Data on Large Combustors, Evaluation Research Corporation, September 1981.

Carbondale Energy Division, On the Development of a Comprehensive Energy Plan (draft), Com-
munity Development Department, City of Carbondale, Carbondale, Il1_, 1981.

Charles River Asscciates, Consumer Choice and Market Penetration of New Technologies: Appli-
cation of a Discrete Choice Mudel, ORNL/Sub-80/4:734/1 (June 1981).

Christianson, C. J., D. E. Scango, R. S. Zipper, and E. A. Tulis, Comparison of DOE and Census
Oil Imports Data, vols. 1 and 2, Evaluation Rescarch Corporation, March 1981.

City of Westland, Westland Energy Awareness Program (draft), Westland, Mich., 1981.

Clairda, R., Review of the Dale Jorgensen Associates Dynamic General Equilibrium Model, MAX-
IMA Corp., Scptembe. 1981.

Clark, N,, J. L. Dolby. and A. T. Transen, Review of the Petroleum Statement Monthly, Dolby
Associates, April 1981.

Davé, M. J., and R. Charboneau, Baseline Air Quality Study at Fermilab, ANL/EES-TM-1190,
Argonne National Laboratory, document for Fossil Energy Environmental Program, 1980.

DeRamus, R., Literature Reviews: Residensial Energy Demand Models, MAXIMA Corporation,
July 1981.

DeVeaux, R. D, L. S. Mayer, and S. I. Rood-Ojalvo, Energy Assessment Procedures: Issues in
Analysis and Design, Wharion School of the University of Pennsylvania, September 1981.

DeVeaux, R. D., S. I. Rood-Ojalvo, and L. S. Mayer, Classification of Existing Energy Assessment
Procedures by Their Objectives and Cost Levels, Wharton School of the University of Pennsyl-
vania, February 1981.

I'xon, P., Literature Review: Gasoline Demand Models, MAXIMA Corporation, July 1981.

Dolby Associates, Review of Requirements for Domestic Oil and Gas Reserves and Production
Information, February 198).

Evaluation Research Corporation, An Asszssment of "SUNPROG,” March 1981.

Evaluation Research Corporation, Description of Phenomena and User Requirements Review, Sep-
tember 1981,

Evaluation Research Corporation, Preliminary Analysis of the DOE Transfer Pricing System,
February 1981,

Evaluation Rer-arch Corporation, Preliminary Sysiem Repor:, October 1980,

Foster, D. V., D. W, Dowdy, and J. E. Ames, File Assignment in a Computer Network, Vanderbilt
University, March 1981, '
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Foster, D. V., D. W. Dowdy, and J. E. Ames (Vanderbilt University), “File Assignment in a Com-
puter Network,” Comput. Network (Marca 1981).

Freeman, J., User's Guide to “SUNPROG,” Evaluation Research Corporation, March 1981.

Garey, R. B, L. M. Biair, R. L. Craig, and W. Stevenson, Preliminary Analysis of Mmd Con-
struction Employmemt Effects of Building the Defense Waste Processing Facility at the
Savannah River Plant, ORNL/TM-7892 (September 1981).

Gibbons, D. C., Short-Term Monthly Natural Gas Production: An Assessment of a Model, Whar-
ton School of the University of Pennsylvania, March 1981.

Grady, S., Analy_is of Data Collected by Wisconsin Power and Light from the Evaluation of Their
Program on Home Energy Audits, Science Applications, Inc., June 1981.

Gulf Universitics Research Consortium, Integrated List of Data Elements, Defiritions, Units, and
Sources for EIA/OGIS Oil and Gas Dala Base, December 1980.

Hawks, Keith H. (ed.), Proceedings of the Conference on Waste Heat Recovery for Energy Conser-
vation — Residential and Light Commercial Heat Pumps, Air Conditioning. and Refrigera-
tion Systems, Purdue University, Sept. 15-17, 1980, CONF-800966.

Isaji, Tatsusaburo, and Malcolm Spaulding, Numerical Modeling of Entrainment and Far Field
Thermal Dispersion for the NEP I and Il Power Stations, Charlesiown, Rhode Island,
ORNL/TM-7590 (January 1981).

Jaffe, D. H., NUS Corporation,.Licensability of the West Valley Fuel Receipt and Storage (FRS)
Facility as an AFR Facility, NUS-3736, prepared for ORNL under Subcontract 62B-13829C,
Letter Release 62X07 (April 19, 1981).

Jordan, B., and A. Bruce, OEIV Oil and Gas Data Inventory for Associated Documentation for
Statistical Analysis of Data, MAXIMA Corporation, July 1981.

Jorgensen, D. L., LEAP Model Analysis, MAXIMA Corporation, July 1981,

Koopman, D. B., R. S. Cooper, R. M. Zabell, E. D. Scango, and D. Labell, Validation of the
ERA-97, ~Boiler Manufacturers Report of Order(s] Received” System, Evaluation Research
Corporation, September 1981.

Launay, Phillipe F., Improving the Efficiency of Refrigerators and Heat Pumps by Using a
Nonazeotropic Mixture of Refrigerants, prepared for ORNL by the University of Illinois at
Urbana-Champaign, ORNL /Sub-81/7762/1 (October 1981).

Lawrence, W. Thompson, and Frank E. Ruccia, Development of Advanced Insulation for Appli-
ances, Task 1, prepared for CRNL by Arthur D. Little, Inc., ORNL/Sub-81/13800/1 (June
1981).

Lee, C. V. B., and S. Ridgway, “Vapor/Droplet Coupling in Flashing Mist Flow,” Heat Transfer in
Ocean Thermal Energy Conversion (OTEC) Systems, ¢d. by W. L. Owens, ASME HTD, vol.
12 (to be published).

MAXIMA Corporation, Access Methods for Siatistical Data, October 1980.

MAXIMA Corporation, Ais Assessmens of the Accurucy of Energy Information Administration
Data Related 10 Volumes of Petroleum, Natural Gas, and Coal, March 1981.

MAXIMA Corporation, An Assessment of the Accuracy of Energy Information Administration
Datu Related 10 Volumes uf Petroleum, April 1981,

MAXIMA Corporation, Annual Sales of Petroleum Products, August 198,

MAXIMA Corporation, Bibliograph: of Products Obtained Through the Literature Search
Activity, November 1980.
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MAIMA Corp: ration, Hierarchical Computing Methodology: Data Validation, August 1981.

MAXIMA Corporation, Hierarchical Computing Text Editor Functional Specifications for a
Hierarchical Computing Environment, August 1981.

MAXIMA Corporation, Review of the Adjoint Sensitivity Theory and Its Application to LEAP
Model 22C, August 1981.

MAXIMA Corporation, State Crude Oil Production Study (JPRS). Scptember 1981.

MAXIMA Corporaticn, Technical Descripiion of the Hirst-Carney Residemtial Energy Demand
Model, August 1981.

mMAXIMA Corporation, Update of the Demonstrated Reserve Base. Scptember 1981.

Mechanical Technology, Inc., 4 Theoretical Evaluation of Liquid Injection Cooling of the Rotat-
ing Gas in Cemtrifugal Compressors, ORNL/Sub-79/24713/1 and ORNL/Sub-79/24713/2
(February 1981).

Mellen, N. F., J. P. Rozsa, and M. B. Martin, Validat.on of the Crude Oil Entitlem:nts Informa-
tion System, Transportation and Economic Research Associates, Inc., March 1981.

Meroney, M., and C. Minnuci, Analysis of Supplemental Form FPC-4 Issues, Synergic Resources
Cnrporation, September 1981.

Meroney, M., and C. Minnuci, Validation of the Monthly Re; .. of Cost and Quality of Fuels for
Electric Plants (EPC-423), Synergic Resources Corporation, September 1981.

Nelson, R. T., and M. G. Middleton, “Th= Devclopment of Energy Efficient Compressors for Refri-
gerators and Freezers,™ pp. 215-22, Proceedings of the 1980 Purdue Compressor Technology
Conference. July 23-25, 1980.

Nelson, R. T., and P. W. MacCarthy, Research and Development of Energy-Efficient Appliance
Mozor Compressors, Volume I — Executive Summary, prepared for ORNL by Columbus Pro-
ducts Company, ORNL /Sub-7229/1 1 September 1980).

Nelsor, R. T., and P. W. MacCarthy, Research and Developmens of Energy-Efficiens Appliance
Motor-Compressors, Volume III — Development and Field Test Plan, prepared for ORNL by
Columbus Products Company, ORNL /Sub-7229/3 (September 1980).

Nuclear Resources International, Analysis of Uranium Policy Options — Supporting Information,
September 1981.

Price Waterhouse and Company, Notes on Four Conservation Programs, Janvary 1981.
Price Waterhouse and Company, Report on Conservation Measures, January 1981.
Rand Corporation, Analysis of Selecied Energy Technology Cost Estimates, July 1981,

Rand Corporation, Understanding Cost Growth and Performance Shorifalls in Pioneer Perfor-
mance Planss, September 1981.

Rao, K. S., and L. Satterfield, 4 Study of the Probable Environmental Impact of the Fugitive
Coal Dust Emissions at the Ravenswood Power Plans, New York, Atmospheric Turbulence
and Diffusion Laboratory, NOAA, document for ERA Program, 1980.

Ridgway, S. L., C. V. B. Lee, and R. P. Hammond, “Experimental Demonstration of the Feasibility
of the Mist Flow Ocean Thermal Energy Process,” Paper [IA3, Proceedings of the 8th Ocean
Energy Conference, Washington, D.C., June 198]. w

Rood-Ojelvo, S. 1., R. D. DeVeaux, and L. S. Mayer, Eva‘lual:ion of the Energy Assessment Pro-
cedure Development for the Evergy Informaiion Administration, Wharton School of the
University of Pennsylvania, February 1981,
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Southern Five Regional Plannine District, Massac County Energy Plan (draft), Southern Five
Regional Planning District and Development Commission, Anna, IlI., 1981,

Staclin, Richard, and R. P. Redinger, Research and Development of Energy-Efficient Appliance
Motor-Compressors, Volume Il — Market Evaluaiion, orepared for ORNL by Carnegie-
Mellon University through Columbus Products Company, ORNL/Sub-7922/2 (December
1980).

Stoecker, W. F., and P. F. Launay, “An Evaluation of Using a Refrigerant Mixture in a Heat
Pump for Water Heating,” pp. 90-94, Proceedings of the Conference on Waste Heat Recovery
Jor Energy Conservation — Residential and Light Commercial Heat Pumps, Air Conditioning,
and Refrigeration Systems. Purdue University, Sept. 15-17, 1980, CONF-300966.

Taylor, D, and T. White, An Assessment of the Accuracy of Principal Data Series of the Energy
Information Administration, MAXIMA Corporation, July 1981.

Tietel, R. F., Storage Structures and Access Methods for Siatistical Data: A Review and Analysis
of Performance, MAXIMA Corporation, January 1981.

Topping, R. F., and D. W. Lee, *Development of a High Efficiency, Automatic Defrosting
Refrigerator-Freezer,” ASHRAE Trans. 87(2): 85967 (1981).

Transportation and Economic Rescarch Associates, Inc., Appropriateness of State Motor Fuel
Taxation Data as a Measure of Gasoline Consumption by State Within the Context of the
Emergency Energy Conservation Program, February 1981

Transportation and Economic Research Associates, lnc., EIA-149 Field Validntion Study, March
198L

Transportation and Economic Research Associates, Inc., Error Profile of the Motor Fuel Taxation
Data Use 10 Establish and Monitor State Emergency Conservation Targets, February 1981.

Transportation and Economic Research Associates, Inc., Validation of the Joint Petroleum Report-
ing System, June 1981.

Transportation and Economic Research Associates, Inc., Validation of the Mandatory Crude Oil
Allocation (Buy/Sell) System. April 1981.

TRW, Inc., A General Procedure for the Evaluation of Energy Economic Models, February 1981.

TRW, Inc., An Evaluation of the Passenger Car Segment of the Integrased Gasoline Demand
Model, Junc 1981,

TRW, Inc., DOE Data Collection Forms Pertain.ng to Industrial Energy Consumption, September
1981.

TRW, Inc., Industrial Energy Consumption Information, September 1981,

TRW, Inc., Softiware Description of MODIGD, The Implementation of the Integrated Gasoline
Demand (IGD) Conceptual Model, Oc\ober 1980.

TRW, Inc., User's Guide for MODIGD, The Implementation of the Passenger Car Segment of the
Imsegrated Gasoline Demand (IGD) Conceptual Model, October 1980.

Tu, King-Mon, A. Davies, and S. Fischler, A Study of an Integrated Appliance, the Air-
Conditioner/Heat Pump-~Heat Recovery Linit-Water Heater, prepared for ORNL by the
National Bureau of Standards, NBSIR £0-2145 (November 1980),

Tu. King-Mon, and S. Fischler, “Impact of a Retrofitted Heat Recovery Unit on &+ Existing
Residential Heat Pump and Water Heater,” pp. 55-79, Proceedings of the Confer:nce on
Waste Heat Recovery for Energy Conservation — Residential and Light Commercial Heat
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Pumps. Air Conditioning, and Refrigeration Systems, Purdue University, Sept. 15-17, 1980,
CONF-800966.
Tulis, E. A., and J. Franco, Importing Oil, Evaluation Research Corporation, November 1980.

Vanderbilt University, Computer Systent and Data Base System for U.S. Oil and Gas Data Metho-
dology Research, April 198].

Vanderbilt University, Design and Analysis of an Inquire Data Base, November 1980.

Vasilakis, Andrew D, and J. Gerstmann, “Development of a2 High-Efficiency Gas-Fired Water
Heater,” Proceedings of International Gas Research Conference, Los Angeles, Calif.,, Sept.
28-Oct_ 1, 1981.

Wharton School of the University of Pennsylvania, A Review of the Applied Analysis Report,
“Price Elasticities of Demand for Motor Gasoline and Other Peiroleum Products,” April 1981.

Wharton School of the University of Pennsylvania, Energy Assessment Procedures: Issues in Clas-
sification, Evaluation, and Design, May 1981.

Wharton School of the University of Pennsylvania, The Integrating Routine of t%¢ Short-Term
Integrated Forecasting System, February 1981.

Wharton School of the University of Pennsyivania, The Short-Term Monthly Production of
Natural Gas: An Assessment Model, March 1981.

8.10 ADVISORY COMMITTEE

The Advisory Committee for the Energy Division is appointed by Herman Postma, Director of
Oak Ridge National Laboratory. The committee members for FY 1981 and 1982 are w. ‘ollows:

R. Eugene Goodson Todd R. LaPorte
Group Vice-President Professor, Political Science
Automotive Products Group Institute of Government Studies
Hoover Universal, Inc. : University of California, Berkeley
135 East Bennett Street 109 Moses Hall
P.O. Box 113 Berkeley, California 94720
Saline, Michigan 48176
Larry 1. Moss Milton Russell®
Energy/Environmental Design and  Director

Policy Analysis Center for Energy Policy Research
5769 Longs Peak [Koute Resources for the Future
Estes Park, Colorado 80517 1755 Massachusetts Aveneue, N.W,

Washington, D.C. 20036

William Williams*

American Telephone and Telegraph
430 Mountain Avenue, Room [65
Murray Hill, New Jerscy 07974

*® Appointment effective 1982,
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8.11 FINANCIAL STATEMENT
The following charts provide an outline of the work of the Energy Division. The first chart is a

listing of sponsors, expenditures, and commitments of the scientific staff, and the second shows a
division of personnel by discinline. Following these listings is an organization chart of the division.

ENERGY DIVISION SPONSORS, EXPENDITURES, AND COMMITMENTS
OF SCIENTIFIC STAFF FOR FY 1981

Expenditures Scientific staff Subcontract
(person-years) costs
Sponsor (10°s)
Energy Other ( |°3 $)
Division divisions
Department of Emergy work
Conservation and renewable encrgy
Buildings and community systems 11,687 30.6 5.2 7.837
Encrgy storage systems : 153 0.6 0.0 76
Indvstrial 83 0.8 0.0 16
Solar energy 934 6.2 Il 199
State/local programs 841 5.1 0.1 234
Transportation 909 4.3 0.1 213
14.607 41.6 6.5 8,575
Economic Regulatory Administration
Office of Fuels Conversion 1,512 36 1.0 913
Office of Utiliny Systems 237 1.2 0.0 121
Office of Special Counsel for Compliance 853 1.2 0.0 7
Office of Natura! Gas Regulation 46 0.0 0.0 43
Regulations and emergency planning 23 0.0 0.0 17
2,671 6.0 1.0 1,838
Energy Information Administration 4,118 7.3 0.0 2,974
Energy research
Office of Fusion Energy 569 1.4 15 68
Environment
Office of Environmental Programs 1,213 40 0.1 643
Office of Environmental Protection and
Public Safety 146 Il 0.0 6
1,359 5.1 0.1 649
Federal Energy Regulatory Commission 123 0.5 0.0 7
Fozsil energy
Division of Planning and Systems
Engineering 95 0.0 0.3 s2
Office of Coal Utilization 1.916 35 36 1,108
Office of Major Projects 700 1.0 0.4 519
Office of Plans and Technology Assessments 99 04 0.0 20

23810 49 43 1,699
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SPONSORS, EXPENDITURES, AND COMMITMENTS (continued)

Expenditures Scientific staff Subcontract
(person- ) costs
Sponsor (10’s) —
Encrgy Other )
Division divisions
Nuciear energy
Office of Advanced Nuclear Systems and
Projects 102 0.7 00 1
Policy and evaluation 429 1.1 0.0 239
Resource applications
Electric energy systems 3.626 5.7 0.6 2,775
Geothermal 533 32 14 M
Leasing policy development office 616 23 0.0 348
47715 112 20 3,187
DOE, Bonneville Power Administration 19 0.1 0.0 (1]
DOE, Chicago Operations and Regional Office 233 1.0 0.1 36
DOE, Oak Ridge Operations Office 1,284 44 1.2 M2
DOE, San Francisco Operations Office 110 0.7 0.0 24
DOE. Savannzh River Operations Office 290 1.1 00 179
1936 1.3 13 581
Argonne National Laboratory 58 0.5 0.0 0
Battelle Columbus Laboratory, Office of
Nuclear Waste Isolation 128 08 0.4 (]
Battelle Pacific Northwest Laboratory 3 00 0.0 0
Los Alamos National Laboratory 7 00 0.0 0
Qak Ridge Associated Universities R} 04 00 0
Savannah River Plant 847 2.7 0.0 415
1,078 4.4 0.4 415
Total DOE work 34577 91.5 19.1 20,269
Other federal agencies work
Nuclear Regulatory Commission
Office of Nuclear Materials Safety
and Safeguards 836 24 it 299
Office of Reactor Regulation 153 1.2 0.0 0
Office of Regulatory Research 687 2.5 0.0 266
1,676 6.1 il 585
Department of Agriculture
Rural Electrification Administration 96 0.4 0.0 10
Depariment of Housing and Urban Development 362 1.9 0.2 131
Department of the Intesior
Burcau of Indian Affairs "9 03 0.0 4
Office of Surface Mining " o8 2.4 0.0 378
807 27 0.0 382
Department of the Navy 4 0.3 0.0 0
Environmental Protection Administration 131 0.7 0.1 20
Federal Emergency Management Agency 91 0.6 0.0 0
Tennessee Valley Authority 42 0.3 0.0 0
Total other federal agencies 3,249 13.0 1.4 1,108
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SPONSORS, EXPENDITLRES, AND COMMITMENTS (contined)

Expenditures Scentific staff Subcontract
{person-years) costs
Sponsor
10°s .
nos Encrgy Other (10°5)
Division divisions
Private organizations work

Electric Power Research Institute 42 0.2 0.0 4
Massachusetts Institute of Technology S 00 0.0 0
United Nuclear Corporation 10 0.1 00 0
Total work for private organizations 57 0.3 0.0 4
Total non-DOE work 3.306 13.3 1.4 1,112
Total Energy Division work 37883 110.8 205¢ 2§,381

*Includes cffort (in person-years) from the Plant and Equipment, Instrumentation and Controls, Y-12 Support, and
Enginecring divisions.
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ENERGY DIVISION PERSONNEL BY DISCIPLINE—FY 1981

September 30, 1981

Eaviromental  Regionaland  Economic  Data and  Efficiency and  Programs Division
oL Impact Urban Studies  Analysis Analysis Renewables and Administration T
Discipline Section Section Secion  Scction  Research  Planning
Section
Professional
Social sciences
Architects 1.0 1
Ecoaomists 17.0 17
Grographers 9.0 1.0 20 12
Philosophers 1.0 1
Planners 1o 1
Political scientists 35 3
Psychologists 20 2]
Science education 0.5 0,
Sociologists 2.5 1.0 3.
Other 1.0 1.
Total social sciences 42.
Physical and life sciences
Biologists 20 0.5 1.0 1.0 4.
Chemists 30 1.0 4.
Ecologists 1.0 1.0 2.
Geologists 4.5 4.
Mathematicians 10 1.0 2.0
Meteorologists 4.0 4.(
Physicists 20 6.0 1.0 9.4
Statisticians 1.0 1.4
Total physical and life sciences 314
Engincering sciences
Architectural engineers 1.0 1.4
Chemical engineers 5.0 1.0 20 6.0 1.0 15.
Electrical engineers 20 5.0 7.
Engineering physicists 1.0 1.
Engineering scientists 1.0 20 3
Industrial engineers 1.0 1.0 24
Mechanical engineers 5.0 1.0 20 16.0 1.0 25.4
Other 1.0 1.0 2.
Total engincering sciences 56.1
Clerical and techaical
Accounting clerks 1.0 1.4
Administrative assistants 1.0 1.
Data center analysts 25 1.0 1.0 4.
Librarians 1.0 .
Secretaries 4.5 6.0 35 40 9.0 1.5 3.0 31
Technicians 30 3.
Total clerical and technical 42.
Total 2.0 40.5 21.5 15.0 53.0 6.5 6.0 171.

*Full-time equivalents.
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ENERGY 7 VISION PERSONNEL BY DISCIPLINE—FY 1581

September 30, 1981
Enviromental  Regional and  Economic Dataand Efficiency and  Programs Division
Impact Urban Studies  Analysis  Apalysis Renewables and Administration Total
Sc:tion Section Sectin Sectiun Research Planning
Section
Professicsal
1.0 1.0
17.0 17.0
90 1.0 2.0 120
10 1.0
1.0 10
3.5 s
20 20
0.5 0.5
2.5 10 35
1.0 1.0
425
20 0.5 1.0 1.0 4.5
3.0 1.0 4.0
10 1.0 20
4.5 4.5
1.0 1.0 20
4.0 4.0
20 6.0 1.0 90
1.0 1.0
science, 31.0
1.0 1.0
5.0 .0 2.0 6.0 1.0 15.0
20 5.0 1.0
1.0 1.0
1.0 .20 30
1.0 1.0 20
5.0 1.0 20 16.0 1.0 25.0
1.0 1.0 20
ces 560
Clerical and technical
1.9 1.0
1L 1.0
2 1.0 1.0 4.5
1.0 1.0
4.5 6.0 3s 49 9.0 1.5 3.0 315
30 30
vical 420

29.0 40.5 218 15.0 530 6.5 6.0 171.5¢
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