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1. Introduction and Executive Summary

W. Fulkerson

As i the past. the format for this annual progress report follows the organizational structure of the
Encrgy Division. Each chapter is a report of the work doae by one of the sections or a major program of
the division: Enviroamental Impect Section (Chap. 2). headed by 7. H. Row: Regional and Urban
Studics Section (Chap. 3), R. M. Davis; Encrgy Conservation Section (Chap.4). R.S. Carlsmith; High-
Temperature Power Conversicn Systems Section (Chap. 5). A. P. Fraas: and the Low-Temperature
Heat Utilization Program(Chap - 1. W. Michel. To change the report period roma calendar yeartoa
frscal year basis. this year's annual report covers activities for only 9 months (January |1, 1976 through
September 30, 1976) instcad of the usual 12 months.

A major reorganization affecting the Energy Division occurred in September. At Fraas's High-
Temperature Power Conversion Systems Section was moved 1o the Engincering Techmology Division,
and a number of people in that division were transferred to the Energy Conservation Section and the
Environmental Impact Section of the Energy Division. The purpose of these changes was 1o consolidase
the organization of people working on various projects that had been the joint responsibilitics of the two
divisions. The organization chart appendixed to the report reflects these changes. However. since the
changes were made late in the reporting period, the chapter on the High-Temperature Power
Conversion Systemns Section is included.

The work of the Energy Division can be characterized by two themes: (1) environmental
assessment, including social and economic considerations. and (2) fuel conservation and emergy
conversion efficiency. The first theme encompasses the preparation of environmental statements and
assessments for nuclear power plants and other energy facilities (Chap. 2)as well as regional analyses of
social. economic, and environmental cffects due to energy system development patierns (Chap. 3). The
second theme characterizes a broad scope of conservation-related work, including efforts to understand
energy demand patierns and to develop technologies and arrangements for reducing these demands
(Chap. 4). This theme aiso encompasses rescarch directed at improving both high- and low-temperature
thermodynamic cycles driven by solar, geothermal, or fossil energy sources (Chaps. 5 and 6).

The work is necesaarily interdisciplinary and involves the collaboration of physical. life, and social
scientists and engineers. The professional staff of the division includes 22 social scientists, 27 engineers,
and 11 physical scientists. Many of the projects involve contributions from the personnel of other
divisions, notably life scientists from the Environmental Sciences Division, rathematicans and
computer specialists from the Computer Sciences Division. and engincers from the Engincering
Technology Division. The division slso receives imporiant input from consultants and through rescarch
contracts with 3 variety of firms and universities, particularly the University of Tenneseee.

During the year s number of individuals from the Energy Division served on important committees
or were honored for theirsccomplishments. A. P. Fraas was made a Distinguished Development Feflow
of the Union Carbide Corporation, the only engineer at ORNL who has been so honored. R. S.
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Carlsmith headed the Buildings and Appliances Resource Group of the Demand  Consen ation Pancl ol
the Committee on Nuclear and Altermative Energy Sources (CONAES) of the Natwonal Academy ot
Sciences and National Academy of Enginecring: E. A. Hirst abo sened on that group b Pectke s a
member of the Socio-Political Resource Group for the Risk Impact Pancl of the CONAENS study and
also organized an international symposium. “Socw-Economic Issucs for Nuckar Power Plants A
World View.” at the American Nuclear Socxety annual mecting e Washington, D.C.. in November
1976.

Major support for the work during the year came from a number of federal age~cxes: the Encrpy
Research and Development Administration (ERDA). Nuckar Regulatury Commpson (NRC).
Depanimen of Housing and Urban Development (HUD). and Federal Encrgy Admmistraiton (FEA).
Important contributions were also made by the Economic Development Admnntration of the
Depantment of Commerce. the Electric Power Research Institute (EPR1). the Water Rescarch Council
(WRC). the Ohio River Basin Commission. and the U.S. Army.

The major accomplishments and results reported m the vanous chapters of ths report are
summarized n the following sections.

1.1 ENVIRONMENTAL IMPACT SECTION

Although the principal activiiy of the section has again been the preparation of environmental
statements for NRC refative to construction of nuclcar power plants, the scope of the work for both
NRC and ERDA has broadened considerably to include geothermal and coal facilitics and other parts
of the nuclear fuel cycle. For NRC the expanded effort includes preparing statements for the
consideration of operating licenses. in addition 10 construction permits, for power plants and fucl
tabrication facilities. The preparation of statements has also been initiated in connection with two
proposed uranium in-situ solution mining operations in castern Wyoming. Two so-called ~carly site
seviews™ were conducted —one for the Blue Hills site near Fairmont. Texas. and the other on the north
coast of Puerto Rico. The purpose of the carly site reviews is 10 help utilitics wdentify potentially
acceptable power plant sites well betore any application for a construction permit is made.

New activities for ERDA include work for the Division of Geotbermal Energy (DGE) and for
Fossil Energy (FE). For DGE. statements and assessments are being prepared on the hydrothermal.
geopressure, and hot dry rock RD& D subprograms and on specific geothermal projects covered by the
government loan guaranty program. The work for FE. which is just getting under way. imvohe
technical assistance to ERDA, prepamation of environmental statements for coal technology
demonstration plants. information services, preparation of an environmental monitoring handbook as
a guide for contractors, and an investigation of landfill disposal of coal conversion wastes. The DGE and
FE efforts constitute very important diversification and expansion of the environmental impact
statement prograr at ORNL.

The section was also engaged in a varicty of other projects. including (1) compietion for NRC of an
addendum to the final environmental statement on the nuckar fuel reprocessing facility near Barnwell.
South Carolina. that covers neighboring ERDA nuclear facilitics at Savannah River and the Vogtk and
Oconee nuclear plants; (2) an assessment for ERDA of two coal-fired steam plants supplying power to
the Portsmouth Gaseous Diffusion Plant at Portsmouth, Ohio: (3) continued assessment for ERDA of
the radioactive source terms which might result from the use of a very high temperature gas-cookd
reactor 1o supply process heat for coal hydrogenation; (4) assessments ;or NRC of the probablk impacts
of consumer products containing radioisotopes; (5) a study for the U.S. Army Corps of Engincers of the
impact of all power plants on the Hudson River relative to the biota in the river (especially striped bass)



and sultur dionwde cmissions, and 16) Mtuton ol the preparation of an chivironmental statement tor
HU D on the Modulsr Intaqrated Uthty Sustemn (MU S) tor the new communiny of St harles.
Man land

Aitiough 1976 produced ven tew nuckar reactor starts. there was actinany on 27 cases Tor VRO
including tour ncw consiruction permuts. three operating Iicenses. and two carls site reviews Fivedratt
cnuronmental statements and tour tinal environmental statemenis were compketed. and the talt
providad testimony and or participated in cleven Atomic Satety and | icensing Board or Appeat Board
heanngs.

A genceral obxenation i that the process of emvironmental review tor nuckar power plants 1~
becoming more tume-consuming and costly . Fo increase the etticiency of the process. VRO and the
Environmental Protection Agency (£ PA) haveimplemented a Memorandumot U nderstanding ( MOV
under which NRC 1s the Icad agency in the preparation of the statement. but the statts of both agencies
collaborate in the statement preparation. | his change should reduce some ot the costhy rerview which has
been necessan in the past. One of the cases imtiated under the MOU was the FortCalhoun Station  nit
2 on the Missours Riner near Omaha. Nebraska. | he applicant proposes a once-through cooling sy stem.
from which the staft concludes that signatxcant impact to the Missourt Rinver tishen can result. Several
mitigation measures are under corsideration including onc proposal by the apphcant to reactivate
tormer wetlands along the rner. thus provading enhanced habitat tor the tishenn. The proposat
controrversial because 1ts adoption mirht st a precedznt tor mitigating rather than minimizing the
mpacts of plant operation. The issuc is bemng debated by the FPA and \NRC stalls.

I he case ot Indian Point on the Hedson River Becam, active again: a drattand tinal ens ironmentai
statement were prepared on the requent by the applicant. Consolidated Fd:son. toranamendment of the
Unit 2 operating license to permit once-through cooling tor an additional twovears. The statf concluded
that the two-vear extension is not expected to have an unacceptabls large impact on the Hudson tishen
and that the impact w ould not be irrevermble. | he continued iy olvement with the Indian Point case has
resulted in updated models tor the mer and increasing knowledge ot the details of the applicant’s
extensive rescarch program related tothe fishen . Fhis intormation is being used 1o help the Army Corps
of Fngincers assess the impacts of the neighbonng Bowiin: and Roscton tossil-fucked power plants.

In zddition to the work on various statements and assessments. four conlirmaton research projects
were active under NRC support: (1) a study of the multiple uses of cooling resens oirs_(2) animvestigauion
of tish impingement at power plants inthe Southeast. ( M1a cntical analysis of emvironmental momitoring
data trom operating power plants, and (3) the development of the unified transport approach to the
assexsment of aquatic impacts of power plants. The first three proizcts have been completed or are
ncaring completion.

The study of multiple uses of cooling resenoirs iImvohed a suney and analysis of the Lterature
concerning resenoir ccossstems. Although stresses due to entrainment and thermal and chemical
discharges raduce the populations of phytoplankton. zooplankton. and benthos in the vicinity of intake
and discharge structures. far-field cffects arc less significant and somcetimes stimulatory. Since the
overall effects on the fish populations scem to be insignificant. cooling resen oirs are often suitable for
fish production and associated recreation. This potertial for additional use constitutes the most
significant advantage of cooling ponds over cooling towers.

Fhe study of fish impingement invols ed collection of data from 27 fossil-fucled and S nuclear plants
in the southeastern L'mitod States. The majority of fish impinged were shad. cspecially threadfish shad.
and most of the species impinged were small young-of-the-vear fish less than 7 cm in length. The
paramecter most highly corrclated with threadfin shad impingement was temperature. the highest



vulnerabihity bang associated with the coldest temperatures. Untortunaiely. no conclusive roults could
be drawn concerming speciiic intake designs. Impingement at river sifes was generally lower thanat lake
OF FECTVART Aty

Each year mullions of dollars are spent on environmental momitoring of operating nuckar power
plants. but how usciul are the data obtained? Fo answer this yuestion. an cvaluation was made for the
NRC Offwe of Muaizr Regulatory Rescarch of thermat and ecological data collected at cisht operating
poser plants. li was lound that the data were inadequate to warrant thorough analy sis for all but three
ol these  Surry. Peach Bottoym. and San Onofre. The analysis for Surry and Peach Bottom reveakd
that the data were sufficien. to validate only three of the predictions made in the inal environmental
statements with respact to ecological eftects. Ten ol the predictions were shown to be in error. and the
data were wsufficnt 1o conrfim or reject eght other predictions. Due w the limitea duraton of
sampkng at *an Onvire. ecological predictions could not be vahdated or disproved. Analysis of the
thermal pluae monitoning efforts at th: three plants resulted in 2 sct of reccommendations about how
such monstoring should be conducted to best support the ccological monitoring activities. Some of the
thermal phrme data were found to be useful in validating transport modcls being developed in the
unilied t1ansport approach.

The unitied transpon approach (UTA) is a scries of [ast-transient. one- and (wo-dimensional
modch that can be used te simulate simultancously the transport ol heat. chemicals, radionuchdes.,
sod:=went. and biota in sarious water bodies. Itis particularly suitable for complicated water bodies such
as the oocan of estuanies where there is tidal llow. The models are unified in the sense that. since the
mathcmatical formulations are similar for many of the transport phenomena, the same numerical
intcgration schemes are used. and the models are formulated so that much of the same site-specific input
data and the same output display codes can be used. The development of UTA isalso being supported by
the MRC Office of Nuclear Regulatony Research.

Dunng the vear. most of the one- and two-dimensional far-licld codes were compleied. These
include incorporaticn of formulations to (f) predict the fermation of chloramines from chlorine
discharges and the dispersion of these chemicals: (2) simulaie the interaction of radionuclides with
suspended and bottom sediment: and (3) predict the movement of bottom sediment. These far-ficld
models are n the process of being validated against available data. In the cases checked 1o date, the
agreement between field measurements and simulation has bzen good, but the data arc very limited.

In addition. a general perturbation method was deve  wed for 7one matching far-ficld with near-
ficld models. The method was tested for the case of thesmnal discharge in a cooling pond using a
maodificatuion of the SMAC (Simplificd-Marker-and-Cell) technique for the near field. The critical
reentrainment and recirculation effects were clearly quantified.

1.2 REGIONAL AND URBAN STUDIES SECTION

1 he obyective of the Regional and Urban Studies (RUS) Section is 1o conduct integrated analyscs
of the socizl, economic. and environmental effects of alicrnative energy development and use scenarios
at the regional as well as the national fevel. The approach being developod depends on identifying
plausiblc spatial arrangements of energy facilities corresponding to the various scenarios being studied.

I hese arrangements are derived through a two-step process. First, energy demand is forecast from
projections of economic activity for BEA (Bureau of Economic Analysis) regions, and from thedemand
forecast, supph scenarios can be postulated, giving the type. number, and timetable of energy facilities
needad to meet the demand. Sccond. a computer-assisted methodology is used to match requirements of
the energy facilities with the spatial distribution of the resources in the region (e.g.. water availability.



wopvgraphy. geology. sensitive or endangered species. air and water quality. geology. seismacity.
ransportation facihities. fuel supplies. etc.). This matching results in identifscation of candidate areas
where encrgy facilities could be located. The final allocation depends on meeting the demand subyect to
the conuderation of other obyectives and constrants. such as minimum environmental stress. minimum
costs, or the collective availability of resources (c.g.. how many plants can a given river basun
accommodatce?).

Once a plausible spatial arrangement has been identified. the range of probabie social. economic.
and environmental cffocts can be analyzed. Of course. this analysis may reveal cffects that are
unacceptablke. kcading to a redefmition of the spatal armangement. Thus, the process is an iterative one.
The regional analysis efforts are multidivisional: social and economic effects are assessed largely by the
Encrgy Diviston personnel. environmental cffects are amalvzed by a group m the Environmental
Sciences Division, and the spatial allocation based on resources is done by peopic in both the Encrgy and
Computer Screnes Diwvisions.

During 1976. three complementary regional analysis efforts were mitated. The most ambitious of
these is the National Coal Utilization Assessment supported by the ERDA Division of Technology
Overview. This is a two-year effort involving the collaboration of a2 number of national hboratones
under the keadership of Argonne National Laboratory. Each Iaboratory will assume responsibslity for
the analysis in a particular region of the country. the ORNL arca being the South. Argonne will be
responsible for total integration of results. The assessment will consist of an analysis of the comparative
cffects to the year 2020 associated with four alicrnative energy futures: (1) a recent-trend base case. (2)
high coal-clectric (low nuclkear). (3) acockerated synfuels. and (4) high coal-clectric together with
accelerated synfucls production. The program isdesigned primarily 1o provide ER DA with information
about possible regional problems and constraints that may confront the development of new coal-based
technologics and to identify needed resecarch. but the results should also be useful to other federal
agencics as well as tostatcand regional decision makers. The work is just getting under way. and most of
the efforts to date have bees 10 help Argonne define the program and organize the work.

The other two regional analysis efforts involve determmation of the likcly effects of future energy
facilities on water availability. One of these studies. just under way. is being done for the Water
Resources Council 2s part of the 1975 National Water Assessment and will involve projections of future
water requirements for nonnuclear energy facilitics in the castern United States. Los Alamos Scientific
Laboratory is doing 2 similar study for the West. The second study is being dane n collaboration with
Argonne for the Ohio River Basin Commission. This effort. which is focused on the water requirements
for clectrical power. is nearly complete. Energy demand forecasts have been disaggregated to BEA
regions along the Ohio River. A spatial allocation of the required plants. stanting from utility plans. has
been developed. and water requirements have been determined. Under the assumptions used in the
study. the analysis indicates that water supply may be a problem for certain arcas.

The study for the Ohio River Basin Commission represents the first large-scale regional analysis
done by the section. This is the first time that the necessary methodology and geographical data have
been available. and the results look very promising. Our capability for doing this sort of analysis for any
part of the country, but particularly for the South. should increase rapidly. The required methodology
and the geographical data bases have been built up over the last six years. initially under the suppon of
the National Science Foundation. and this year a series of 16 reports was * sied documenting this
development.

In addition to these integrated regional assessment's, a variety of r» e diciplinary studies and
projects are under way in the section. Many of these serve the dual purpose of improving analytical
techniques and methods and providing useful results to various sponsors.
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The ORNL regwnal economx model. MULTIREGION, underwent exicnsive esting and tine
tuning during the yvear. The model was tested agamst census cstimates for 1975 using data between 1960
and 1970 for specifving the model parameters. The MULTIREGION cakculations were withn an
average deviation of 47 for the 173 BE A arcas. and a similar comparison with the OBERS progctions
for 1985 gave an average deviation of 9. The model s currenth being used cxpenimentally to
dsaggregate national projections of economic activity (cmployment) and population to the BEA arcas
in five-year steps to the vear 2020 for the National Coal Utilization Assessment. The model will beused
to provide icgonal encrgy demand forecasts and 1o assess the secondary economic effects of regional
encrgy development.

Consaderable cffort was expended in collecting and organizing regiomal data bases on fuel supply
and demand. This work coassted of specializing data available at various geographical scaies (e g..
countics. states. clectricity reliabiity arcas. and coal production arcas) and aggregatmng or
disaggregating the data to the BE A regions on the basis of these statstics. A comprelensive analyss was
madc of energy conditions in the South based on the 1972 data. This was part of a more gencral cffornt for
ERDA and the Depariment of Commerce. Economic Development Admnstration. 10 identify regions
in the country where disparity between encrgy demand and resources may seriously affect future
cconomic development. Because of the extensive petroleum and gas ficlds in Texas and L ousiana. the
South accounted for over 73 of all domestic energy production in 1972. It also accounted for 53 of
the coal production although the region contams only 137 of the remaining coal reserves. and these are
typified by a high sulfur content. Primarnily because of these encrgy-producing activitics, southern per-
capita cnergy usage was 127 higher than the national average.

The NRC-supported Marviand Power Plant Siting Study. which has been in progress for several
vears. was completed in 1976. The work provided the State of Marviand with a computer-assisted siting
methodology and typical site schection analyses for exght counties m the northern part of the state. The
study resulted in three major conclusions: (1) Siting factors significant to vanous involved groups
{utilitics. environmentalists. regulations. cic.) can be identified and their relative importance established
through structured group interaction processes such as the “nominal group™ process: (2) the
computerized site-screening process developed is sensitive 1o the type of power plant to be sited. the
siting factors used. and the relative importance assigned 1o cach factor: (3) the Marviand data base (data
collected on a 91-acre grid) is uscful for dentifying candidate power plant sites. but a methodology that
can use more universally available data bases is needed.

One outcome of the Maryland work has been the development of a general candidate-arca
dentification method called ORSAM (Oak Ridge Spatial Analysis Model). The ORSAM consists of a
set of siting factor submodels that describes resource availability in terms of the siting reyuirements of
various energy technologies. ORSAM is being applied in the Ohio River Basin Study.

Because of its centricity to energy facility siting. a water availability model (WAS) was developed.
The WAS enables the user to select. retrieve. and analyze historical stream flow information from the
U.S. Geological Survey daily value water tapes which contain data for all strecam-gauging stations in the
United States. This model was used in the Maryland Power Plant Siting Project and also in the Ohio
River Basin assessment. The WAS has become part of the Oak Ridge Regional Model Information
System (ORRMIS). which includes extensive data from satellite observations, census results.
topographic maps. aerial photographs. and many other sources. The ORRMIS is a comprehensive
system consisting of extensive geographical data sets as well as digitizing and visual display hardware
with extensive software systems for manipulating the data 1o analyze energy facility siting and regional
resource problems.



A model is being developed for the Elkectric Power Rescarch institute to calculate volumes of coal
reserves and minmg custs. The methodology is beiny tested for a 1:24 000 quadrangke in East Tennessee
that has been studied and evaluated by TV A geologists. This model. coupled with information needed to
wndicate cnvironmental constramts. will be used in the Natwnal Coal Utilization Asscssment to
inventory cual reserves by county and cost i the Appalachian region.

The social and cconomic effects experienced by commaunitaes in the vicmnity of farge encrgy faciltes
such as power plants arc being identificd and charactenized through a number of casc studws.
Investigations at the sites of two operating nuciear power plants - Plymouth. Massachusetts ( Pilgnm
Plant) and Waterford. Conncctacut {Millstone) - and at the site of a nuckear pov. ..t plant to be built by
TVA at Hansville. Tennessee. were contmucd and have resulted i some mterestmg obsenyations and
hypothescs. In all three communitics. public acceptance of the nuciear plants was Ligh. At Hartsvilie. the
results of two surveys of public opmion mdicated support. by about two 1o one. fer the plant: this i
about the same Jevel of support that has been found by national surveys and m vanous recent state
referenda. The support at Plymouth and Waterford is even higher. probably because of the large tax
support provided by the plants and perhaps because construction effects at these communitics were
negligiblec because most workers commuted from neighboring arcas.

A plausibic categonzation of communitics according 1o the likely seventy of the socsoeconomic
impacts which result from the construction and operation of 2 neighboring power plant. has been made
on the basis of the level of ax revenue and the number of peopic commg mto the community during
construction. In this categorization, the impacts at Hastsville are expected 10 be more severe than those
at Portsmouth or Waterford since TV A presently pays no local taxes and there will be a large influx of
consiruction workers to the area. In anticipation of this situation. TV A is pledged to mitigate adverse
impacts. The TV A mitigation program and similar mitigation plans of other utilitics around the countr.
are being evahmted and compared to give insight about the effectivencess of such measures.

In addition to these research activitics. socioeconomic mmpact analyses were conducted for ten
environmental statements (nme for NRC and one for ERDA). This work was in support of the
Environmental Impact Section. and the issues mvolved ranged from kaid use conflicts to public sernvices.

Finally, RUSTIC (Regicnal and Urban Sindies Information Center). which is part of the Data
Management and Amalysis Group of the section. continued during 1976 10 supply socioeconomic data
10 a variety of federal. slate. and academic mstitutions through a cooperative program with Oak Ridge
Associated Universities. New data resources include transportation energy supply. consumption. and
conscrvation files: location files for airports and power plants: human health and vital statistic files:
regional economic data files: socioeconomic survey files of the United States: and recent census and
refated data files. The RUSTIC group also compiled and pubished 2 Transportation Encrgy
Conservation Data Book for the Division of Transportation Energy Conservation of ERDA. The data
book, which will be periodically updated. is a compilation of data on the major transportation modes
and the ovenall energy use in cach mode.

1.3 ENERGY CONSERVATION SECTION

Conservation research in the section emphasizes opportunities for saving {uel in the residential
and commercial sectors. Also. electrical energy disiribution and use across all sectors of the economy
are being examined.

The section continued research on selected topics judged to be important for emergy
consumption in buildings and appliances. Among these is the ACES system which can reduce
heating. air conditioning. and water heating energy use by 50% or more as compared with air-to-air
heat pumps and resistance hot water heating. The system combines a high-efficiency heat pump with



thermal encrgy storage and thus canr be used for load management (peak shaving) as well as tor
encrgy comsenation. Dunng the yvear an mital dewnastration facility was bult i a smple-tamily
house oa the campus of the Unnersity of Tenmessee. Inital beat balance measurements were i good
agreement with predicted performance. After comrectns. startup problemes. ewergy data will be
coliecied over a ome-vear test period. A sccond ACES demnstration is bemg busht by the Vetserans
Admintstration 10 supply a 60-bed nursing home in Wilmington. Delaware. This facility is schaduind
1o begim operation m kate 1977. A third demonstration. privately fmanced. will be in a resadence
bemng buik by 2 growp of private companics m Richmond. Virgma.

Component developsnent and testing for ACES has been continued | onder to cstablish a bases tor
cost-cffective and reliable designs. Work dunng the vear included iests of ice coils_colicctor pancls to be
used for solar augmentation. ice bms. and icemaker heat pumps. The iermaker heat pump oflers the
possibily of significamt reduction ir the ACES cost because the ice-bim cosks. whach are cxpensive to
fabricate. mstall. and maimtain. can be climmated. The simplcuty of a factory-madc unit with the xe-
making coils mcluded s one attractive alicrmative beng mtensively mvestigarxd.

It was estimated that. for ior storage (o be cost-effective. the price of the ioe hin must he neduccd
to abowt $18 per cubic meter of storage capacity. A number of bin types were investigated. and
of these. wood tanks with vimyl lmers. cast concrete septic tanks. and special steel tanks show
prowaise of bemg economical

Future work on ACES w»ill mcreasingly consist of mformation disscmmation activitics (o assis!
m commercialization of the concept and the development (under subcontract) of two design manuals
for large and smmall buildmgs. The ORNL stafl will assume the responsibility (o helping ERDA’s
Division of Buildings and Community Systems manage the matonal ERDA program for ACES
development.

Substantial improvements in cfficiency also appear 10 be possibic for residential air-to-air heat
pumps. We are testing a standard-model heat pump in our consenvation laboratory to dentify
sources of inefliciency. Suggested improvements will be evaluated by means of a compuler
simulation of the heat pump system and then verified experimentally. A standard evaluation
procedure is bemg developed to assess effects of improvements on scasonal performance.

In an extension of the work done last year on the value of night-setback thermostats. the effect
of thermostat settings on energy consumption in houses heated by heat pumps was analyzed.
Contrary to some expeciations. the analysis shows that substantial savings resulits from nighttime
reductions of indoor temperature. For example. in Philadelphia. reducing the nighttime temperature
to 15°C from the daytime level of 20°C would reduce seasonal heating requiremsents by 28%;.

As with the ACES program. ORNL will assume responsibility in the coming year for helping
ERDA’s Division of Buildings and Community Systems manage part of the national program for
development of more energy-efficient resudential and commercial applances. This responsibility will
include preparing work statements for needed projects; preparing. advenising., and distributing
requests for proposals. cvaluating proposals. awarding contracts. monitoring the work: and
reporting the status of cach project 1o ERDA.

For ERDA and FEA. dev:iopment of engineering-economic simulation models that can be
wsed to analyze costs and benefits of conservation aliematives was continued. The model of the
residential secior. the first 1o be mitiated. was improved in several respects: (1) Explicit use is now
made of capital costs in determining equipment choices: (2) the number of end uses was increased
from six to eight; and (3) national totals are being disaggregated into regional components for the
nine census divisions. During the year, work started on a similar model of the commercial sector.
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The residential model was used during the year to provide answers to specific questions from
ERDA. FEA. aad the Natiomal Academy of Sciences. For :xample. the direct energy and economix
impacts of mationwide adoption of the Amcrican Society of Heating. Refrigerating. and
Aiw-Conditioning Engincers (ASHRAE) 90-75 tandards were cvalated. t was fownd that
implementation of the new standards im new housing begimning n 1978 would produce a ¥y
reduction in total annual residemtial encrgy use in the year 2000. When the costs of impicmenting the
standards were taken mto account. the benefit—cost rativo was 2.3, mdicating overall savings in both
enecrgy and Moms y.

For the total residemiial secio1. several soenanos were investigated. and all suggested that the
rate of growth of emcrgy wse would be considerably less than the 3 65 per yaar it averaged for the
period 1950 to 1975. In fact. it was estimated that the implementation of a strong. cost-efiective, but
realistic. comscrvation program (coupled with higher fucl prices) could cut residential energy use
growth 10 045 per yaar between 1975 and 2000. This cstimate also assumes 2 growth m the
formation of howscholds based on thr Burcas of the Censws Senes C population projections and a2
contimuation of the recemt historical wend toward mubtiple-family dwelling.. Under these
assumptions. residential wse in 2000 would be oaly 1057 higher than it is mow.

Under NRC support. a differemt kind of model is being developed to forecast future efectricity
requiresents for cach comseming sector and cach state. This model uses primarily econometnic
methods to amalyze the cffects of varables such as prices of competing fuels. incomres. industrial
production kevels. popuiation shifts. and weather patierns. The detailed geographical d saggregation
will be used to make projections of need for power m mdividual utility service arcas for preparing
environmental impact statements. Initial forecasts for the Souwth Atlantic states show continued
gowth in clectricity consumption i all sectors and states. Projected annual growth rates vary
comsiderably among these states—from 425 per vear m West Virgmia to 7.5 in Florida. Growth
rates i clectricity consumption appear to be quite sensitive to fuel prices and the other components
of clectricity costs.

Decemtralized. refatively small-scale. emergy systems contmue to be an attractive conservation
option. Work i this arca imcludes participation in the MIUS program under the direction of HUD
and the Advanced Technology-Mix Energy Systems (ATMES) program for ERDA. Primary focus
of the MIUS program s a demonsiration project proposed for the new town of St. Charles.
Maryland. The ORNL cfiort consists of amalyss of the proposed conceptual designs. preparation of
an cnvironmental impact statement. and followup evalmtion of actual environmental effects. The
imtial phases of each of these activities took place during the year, following the start of the St.
Charies project im April. In the ATMES program, ORNL has been assigned responsibility for
sclection and evalwation criteria. technology data collection. and technology evaluation. The ERDA
ATMES program is similar in some respects to the HUD-MIUS concept except that the emphasis is
on advanced rather than carrest technology. The program s also concerned with 2 wider spectrum
of communitics with respect 10 both size and complexion. The ORNL staff will develop criteria for
(1) evaluating components for potential ATMES applications and (2) collecting the necessary data
on these components 1o facilitate subsequent sysiem design studies. To date. draft evaluation data
reports have been prepared for heat pumps. prime movers. absorption chillers. and >olid waste
pyrolyses.

For the ERDA Office of Conservation. a program of technical assistance to the Division of
Electric Energy Systems has been initinted. This division and EPRI are cosponsoring a series of ficld
demonsinations of communication systems for distribution automation. These communication
systems will report the electrical distribution system status (0 a central location and send requisite
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commands back to action points. Such a2 communication system can be ised lor remoic meter
reading. load control. and collkection of information on encrgy use patiemns. In the demonstrations.
six manufacturers will supph eyuipment to six utilities. which will install and operate the
cquipment. The ORNL role is to provide (1) data coordination 10 assure comparability among the
tests and (2) technical analysis of some of the tests. The mital task. (o review program plans of the
six tcams. s well under way.

1.4 RIGH-TEMPERATURE POWER CONVERSION SYSTEMS SECTION

The principal objective of the section is 10 promotc improved -fliency m high-iemperature
power conversion sy stems through innovative engineering design. The emphasis m 1976 continued to
be on the alkali-metul stcam. combined cyck for central power statwns and a coal-burming
Mudized-bed closed-cycle gas turbine power sysiem which can be used for a vanxty of small-scake
applications (c.g.. to power 2 MIUS). The atkali-metal stcam system powered by flusdized-bed coal
combustion has the potential 1o increase the thermodymamic effsckncy of oenitral power stations to
ncar 50¢; (407 is the best currently obtainable with a stcam system). The work is being supporied by
ERDA Fossit Encrgy. The gas turbine system (air is the working fluid) can supply clectricity at about
257 cfficiency. but by using the heat discharged from the turbine to supply building heating and conling
and hot water. up to 307 of the heat content of the coal can be used. Fluidized-bed combustion using
calcium carbonate in the bed to react with sulfur should permit the use of high-sulfur coal with the gas
turbine system e MIUS apphcations without unacceptable envivonmental effects. Work on this system
is supported by HUD and by ERDA Fossil Encrgy.

During 1976. work on the gas turhinc sysiem included detaiked design studics and procurement
of critical materials needed for building a proof-of-concept test unit at ORNL. The most difficult
dosign problem was the fluidized-bed furnace containing heat exchanger tubes for the closed-cycle
power system. Assembly and subassembly drawings for the GRNL reference design of the furnace
were prepared. and proposals were solicited for supplying the fumace for the test unit. Two
proposals were received from prospective vendors. After reviewing these proposals. ERDA-FE
decided that the commercialization potential for the system would be cnhanced if prospective
furmace manufacturers were given the opportunity to supply 2 furnace of their own design. Becausce of
this, no order has been placed.

AiRcscarch was subcontracted to examine the feasibility of modifying an cxisting modcl
831-200 gas turbine generator unit for the ORNL test: the conclusion was that the unit could be
inodified at reasonable cost. In addition, reference designs were completed for the recuperator. the
regenerator. and the waste heat exchanger. In all cases commercially available equipment can he
used.
A number of tests were conducted with a °i-sized (1.3-m-square cross section) lucite model of
the fluidized-bed fumace. The results showed that it was possible 1o operate the bed at one third of
the full-power air flow rate and that. at this flow rate, the horizontal mixing of coal from the four
coal feed nozzies should be adequate. Heat exchanger tube vibration tests indicated that additional
tube support should be provided.

Of three different coal feed sysiems investigated, onc using a simplc gravity flow splitter was
found to give very good results. The system gave four streams of equal flow within 57 of the mean
coal flow rate over the entire operating range of flow rates. This system is now being endurance
tested.
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Additionally. a study on the rclability of a MIUS system powered by four gas turbime systems
for an apartaacet complex was compicsed. The study showed that electric energy demand would be
met except for abows 15 br per vear on the average. In addition, the following studies are i
progress: (1) under subcomtract to FluiDyme. (o) flmdized-bed heat tramsfer measwremsemts
and (h) fireside corrosion tests of cight alloys: (2) comparison of the ccomomics of a MIUS
sysiem for am apariment complex with (g) cemtral station clectricity and air-to-ar heat pumps
for cach apariaemt or th) central station clectricity and a central heating boder for the complex.

Work on the alkali-metal sicam combined-cycie system consisted of water tests of the prototype
gas-fired potassm boiler module and mitation of stedics 10 desermine the relative meries of crsiom
and potassum as topping-cycie working flmids. The potassism boiler moduie was imstalied in the test
the argon myection system provides adequate nucication for the boiling potassium applications and
that thermal convection flow i the boiler 1 sufficiemt 10 prevest large thermal stresses. Is
preparatien for the tests using potassium. detailed designs were compicted for the potassiom
condenser and the fill and dram system for the boiler.

The comparative stedy of cesism and potassium has beem divected toward pasamsetric cycle
amalyses for variows bosler and condenser temperatures and for theer types of
furmaces - atmospheric. supercharged (0.3 1o 0.5 MPa). and high-pressure (0.6 o 1.0 MPa). Cesiam
has the advantages of a higher vapor pressure 2t the maximum sicam temperature of $40°C; this
higher vapor pressure will tend 1o reduce creep buckling for pressurized-bed systems. Also. the vapor
flow rate for the same power is 607 kess with cesimm. which leads (o reductions in the size of the system
includmg the turbine. The disadvantage of ocsium is its cost. Afier this study is compicted. a reference
design for a full-scale potassium or cesium fluidized-bed power plant will be initinted.

1.5 LOW-TEMPERATURE HEAT UTILIZATION PROGRAM

The objective of the program is to develop methods and information that will increase the
cffectiveness of processes for converting heat at woderate temperatures to work or thm will
otherwise enlancr the escfulness of low-temperature heat sources. During 1976, two complementary
projects were active—one sponsored by the ERDA Division of Geothermal Energy and the other by
the Occan Thermal Energy Conversion (OTEC) program of the ERDA Division of Solar Energy.
The work was a collaborative effort with personnel of the Engincering Division and the Enginecring
Technology Division. In the cases of both geothermal electric power and OTEC, a large fraction of
the capital cost of the planned installations will be for the heat exchangers. The ORNL work &
directed at improving the efficiency and reducing the cost of this equipment.

Studics of the enhancement of condensing heat transfer on fluted (Gregorig) serfaces continwed
during 1976 with measurements on four fluorocarbon candidate thermodymamic working
fluids—R2], R22, Ril. and RI13. Enhancement (relative 1o smmooth surfaces) for vertical tubes
varied from a factor of 5.4 for R22 at low heat fluxes 1o about 2 for R114 at high fluxes. A
corvelation was developed for the data which appears to be satisfactory for predicting the heat
transier behavior of fluorocarbon working fluids on various fluted surfaces. A rough calculation
indicates that the use of condensers with Gregorig surfaces could reduce the direct equipment cost
for a 100-MW(e) geothermal plant by $5 million; the reduction will be $10 million if associated
indirect cost factors are included in the calculations. This reduction constitutes 18% of the total
plant equipment cost excluding the wells. Gregorig surface heat exchangers may be used for the first
time in the Raft River Geothermal Demonstration near idaho Falls; ORNL personnel! are providing
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advice 10 that pryject. Future enbancement studics will be conducted wsing sobutane and other
candidate rydrocarboms. In addition. 2 sccond cxperimental loop was designod and constructed tor
simlar experiments with ammonia. which is the primary working fluid being consadered for the OTEC
SyStiem.
To help csiablish program development goals. an amahsis was compictad 10 illustrac the
potemtnls of and Limitations to improvmg OTEC heat cxchanger performance. The overall heat
transfer cocflicient can be improved by (1) increasing cither the ammonia- of the scawaicr-side
cocflaciemt or (2) roducing the tube wall and or fouling resistances. The amalysis indicaticd that an
mmprovement in the overall heat transfer cocfficient by a factor of 1.3 10 2.6 could probabh be
achecved. the larpent potemtial payolf comimg from improvimg the scawaler-sade cocfficent.
Improvement in the total cocflicient will peveast a corresponding roduction m the size (and therefore
the cost) of the heat exchangers. The following programsmatic goals were sugpested by the analysis:
1. ‘mprove the scawater-sude heat transfer cocflicent by abowt a factor of 2 whilke mamtaming
acceptable twbe costs and water-sade pressure losses.

2. lmprove the ammonia-side cocflacient by a factorof 310 5.

3. Develop a oost-cffective biofouling comtrol or cicaning system 1w mamtam the fouling resstance
between 26 and 53X 10° m K W (15 and 30 X 10°* br-ft'°F Buw).

4. Qualify alumisum as a heat exchanger tube material.

Work s m progress to develop a2 more general model for sirmlatmg the performance and costs
of vanows OTEC plast designs so that systematic comparisons between competing concepts can be
made by ERDA. Minimizing cost m the design will require optimization and trade-off decisions
beiween some eigit or more variables. including scawater tempes ‘ure changes. waler pumping
power. heat transfer geometry. working fluid lemperature and pressure drops. and component
cfficiencics. The imerretationships between these variables will be accounted for in the modcl.

These amalytical studics are part of the cffort by ORNL 10 provide technical assistance 1o the
ERDA-OTEC staff. Other aspects of this assistance include liscrature surveys and statc-of-the-art
revicws. reviews of proposals. technical reviews of contractor progress. and the arranging of technical
meetings and workshops on various phascs of the heat exchanger program.



2. Environmental Impact Section

T. H. Row
2.1 INTRODUCTION

The Environmental Impact Section is primarily concerned with the preparation of enviroamental
statements and assessments and the development of assessment methodologics for energy techaologies.
During 1976 our activities have involved nuciear. fossil. and geothermal encrgy: this work has been
supported by the U.S. Army. the U.S. Department of Housing and Urban Development (HUD). the
Encrgy Rescarch and Development Admmistration (ERDA). and the Nuclear Regulatory Commission
INRC).

As in past years. the nucicar energy cycle activities have constituted the major pan of our work. The
continuing need for cnvironmental statiements for sitmg nucicar power plants composes the largest
fraction of our N C technical support activities. Although the number of new plant applications
assigned 10 ORNL in 1976 was down from previous years, this is not anaccurate indicator of the degree
of staff involvement. Preparation of a draft and fnal environmental statement (DES. FES) has in the
past accounted for better than 30<; of our tota) work for any one nuciear plant. In the past year, this has
changed significantly (even more than indicated in our last annua) report'). Demands on staff time
associated with the Atomic Safety and Licensing Board (ASLB) hearings have become almost equal to
that required for statement preparation. We are now also preparing operatng license (OL) statements.
This shift m emphasis and the ~old plants never die™ phenomenon have resulted i a continued high
work load.

Two special studics- -one on the eflects of power plant mtake structures os fish impingement and
another on multiple uses of cooling lakes—were completed this year and should serve as references for
future analyses. This type of support activity continues to serve an important function in improving stafl
capability for impact analysis.

Two research projects—the Unified Transpont Approach (UTA) to Power Plant Asscssment and
the Emvironmental Monitoring Data Evaluation Study —were continued this year: both are sponsored
by the NRC Office of Nuclear Regulatory Revearch. The purpose of the UTA program is (o develop fast-
transient, one- and two-dimensional transport models for estimating thermal, radiological, chemical,
and biological impacts in complicated water bodies. The monitoring data project reviews biological and
hydrothermal data from operating nuclear stations in order to evaluate predicted impacts and
synthesize data 10 provide a better understanding of monitoring requirements.

1. H.E Zitel. Energy Div. Avvi. Prog. Rep. Dec. 1. 1975. ORNL-SI24. pp. 62-79.
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For the NRC Office of Regulatory Standards. we are evaluating the impact of public use of vanous
products that contam radroactive isotopes. The full spectrum of public myvolvement. from manutacture
through consumer use 10 ultimate disposal. is consadered. These evaluations will assist NRC in
determming the apphcability of existing regulations and the possibic need for change.

Our assistance to the NRC Office of Nuchear Material Safety and Safeguards has cxpanded this
year to include assessments of fuel abncatwon facilitics beng considered for relicensing and two
uranium in-situ solution mining facility proposals. Since the solution mmning techanjue is relatively new
to the uranium industry, asscssment of these two facilitacs promises to be interesting and challenging.

The work for HUD is at a very interesting stage - -that is. asscssment of the first application of the
Modular Integrated Utility System (MIUS) in 2 ncw town development. We have prepared a genernc
environment2| statement and are presently designing an cnvironmental monitonng program for the

We coatinue to provide the ERDA Oak Ridge Operations Office (ERDA-ORO) with
environmental evaluations of facilitics within this region. The major cffort has been directed at the
Portsmouth Gascous Diffusion Plant. for which we are providing environmental impact analyses of the
power plants that supply clectrical power to the facility. The cnvironmental starcment on the
Portsmouth plant expansion’ {sce kast year's annual report ') was issucd. comments have been received.
and we will assist mn prepariag the fmal statement. We are also working with the Paducah Gascous
Diffusion Plant stait to develop the information necessary for an environmental statement on Paducah
plant operation.

We consider one of the major accomplishments in 1976 to be our mvohement in programs of the
ERDA Fossil Energy and Geothermal Energy Divisions. We are providing both divisions with
environmental assessments for preparing environmental statements and programmatic investigations.
Two programmatic and two site-specific geothermal statements have been complcted: three other
statements are in progress. The fossil work is being conducted at the kevel of demonstration plants; we
have compicted a guide to prospective ERDA demonstration plant contractors which specifies
environmental requirements.

2.2 NUCLEAR REGULATORY COMMISSION PROJECTS
2.2.1 Eavironmental Statements for Power Reactors
H.E. Zitel

The preparation of environmental statements for power reactors continues (o constitule 2 major
portion of our NRC technical support work. Shown in Table 2.1 are the plants assigned to ORNL for
which licensing action occurred during 1976. Comparison with a similar table in last year's annual
report’ reveals that very few of the plants shown in 1975 have achieved inactive status during the year,
whereas six new plants have been assigned to us.

Several of these newly assigned plants (Shoreham, San Onofre. Virgil C. Summer)are applying for
operating licenses: until this year, all OL impact statements have been prepared by the NRC stafi. For

2. Encrgy Rescarch and Development Adminisiration. Ivuft Environmenisl Siatement, Povismnsth Gaseoses Diffusion
Plani Expansion. ERDA-1589. June 1976.

3. ). R. McWhenter, Energy Div. Anmw. Prog. Rep. Dec. 31, 1975, ORNL-5124. p.93.
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Table 2.1. Neuclear power plants ssmgned %0 ORNL haviag
lceasing actien in CY 19N’
Plan® Work
milated

DES FES ASLB
Bhuc Hills ESR X XtPDES)

Chetobee CP

Douglas Pumt CP X
Floating Nuckar Plam Generx
Athntx Generatng Statwon (P
Greene County CP

lndan Poum 2 CP XIASLAD)
Indan Powm 3 CP XIASLAB)
Jamcypory CP

Montagne CP X4PFES)
North Coast ESR X

Perhims CP

Scabrook (P

Sicthng CP X
Tyrome CP X

Woll Crexh CP

North Aasa | & 2CP Xiaddendum)
Shorcham Of. NX¢(PDES)

Enc 1l &2CP
New England CP
San Desent CP
Serny 3 & 4P Xiaddcndum)

Marbic Hilt CP {Assstance) X
Dablo Canyon Ol. (Assistance) X
Virgal C. Summers OL X
San Onofre 2 & 3 ON. X
Fort Calhvoun CP X

o~ o,

”

E I ”

E A

X(PDES)

‘PDES prehminary DES. PFES prehmmary FES: ASLAB  Atomi Salety and Licensing
Appeal Board.

the first time. our staff has been able 1o continue an environmental assessment on a plant for which we
prepared the construction permit (CP) impact statement; such assessments will provide us with the
opportunity (0 determine the accuracy of our predictions on construction impacts.

The statements prepared for North Coast and Bluc Hills have been desigmated as early site reviews
(ESR). Although the NRC has not yet published official guidelines. the purpose of such reviews is to
assess the environmental impact to a given site by a reactor of given capacity; an envelope approach will
be used 10 assess the various parameters (¢.g.. water usage).

Other duties assigned by the NRC include the preparation of a set of specific staff guidelines
(Environmental Standard Review Plans) for assessing the potential environmental impacts of nuclear
power plant construction and operation. The ORNL staff has participated with the staffs of Argonne
National Laboratory (ANL) and Pacific Northwest Laboratory (PNL) in developing these guidelines.

The ORNL staff has continued to work on a variety of technical projects addressing the various
generic problems encountered while carrying out its assessments. Among these projects are studies of
(1) the influence of intake structure design on fish impingement, (2) the nuclear fuel cycle cost and
sensitivity analyses. and (3) multiple usage of closed-cycle cooling reservoirs.

Because the evaluation of environmental impacts resulting from construction and operation of
nuclear power plants requires input from several professions, multidisciplinary 1ask groups have been
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established. Each group comsists of a leader. transport analyst. site and statwn analyst. terrostrzal
ccologist. aquatic ecologist. sociologist. and benefit~cost analyst. Each reactor case bassigned toa tash
group, which. with the NRC staff. prepares the environmental statement and assists in the hoensing
procedure throughout the case. Task group alignment. as presently constituted. » shown in Tablke 2.2
For some cases. staff assessment bas concluded that changes should be made in the appixant’s plams.
axd for others. the staff has concluded that the applicant’s plans arc acceptable.

Task growp | (R. E. Thoma). Activitics of task group | have included the onguing development
and or production of six environmental statements pertaining to license applications: highlights of
three are described below.

Offshore Power Sysiems—manufacturing licemse. Task group 1 has been continually engaged in
reviews of this application from the outset: the proposed action s opposcd by four imtenvenor groups.
During 1976, the NRC aamounced its intention to expand the statement to three parts. Part L issued as
an FES m October 1975, revicws the effects on the Jacksonville arca that would resuk from operation of
the manufacturing facility.’ Part 11, issued as an FES in September 1976, addresses the effects of
constructing and operating cight floating nucicar pants (F\NP) arranged m two-unit stations along the
shore zone of the Atlantic and Gulf coasts. The NRC received 370 commentson the DES of Part 11.and
responscs were prepared for inclusion m the FES by ORNL and NRC staff. Pan [11. writien without the
assistance of ORNL. was issued as a DES in October 1976: it addresses the liquid pathway transport of

4. US Nucicar Regulatory Commuswn. Final Emoronnwnsal Statement. Flratmg Ninicar Poser Pumis Pari 1 dn
Envworonental Ssaserens Consadermg the ywvasnm of the Margta rurmvg Factin o Johwrnille, Flornde. S REG-T5 091,
Docket No. STN 50437, (ktober 1975

5. US. Neciaar Regulatons Commnson. Fovel/ Emronmensel Statemeni. Fhaimg N bear Power Pants Pare 1 4
Genern: Emvironmenial Siasement Comsalermg the Sumg and (dpevatum of Fhuatorg N bear Pover Plann, NURE GO0SS,
Docket No. STN 50-837. Scpteraber 1976

Tabie 22 Task growps

Task group § Task growp 2

R. E. Thoma. lcader R M Rush, keader
N. E. Himlike. bewefit-cost analyst C Crafion. beneft-cost ana*.
R. E Greene, sise and station analyst A ) Wuncn. tramport Lash o
). B. Canmon.’ (ransport analyst J M Loar.”™ ccobrgnt
S. M. Adams.™ ccologist A T Srubka * ccolognt
K. B. MclLean.” ecologist R 1. E:oodwma.” ccolopw
G. W. Suser.” ecologist W van Wmble.” ecologrv
R. W. Brocksen.™ coologsst R W Brocksen.™ ccobagrst
R. DeVaslt. sociveconomics S. M. Adamn.” ecologist
L. D). Voorkees. conlognt
1.} Mattmgly. socmeconomcs
sek growp 3 Task growp 4
J. M. Lowr.™ leader R. 1. Kroodsms.” leader
R. L. Spore. beneft-cost analyst I. J. Chiford, bewcfit-cost amaly st
J. 8. Canmon.’ 1ransport anslyst R. Robertson. tramport analys
A. T. Sziuba.™ ecologist S. M. Adams.” ecologist
R. K. Schraber,” ecologist J. M. Marttice.” ecologist
T. Cowan.’ socioeconommics A. T. Sriwha.” ecologmt
.. D. Voorkers.” ecologint
T. Cowan.” socioeconomics
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radionuclides refeased under accident conditions from an operating FNP.* Evidentiary hearings began
on the application in mid-1976: to date. the hearings have been confimed primarily 10 safety msues.

Atlantic Genevating Sigtion. As the first site-specific application proposing cstablishment of an
ENP. the Athantic Generating Station (near Atlantic Ciy) was subgected 10 environmental review
concurrently with the Offshore Power Systems apphication: the revicw culminated in issuance of the
DES m Apnl 1976 and rerssuance m October 197%.

Fort Celhown Sigtion Unir 2. The proposed Fon Calhoun Station Unit 2 is 2 pressunzed-water
reactor (PWR) to be located on the west bank of the Missouri River about 20 miles north of Omaha. The
second umit. which will be adjacent and attached to the currently operating Unit 1. will produce 1150
MW(e) (nct) of clectnical power capacity.

Apphcation was for construction of the station with a once-through coolimg system. It is the furst
apphication to suplement recemt Memoranda of Understandng with the Emvironmental Protection
Agency (EPA). State agencics. and the Corps of Eagncers. Under these armangements. the NRC acts as
icad agency . obn img scparate cavironmental reviews by the other participating agencies. The staff's
conclusion that operation of Unit 2 can possibly produce a sigmficast impact to the Missour: River
feshery as a resalt of fish cmtrammnent kas lod 1o the consideration of several mitigative measures. One of
these. nommated by the applicant once it was apprised of the stafl’s picivamary conclusions. is to
activate former wetlands along the Missouri River that have become part of the floodplain asa result of
niver chanaciing. The oroposal is controversial becawse its adoption might set a precedent for mitigating
rather than mmunizmg the mpacts of plant operation. ht ofiers. on the other hand. a potential for
fulfillmg the spirt of the Natiomal Enviroamentzl Prosection Act (NEPA) in 2 unique manaer by
cnhancing onv ronmental guality by providmg habstat (m the wetland area) presently unmaiched n size
and quality in the region.

Todctermine the incremental effects of thermal discharges. we adapted a theee-dimensional plume
modcling program’” to simulate the thermal discharge plume. The results (Figs. 2.1 and 2.2) ndicate that
wtensive muxing will oocur near the discharge pom?. Results of the modchng program will be used to
dercrmine whether the effluent will be discharged in a manner that will comply with applicable State and
federal water qualnty standards.

Task growp 2 (R. M. Rush). Task group 2 has provided a substantial amount of support to licensing
actions of the post-FES type. pasticularly for the Indian Point site. The group has also worked with four
other reactors m various stages of the licensing process.

indiars Point Nuclear Generating Plomi. This facility consists of three units: Unit 1 [265 MW(e)]
began operation i October 1962. Unit 2 [873 MW(c)] began operation in September 1973, and Unit 3
[965 MW(c)] began operation n the fall of 1976. The plant is located on the cast bank of the Hudson
River about 24 miles north of New York City. The three units together use about 7790 m' min
(2,058,000 gal. mim) of river water for their once-through cooling water systems. A major point of
controversy in the licensing of Units 2and 3 was the expected damage to aguatic biota (especially striped
bass) from impmgement and entrainment s the cooling water system. For this and other reasons. the
licemse for 1'nit 2 required the termination of once-through cooling by May 1. 1979, and the license for
Unit 3 required sermination by September 15, 1980.

6. US. Nuciear Reguistory Commmsion. Dreft Envirorwnensel Sssiemens. Floaiowg Swciewr Power Plowr:. Ters 111,
Marfoc g [scense. NUREGO127. Dockes No. STN 50437, October 1970,

7. US. Nuciear Reguintory Commisson. Dvafs Environownial Swsemeni. Arienix Generssmg Stoswon. Umis | end 2.
NUREGE9IS. Docher Nos. STN 50477 and 478, April 1976 remssoed October 1976.

8. W_R. Wildrop and F. B. Tatom, Anelysis of the Thermei Effbent from the Gellotin Ssram Plant During | ow River
Flows. Rep. No. 33-30. Tenncveee Valicy Authority, Division of Water Mansgement. Water Systems Development Brame®
Normm. Tenmeseee. June 1976,
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The ORNL staff has expended coassderable effort since 1971 i support of the lwensing actions for
Units 2and 3. During the course of this work. a striped bass population model” and a striped bass young-
of-the-year model” were developed. In anticipation of future licensing actions tor this plant. we are
contmuing to devclop and improve these models and 10 assess similar models developed by the
applicant’s consultant. The population model has been modified W a gencralized fish bfecyck
population model and has been applicd to the white pesc.. population m the Hudson River. About 100
computer runs have boen compicted to study the sensitivity of the applicant’s one-dimensional transpornt
model for the young-oi-the-year striped bass m the Hudson River.

In Junc 1975 the applicant (Consoladated Edison) requested an amend ment of the license for Unin 2
that would cxtend the period of once-through cooling for two vears. The DES and FES relating to this
request were prepared by the ORNL staff.’ "'~ The staff concluded that the long-term impact on the
Hudson River ecosytem of the two-vear extension of once-through cooling is not expected to be large
and has esseatially no risk of being irreversible. The fimal coaclusson was that only 2 onc-year extension
is justified (o allow time for compiction and analysis of the applxant’s bwlogical rescarch program.

Jamespor: Nuclear Power Ssation. This proposed facility is to be constructed on Long Island
Sound near the town of Riverk ad. New York. The station consists of two 1122-MW(c) units and will
use a once-through cooling water systemn. The major environmental problem at the Jamesport Station
relates 10 the design of its intake structure and was discussed i the 1975 annual repont.’

During 1976 the ORNL staff preparad suppiemental testimony relating to specific issues in
contention before the ASL B and appeared as expert witncsses before the board. The testimony dealtin
some detail with the generating cost comparison of the reference nuckear station and a coal-fired
altemative. Interaction of the thermal plume with plumes from other plants. the intake design. and the
impacts of dredging were other arcas that required staff testimony.

Moniague Nuclear Power Siation. This proposed facility. to be constructed on the Connecticut
River in the town of Montague. Massachusetts. consists of two [ 150-MW(e)units and willuse a closed-
cycle cooling water system with two natural-draft cooling towers The major environmental impact of
this station will be the visual intrusion of the natural-drafi cooling towers on the landscape. Because of
the closed-cyclke cooling system, damage 1o the aquatic biota is not expected 1o be severe. However.
because of lacking information on the distribution and relative abundance of shad and shostnose
sturgeon larvae and young juveniles in the Connecticut River. the applicant {Northwest Nuclear Encrgy
Company) will be required to supply additional data prior 1o location and construction of the intake
structure.

The DES for the Montague Station was issued in November 1975 and the FES will be issued carly
in 1977.'%"*

9. W. Van Winkle ct al.. 4 Striped-Bass Population Model and Compurter Program. ORNL. TM-45TR (December 1974).

10. A H. Eraslan ot al.. .3 Compuier Simulation Model for the Striped Bass Young-of-the-Year Populsivn m ihe
Hudsven River. ORNL. SUREG-8 (December 1976).

11. €.5. NSuckear Regulatory Comminsion. Dvaft Environmenial Siatement. Indian Pomt Unit 2 (Cooling Tower Deley ).
SUREGAOD3S, Docket No. STN 50-247, February 1976.

12. €S, Nuckear Regulatory Commission. Final Environmental Siatement. Indian Powvs Umit 2 (Cordmg Tower Drlay )
NSUREGOD42, Docket No. STN 50-247, August 1976,

13, R. M. Rush. knergy Div. Anmu. Prog. Rep. Drec. 31. 1975, ORNL-5124. pp. 76-T7.

14. LS. Nuckar Regulatory Commission. Draft Environmental Statemens. Monsague Nwuckear Power Siation, Unirs |
and 2. SUREG-TS 109. Docket Nos. 5049 and 497, November 1975,

15. US. Nuckear Regulatory Commission. Final Enviconmental Statement. Monsague Niuclewr Power Siarum, Unirs |
and 2. 10 be published.
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I he visual mtrusion ol the proposed natural-draft cooling towers s expected to be the major
cnvironnxental impact of this station. Members of the Resource Amalysis and Energy Facilitics Siting
Group. Regwnal and Urban Studies Section. Energy Division. have provided valuable mput to the
assessment of this impact in the form of viewshed analvses and perspective vaews of the site.

The compuier program SEESL was used to determine the exient of mtrusion of coolmg towers of
vanious heights at the Moataguce plant site. " The area within a 16-km (10-mile) radius of the plamst was
divaded nto 8563 cells. cach measuring about 306 m (1006 fi) ona side and having an arca of abowt 9 3 ha
(23 acres). The coordmates and mean elevation were determmed for cach cell: this méormation. along
with an indication cf whether the cell s predommatcly land of water. was wsed as rmpwt 10 the program.
The results for a 172-m (565-ft) natuial-draft tower at the site are shown i Fig_ 2.3: these results mdicate
in which cclls the tower will be visible and whether those cells represent land or water. The program
indicated that a tower of this beight would be visible from about 407 of the arca withm 2 16-km (10-
mile) radius. A similar program indicated that a shorter. 55-m( 182-fi) tower would be visible from about
20°¢ of the arca.

i6. 1. C Twher. CATCH. Computer Assisv:ed Topuograpin. Carsograpin. awd Hipsograph. Pars IV: SEESU 3
Sebroutow Pahaee tor Deiermmor the 3 oavnbity of Obgcts Thromghost a Regson. ORNL TM-3790 (Junc 1976).

ORNL DWG. 775382

Fig. 1.). Viewscape for the aren within s 16-km (10-mile) radins of the Montague Siation, nsing 1 72-m (565-/1) netersl-draft
cooling towers.
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Greene County Nuclear Power Plant. This proposed facility. locaied on the west bank of the
Hudson River i the town of Catskill. New York, comsists of one 1 191-MWic) unit which will usc a
closed vycie cooling water system with two natural-draft cooling towers. Major impact may anse lrom
the fact that the applicant (Power Aumthority of the State of New York ) 5 exempt from paymemt of local
property taxes: thus, one major benefit of a power plant — local property taxes  isabsemt. Although the
applicant intend's 10 ke payments in lice of taxes. based on the curvent worth of the propesty. the staff
comsiders that such revesues will not be sufficient to offset the need for mcreased servioes (e.g.. schools
and transportatic.:). Damage 10 the aquatic biota of the Hudson River s cxpected 10 be saxall becawse of

The DES related to this plant was isswed s March 1976 and the FES i expected to be issmed
lm-l'.ll

Task growp 3 (). M. Loar). Task grouwp 3 was complcicly reorganized during 1976 and is therefore
not imvolved i as many projects as are the other task groups. The members of task growp 3. however.
cany a large residwal of work on reactors assignod to otier groups. The group is carrently assigned to the
Blue Hills ESR and the Virgil C. Summcr OL statement.

Blwe Hills Swation Uniss | and 2. The Biwe Hills Station. which will be located scar Farmont.
Newton County. Texas. will comsist of two 930-MWie) PWRs. The tocility will wse a closed-cycle
covling sysiem with three wet mechanical draft cooling towers for cach unit. Makcup water will be
pumped from Toledo Bend Reservoir and carried via an 11.9-km (7.4-mile) pipeline 1o the plant. The
cooling tower blowdown. at an anticipated maximem flow ratc of 9.3 m' sec (10.2ft* sec). will abso be
carried from the site via a pipelime to the point of discharge over the Sabise River channcl abowt 305 m
(1000 fr) offshore. Since the Sabine River serves as the boundary between the states of Texas and
Louisiana. both State water quality agencics and the EPA were comsulied concerning applicable
standards.

The prelmminary draft environmental statement (PDES) is bring prepared in cooperation with the
EPA.as mandated by the Second Memorandum of Undersianding between NRC and EPA. Sections of
the PDES relating t0 water quality and intake design are being prepared by the EPA staff. region VI,
in Dallas, Texas.and will be reviewed and subsequently modified w include the evaluation conducted by
the ORNL staff. Other sections relating to impacts from the heat dissipation system, trarsmission lincs.
cooling tower drift. and makeup water withdrawal will be prepared nitially by the ORNL staff and
forwarded to the EPA for review. By secking a close cooperation between the NRC and EPA in the
initial stages of the environmental assessment. 2 mutual agreement concerning the ecological impacts
from construction and opc-ation of the Blue Hills Station can be reached very carly i the decision-
making process.

Blue Hills Station Units | and 2 will not go into commercial operation until the carly 1990s. Gulf
States Utilities, which will own and operate the facility, has applied for an ESR, one of the first
applications of this kind to be received by the NRC. It should be stated here that the NRC has not yet
received legal sanction for an ESR. but is in the process of obtaining that sanction. The purpose of an
ESR is to scparaie the review and approval process for the site from the review and approval for the
facility 10 be constructedon that site. An ESR will have three main objectives: (1) carly dentification and

17. US. Nuckar Regulatory Commissmn. Ivaft Envieonmentel Swarement. Greeme Comemiv Nwclesr Power Plant.
NUREGOMS. Docket No. STN 30599, March 1976,

I5. LS. Nuckar Regulatory Comminsion. Finel Envirrnmensal Srsiemeni. Greene Cowumis Suchewr Power Pl 1o be
publisived.
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resolution of site-related probicms before substantial commitments of resources are made by the
applicamt; (2) mitation of public participation at an carly stage when i can be most effective n the
decrsion-making process: (3) removal of delay caused by siting problems in the review and decision-
making process for CP applications. The preparationof an ESR statement for Bluc Hills Station Units |
and 2 represents 2 new aad chalicngmng eadeavor for the staff.

Task growp 4 (R. L_ Kroodsmaand H_E_ Ziteel). Task group 4 is preseatly involved in the licensing
activitics for nime reactors. Scveral of these are in the post-FES stage. whereas others are in the mitial
review stage.

Perkins Nuclear Swtion Uwies 1. 2, and 3. The Perkins Station will be located on 2 966-ha (2402-
acre) site on the Yadkim River mear Mocksville, Davie County. North Carolma. The area s
characterized by 2 predomisantly low-qualiy agriculiural activity. mferior soil ferubty. disturbed
ecology. and low population density. The station will consist of three identical 1200-MW(e) PWRs. The
circulating water and exhawst sscam will be cooled by a closed-cycle sysiem using cooling water from the
Yadkm River: consumptive water use will average about 45; of the river’s meaa flow. One of the most
sigmificant impact assessanent problems in this case is the expected consumplive water use. which will
mvolve conversion of land area 10 water arca and will affect downstream water use and water levels at
High Rock Lake, 2 downsiream recreational and hydroclectric impoundment.

Al the time the FES was issued (October 1975).'° ncgotiations between the applicant and the State
of North Carolina were wnder way 10 determine a defmite minimum river flow below which proposed
pumpmg rates would not be allowed. Becanse 2 minissssa flow had not yet been determined. the ORNL
staff based its asscssment ona likely minimum flow of 24.9m’ sec(880ft° sec). which is exceeded about
98 of the time. Accordingly. the proposed pumping rates woulkd be restricted to river flows exceeding
49m’ secB30ft’ sec) plus the amount being consumed by the Perkins Station—a totalof 28.1m’ sec
(992 fi’' sec). During river flows below 28.1 m”. sec (992 fi’. sec). the applicant would be required to
reduce station output or o supplement Yadkin River flow. The applicant therefore proposed to
construct 2 557-ha (1401-acre) impoundment on an upstream tributary of the Yadkin River. Water
relcases from this impouncment during periods of low river flow would maintain flows at about 28.1
m’; sec (992 ft’; sec) and would allow full operation of the station during such times.

Construction of the proposed impowndment will convert 557 ha (1401 acres) of relatively
productive agricultural and forested bottomland 10 waler acreage. After a site visit to assess the
potential impacts to land use and benefits 10 water use. the ORNL staff concluded that the
impact- benefit balance will be acceptable: it was also concluded that the proposed consumptive water
use will not have significant adverse impacts on present downstream water users. Results of our
asscssment were presented at ASLB hearings. which were completed during 1976.

North Coast Nuchear Plant Unit 1, Islose site. The staff has conducted an ESR of the Islote site in
Puerto Rico, where the North Coast Nuciear Plant Unit 1 may be constructed. This was our first ESR
for a possible nuclear power plaat, and we are presently preparing the FES.

The mitial application from the Puerto Rico Water Resources Authority was for a one-unit station,
consisting of a PWR and using water from the Atlantic Ocean for once-through cooling. On the basis of
this application, the staff initinted review procedures typical of the licensing process for nuciear power
siations. However, when we completed the PDES, the applicant decided to indefinitely delay
construction of the proposed station. We therefore modified the PDES toan ESR statement, which will

19. U.S. Nuclear Regulatory Commission. Final Environmensel Statemeni, Pevkins Nuclewr Station, Units 1, 2. end J.
NUREG-75 035, Docker Nos. STN 50453, 459, and 990, October 197S.
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determine the acceptabality of the Islote site for a nuckear power plant. In our review we assumed that the
appiicant will cventually apply for permission 1o construct a power plant ol the same pencral sizc and
type as described in the applicant’™s mitial application.

We determined that the kslote site would be an acceptable site for construction of such a nuckar
station. The site occupies land that was used for sugar cane production scveral vears prior to the
application. but has since become refatively useless for growing cane because of the intrusion of salt
water mto the region. The land is now used primanily for cattke grazing. The refatively large number ol
endemic endangered animal species of Puento Rico creates a potential for sertous impact fromany arge
construction project. However. the Islote site is very suitable in this respect since all the endangered
species occur n other regions of the bland. which will not be affected by the proposed plant or its
transmssion lines.

Shoreham Nuciear Siation Unit I. The staff is presently conducting the OL. review of this nuckcar
station and preparing the FES. This is the first of many OL reviews in which the ORNL staff will
participate (all other OL reviews having been done previously by the NRC). By performing the Of.
review for Shoreham. the ORNL staff will be able. ior the first timc. to determine the cffects of
construction of a plant for which it coaducted the CP review. Participation in OL review will allow the
staff to become (1) more familiar with the actual construction of a nuclkear station aud its 2ssocated
mpacts and (2) more proficient in predicting and assessing potemtial impacts addszssed in CP
statements. In addition. the staff will be able to provide greater input into the technical specifications for
preoperational and operational monitoring programs for nuckear plants.

Technical projects. A variety of technical projects are being carried out concurrently with the work
on statements. These projects. generic in nature. normally address those arcas that the staif has found 10
be of concern and for which no definitive work or standards are available. In cach case the resuits of the
work are documented and used as reference in the preparation of impact statements.

Multiple use of cooling reservoirs { B. R. Parkhurst™” and H. A. McLain). The adverse and
beneficial environmental impacts of cooling reservoirs have been studied during the past year and
compared with those of cooling towers. Generally. the impacts associated with the construction of a
cooling reservoir system, particularly from the increased land area required. are greater than those for a
comparable cooling tower system. On the other hand, the operational impacts- - visual impact. icing.
fogging. and noise problems—are generally greater for cooling towers. The principal advantages of
cooling reservoirs are their lower operating and maintenance costs, greater reliability. greater cooling
efficiency. and potential for multiple use.

A review of the literature on cooling reservoir ecosystems has revealed that entrainment and
thermal and chemical effluents generally cause reduced populations of phytoplankion. zooplankion,
and benthos in the vicinity of the power plant discharge; adverse far-ficld effects are gencrally less
significant. The overall effects of a power plant on the fish populations of cooling reservoirs appear to be
insignificant: (1) game fish production and growth rates in cooling reservoirs are generally similar to
those in other reservoirs; (2) spawning times for certain fish species may be advanced in some cooling
reservoirs; (3) thermal tolerances are often higher for fishes in cooling reservoirs than for those in
ambient temperature environments; (4) many fish species are attracted to the discharge areas in the
winter and avoid it when water temperatures rise above their preferred temperature. These effects are
genenally consistent with the predicted ecological ci:aracteristics, as derived from the thermal
characteristics of our model of a 2592-ha (6400-acre) cooling reservoir heated by four 1150-MW(e)
reaciors.

2. Environmental Sciences Division.
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The possibility that cooling reservoirs may provide multiple uses seems to be their most significant
beneficial aspect. as compared with cooling towers. especially i arcas having few waler bodies for
recveational activitics. Cooling reservoirs also provide areas in which the cage or raceway calture of food
fishes will allow the commercial use of waste heat discharged by power plants. Our conclusion™ is that.
for many arcas of the country. cooling reservoirs may provide an environmentally and socally desirable
altermative to coohing towers for meeting the water quality objectives of PL 92-500.

Anelysis of impingement at power plants in the Southeast (). M. Loar™). Am increase m the
demand for clectricity will cause a commespoading increase in the need for cooling water for future fossil-
fired and nucicar pencrating faciities. A potential adverse impact that could result from this imcreased
waler use s the mpingement of aquatic species, primarily fish. on plant intake screens. Impingement
occurs when aquatic species are pinncd against (of impinged on) the §-cm (* s-in.) mesh of the traveling
screens by the force of the water as # s pumped mto the plant. .

A study was conducted o identify factors that mflucnce fish mnpmgement. We contacted 44
utilitics that own and operate power plants on imland waters of the southeasiern United States and
requested impingement data that had been collected in compliance with variows federal regulations. We
received data for 27 fossil-fired and 5 nuciear plants.

Most of the fish collected at these plants were shad, especially threadfm shad (Dorosoms
petenense). Most of the impnged species were small young-of-the-year or yearling fish less than 7 cm
(2.75 in.) long and weighing less than 8 g (0.28 02). In general, the paramcter that correlated most highly
with the impingement of threadfm shad was water temperature. This specics. which has been mtroduced
nto many reservoirs n which water temperatures fall below 10° C during the winter. is stressed by these
cold temperatures and thus becomes susceptible 10 impmngement. Other factors found to influence
impingement were low concentrations of dissolved oxygen and high levels of turbidity.

No conclusion could be reached concerning the cffects of specific mtake designs on impingement
because of the variance of results. Among tnose plants that had intake channels, impingement was found
to vary by several orders of magnitude. Impingement was generally lower at river sites than at lake or
reservoir sites. The velocity of water near the face Jf the mtake screens could not be conclusively
established as a factor having a2 major influence on impingement smce the high velocities observed at
several plants did not necessar.y result in high levels of impmgement.

Several factors related 10 the time and location of the sampling were noted. Significantly different
aumbers of fish were impinged (1) during the day vs the night. (2) at different units of 2 multiunit plant.
and (3) at different locations on the screens spanning the intake channel (¢.g.. at one plant. impingement
levels were higher at screens located near the edges of the channel than at those located near the center).
These results will be used by various federal agencies (e.., NRC and EPA) 1o design and evaiuate
impingement monitoring programs at both existing and future clectrical generating stations. A well-
planned and comprehensive sampling program will help ensure that reliable estimates of annual fish
losses due 1o impingement are obtained.

2.2.2 Bamnwell Nuciear Fuel Phamt
R. B. Craig.” Leader

The NRC Office of Nuclear Materials Safety and Safeguards requested that the Environmental
Impact Section preparr a supplement to the FES for the Bamwell Nuclear Fuel Plant, Barnwell, South

21. B. R. Parkhurst and H. A. Mclain. Muliiple Use of Cooling Reservoirs. 1o be published as ORNL TM report.
22. ). M. Loar. Ansiysis of Impingerment a1 Power Planis in the Southeast. 10 be published as ORNL TM report.
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Carolina. The origimal FES™' dealt with the scparations facility and the fucl receiving and storage
station. Other facilities (iLc.. a2 UF, and a waste soladifucation facality ). cach reyuiniag a scparate lcemse.
will also be operased on sine. The objective of the supplement is 1o cvahmaie (1) the combmed cffects of
construction and operation of all facilitics and (2) the relation of these cffects to other nucicar faciltics m
the vicimaty (Savannah River Plant. Vogtie Nucicar Plant. and Oconce Nucicar Plant). In additon. new
nformation tat has become available sinoe publication of the FES will be included to improve the
evaluation of potential impacts.

Since the Bamwell plant. much of which i already construcied and wndergong preoperational
testing. is the oaly reprocessing plant that has the potential 10 be on e m the near future. & is recerving 2
great deal of mational attention. a many ways the future course of aucicar emergy m the United States
depends oa this plant. The lcensing review of the Barnwell plaat will consider questions of plutonem
and uranmm recychng: application of brecder sechaology: waste generation. transportation. and
rsolation; and mtcrmational aspects of nucicar technology.

Construction of the five-facility Bamwell complex will require cicaring a lotal of about 127 ha (315
acres). 115 ha have alveady been cleared.

The major noaradiological effluents to be reicased from the Bammwell plant arc heat to aquatc
sysiems, sewage treatment liquid to groundwater. and nitrogen oxides. sulfur dioxide. and hydrogen
fiworide to the atmosphere. The staff has concluded that (1) holdup times are suflicient for dissipation of
excess heat: (2) no measurable addition of nutricats from the sewage spray itigation projct to local
surface waters is likely: and (3) both annual average and peak concentrations of nitrogen oxides. sulfur
dioxide. and hydrogen fluoride will be within State air quality standards and below the levels that will
damage vegetation. No significant interactions between the noaradiological releases from the Barnwedl
plant and cffluents from the other nucicar operations i the vicinily are expected.

Routine operations at the Barnwell plant will reicase relatively small quantities of radioactive
nuclides to the environment. Gascous radicactive cfflucnts constitute the source of greatest radmtion
exposure o the general public. The maximum annual dose 1o an individual at the site boundary from
operation of all five facilities at the Bammwell plant will be about 4.5 millirems: the normal background
dose is 97 millirems per year. The maximum population dosc from Barmnwell in 1980 for persons living
within 30 km (50 miles) of the site will be about 350 man-rems; mcluding doses received from radioactive
releases from the other nuclear facilitics m the vicmity of the Bamwell plant (Savannah. Oconee. and
Vogtle). the total dose to the 658.000 people living within 30 km m 1980 will be avout 530 man-rems. The
normal background dose to those peopic will be about 64.000 man-rems.

Work began in November 1975, and the draft supplement was issued in June 1976.™ the staff is
currently responding (o agency and miervenor comments.

3. U.S. Sucicar Regulatory Comminsion. Fimel Enviroownenssl Siesermeni. Berwwell Nuclear Furl Plomi. Daxchet No.
STN 50-332. Janwary 1974.

24. U.S. Nuciar Regulntory Comminsion. /vejt Supplemeent 1o the Fimsl Envirommenssl Starerwens, Bermwell Nwciear
Finrl Ploi. NUREG-0082. Docket No. STN 50-332. Jume 1976.
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and Reacwals for Nuckear Fuel Cycle Favitities
G. W. Keitholuz. Leader

A_ ). Kuhaida S. G. Hildcbrand™
F. Binford™ K. M. Oakes™
S. Revnolds™ A. M. Solomon™

P.A. Cunningham’ B. J. Dozier’

The objective of this project. mitiated on August 15, 1976. is to sechnically assist the NRC in
preparng detailed asscssments of the environmental impacts associated with existing and or
proposed fucl fabrication facilities. Assistance will include (1) preparation of draft assessments and
cnviroamental statements and (2) developm=nt of testimony or other supportive data as required by
the cavironmental impact review process. Several draft appraisals™ " on fuel fabrications have been
prepared by the ORNL staff since August.

The CEQ gusdelines in 40 CFR 1500.13 state that. i cases for which no previous environmental
impact statements have been prepared. agencies have an obligation to reassess ongoing projects to
avoud or mmimize adverse environmental cffects even thowgh they were initiated prior to enactment
of NEPA on January 1. 1970. Consequently. when 2 licensee requests a license amendment or
rencwal for an activity for which the NRC has not yet prepared a full environmental review.
significant environmental aspects of the activity must be cvaluated. In addition. amendment and
renewal applications that indicate a significant change in process or m kinds and or amounts of
ficensed nuckear materials should be evaluated for future environmental impact according to the
Interim Guidelines.

The Westinghouse Nuciear Fuel Division manufacturing plant. located about 8 miles southeast
of Columbsa. South Carolina. is of sufficient size to accommodate fabrication of the present annual
output of 400 metric tons of uranium (Fig. 2.4). An annual output of 1600 metric tons is planned for
the near future. The staff has analyzed the environmental impacts of operating the Westinghouse
plan and concluded that no significant impacts will occur from continued operation. The staff has.
however. recommended modifications 10 the existing monitoring programs (o enable continual
evaluation of the environmental quality.™

The Atomics International fuel fabrication activities are centered at its headquarters facility in
Canoga Park. California. and at its Nuckar Development Field Laboratory near Chatsworth,
California. Activities at the Canoga Park facility include (1) commercial uranium fuel element
production using large amounts of enriched uranium and (2) work with kaboratory quantities of
radioactive material. The work at Chatsworth consists largely of R&D to support the production of
advanced types of reactor fuel. The stafl’s analysis of the environmental impact of operation of the
Atomics Intemational facilities indicated that there will be no significant adverse impacts from
continued operation.”

25. Operations Division.

26. Analytical Chemisiry Division.

27. Environmental Sciences Division.

3. US. Nuckear Regulatory Commission, Drafr Environmenial Appraissl. Westimghouse Nuclesr Fuel Cokumbia Site
(NFCS) Commercial Nuclear Fuel Fabrication Plans. Docket No. 70-1151, November 1976.

N. (1.S. Nuckar Regulatory Commission. Dveft Emvironmenial Appraisel. Atomics Insernationsl (Al) Commercisl
Nuchesr Fuel Fabricstion Fecilities. Docket No. 70-25. December 1976,
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The staff has also begun 1o review the application by Exxoa and Wyomng Mmerab
Corporation for a permit for commercial-scale solution mining of uranum. As a result of the
prelimmary sitc visit and comtact with various concerned agemcies. the staff is consideriag the
preparation of a gemeric statement on solution mining priof to issuance of a site-specific impact
statement.

224 Radicactive Maserials in Consumer Products
G. W_ Kcilhohz G.S. HirX
F.R.ODosacll’ R._L.Showp”

Occasionally. consumer products using a chemical, physical, or nuclear property of a
radicactive material are developed. Before these products can be made available to the gencral
pubiic. ccrtain regulatory requirements must be satisfeed. One requirement is that the potential
impacts from distribution. use. and disposal of the products be assessed: ORNL is assigned the task
of preparing environmental statements for consumer products that contam radionuclides.

Effort during the year has been direcied solely at completing the work begun during 1975. In
addition 1o preparing two statements (on spark-gap irradiators and neutron dosimeters). the staff
collaborated with NRC to issuc 2 final version of Regulsiory Guide 6.7: Preperstion of an
Environmenial Report 10 Suppori a Rule Making Petition Seeking an Exempiion for a
Radionuclide-Containing Product’' and Final Generic Environmenial Siatemens on the Routine Use
of Phutonium-Powered Cardiac Pacemekers."

Spark-gap iradiators thet contain cobak-60. Spark-ignited oil bumners sometimes experience
igmition difficulties because of spark delay. a phenomenon whereby the ignition system cither faiks to
generate a spark within a prescribed. safe time interval or generates a weak. emmatic spark. Spark-gap
irradiators contaming cobalt-60 have been found to alleviate spark delay and thus improve the
reliability and performance of spark-ignition systems.

Commxnts on the DES' were received and resobved. The FES is in draft form and is
undergoing technical review. Table 2.3 summarizes the impacts that could accrue over the 15-year
lives of 6000 irradiators installed during the first year.

Persoanel neutron dosimeters that consin metural thorism Radmtion protection standards
require that accurate measurements be made of personnel exposure to radiation. Routine use of
dosimeters containing naturai thorium can give more semsitive. accurate. and reliable measurements
of personnel exposure to fast neutrons than can existing neutron dosimetry systems.

During the year. the DES was completed and issued."* Comments were received and answered.
and the FES will be issued carly in 1977. Table 2.4 summarizes the potential impacts from the
distribution, use. and disposal of 300.000 neutron dosimeters containing natural thorium. Monctary
impacts are not included in Table 2.4 because the net value of such impacts is expected to be
negligible. Thorium-containing dosimeters probably will replace existing dosimeters.

30. Health Physws Division. now with Office of Waste Isolation. Y-12.

3. U.S. Nuclcar Reguintory Commission. Regwlaiors Guide 8.7: Preparation of en Environmniel Repori to Suppori o
Rule Making Petition Secking an Exemption for a Redior ide-Consaining Prodect. June 1976.

32 US. Necicar Regulatory Commission. Finel Generic  Environmensal Ssatemens on the Rowtime Use of
Plutonnmm-Povwered Cordiac Pacemmahers. NUREG-0000. July 1976,

33 US. Nuchear Regulatory Commission. Draft Environmensal Siaserneni. Exempiion from Licensing Requirements
for Sperk-Gep Irradistors ihet Conssin Cobeli-60. NUREG-T5 086. Dochet No. PRM 30-54. September 1975,

34. US. Nuclear Regulstory Comn ission. Dvaft Environmenial Siaiemens. Exemprion from Licensing Requirements
for Persormel Newtron Dosimeters thei C migin Neturel Thormm. NUREG0074. Docket No. PRM 40-19, October 1976.
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Tabie 2.3. Sommmacy of impacts that conld accrar over 15 years

Impat Macmitude
Yinimal benefits
Improved od burner waston
Redwoed wrvne requrements
s 102 200
Man-bours 15,280«
Fewer exphnwns and twes
1 33w
Death & mpuries Few
Reduced outage of heatmy unst
} Unknown. powbiy high
Luss of production Unkaven. posubly hech
Persomal imcosvensence Usknven. posubdly hah
Maximal costs
Price of irradiators. $ 3000
latroducien of Co-60 mitv the €Wy monement
Number of sources & .00
* 4 LXL)U
Dispusal of Co-60 in obwicic wradirtorn
tafter 1§ vears of use). o 840
Population duse commment toser 15 ycary). man-rems 13
Maumum mdividual doe commitments toser 15 yearss. aullirems
Divtributivn workers 2
lastaBers and servcemen 12
Burner operators 2
General public on

Tabie 2.4. Semwary of polential nasal impacts from 300000 prysonncd

Impact Magnstude
Denefuts
Availability of an mnpruved neutron desimetsy sy em
Improved measurement of persnnct €Xposure {o ReBirons Sipniticant
Improved complianve with radiation profectnn standards< Important
Costs
Redrstribution of thormem in the ensironment
gyear 3.750
Sousces/year 75.000
Disposal of recycie of thorum. g/year 3,780
Population dose commitment, man-rems/year 200
Maximum individual radiation dow commitmenis. mitlirem: year
Distridution workers n2
Handlers nos
Wearers 13
Wearers' families sx 1074

General public s$x 0"
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S. M Adams D.D.Gay ™
P. A Cunpmgham™ K. Deva Kumar™
A ) Wiien

In hoemsmg nuciear powcer plants. 2 certam amount of cn wonmental moanormg b usualh
roqured as part of the techmcal speafsatoas for pamt operatioas. Radwilogal and
nonradlogical (ccolopcal) speafications are designed to (i) Jocument potential impacts on the
camvironment and (2) casure that the power planis arc operated without exccoding specifications to
avoud emvironmental damage.

The major objectives of the e asncal speciications revewn program arc to (1) valadate thermak
and coological mpact prodict:ons made m the FES by usmg montormg data_ (2) evalute the
adoyuacy of procomstnecaon emvironmcatal studes and opcrational monitormg programs. (3)
rccommend sandsrdization and other improvemients i monitormg. data colicction. and data
amlvss. (4) alentify possible covironmental impacts common te several power plants having similar
ndiclognal and coolopcal profies. and (5) complcte amlyses uscful to the development of
stmulation models. The thermal and biological measurements were anahzed for the plasts reviewed:
the rad:ological aspects were a pant of this program.

We have made considerable progress n this work. which i sponsored by the NRC Office of
Nucikcar Regulatory Rescarch. dunng the past vear: at keast pans of obyectives 1. 2. 3. and § have
been accomplished. Complction of objective 3 depends on an cvaluation. now 1n progress. of results
from the three national aboratorics (ORNL. ANL. and PNL) mvolved m the program.

In the mitai phase of this study . ccological and thermal montorng programs were reviewed for
cigit nucicar power plants that had been operatwonal for at least onc vear: Peach Botiom Units 2
and 3; Surry Unints | and 2;: Oconee Units 1. 2. and 3. San Onofre Unit 1: Palisades: Gmna: Vermont
Yankee. and Arkansas Unit 1. Three power plants = Surry. Peach Bottom. and San Onolre  were
sckected for thorough analyvsis on the basis of the comprehensiveness. location. and adeguacy of their
monitoring data.

Pradictions of environmental impact made m the respective FESs were compared with results
obtained from analysis of biological monitoring data at Surry and Peach Bottom (Tables 2.5 and
2.6). however. the duration of data collection at San Onofre was found to be too shont to valdate
predictions for that station. Examimation of Tables 2.5 and 2.6 reveals that «he data were sulflcrent
to validate only three of the predictions made i the respective FESs: ten predictions were shown to
be i ervor. and the data were msufficient to confirm or rejext eight other predictions.

Review of the hydrothermal monitoring at the three plants has resulied in the following general
observations. In planning 2 hydrothermal monitoring program. two goals must be kept in mind: (I?
1o ensure that unacceptable environmental impacts do not occur (ic.. by considering prssible
interactions with the biological monitoring program) and (2) to ensure that specific kega! standards
arc obsesved.

Biological monitoring alone cannot guarantee that the first goal is met. Without a good picture
of the discharge plume. it may not be possible to distinguish natural vzrmtions or those caused by
other hunman enterprises from power-plant-induced impacts. Except m catastrophic situations. the

35 Ewvironmental Scxences 1vession.
% Now at Perdue Unnversity.
3. Computer Scremces s,
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Table 2.S. Senty - comparson of vbserved impacts with impacts peedicied in FES

Preducied mpacts Obsweratins from monmtenng dats
Physoplankton

The phs teplankton communsty may change toward No quantitative data on phyvtoplankion speowes
a beat-tolkcrant commumty - domoance of vhaayes are available, although Jiatom genera are
dustoms may devzease. and green and bluegreen genctally muost predomimant at all stataons during
PO By W Tease I8 sbundance in the plume all months.
Jurmy sussmer months

Dureng the wmter. phy toplankton standing crops Phy toplankton demsitivs in the diwharer Junng
may mureawe i the diwcharge areas. vulder months were higher than these i contool

areas: howerver. on an anaual bads, thermal additions
depreved phy toplankion standing crop.

Zouvphskion

Zooplankton lowes will be greatest dnring the Sipnatwant reduction of zovelmkion dens s m
ummer annthe ad may have an impact on larval the divcharze area did not ovcus durmg the summer
nh growth munths, slthvugh zouplankton stamiing ceops were

reduced on an annual basis.
Benthos

Senthos will probably be eliminated at the discharge Benthos were not umpled in the diwharge grom
LTom anea.

Mavwnum wummer tempersiares may <liminate Benthiv standing crops were highest in stations
bentha, spevaes over 3 considerable area in contact locared in the discharge area as compared with
with the plame. vontrols, partwulardy 1975 the vear of highest

heat repection.

Attached bemthos wall be killed at temperatures No adequate data were sampled o validate this
e IEC W H statement : however. densities ol fouling organism

were highest at the discharge station during 1978
ATl 8'Ct14 ).

Blu crab magratwon vut of the discharge area may Sinve mo proper ampling pear for collecting blue crabs
o vur. powbly reducing this industey. was emploved. e assexument ol this prediction

van be made.

Larvsi cams and oy sters will be kilked by combined No data are available fur avwessing this problem.
salmity and temperatuse changes.

Fish

Durning the summer. adults of most species may During summer months the catch per unit cffort
avoud the diharge area; however. during the tCPE) in the discharpe is bess than in control areas,
winter. fish may congregate in the plume. but during winter months CPE is hugher in the

plume arca.

The owerall impact of the Surry plant effluents will Overall, lish densitics in the discharge increased
B 1o siress Lish popubations in the Hog Point arca: feom 1973 to 1975 Reduction in revruitment and
standimg crops and recrustment may be reduced. standing crops vanaol be assessed with present

data.

Impimgement
Impmpement of adult fishes on traveling screens A strong correlation exists between the number of

during spawning runs is expecied. advlt Tish impinged and the time o) the spawning
migration. The highest tish impingement occurs
during the fall when young-of-the.year migsate out
of the estuaring nursery areas.

Fntramment
Larval and egg stages of manne fishes will be The densities of ichthyoplankton passing through

enttamed sinke estuanne areas are used as spawn’ng the plant were monitored: however. no assessment

snd nurery grounds of mortality of the enirained individuals was made.



Table 2.6. Peach Bottom —~ comparison of observed impacts with impacis predicied in FES

Predicted impaciy

A possible reduction in phytoplankion production may
ueeur.

An alieration in species composition o devrease in diatoms and

preens and an increase in the more heav-tulerant
blue-greens  is expected.

Significant reduction in microciustaceans during late
ummer is expecied.

Detrimiental effecty on revidemt benthos vver a small
pottion of Conowingo Pund cxpowd 10 thermal
discharges, outfall wouring. and chlorine releases are
expected; theve effects will not be of sailivient
magnitude to be important to pond as 4 whole.

Fish will be attravted to discharge plume in winter.

Entpainmont
High emrainment mortality ot 2ooplankton
oxpected, with selection for heat toleram
furms.

Standing crops may be lowered partially from entrain.
ment josses.

Impingement
Sianding crops ol adult fishes may be partially
reduced due o napingement.

Zouplankion

Bonthaos

Fish

Phytoplankton

Observatiom from monitoring data

There are no signilicant ditterences it concemizations ol
vilorophytf o between stations or between preoperational
and operational years.

Shifiy in species compoation cannot be vaiidated sinee
no guantitutive cell counts were nade

No significant difterences between zooplankion densities
between stations o between years were obweved.

No vignificant ditferences were observed in the biomgss
of bepthos collected at ol stations during preaperational
and operational periods,

CPE was observed to be higher in the plume in summer
than in winter: no differenves were observed in CPE
during winter between contral and dischiarge arcas

Methods used (o estimate entrainment do nol give the
fravtion of living arganivms enlering the plamt that are
killed by passage throwugh the condensers,

No ugniticant ditferences in vanding crops of zoa.
plankton were observed between preoperatiomat and
operationsh years,

Nu evidence of teduction of stimding crops was
obwrved How numbers impinged) ; impingement is a
function of tempersture length tage chiss) and season
i the year.

£t
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ccological impact due to a thermal discharge plume s likely to e a long-term effect. To correcthy
judge long-term cffects. the most useful type of thermal information scems o be probabilista
wotherm maps. Such maps would show. for cxampke. the region within the 5° C excess iemperature
isotherm 50¢; of the time. The only suitable way to acyuire this information is to establish a network
of continuously recording thermographs. Such a2 mtwork should be the buckbone of an
environmental hydrothermal monitoring progam. A thermograph network is also the only way of
ensunng continuous surveillance to enforce kgal regulations.

We also recommend supplementing the thermograph data with the infrared sensing (from an
airplanc) of water surface temperatures as a means of studying the configuration of the plume. We
have concluded that thermal plume mapping from a boat  the technijue most freyuently used o
not a satisfactory technnjue.

Detailed reports of our work on the Surry. Peach Bottom. and San Onofre monitoring and a
separate documcent containing all our recommendations are being prepared. ” *

2.26 Development of a Unified Transport Approach
for the Assessment of Power Plant Impact

A. H. Eraslan*™

J. E. Akin*’ D. E. Fields™™ K. K. Kim
J. M. Barton**  S_K. Fischer* M. H. Lietzke*
J. L. Bledsoe*  J. L. Harris" J. E. Park®

k

K. E. Cross D. M. Hetrick ™ M. R. Patterson*™’
H. Diamemt®  J. T. Holdeman*  R. D. Sharp*

During the past cighteen months. NRC has sponsored the implementation of a unified transport
approach (UTA) for developing mathematical models for the assessment of power plant impact on
aquatic environments.” The objective of the program is to develop fast-transient. onc- and
two-dimensional transport modcls and their associated gencral-usage computer codes which can be
employed in estimating the thermal. radiological. chemical. and biological (entrainment and
impingement) impact of power plant operations on rivers, estuaries, lakes. and coastal regions.

The UTA uses all the fundamentally common features of transport of thermal cnergy.
radionuclides. chemical constituents. and aquatic biota in (1) the theoretical development of the

M. US. Nuckar Regulatory Commission. 4 Critieal Lvahmion ol the Nonradiokmical Environmenial Technwel
Specitications. bol. 1. Prigram Description. S v. @md Ree mbariens. ORNL NUREG TM-69 (1o be published).

W, US. Nuckar Regulatory Commission. 4 Critial Evaheation of the Nonradiokical Envirnmenial Techniel
Specitications. Vol 2. Sures Power Plant Units | and 2. ORNE NUREG TM-70 (10 be published).

40. 'S, Nuckar Regulatory Commosion, 4 Critical Evahmtion of the Nonradiokgical Envirnnmenial Technicel
Specifications. Yol 3. Pewch Boitom Atomis: Power Statan Units 2 and 3. ORNL NUREG TM-71 (10 be published).

41. US. Nuckar Regulatory Commission. A Critical Evahsstion of the Nonradiokntical Envinmmenial Technual
Speciticatons. Vol 4. San (mefre Nuckear Generaring Siaon Unit [, ORNE NUREG TM-72 (10 be published).

42. Project disector.

43, University of Tennesser safl.

44. Computer S-iences Division.

45. Currently o5 «ave at Murray State University. Kentucky.

46. Chemintry Division.

47. Vask group kader.

48, A H. Erasian ct al.. Energy Div. Anmu. Prog. Rep. Dec. 31, 1975, ORNL-35124, pp. 79 R3.
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models and (2) the application of the models to actual site-specific problems. A schematic
representation of the organizational structure of the UTA research program is presented in Fig. 2.5.

The basic discrete-ciement development of the goveming mathematical systems. from the
integral forms of the physical conservation (and biological population balance) principles. is the
same for both convective and turbulent transport in all one-, two-. and three-dimensional thermal.
chemical. radwlogical. and biological transport models.

An important part of assessing power plant impact on the aquatic environment is estimating the
reentrainment and recirculation of the discharge effluent. The systematic methodology developed for
the zone matching of near- and far-field analyses, based on sdentical formulations for determining
the reentrainment and recirculation effects in all two-dimensional transport models. 15 also
applicable. Different parts of the overall theoretical transport modeling program are indicated on
the kft-hand side of Fig. 2.5 with horizontal. parallel arrows w0 emphasize that the mathematcal
modecls are being developed simultaneously.

From theoretical considerations, the UTA models are identical except for various mtrinsic
characteristics associated with specifically different phenomena (¢.g.. surface heat transier m thermal
models. chemical reaction kinetics in chemical models. decay rates and sediment transport and
exchange in radiological models. and population dynamics and behavioral characteristics of the
aquatic biota in biological models). The necessary modeling subprograms for these different intrinsic
phenomena are illustrated in Fig. 2.5 by the vertical listings separated with dashed lines to emphasize
the fact that they can be developed without aflecting the integrity of the basic unified transpon
formulation of the models.

The numerical techniques emploved in solving the semidiscretized svstems of coupled.
nonlinear. ordinary differential equations are identical in all the wransport models. and they are
based on well-established consistent and stable (convergent) mathematical algorithms.

The general-usage computer code structures are also based on the fundamental concept of the
UTA program to use all the common transport characteristics to formulate mathematical models.
All computer codes are being developed in a unified. parallel form so that all one-. two-. and
three-dimensional models for thermal. chemical. radionuclide. and biological transport will have
basic subroutines with identical structures, statement numbers. and FORTRAN variables.

The computational algorithms associated with the numerical solution techniques are also
identical in all models. The auxiliary programs for the input data and output results are also similar,
with identical structures and averaging procedures. but they have different variables for the different
intrinsic properties (¢.g.. temperature for the thermal codes. concentrations for the chemical and
radiological codes. and population density for the biological codes). Different parts of the overall
cffort to develop numerical solution methods and computer codes are shown on the right-hand side
of Fig. 2.5 by horizontal. parallel arrows to indicate that these programs are being developed
simultaneously and incorporated with minimum duplicative effort.

The project is a joint program between ORNL and the University of Tennessee. The combined
resecarch team includes the staff members of the Energy. Chemistry. and Computer Sciences
Divisions and a group of professors and graduate students of the Depaniment of Engineering
Science and Mechanics of (he University of Tenncsace.

During 1376 we completed (1) one-dimensional hydrodynamic. thermal. salinity. chemical.
radiological (radionuclides in water). sedimnt, and biological transport models: (2) two-dimensional
thermal. chemical. radiological. and biological ransport models; and (3) the associated optimized
general-usage computer code for each. We also developed a general methodology for the zone
matching of near- and far-field analyses and modified the simplified-marker-and-cell (SMAC)
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technique to a general-usage computer code (ORSMAC) for accurately estumating crtcal
reentrainment and reairculation effects.

An cxiensive validation program for the UTA models was initiated. In apphcatioas of the
models 10 site-specific cases for which reasomably accurate data were available. the computer
simulations were in excelient agreement with fickd-measured conditions for both one- and
two-dimensional models.

Results of the UTA project during its first 18-month period clearly established that (1) UTA
scems 10 be an cfficient mode of research for developing mathematical transport models and
applying thosc modcls 10 site-specific amalyses of power plant impact and (2) the UTA transport
modcls can save substantial time. effort. and computer cost because thermal, chemical. radiological.
and biological simulations of the impact are done simultancously rather than individually.

Optimization of wmethematical models and gracral-wsage computer codes. The UTA
mathematical models and associated computer codes will be used by NRC and « ther federal and
state agencics (and possibly utility companies and consuling firms) to amalyze site-srecific problems
refated to power plant impact. Once the limits of accuracy of the desired analysis are desermined for
a particular site-specific case. two practical points of consideration become extremely importamt in
the choice of the mathematical models: (1) the cost of competer time and (2) the time and effon
required for prepanng the npwt data and amalyzing the computer output. During the past year. a
major task has been to improve the numerical solution techniques. computer storage. and run-time
requitements and to develop cfficient. automated data preparation and graphical output disphy

ms.

pmg(;nimi:aim of mumerical solution techniques and compusational algorithms. An extensive
study was compicted 10 determine the feasibility of more efficient and advanced
predictor—corrector-type numerical integration methods for improving the computer storage and
run-lime requirements of the osigimal UTA computer codes. which employ a modified fourth-order
Runge-Kutta-Gill method with truncation error correction. The proposed alternative methods were
implemented in the existing one- and two-dimensional ESTONE and FAROUT thermal codes. We
concluded that the presemtly employed Runge-Kutta-Gill method is the most reliable and efficient
numerical method for solving the systems of ordimary differential equations associated with the
discrete-clement formulations of the UT A mathematical transport models.

The code was optimized i other ways. The computer run times and siorage requirements of all
one- and two-dimensional UTA codes were improved significantly by eliminating duplicative
computational sieps and branch stascments in the main computational algorithms. Core storage
requirements i all two-dimensionn] UTA models were significantly reduced by eliminating
unnecessary storage for external clements.
of the one-dimensional bydrodymamic, thermal. and salinity code ESTONE for rivers and estuaries
and the two-dimensional thermal code FAROUT for coastal regions. In spplications of ESTONE.
the optimized version required 185 less storage and 485 less rua time than did the original version.
Inprovement of the storage requirement for the FAROUT code was different in different
applications, depending on the complexity of the shoreline bouadsries of the regions. Reduction in
storage requirements for the optimized version varied between 309 (Sam Onofre coastal region) and
645¢ (Roseton-Danskammer region in the Hudson River). The compwier run times in the optimized
version of the FAROUT code were reduced by sbowt 64% in all applications. In applications of the
advanced and optimized version of the one-dimensionsl code ESTONE 10 the 245 km (152 miles) of
the Hudson River using 3.2-km (2-mile) discrese clements. the compuler run-time requirement is 2.0
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CPU seconds for 1 hr of real time simulation (or abuut W sev of CPU time for one tdal oyele
simulation) on the micractinve DEC system PDP-10 computker.

Hence. the UTA mathematical models and associated gencral-usage computer codes can be
applied 10 real. site-specific problems in power plant impact asscssments with reasonable computer
storage and run-time requirements on presently available compuicr sysicms.

Automaied input date preperation and graphical output display pngrams. Applcatmon of the
two-dimensional UTA computer codes (¢ g.. thermal code FAROUT ) neyuires coasderable amounts
of gcometry data for constructing the discrete-clement sysiem and depth conditions in a regioa.
Rather than generating the complex mput data intermally. the UTA computer cudes intentionally
requare mdependent extermal preparation of this data to avoid costly computer runs caused by errors
n the input geometry data. To aid the users of the two-dimensional UTA computer codes.
stand-alone. computcr-assisted data preparation programs were developed for pencrating the
geometry mput data.

The geometnc data preprocessor program (PREPR2) requires mput data that can be obtained
directly from regonal maps of the power plant sites: the data specify the rectangular grad system and
the shoreline geometry of the region. The program contains all the necessary logic lor cakculating the
areas. centroids. and enclosure surface widths of all the irrcgularly shaped boundary
discrete-clements.

An cfficient method for generating geometrical data from maps is 1o employ clectromechanical
digitizers. To consider the fcasibility of this method for gencrating data necessary for the FAROUT
code. a prelimmary study. using a Texas Instruments Model 980A mincomputer and a3 Scrence
Accessories GRAF PEN model GP-3 sonc digitizer. was undertaken. This clectromechanical
cquipment was used 10 geacrate the necessary shoreline geometry data for the PREPR2 directly
from maps of the repons (eg.. Conowingo Resenoir and Indian Point). Use of the
clectromechanical digitizer system enables the user o gencerate the shoreline geometrics in kess than
10 min.

The two-dimensional UTA code FAROUT also requires mput data for the mean water kvel
depth in all the discrete clements. A stand-alone program. DEPTHR, was devcioped 1o aid the users
in generating this high-resolution and detailed depth data from reasonably accurate but coarse-grd
depth data in the region.

The final form of the geometrical input data for the two-dimensional FAROUT code. generated
cither manually or by the two stand-alone preprocessor programs (PREPR2 and DEPTHR), can be
reconstructed and displayed by the computer program GRAFAR. The program was developed for
use with the DEC system PDP-10 computer with both Tektronix graphical display terminal and also
with Calkcomp pen-and-ink plot equipment. The graphical display program GRAFAR uses the imput
data 1o draw the grid system and shoreline and identifies cach discrete clement as intermal.
boundary. or external, as shown in Fig. 2.6 for the region in the vicinity of Indian Point on the
Hudson River.

The two-dimensional graphical display program. GRAFAR, has the capability to plot
streak-lines for the flow field. constant depth contours. isotherms for temperature. isoconcentration
contours for chemical constituents, radionuclides. and biological populations. The program was
developed for CRT or Calcomp plots. and it can be readily used in an interactive sysiem similar to
DEC system PDP-10 with Tektronix CRT terminals.

A subprogram package was developed and incorporated in all one-dimensional UTA codes
(e.g., ESTONE) for averaging and graphical display of the output results. Considering that
tidal-averaged and daily averaged conditions in an estuary could be important, a generalized output
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analysis program. STORER. was developed. The code performs scarch operations. within a
specified period. for the minimum or maximum values of any variable in the model. 1t also can
perform temporal averaging over a specified period of time (c.g.. tidal period or day) for any
specified variable a1 any longitudinal location along a river or an estuary. The one-dimensional
outpul display program. PLOTER. also has four options for output type: (i) longitudinal
distribution a1 a specified Ume. (2) temporal variation at a specified location (iec.
discrete-clement). (}) longitudinal distributions of minimum or maximum values. and
{9) tidal-averaged longitudinal distributions. A typical line-printer plot output from PLOTER
for distributing minimum, average. and maximum surface elevation conditions in the Hudson
River is shown in Fig. 2.7.

A twodimensional line-printer plot program, PLOTWO. was also developed for all
two-dimensional thermal. chemical. radiological. and biological output results of the UTA
general-usage computer codes. In applications of the two-dimensional models (c.g.. FAROUT).
PLOTWO can be implemented imline with the transport computer code. and the numerical outpul
can be completely climinated in favor of graphical display. A typical line-printer plot output is
presented in Fig. 2.8 as dimensionless isoconcentration contours for simulating a hypothctical
release condition »f typical radionuclides in the coastal region of the San Onofre Nuclear Generating
Station.
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The detailed development of the computer programs PREPR? and GRAFAR r procented in
technical reports. ™™

In summary. all the presently existing onc- and two-dimenswnal general-usage computer codes
associated with UTA thermal. cwmical. radwiogpical. and buolugial tramsport models were
optimized to require (1) mmmum computer cofe storage amd un umes. (2) mimmum cflont and
expertise on the parnt of the users o prepare the input data. and (3) mmmmum ctiort w0 nterpret the
computer output results. which can be dsplayed graphacally as CRT. Cakkomp. or binc-printer plots.

Thermal program. During the past vear the overall thermal program has consistad of two mapor
tasks. The first task was to improve the mathematical formulations and optimize the computational
algonthms of the exwsting one-dimensional model ESTONE for controlled rivers and estuares and
the two-dimensional model FAROUT for lakes and cvastal regions. All the new methods and
computational schemes for optimizing the mathematical model and assocmtcd gemeral-usage
computer codes were first developed for the thermal codes ESTONE and FAROUT: then. conantont
with the fundamental concept of the UTA. these schemxs were directly incorporated mto the
chemical. radiological. and biological transport models of the UTA program.

The second major task of the thermal program was to validate ESTONE and FAROUT by
comparng comguter simulation results with the available ficld-measured data from actual
operational power plants. Prelimmary compansons mdicated that the accuracy of umulations was
extremely sensitive 10 input data about the histonc tegronal flow conditions, atmospheric conditions.
and detailed power plant operational conditions. Therefore. the auxilary modeling and subroutines
of the computer codes were greath revised 1o accurately represent the detailed histonc input data.

Modeling of the end conditions for dams was gencralized to corsider input data for any
combination of specified durations (ic.. hourly. daily. or weekly) to accurately determine flow
conditions. Formulation of the occan conditions was also gencralized to include multiharmonic
variations to accurately simulate tidal flow conditions in estuancs and coastal regions. The surface
heat transfer model was generalized to incorporate detailed nput data for specified durations of all
important atmospheric variables. Modeling of the operating conditions of power plants and pump
storage facilities was completely gencralized to include detailed mput data for any combination of
specified durations during different operational periods.

Hence, the final UTA one- and two-dimensional thermal models and their associated
general-usage computer codes (ESTONE and FAROUT) are predictive thermal modcls that can be
used to simulate the thermal impact of an operating power plant on the aquatic environu.cnt in an
actual site-specific application. Optimization of the codes and improvement of their applicability to
actual thermal impact problems were compieted during 1976.

Tidal-iransient, one-dimensional model (ESTONE) for conmirolled rivers and estuaries. A
fast-transient, one-dimensional model that can be applied. without special modifications. to estuarics
having reversing periodic tidal flow conditions and rivers having extreme flow rate variations due to
controlled dams or pump storage facilitics was developed. In applications using the commonly
employed one-dimensional models, the simulations of the hydrodynamic conditions are difficult for
fast-transient flow conditions. The computer solutions usually require an excessive number of grid

#M. ). T. Holdeman. PREPR2: A Program io Aid .~ the Preparatsm of Input |eie for the FAROUT Two-Dimensions!
Code. ORNE CSD TM-19, 10 be published.

50. B. Thomas. J |.. Bledsox. and J. T. Holdeman. GRAFAR: A Compuier Cende for Graphic Ihsplay of Input Deta 100
the FAR2D! FAROUT Code. ORNIL. CS1) TM-22, 10 he published.
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ponts and cxiremch >mall ume sicp sizes. Therefore. assessment of the thermal impact of
mult-poncr-plamt repons or loag ostuanes (c.g.. Hudsoa River) and for loag penods of time (c ..
sit months) become very expensive. Our men model. ESTONE. avouds these problems.

A compictch nen mathematcal algornthm was devcloped m the UTA program for the
dincreteckment formulation of the momentum principic in mudcing hydrodynamic conditioas: the
ncw mcthod cvaluates the flow rates m cach discrete clement at two pomts. located halfway between
the upstream and downstream enclosure surfaces and the center of the discrete element. The second
important Ronvel fcature of the tadal-transicat. onc-dimacasional thermal model ESTONE w3 that the
transport fluncs for all the physacal propertics are ngoroush formulated by consadening both the
vertcai and kateral vanations of velocity. lemperature. and salimity  conditioas over the
cross-sectional arcas | a nver or estuary. Furthermore. the mode! docs not require any additional
data 1o speafy loagtedmally varymng dispersion cocflicients which may differ amoag cstuancs (c.g..
salinity intrusion modifscation). as do all other existmg one-dimensional thermal models.

The mathematical development of the UTA dal-transient. onc-dmensional thermal model
ESTONE (or comtrolied nivers and estmanies and #s vanous appliations to actual site-specific
problcms (c.g . the Hudson River and Conowingo Reservour) are described i 2 technical repont’
and 2 user’s manwal. ™

Tdal-iransiens. ™wo-dimensionsl mudel (FARTMP) for lekes. esmarics. and coasial regions.
The ongimal version of the tidal-transient. two-dimensional far-fickd thermal model FAROUT was
compictich reformulatod and optimwzed 1o develop 2 computatiomally cfficient thermal model.
FARTMP: FARTMP accurately predicts the temperature disinbutions in lakes and coastal regions
under specified nateral and plant-induced flow conditions. The prehminary formulation of the
FAROUT modecl roquired the simultancous specification of both the local depth and the two
componcnts of velocity as tume-dependent varations in a region. The recessary input data. based on
sparse flow measurcments. somctimes resulted n an over-specification of the flow ficlds that could
not satisfy the mass consenvation principle in cach discrete element of the model. The final version of
FARTMP requires the specification of only the two velocity components of the flow ficld. and using
1wo comservation principles for water mass and thermal energy. it simultancously predicts both the
depth variations and the temperature distributions in a region.

During the past year. the tidal-transient. two-dimensional thermal model FARTMP has been
apphed to numcrous site-specific problems for validation of the model on the basis of actual
fckd-measured temperature data from operational power plants in kakes. cstuanies. and coastal
regions. The computer smmulations in the vahdation study included Peach Bottom Atomic Power
Swation on the Conowingo Reservoir: Indian Point. Lovett. Bowline. Danskammer. and Roscton
power plants on the Hudson River: and San Onofre Nuclear Generating Station on the California
coastline.

A typical comparison of the computer simulations by the FARTMP thermal code with the
actual field-measured data for the wemperature distributions in the Conowingo Reservoir in the
vicinity of the Peach Bottom Atomic Power Station is presented in Fig. 2.9. The computer

SI. A. H. Erasian ¢t al.. 4 Tidel-Transiens. Owe-Dimenswonsl. Discres-Elemens Model for Simvelatmg Hydrodsnemic,
Thermal. and Sekimity Conditions 8 Comirolied Rivers ond Esnwories for Prediciimg the Impect of Power Plant Operetions. (o
e published as an ORNL repon.

52. A. H.Erastan ¢t al.. ESTONE: A Comprer Conde for Simwlasing Tidal-Transsni, Ovwe-Dimensionel Hydrodsnomc,
Therml, ond Sabinity Conditions m Conirolied Rivers and Esrssries fov Prediciimg the Impeact of Power Plant Opevenons, to
be published a3 an ORNL TM report.
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Fig. 29. Temperature distributinns in the Conowingo Reservoir in the vicimity of the Peach ottom Atomic Power
Station.

simulations were obtained without any modification of the parameter values in the thermal model.
In all cases for which rcasonably accurate data were available for the flow and power plant
operational conditions, excelient agreement was obtained between the model simulations and the
field-measured data for the regional temperature distributions.

The development of the tidal-transient, two-dimensional thermal model FARTMP is described
in a technical report’’ and a user’s manual document ** Detailed studies of the model applications to

53. A. H. Eraslan et al.. A Tidal-Transient, Two-Dimensional. Discrete-Element Model for Simulating Depth end
Temperature Disiriburions under Specified Fiow Conditions in Lekes, Estuaries, and Coastal Regions for Predictimg Thermal
Impsct of Power Plant Operations. to be published as an ORNI. report.

54. A. H. Erasian et al.. FARTMP: A Compuier Code for Simulating Tidal-Transient, Two-Dimensional Depth end
Temperature Distributions under Specified Flow Conditions in Lokes, Exiuaries, and Coasial Regions for Predicting Thermal
Impeci of Power Plant Operations, 1o be published as an ORNL. TM report.
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site-specific problems for validation of both the onc-dimensional model ESTONE and the
iwo-dimensional model FARTMP are presented in other reports.””

In summary. the thermal program accomplished its objectives duning 1976, that is. to develop
and optimize the one- and two-dimensional transpont models and to apply those models to
site-specific problems for model validation. We are currently completing technical documents that
contain the results of the research cifort.

Chemical program. The objective of the first phase of the UTA chemical program was to
develop the necessary mathematical models for predicting the chemical impact of chlorinated water
discharged from the power plnt cooling systems. The overall cffort was divided into two
parts: (1) detailed study of the chemical kinetics of the chlormation process in the power plants
and (2) development of fast-transien’, one- and two-dimensional chemical transport models for
simulating the chemical constituent concentrations in the aguatic environment.

Development of the chemical kinetics model for the chiorination process. To determine the
chemical composition of chlormated discharge water. we developed a realistic chemical kinetics
model to simulate the chlorination process in the power plants for fresh water (reactions in saline
water will be incorporated when the rates are available). Primary cmphasis was focused on the
production of morganic and organic chloramines. which can be toxix to fish and other aquatic biota
at low (parts per million) concentrations. "

The model was formulated on the basis of three noneguilibrium chemical reactions., with
forward and reverse reaction rates, that involve the production of imorganic chloramines (NH:Cl and
NHCl:) and a composite representation of the organic amines as RNH:. The basic chemical
reactions included inorganic nitrogen concentrations in the water as ammonia and considered the
reactions of inorganic and organic amines with hypochlorous acid. In addition to the three basic
reactions, the model also considered the rate of irreversible uptake of chlorine to satisfy the chiorine
demand of the intake water. The forward and reverse reaction rate constants were modeled to
include the cffects of water temperature and pH in a general form common to the reactions of most
organic amines with hypochlorous acid. The values of the parameters used in the reaction rate
constants were determined on the basis of theoretical considerations and cxperimental data for
reactions that occur in nonsaline water.

A modular computer program, CHLORN, was developed to simulate the chemical concentrations
in the discharge water of the power plant cooling systems based on the chemical kinetics model for the
chlorination process in fresh water. Input to the model includes the operational conditions of the power
plant; the temperature, pH. and chemical composition of the intake waier; and the schedule of system
chlorination cycles. Using this input. the computer code predicts the detailed variations with time of the
different chemical constituents in the discharge water. A typical computer simulation of the varying
chloramine concentrations in (he discharge water from cooling tower blowdown is presented in Fig. 2.10

55. H. A. Diament ¢t al.. A Comprehensive Maihematicol Modeling and Compurer Simulation Stady of the Thermal
Conditions in the Vicinity of the Sen Omofre Nuclesr Genersting Station with Comparison 10 Field-Measured Data, to be
published as an ORNL. TM report.

56. K. K. Kim et 1\l.. 4 Comprefnsive Mathermatical Modeling and Compurer Simulation Snady of the Hydrodynemic
ond Thermal Conditio.’s in the Vicinits of Peach Botiom Aiomic Power Station in the Conowingo Reservoir with
Compearison ro Field-Mras:red Dota, 10 be published as an ORNL. TM report.

57. ). L. Harris et al.. A Comprehensive Mathematical Modeling and Compuser Simmilation Stsedy of the Hydrodynemic
and Thermal Conditions in 1-e Vicinity of Indian Point Nuclear Generating Sietion in the Hudson River wih Comperison to
Field-Measured Dara. 10 be y ublished as an ORNI. T™M repont.

8. M. H. Lictzke. A <inetic Model for Prediciing the Composition of Chlorinated Warer Discharged from Piant
Cooling Sysrems, ORNL. .5°08 (January 1977).
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. cydes.

for six 8-hr chlorination cycles, starting from nonchlorimated imitial conditions in the system. Results
indicate that the concentrations in the discharge wailer atiain guasi-sieady-state conditions after about
40 hr of plant operation, and they vary between constant wpper aad lower bounds during the periodic
chlorination cycles.

The mathematical development of the chemical kimetics vaodel for the power plant chlorination
process and its associated computer code CHLORN are presented im the techaical report.” A separate,
more general routine, CHMKIN, was developed to handie hydrolysis reactions.

Tidal-transient, one-dimensional chemical transport model (CHMONE) for controlled rivers end
estuaries. The tidal-transient, one-dimensional chemical transport model for rivers and estuaries was
completed. Consistent with the general concept of the UTA, the basic transport phenomena were
formulated identically 10 the already complete one-dimensional thermal model ESTONE, whica
included the simulations of hydrodynamic, thermal, and salinity conditions in rivers and estuaries. Since
the hydrodynamic and thermal conditions were necessary and common to both one-dimensional
models, the mathematical formulation of the salinity concentration was replaced by the array of
constituent concentrations to obtain the chemical model CHMONE directly from the thermal model
ESTONE for controlled rivers and estuaries.

The chemical kinetics model for the power plant chiorination CHLORN was directly incorporated
in the formulation of the general model for power plant operations. An additional chemical kinetics
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model and its associated subprogram, CHMKIN. was developed and incorporated in the chemical
transport model for the hydrolysis of the chiorammes in the receiving water body.

The computer code CHMONE of the tidal-transient, one-dimensional model was structured
cxactly as the thermal code ESTONE. which includes the solutions for salimity. The necessary data for
the two models were formatied identically except for the additional data for (1) the chemaical kinetics of
the chionnated water used in the modular subroutines for the plant operations CHLORN and (2) the
hydrolysis of the chloramines CHMKIN. Hence. in applications to a site-specific problem. the two
models can be employed mdividually or as a2 combined model without necessitating any change in the
site-specific data nput to cither.

Applications of the one-dimensional chemical transport model for validation have not been
compicted because accurate and detailed ficld-measured data for chloramine concentrations in rivers
and estuaries resulting from power plant chlorination are not readily available.

A typical application of the one-dimensional chemical transport model is shown in Fig-2.11 forthe
simulation of hypothetical chlorination conditions in the Hudson River; the freshwater flow is assumed
to be sufficiently high to limit the salinity infusion zone downstream of the power plant. The results of
this application demonstrate th: capability of the model 10 simulate the pernodic upstream and
downstream movement of the high chioramine concentration peaks with the tidal flow conditions
during the specified 8-hr chlorination cycie of the power plant. The preliminary results also sugpest the
possibility that proper selection of the chlorination times relative to the tidal cycles could reduce the level
and extent of the chiorammme concentrations in an estuary.

Development of the UT A tidal-transient, one-dimensional chemical transport model isdescribed in
a technical report.” and its associated computer code CHMONE is documented in a user's manual.*

Tidal-1ronsient. two-dimensional chemical iransport model (CHMTWO) for lakes. estwaries, and
coastal regions. The two-dimensional chemical transport model is being developed directly from the
two-dimensional thermal model FARTMP by including (1) the discrete-clement formulations of the
cheraical constituents conservation equations and (2) the chemical kinetics models for the power plant
chiorination and the hydrolysis of chioramines in the receiving water body, which were already
compieted for the one-dimensional chemical transport model CHMONE. The general-usage computer
code, CHMTWO, of the iwo-dimensional chemical model will have a structure identical to that of the
thermal code FARTMP since the temperature and chemical constituent concentrations are
simultaneously caiculated in the chemical code. Again, consistent with the practical aspects of the UTA,
the site-specific data for the two codes CHMTWO and FARTMP are identical.

In summary, the model development phase of the chemical program was completed duning 1976.
We are presently developing the chemical kinetics model for chlorinated saline water and applying both
the one-dimensional CHMONE and the two-dimensional CHMTWO to actual site-specific problems
for model verification based on available data.

Radiological program. The first phase of the radiological program was concemed with the
development of fast-transient (within tidal cycle), one- and two-dimensional mathematical models

9. A. H. Ersslan et al.. A Tidal-Transieni. One-Dimensionsl, D:screre-Elerment Model for Sirmlating Hydrodymemic,
Thermeal, and Chemicel Constinsemt Concentrations in Controlled Rivers and Esrwaries for Predicting the Effect of Chiorination
of Power Plant Discharges. 10 be published as an ORNL report.

60. 5. K. Fischer et al. CHMONE: A Computer Code for Simulating Tidal-Tremsient. One-Dimensional
Hydrodynamic. Thermal end Chemical Concentrations in Controlied Rivers end Estumries for Prediciing the Effect of
Chiorination of Power Plent Discharges, 1o be published as an ORNL TM report.
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for the transport of dissolved radionuclides in the receiving water body. Because of the significant
radionuclide uptake by sediments, the sccond phase of the program concentrated on developing
advanced multisize and multilayer sediment transport models and exchange rate models for
describing the transfer between the dissolved and adsorbed states.

Fast-transient. cwe-dimensionsl dissolved-radionuclide transpors model (RADONE) for
controlied rivers and esrwaries. The fast-transient. one-dimensional transport model for dissolved
radionuclides was derived directly from the already compicted and valudated thermal model
ESTONE by climinating the temperature part and by comverting salinity into radionuclide
concentrations. Comsistest with the gemeral comcept of UTA, the radiological model and its
associated computer code, RADONE. were developed according o the general formulation and
computer structure of all the existing UTA onc-dimensional transport models. The appropriate
formulation of the decay rates for the radionuchides was also imcorporated in the RADONE model.
various hypothctical problems to study the cumuhtive radionuclide concentrations relcased by
normal multiplamt operation s rivers and estuaries. Model verification has not been completed since
detailed ficld-measured data for dissolved radionuchide concentrations are very kimited. A model
verfication study for the Clinch River m Tennessee was mitiated to sumulate the hydrodynamic
conditions and the longtwdimal distribwtions of the various radionuckdes used n the 1967
comtrolied-reicase experiments.”’

The one-dimensional model was also applied to the simulation of hypothetical conditions
representative of accidemtal release scemarios. The radionuclide concentrations in the plant cooling
systems were specified as dimensionless unit doses for specified durations. Computer simulation
experiments were completed for instantancous increases m dischange doses more than 10° times as
great as the normal operational discharge doses for short durations under typical estuarine flow
conditions (c.g. Hudson River). In all cases the computer code RADONE was able to predict
realistic radionuclide concentration distribution, thus verifying its applicability to site-specific
problems.

The mathematical development of the tidal-transient, one-dimensional dissolved radionuclide
transport model is presented in a technical document.*” and its associated computer code RADONE
is documented in a user’s manual.*’

Fast-sransient, rwo-dimensional dissolved-radiomuclide 1ransport model (RADTWO) for lakes,
estuaries, end coasial regions. The two-dimensiomal model for the traasport of dissolved
radionuclides was developed directly from the already compieted two-dimensional thermal code
FARTMP by converting temperature formulations into radionuclide concentrations in wates.
Consistent with the general concept of the UTA, the mathematical formulation of the dissolved
radionuclide model was developed identically to that of the thermal and chemical transport models.
and the structure of its associated computer code RADTWO was constructed identically to that of
the corresponding thermal code FARTMP and chemical code CHMTWO. The final version of the

6l. E. G. Struxness et al.. Comprohmsive Repovt of e Clinch River Sandy. ORNL 4035 (April 1967).
62. A. B. Ersslan &t al.. A Fess-Trawsioms. Owe-Dionensionsl, Discrese-Elemernt Model for Simmslasing Nydrodywemic
Conditions and Trawspori of Redionlides in the Woser in Controlind Rivers and Essusrirs. 10 be publnhed a3 38 ORNL

63. A. K. Eraslan et al.. RADONE: A Compwter Code for Simmisting Fasi-Transiens, One- Dimensionsi Nydrodymemic
Conditions and whe Tronspor: of Radiomlides in she Weser in Comrolied Rivers sml Esmearies. 10 be published a3 an
ORNL. TM report.
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dissolved radwnuchde transport code RADTWO was computatwonally optimi.ed: it included the
conservation cquations for both water mass and radionuclide mass (except for devay) in evens
discrete element of the flow region.

The two-dimensional RADTWO was applied to various site-specific problems which were also
being considered for the application of the two-dimensional thermal .ode FARTMP for modcel
validation. Since ficld-measured data for tidal-transicnt dissolved rdionuchde concentrations were
not available for any coastal region. the application of the RADT WO was limited to the simulaticns
of vanious hypothetical operational scenarnos under normal and accdental release conditions.

A typical site-speaific application of the model 1o simulate hyvpothetical accidental rekase
conditions was considered for the San Onofre Nuclear Generating Station. It was assumed that. for
two tidal cycles (after start of operation). the plant. operating under normal conditions, rekeased 100
dimensionless units of '“Cs (158 4-hr half-life) in the cooling water system. It was assumed that. at
the heginning of the third tdal cycle, an accidental release of 100000 dimensionkess units was
continuously added to the cooling water system for a duration of 1.55 hr before the plant was shut
down. Direct line-printer plot simulations by the computer code RADTWO for the two-dimensionat
distribution of '**Cs concentrations in the coastal region are shown in Fig. 2.8 at (<) 1.55 hr and (b)
24 8 br (two tidal cycles) after shutdown (see p. 41).

The sunulations indicate that, shortly after shutdown (Fig. 28a), high concentration levels
(1500 and 1000 dimensionless units) of dissolved '*°Cs could exist in the immediate vicinity of the
plant between the discharge location and the shore. These concentratic ns approximately correspond
to a dilation ratio of 30 based on the release concentration of 100,000 d.mensionless units. However,
248 br after shutdown, the region containing dissolved '*’Cs extends to about a 2.5-mile radius (Fig.
28b), but the maximum concentration level in the region drops to 25 dimensionless units, which is
255 of the release (100 dimensionless units) occusting under normal operational conditions. As
demonstrated by the particular site-specific application, RADTWO can be used to simulate the
temporal variation and distribution of dissolved radionuclides as they disperse and decay in a coastal
region under tidal flow conditions.

The development of the UTA fast-transient, two-dimensional dissolved-radionuclide transport
model is described in a technical report.” and its associated computer code RADTWO is
documented in a user’s manual.**

Preliminary transient, one-dimensional adsorbed-radiomuclide ransport model (HOTSED) for
rivers ond esiuaries. After completion of the fast-transient, one- and two-dimensional
dissolved-radionuclide transport models. the rescarch effort in the radiological program was
concentrated on modeling the transpont of radionuclides adsorbed on the sediment. To study the
transport of radionuclides with the sediment, a preliminary computer code HOTSED*™ was
constructed by combining the hydrodynamic part of the tidal-transient. one-dimensional code

64. A. H. Eraslan. H. Diament. and R. D). Sharp, A Fasi-Transient. Two-Dimensional, Discrete-Element Model for
Simulating Depth and the Transpori of Redionuclides i the Waier under Specified Flow Conditions in Lakes, Esivaries, amd
Coastal Regions. to be published as an ORNL. report.

65. A. H. Eraslan et al.. RADTWO: 4 Computer Code [for Simulating Fas1-Transient. Two-Dimensional Depth
Distribution and the Transport of Redionuclides in Water under Specified Flow Conditions in Lakes. Esiuaries. and Coasial
Rezions. 10 be published as an ORNL TM report.

66. D. E. Ficlds. LINSED: A One-Dimensional Muliireach Sedimens Transpori Model. ORNL. CSD-§5 (October 1976).

61. D. E. Fields, HOTSED: A One-Dimensicnsl. Tidal-Transient. Discrete-Element  Model for  Simulating
Hyvdrodyrmamic Conditions ond Adsorbed ond Dissolved Radioisniope Concenirgtions in Conirolled Rivers and Esiuwaries.
ORNIL. CSD-16 (January 1977).
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ESTONE for controlled rivers and estwarics with the existing sediment transpont code CHNSED"
for uniformly flowmng rivers. Prelimmary results from this model mndicated that the transpornt of
adsorbed radionuclides can be modeied on the basis of transport of suspended and bed sediment.

However. since the onginal sedinent transport model CHNSED was applicabic oaly to
uniformly flowmng nivers. with mathematxal formulation and computer code structure totally
different from the UTA model for dissolved-radionuclide transpont (R ADONE). it was impossiblke to
develop an optumized adsorbod-radionuchde transport model consistent with the general conoept of
the UTA. Therefore. we developed an advanced sediment transport model having capabilities
compatible with the other existing one-dimensional models of the UTA program.

Tidal-transient, one-dimensional sediment transport model (SEDONE) for controlled rivers and
estuaries. The mathematical development of the new tidal-transient. one-dimensional sediment
transport model uses the discrete-clement formulation that is completely compatibie with the other
existing one-dimensional UTA transport models. The hydrodynamic part of the sediment transport
model is identical 1o the common hydrodynamic submodel in thermal ESTONE. chemical
CHMONE. and dissolved-radionuclide RADONE transport models. The discrete-clement
formulation of the sediment mass conservation principles considers multilayers. consisting of a
suspended sediment layer. a creeping-bed sediment layer, and the stationary resident-bed sediment
layer: cach layer contains different particie sizes. The mathematical model simultancously solves for
the concentrations of all the different particle sizes in all three layers for cach discrete element by
considering both longitudinal transport (according 1o the general UTA formulation) and vertical
transport between sediment layers.

The new one-dimensional sediment transport model. SEDONE. was first applied to the
simulation of sediment concentrations along the Hudson River. The limited amount of
ficld-measured data® for the sediment discharge in the lower 16-km (10-mile) section of the river was
used to adjust the parameter values in the model and to verify the computer simulations. The
vanation of the sediment discharge rate during a tidal cycle in a cross section about 3.2 km (2 miles)
from the Battery was used to select the appropriate values for the model parameters.

With values of all model parameters fixed. on the basis of comparisons of simulations with the
ficld-measured data from the cross section 3.2 km (2 miles) upstream from the Battery. the sediment
transport model SEDONE was used to simulate the hydrodymamic conditions and sediment
concentrations along the total length of the Hudson River. Comparison of the computer simulations
with another set of available fickd-measured data for the axial velocity and volumetric sediment
discharge rate at a cross section 16 km (10 miles) upstream from the Battery is shown in Fig. 2.12.
The computer simulations were found to be in excellent agreement with the field-measured data.

The development of the tidal-transient, one-dimensional sediment transport model is presented
in a technical repor.” and its associated computer code SEDONE is documented in 2 user's
manual.”’

68. D. E. Ficlds. CHNSED, Simulations of Sedimeni and Trace Conteminant Transpori with Sediment/ Contaminent
Inseraction, ORNL. NSF EATC-19 (March 1976).

69. F. L. Panuzio. "Lower Hudson River Siltation.” pp. 512-50 in Proceedings of the Federsl Inter-Agency
Sedimentaion Conference 1963, U.S. Depariment of Agricaliure. Miscellaneous Publication No. 970. June 1965.

. A. H. Eraslan, D. M. Hetrick, and M. R. Patterson. A Tidel-Transieni. One-Dimensionel, Discrere-Elemens
Transpors Model for Simulating Hydrodynamic Conditions and Three-Laver, Variahle-Size Sedimeni Concentrations in
Comirolled Rivers and Esnwaries, to be published as an ORNL report.

71. D. M. Hetrick et al.. SEPONE: A Compsster Code for Simulating Tidal-Transient. One-Dimensional Hydrodynemic
Conditions and Three-Layer, Variahle-Size Sedimeni Concenirations in Conirolled Rivers and Esiuaries, 10 be published as
an ORNL; TM report.
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Fig. 2.12. Mcasured and simuiated valwes of axial velocity and volumetric sediment discharge rates m the Hodson Riverata
croes section 16 km (10 miles) upstream from the Bamtery. The time 5w hours.

Preliminary model for sedimeni upiake. The development of a mathematical model that can be
used to consider the transport of both dissolved and adsorbed radionuclides requires the formulation
of a realistic model for the sediment uptake and release of radionuclides. A preliminary sediment
exchange model was developed frem nonequilibrium rate constants. The formulation of the
exchange rate terms considers both linear and second-order forms for the concentrations of the
dissolved and adsorbed states. The values of the exchange rate constants depend on the particular
radionuclide and the distribution of particle sizes in water.

A review of the literature clearly indicated that the necessary information about the sediment
uptake and release of radionuclides in natural water bodics was not available. Limited data from
laboratory experiments run during the Clinch River Study *' was the most usable information
available for the development of the radionuclide exchange model. Results of the applications of the
preliminary exchange model to the sediment uptake of ™Sr and '"Cs are shown in Fig. 2.13.

The purpose of this study was to determine the values for the exchange rate constants to be
employed in the model for the two radionuclides. Aithough the calibration aspect of the study was
more important than verification of the model. the results of the applications to both ""Srand '"Cs
showed that the agreement between the simulations and the experimental data was acceptable for
long durations.

The development of fast-transient, one- and two-dimensional transport models for dissolved
radionuclides was completed. A completely new sediment transport model that can be applied to
both uniformly flowing rivers and tidal-transient estuaries was developed and validated by
field-measured data. We are now developing a fast-transient, one-dimensionz! radionuclide transport
model that will include the important effect of the sediment uptake ba:ed on realistic sediment
transport and radionuclide exchange models.
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Zome-matching program. The impact of any cfiluent discharged into an ayuatic environment
depends on two fundamental physical phenomena that control its ultimate dissipation: (1) dilution in
the near-ficld zone. which reduces the concentrations of the effluent Jue to entrainment caused by
the momentum of discharge. and (2) the overall diffusion. dispersion. and decay of the effluent in the
far-ficld zone of the receiving water body under the controlling influence of the ambxnt flow
conditions. Associated with these two physical phenomena are two probkems that are cnitwal to the
assessment of the impact of power plant operations: (1) reentrminment. which could drastically
reduce the near-field dilution. and (2) recirculation into the intake structures. which could gradually.
but appreciably, increase the discharge concentrations of the effluent. Although their importance s
realized.” most mathematical models overlook these two problems because of the unavailability of
the necessary mathematical methodology that can rigorously and realistically incorporate them n
the compliete analyses for environmental impact assessments.

A concentrated effort has been directed toward the study of the reentrainment and recirculation
probiems. During 1976, major accomplishments were achicved in the development of computer
simulation models and nigorous mathematical methodologics that can realtstically incorporate the
effects of reentramment and recirculation in the complete analyses for the assessment of the power
plant impact on aquatic environments.

ORSMAC—a computer simulation model for submergea discharges. The SMAC computer
simulation model * developed at the Los Alamos Scientific Laboratory was extensively modified to
incorporate the required capabilities for simulating reentrainment and recirculation flow fields for
submerged discharges under ambient crossflow conditions. Since the basic formulation of the
SMAC model considers the conservation of mass and both components of the momentum equations
exactly. without simplifying assumptions, the model is not limited by the restrictions of the classical
near-ficld jet models that are used extensively in environmental impact analy ses.

Modifications to the SMAC model included mathematical aspects of formulation ' and changes
in the computer code structure to optimize computer run times and storage.

The results of typical printer-plot streak lines are shown in Fig. 2.14 for a submerged turbulent
jet discharge into crossflow. The simulations are for a 2.7-m(9-ft)-deep receiving water body having a
crossflow velocity of 0.6 m, sec (2 ft sec). The jet discharge is 1.5 m (5 (1) wide. and the discharge
velocity components are 1.5 m, sec (5 ft sec) vertically and 1.5 m sec (5 ft sec) horizontally to
represent a 45° dischasge. The assumed conditions are representative of the strong crossflows found
at submerged discharges that cannot be solved by the simplified jet discharge models commonly used
in cnvironmental impact studies. The computer simulations realistically predict all the pertinent
hydrodynamic characteristics of the submerged discharge in strong crossflows. including the
formation of the surface wave downstream of the discharge location.

Preliminary simulations of the submerged discharges by the ORSMAC code clearly
demonstrated the capability of the model to predict the hydrodynamic conditions in shaliow
receiving water bodies. Our continuing effort is directed toward applications of the model for
validation based on field-measured data and laboratory experiments.

72. A. A. Amsden and F. H. Harlow. The SMAC Method: A Numerical Technique for Calculating Incompressible
Fluid Flows, Los Alamos Scientific Laboratory Reporst 1.A-4370 (May (970).

73. C. W. Hist, B. D. Nchols. and N. C. Romero. SOI.A A Numerical Algorithm for Transient Fluid Flows, 108
Alamos Scientific Laboratory Report 1.A-5852 (April 1975).
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Fig 2.14. Submerged turbulent jet discharge mto crossflow calculated with ORSMAC. Discharge velocity s 1.5 m sec
(51t sex) vernically and 1.5 m sec (5 ft sec) horizontally into 2.7 m (9 ft) of water at 2 crossflow velocity of 0.6 m sec (2t sec).
Each stream linc is marked by a string of identical digits; the fluid Nlow i tangent 1o the sircam lines. The numbers indicate the focal
refative magnitude of the stiream function. The liquid surface is marked by the irregular horizontal string of 0's.

The mathematical aspects of the ORSMAC model and its associated computer code are
presented in a technical report.

Svstematic methodology for maiching near- and far-field analyses based on uniformly valid
singular perturbation theory. The preliminary studies in this part of the program were concentrated
on developing the fundamentals of zone-matching methodology. The purpose was not to extend
available methods but to attempt to solve some of the most critical problems encountered in the
assessment of power plant impact.

The fundamentals of the zone-matching methodology were based on the “uniformiy valid
singular perturbation theory.”™* Study of other singular perturbation methods based on asymptotic
expansions with limit-matching principles clearly indicaied the superiority of the selected method.

74. 5. E. Park. K. E. Cross, and A. H. Eraslan, ORSMAC An Algorithm 10 Caleulate Fhuid Circulation Patierns in the
Vicimity of a Submerged Jer. K CSD-4 (January 1977).

75. A. H. Eraslan and J. A. Benck. paper presented at the $th SECTAM Conference. Raleigh. North Carolina. April
1970. published in Developments in Theoretical and Applied Mechanics. G. .. Rogers (ed.). vol. 5. p. 819, 1971,
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The preliminary mathematical development was limited t0 twodimensional formulations
refatively simple geometnical regions for the sake of brevity in the presentation of general theon.

The significant feature of the new singuiar perturbation methodology is that its near- and
far-fickd perturbational systems can use precischy the same mathematical techninjues for the gt
discharges and the potential flow feeds that are commoniy used in power plant impact analyses.

The general zone-matching methodology was first applied to the simukation of hydrodynama
conditions from a vertical submerged discharge under different crossflow conditions. This problem is
significant because the submerged diffuser design is considered to be one of the best heat dissipation
systems for coastal regions. A typscal computer simulation with moderate crossflow conditions is
presented in Fig. 2.15. The results clearly indicate the existence of two vortices that cause
reentrainment and. hence. reduced dilution in the near field. The existence of the two vorti-s
quantitatively verifies the gqualitative argument presented in ref. 76. The results from the
zone-matching methodology are qualitatively simifar to those from the direct computer simulations
by the ORSMAC code.

The methodology was also applied 10 the simulation of flow conditions in a cooling pond. This
problem is distinctly different from the vertical submerged diffuser conditions since the discharge 1s
horizontal, the pond is compictely bounded. and the intake is included in the flow region. Resalts of
a typical application are shown in Fig. 2.16. )

The simulations clearly illustrate (1) the reentrainment effect as two vortices appearing both
above and below the discharge relative to the location of the intake and (2) the reduction in direct
recirculation due to the jet entrainment from the intake side of the discharge. Hence. the applcation
of the zone-matching methodology clearly predicts the correct behavior of flow conditions in the
cooling pond.

The mathematical development of the singular perturbation theory and the results of the
preliminary applications of the zone-matching methodology are presented in a iechnical report.

In summary. the zone-matching program accoinplished the initial developmeni =f *he urgently
needed mathematical models for analyzing the reentrainment and recirculation problems that are
critically important in the assessment of power plant impact on aquatic environments. Our cusrent
work is directed toward the applications of both the computer simulation cods ORSMAC and the
rone-matching methodology tc site-specific problems for model validation based on available.
ficld-measured hydrodynamic and temperature data from actual operational power plants.

Biological program. The biological program is supported by the National Power Plant Team.
Office of Biological Services, Fish and Wildlife Service. U.S. Department of the Interior. and by the
Office of Nuclear Reactor Regulation, NRC.

The overall rescarch task includes the development of tidal-transient. one-. two-. and
three-dimensional biological transport models consistent with the general concept of the UTA. These
models are being developed simultancously with the UTA thermal. chemical. and radiological
transport models. Some of the complex biological models also include the thermal and chemical
transport models in their general formulations to determine the dependence of the physiological and
behavioral characteristics of various biota on the physical conditions in aquatic environments.

76. Gi. H. Jirka. G. Abraham. and . R. F. Harleman. An Assessment of Technigues for Hydrothermal Prediction,
Department of Civil Engineering. Massachusetts Institute of Technology Rep. No. 203 (1973).
77. A. K. Eraslan. J. E. Akin. and A. K. Atakan. A Unifermiy Valid, Singuler Perturbation Theory for Lone-Maiching

of the Near-Field and Far-Field Analyses Emplosed in the Assessment of Power Plani impact. 1o be published as an ORNI
report.
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The preliminary applications of the biological transport models are mainly concemed with the
stniped bass voung-of-the-vear populations in the Hudson River. The results of these studies are
presently being prepared for presentation as scientific reports and publications.

2.3 ENVIRONMENTAL STATEMENTS AND ASSESSMENTS FOR
OAK RIDGE OPERATIONS OFFICE OF ERDA

J. W. Boyle
23.1 Euvironmental Analysis for ERDA-ORO Facilities

The Environmentzl Impact Section manages and coordinates environmental impact assessments
and statements on request by ERDA-ORO. One of these is the preliminary draft environmental analysis
of Oak Ridge Operations, which was released for internal review a 1975. The analysis, which was
described in the 1975 annual report, " includes detailed descriptions of ORNL, the Oak Ridge Gaseous
Diffusion Plant (ORGDP). Y-12, and other smaller ERDA facilities in Ozk Ridge. During 1976, the
activity on this document was confined to editorial modification because of the high priority assigned to
other activities. Similar analyses also are 1o be prepared for the Paducah Gaseous Diffusion Plant in
Kentucky and the National Lead Company of Chio plant in Fernald, Ohio. The ORNL staff has made
site visits to Paducah tc assist in planning the monitoring programs, which will be started early in 1977.

232 Portsmouth Gaseous Diffusion Plant Expansion
H. F. Bauman” R.C. DeVault* R.J. Raridon"

L. Berry H. Diament™ J. L. Rich*
J. W. Boyle™ C. Kleinstreuer ~ W. Staub™

L. J. Costomiris L. Martin™ J. S. Suffem”’
C.C. Coutant  H. A. McLain F. G. Taylor"
R. B. Cnaig"' B. D. Murphy’  D.C. West™

In July 1975 the ORNL staff (with personnel from ORGDP and Goodyear Atomic in Portsmouth)
began to evaluate the potential environmental impacts of construction and operation of a large [8.75
million separative work units (SWU)) expansion of the existing Portsmouth Gaseous Diffusion Plant
site. The resulting environmental statement considered in detail the potential impacts on land and water
use, ecology. and local socioeconomics. Consideration of this added uranium enrichment capacity is the
so-called ERDA hedge plan to get needed enrichment capacity on line if, as appears probable, private

78. ). R. McWherter. Energy Div. Anmu. Prog. Rep. Dec. 31, 1975, ORNL-5124, pp. 91-94.
79. Engincering Technology Division.

80. Task group leader.

X1, Environmental Sciences Division.

%2 Consultant.

83, Computer Sciences Division.

¥4, Information Division.
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enrichment is not authorized by Congsess. Tiw PDES was issued in December 1975. The DES was
issued in June 1976" and is currerkly dcing reviewed by other federal agencies: the FES will be issued in
April 1977.

In October ERDA requested the assisiance of ORNL in prepaning an assessment of the
environmental impact associated with continuing operations at the Portsmouth plant: the assessment
assumed a time frame of 1981, which is the expected date of major additions to the Portsmouth plant.
Goodyear Atomic Corporation. relying heavily on the Portsmouth DES. was to prepare the
Portsmouth Gaseous Diffusion Plant sections.

The major task for ORNL was to prepare sections on the power-generating facilitics that supply
electric power to the Portsmouth Gaseous Dilfusion Plant. The Portsmouth plant. which has been
operating since 1955, uses electricity primarily from two dedicated coal-fired electrical generating
stations—Clifty Creek Power Plant (1304 M W) near Madison, Indiana, operated by Indiana—Kentucky
Electric Corporation and Kyger Creek Power Plant (1086 MW) near Gallipolis. Ohio. operated by Ohio
Valley Electric Corporation. The 350-M W additional energy required to put the Cascade Improvement
and Upgrading Programs (CIP-CUP) on stream in 1981 will be obtained from an eighteen-company
grd and is treated in a generic sense. A team was assembiled, and the site visit. data collection. and
writing were completed in less than three months.

In our contribution, we described the existing environment (geology . hydrology, meteorology. and
terrestrial and aquatic ecology) for Clifty and Kyger Creek plants; sections on the social profile. land and
water use, and registered landmarks were included. The poteniial environmental impacts from
continued operation of these power plants and the additional 350 MW from the regional power grid
were assessed with respect to water and air quality, heat dissipation to the Ohio River, terrestrial and
aquatic ecology, social effects, transmission lines. and accidents.

In addition to examining the impacts of continuing the present Portsu.outh plant and Clifty-Kyger
relationship, we also studied the impacts of (1) shutting down the Portsmouth plant and allowing the
utility to sell Clifty and Kyger power, (2) continuing Portsmouth operation with the Clifty and Kyger
operation integrated into the utility system (rather than being 1005 dedicated); (3) continuing
Portsmouth operation with power coming from other utilities; and (4) continuing Portsmouth
operation with power coming from a newly built plant. All four altenatives for electricity supply were
determined to be more costly, less desirable, or not significantly different from the proposed plan.
Alternative subsystems to the two existing plants were also considered.

2.4 VERY HIGH TEMPERATURE GAS REACTOR ENVIRONMENTAL
IMPACTS ASSESSMENT

C.D. Bauman E. L. Compere®
C.J. Barton”  S. B Gough"'

The industrial use of nuclear reactors as a source of process heat has been considercd for some
time."”” The work is sponsored by the Environmental Effects Branch of the ERDA Division of Reactor
Research and Development.

85. Encrgy Research and Development Administration. Draft Environmenial Statemeni. Porismouth Gaseous Diffusion
Piant Expansion, ERDA-1549, June 1976.

86. Chemistry Division.

87. I. Spiewak et al., Assessment of Verv High-Temperature Reaciors in Process Applications. ORNL. TM-5242
(November 1976).
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The study of the environmental effects of usng a modified General Atomic-type high-temperature
gas-cooled reactorasa process heat source has been completed: a final report will be issued in early 1977.
The reactor studied has a 1600° F primary coolant (helium), which is used asa source of process heat for
the 1400° F stean—methanation reformer step in 2 hydrogen-producing plant (via hydrogasification of
coal lquids).

A detailed examination of the fuel and operating characteristics of the reactor was made, and the
fission product activity in the primary coolant was calculated as a function of helium purification system
flow. Numerous purification system turnover times (3.75 to 15 hr} were considered; the turnover time
was defined as the active primary helum nventory: helium punfication system flow rate. Noble gas
activities in the primary coolant were predicted to be about ! X 10° Ci for a S-hr tumover time. lodine
and tritium concentrations in the primary coolant were also calculated.

The primary consideration in the study was the utility of an intermediate heat exchanger (IHX)
between the reactor and the process. If no IHX is used, it is possible for the piant product to becore
contaminated if fission products icak from the primary system or if tritiumdiffuses through the walis o
the reformer into the product stream. Conservative assumptions were applied in determining the
product contammation (no IHX) and the doses to the general public resulting from product use.

Of the many possible uses of the product, the one that may give the highest dose rate to people
would be using the product gas with natural gas (a 50:50 mixture is proposed) in unvented kitchen ranges
in the home. Such use will expose occupants of the home to an estimated 0.0002 millirem of fission
products per year. Since this exposure is only about 0.0002¢ of the average dose to citizens of the United
States from background radiation, the hazard from this use appears negligible. Tritium dose ina similar
situation is slightly higher (0.006 millirem per year). but is still very sriall in comparison with natural
hazards.

The results of the study indicate that the IHX is not cost-effective in reducing radiation exposures
resulting from product contamination by fission products, activation products, or tritium.

25 ENVIRONMENTAL STATEMENT F7>R MODULAR INTEGRATED
UTILITY SYSTEMS PROJECT

W. J. Boegly, Jr."'  B. J. Dozier"
J. W. Boyk™ R. E. Gant*
W. D. Mixon

The MIUS is a small onsite utility concept for providing electricity, heat, water, sewage treatment,
and solid waste disposal to a small community (see Sect. 4.4). A MIUS demonstration plant, now in the
conceptual and preliminary design stage, is to be constructed in St. Charles, Maryland; startup of the
finished plamt is scheduled for June 1979. The ORNL staff is responsible for (1) writing an
environmental impact statement for the demonstration plant and (2) evaluating the environmental
cifects of construction and operation phases of the MIUS,

St. Charles isa new planned community for 72,000 people in Charles County located about 25 miles
southeast of Washington, D.C. The city of St. Charles encompasses 3240 ha (8000 acres) and, when fully
developed, will consist of five villages containing about fifteen neighborhoods; each neighborhood will
have its own recreational center including tennis courts and swimming pool. Each neighborhood will
have its own primary school, and each village will have a junior and senior high school. An 18-hole golf
counse has been constructed and is managed by the county recreation department. Land use is balanced

among residential, commercial, industrial, community, and recreational areas. ‘
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The MIUS service area will encompass about 130 acres and will include the commercaal arca inthe
Smaltwood Village portion of St. Charles and more than 700 ncarby dwelling units accommodating
about 2000 people.

Goals of the MIUS are to reduce energy consumption. conserve natural resources. and mmimize
environmental impact—allata educad total cos: to the nation forutility services. ltisestimated thatthe
thermal efficiency will vary between 50 and 655% durng the year. thereby reducing total energy
consumption and conserviny. fossil fuel as compared with conventional systems.

Water s a critical natural resource in southern Maryland, and reuse of the treated wastewater s
consistent with one of the obyectives of MIUS (ie., conserving Maryland's resources). It is anticipated
that the wastewater will be used to imgate the nearby golf course. which hasa great need for water at the
present time. A sensitive natural area. the Zekiah Swamp. lies to the east of the golf course; the State of
Maryland will not permit any surface runoff of this wastewater mto the Zekiah Swamp. One task of the
ORNL team is 10 evaluate the impact on Zekiah Swamp. ’

Monitoring necessary to evaluate impacts of the MIUS is outlined m a plan that has been presented
to HUD-NBS (National Bureau of Standards). This monitoring plan describes the effects expected
from the MIUS operation. lists the data needed 1o evaiuate these effects, suggests the instrumentation
and analytical techniques to be used. and states how the data will be used to evaluate the impact. The
environmental statement will be prepared ip the coming year when the mitial design work on the MIUS
plant is completed.

26 GEOTHERMAL ENERGY ENVIRONMENTAL PROJECT

H. G. Amold"
Rob Nicholas L. H. Stinton”* R. M. Cushman™
J. P. Baker™™ W. R. Willams” G. W. Suter”
R. B. Cnaig" W. P. Staub”™ E. G. St. Clair™
B. J. Dozier” R. W. Brucksen"’

The ERDA Division of Geothermal Energy (DGE) accepted ORNL's proposat to prepare
environmental assessments and statements for their geothermal activities at the programmatic level and
for specific projects. The DGE currently is funding geothermal projects covering (1) resource
development and utilization, (2) equipment development. and (3) regionz! planning and coordination
for energy development. At the time that work started in March 1976, environmental assessments
covering these three programmatic areas were to be prepared under one of three subprograms based on
resource type—hydrothermal, geopressure, or hot dry rock.

2.6.1 Environmental Impact Assessments for ERDA Geothermal Programs

The DGE must initially prepare programmatic environmental assessments in accordance with 10
CFR 711 for the Geothermal Research, Development, and Demonstration Program; programmatic
environmental impact statements will be required as each subprogram progresses. Thus, we will prepare

88. Project managers.

89. Environmental Sciences Division.
90. Now at Comell University.

91. Engincering Division.

92. Consultant, Universily of Tenncasee.
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a hydrothermal. a geopressure. and a hot dry rock programmatic assessment, cach due at different imes
to correspond with the level of activity m cach subprogram. followed by an environmental impact
statement of cach. also at staged mntervals.

Hydrothermal programmatic assessment. The DGE Hydrothermal Subprogram has been funded
at 2 higher level than the other two subprograms because of the more advanced state of the technology
assoriated with that resource type. The draft hydrothermal environmental assessment was prepai xd for
DGE revicw in November 1976."

The hydrothermal assessment included the western United States. Alaska, and Hawau.
Hydrothermal resource regicns were defined on the basis of similanties of geology. ecology. and
climatology associated with the geothermal resources; definition of the eleven regions simplified the
assessment of environmental effects by (1) restnicting the study to areas in which geothermal
hydrothermal systems may occur and (2) grouping such areas mto ecologically similar groups.

Geopressure programmatic assessment. Geopressured resources consist of geothermal water at
higher-than-normal pressure. Presently known resources occur along the Texas-Louisiana Gulf Coast.
The goal of the DGE Geopressure Subprogram is to develop technological. environmental, and societal
activitics to encourage the use of geopressured resources. Because the degree of resource development is
considerably less for geopressure than for hydrothermal sources. this subprogram will receive a lower
rate of funding until certain technological goals are achieved. A first draft of the prograinmatic
assessment was prepared and transmitted to DGE in October 1976.*

Hot dry rock programmatic assessment. The Hot Dry Rock Subprogram of DGE will also be
funded at a lower level than the Hydrothermal Subprogram until technological developments to justify
more rapid growth are completed. The envirormental assessment for this subprogram was started in
1976. but a draft has not yet been compicted. Because the hot dry rock geothermal resource almost
covers the western United States. the region to be assessed is quite extensive; however, the state of
development of hot dry rock utilization is such that only sketchy environmental analyses will be
possible. Therefore, at this time, the assessment will require less effort than will the hydrothermal
assessment. As with the hydrothermal resource, hot dry rock resource regions have been defined; these
arc basically enlargements of the hydrothermal resource regions since there is a close correlation
between hot dry rocks and hvdrothermal occurrences.

2.6.2 Environmental Impact Assessments for ERDA
Geothermal Projects

The DGE has requested ORNL to prepare environmental assessments for two specific
projects: (1) the well flow test for the Hawaii Geothermal Project and (2) the Coso Geothermal
Project at the Naval Weapons Center in California. The Hawaii Geothermal Project is a completed well
that requires an environmental assessment prior to the flow testing phase necessary to analyze the
reservoir characteristics. The Coso Geothermal Project is an evaluation of slim-hole (Jess than 13-cm-

93. Energy Research and Development Administration. Draft Environmentel Assessment of the Hydrothermal
Subprogram of the Division of Geothermal Energy. November 1976,

94. Energy Research and Development  Administration, Draft  Environmental Assessment of the (eopressure
Subprogram of the Division of Geothermal Energy, October 1976.
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diam) drilling as an exploratory tool for hot dry rocks: several slim hoke are to be dnilied on Naval
Weapons Center land near Coso Hot Springs, California. A final assessment of cach project has been
submitted to the DGE for comment.”"™

263 Geothermal Loan Guaranty Program Assessment

In addition to the [:GE activities. ER DA supports geothermal research and development through
the Geothermal Loan (suaranty Program {10 CFR 790). in which qualified applicants receive ERDA
guaraaties for commercial loans. The ORNL stafl is preparng the environmental assessments and
statements required by 10 CFR 711 and 10 CFR 790 under a cooperative agreenwent betweea DGE and
the San Francisco Operations Office of ERDA. which s managing the Geothermal Loan Guaranty
Program. We have participated in meetings with prospective applicants. made site visits. and started
writing one environmental assessment (Honey Lake, Californm) for a loan guaranty project.

2.7 FOSSIL ENERGY ENVIRONMENTAL PROJECT

C. R. Boston™
J.N. Baird” D. Kumaraswamy”  R. D. Roop™
L. W. Bamthouse” D. W. Lee M.S. Salk™
H. M. Braunstein B. D. Murphy™ F. S. Sanders™
R. J. Haynes™ R.G.S. Rao D. J. Wilkes™

D. L. Kaserman L. W. Rickert™

The newly funded Fossil Energy Environmental Project representsa significant change in the scope
and direction of the Environmental Impact Section. Onc year ago the section was engaged almost
entirely in nuclear assessments and received virtually 1007¢ of its funding from the NRC and
ERDA- ORO. Ahthough the work with nuclear plants still remains dominant, about 25% of FY 1977
funding will be carmarked for nonnuciear assessments; funding for fossil energy assessments will
account for about 80%; of this amount.

The ORNL staff will provide ERDA, Fossil Energy (FE) Division. Major Facilities Project
Management (MFPM), with an environmental support program consisting of seven major tasks:

1. To prepare environmental assessments and programmatic statements for the technologies to be
demonstrated.

2. To prepare site-specific environmental impact statements for demonstration plants.

3. To prepare an environmental monitoring handbook which will be revised periodically and will guide
contractors in establishing environmental and socioeconomic monitoring programs.

4. Tninvestigate landfill disposal of solid wastes from coal conversion plants and other environmental
problems associated with demonstration plants.

95. Encrgy Rosearch and Development Administration. Enviconmental Assessment of the Haweii Geothermal Propct
Well Flow Test Program. November 1976.

9. Encrgy Rexcarch and Developnxent Administration. Environmental Impact Assessment of the Coso Geothermal
Project. January 1977

97 Consultant.

9. Computer Sciences Division.

99. Information Division.
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S. To provide technical assistance to ERDA-FE- MFPM.

6. To develop a three-pant document to be mchuded in requests for proposals (RFP) that will describe
for the potential contractor the environmental factors to be addressed in mitml responses.
requirements for environmental reports. and the contmuing environmental responsibilitics of the
contractor.

7. To perform vanous mfarmation functions withm the Fossil Energy Environmental Project and for
ERDA FE MFPM.

To datz. task 6 has been completed. and several short-term technical assistance projects (task 5) have
beer completed.

fart | of the document described m task 6 discusses the factors that should be addressed by the
contractor to show that he has considered environmental matters m the initaal project plansand that he
has used. or will use. environmentally sound criteria for site selection. Pant | ako tells the contractor
how to demonstrate that environmental protection will be considered duning the planning process. plant
coastruction. and plant operation.

Part 2 descnibes the contractor’s imitial responsibilities if awarded a contract from ERDA. The
contractor will be required to plan and implement 2 monitoring program to collect bascline data for
predicting the beneficial and adverse impacts of constructing and operating the proposed facility. The
contractor will submit to ERDA an environmental report of sufficient detail that ERDA can fulfill its
requirements under NEPA to prepare an environmental impact statement. Preparation of the
environmental report will require 2 complete analysis by the contractor of the interaction between the
proposecd demonstration facility and the prevailing natural and socioeconomic environment.

Finally, pant 3 describes ongoing environmental monitoring and impact assessment for which the
contractor will be responsible during construction and operation. The purpose of this requirement is to
determine which. i any. adverse or beneficial environmental impacts have occurred: those that are
postulated prior to the project and those which are unsuspected are to be included. This consideration
includes a possible need for mitigating adverse impacts as they are encountered during the construction
and operational phases of the demonstration plant activity. The contractor must operate the plant in
compliance with all federai, s1ate, 2ud local laws and regulations, and he should be awarc of ongoing
rescarch which may affect the project.

28 US. ARMY, NEW YORK ENGINEER DISTRICT STUDY
OF THE EFFECTS OF POWER PLANT OPERATION

ON THE HUDSON RIVER
T. H. Row H. A. McLain
S. W. Christensen'™  B. D. Murphy'”
A. H. Eraslan'” W. Van Winkle'™

The ORNL staff is analyzing power plant operation on the Hudson River, giving spe-ial emphasis
to the Bowline Point Generating Station. The study. to be published in early {977 asan ORNL report.””
will serve as a major reference source to the New York Engineer District and Mitre Corporation. who

100. Environrental Sciences Disision.

101. Consuitant. University of Tennessee.

102. Computer Sciences Division.

103. S. W. Christensen et al.. 4 Selective Analysis of Power Plant Operation on the Hudson River with Emphasis on the
Bowline Poini Generatimg Ststion, io be published as an ORNL report.
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will be prepanng an environmental impact statenwent on this subject. The ORNL study wiltconsader all
operating and planned power plants on the Hudson River between the 59th Strect and Albany power
plants. Particular emphasis will be accerded the Bowline and Roscton tossil-fired power plants because
of tharr larger size (2440 M We) as compared with other operating tossil-fired units (1632 MWe). The
nuckar units at indian Point are included in the analysis.

Three major considerations will be examined n detail: (1) asscssment of the thermal impact;

(2) assessment of the entrainment and impingement losses to the striped bass voung-of-the-vear in the
Hudson River: and (3) assessment of the air quality impact.

The thermal impact assessment will include near- and far-ficld analysis of the thermal discharge
from the power plants. Actual geometry data. design details. cstuary tlow data. and atmosphern
conditions will be used in the analvsis. Detailed consideration of the near-fickd effects will be made for
the Bowline and Roscton Plants. w hereas the far-ficld analy sis will incorporate all plants on the Hudson
River.

Existing computer simulation models will be used to assess the entrainment and impingement
losses to the striped bass population: the models willanalyze (1) distribution of stnped bass cggs. larvae.,
and juvenikes in the Hudson River: (2) compensation in the Hudson River siriped bass
population: (3) forecasts of percentage reduction in the number of young-of-the-yvear striped bass duc
to power plant operation: (4) forecasts of the subsequent impact on the Hudson River striped bass
population; and (5) zonc and degree of influence of the Hudson River striped bass populations.

Air quality investigations will include effects of the cooling towers currently planned as will as the
~ulfur dioxude and particulate releases.
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3. Regional and Urban Studies Section
R. M. Davis

3.1 INTRODUCTION

During FY 1976 the Regionai and Urban Studies (RUS) Section focused its attention on the
analysis of national and regional effects of energy development and use. The section’s work has evolved
in recent years from a heavy emphasis on basic studies and methodology development to its current
emphasis on the analysis and assessment of the social. economic. and environmental effects of energy-
related developments. Much of this current work is funded by the Regional Studies Program (RSP).
Division of Technology Overview (DTO). Energy Resecarch and Development Administration
(ERDA). Other portions of the section’s work are funded by the Nuclear Degulatory Commission
{NRC). Department of Commerce. Water Resources Council {(WRC). and other federal and regional
agencies. A major accomplishment in 1976 was the publication of several reports documenting the
extensive work performed in earlier years under the Regional Environmental Systems Analysis(RESA)
Program of the National Science Foundation.

A key objective of the section is to design and conduct regional integrated assessments that can be
used to help balance social. economic. and environmental goals with energy development goals. An
example is our participation with other mational laboratories in the National Coal Utilization
Assessment sponsored by the ERDA-DTO-RSP. The overriding objective of this program is to identify
on a regional and national basis the range of environmental, social. and economic effects thatare likely
1o result from various strategies for coal development and use. Particular emphasis in the assessment is
given to new technologies and to the identification of any significant problems that will need to be solved
before widespread development and use of these new technologies will be acceptable.

The National Coal Utilization Asscssment is an example of the type of regional integrated
assessment performed by *he RUS section: our general approach is shown in Fig. 3.1. We begin by
selecting existing accepted national energy scenarios for deriving future energy needs for large regions
{several states) as well as smaller regions [generally Bureau of Economic Analysis (BEA)areas). Froma
characterization of available and future energy technologies. a plausible technology mix that would
meet future regional energy requirements is selected. The social. economic. environmental. and energy
technology characteristics of the region are used to develop criteria for siting future energy resource
developments and energy facility locations. These criteria are applied to the regional resource base to
develop candidate areas for facility location and patterns for future resource development. These
patterns are used to conduct the social. economic, and environmental assessments which are integrated
into comprehensive regional assessments. Where significant regional impacts are identified. the siting
criteria, technology mixes, or both may be modified to minimize the effects on these regional systems. A
more detailed discussion of the ORNL approach to regional integrated assessments is provided later in
this chapter.
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Fig. 3.1. ORNL approach to regionsl integrated assessments.

The ORNL portion of the current coal assessment focuses on the South: other national laboratories
are focusing on their respective regions of the country. Argonne National Laboratory (ANL) is serving
as program manager for the assessment. The coal assessment is designed 1o provide key information to
ERDA administrators on fire potential side effects of coal development and technologies on a regional
basis. The assessment will also provide useful information to state and regional decision makers and
industries. Although our current assessment focuses only on coal. we expect future national and
regional assessments to focus on nuclear. solar, geothermal, and other fuel types.

Within this assessment. we are proceeding along two paths: (1) to develop new components of
assessment methodology where cxisting procedures are inadequate or absent 2 .d (2) (v make
assessments with the methodologies presently available. Because each area enriches the other, we
deliberately attempt to maintain a balance between our efforts of research and application.
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Several additional projects have been active in the RUS section during FY 1976. The Regional
Economic Analysis Group. under sponsorship of the ERDA-DTO-RSP. has developed an energy
profile of the South for 1972 that provides a description of typical energy production, consumption, and
transportation pattermns for cach state in the region. An ongoing cffort sponsored by the Economic
Devclopment Administration has been directed at determining the availability and consumption of
vanous cnergy types and developing related energy data bases at the BEA level.

The Resource Analysis Group. under a project sponsored by NRC, has developed and applied a
land use screening procedure that was used to identify candidate areas for future nuclear power plant
development in northern Maryland. A program sponsored by ERDA-DTO assessed the availability of
Appalachian coal resources in terms of the reserves and potential environmental impact of coal resource
development. In a projec: spoasored by the Electric Power Research Institute (EPRI), a model was
dexeloped to calculate volumes nf coal reserves and specific mining costs. The WRC has sponsored an
ongoing program to assess the impacts of future nonnucicar energy development on water throughout
sclected water resource regions in the eastern United States. In a related program, sponsored by ERDA-
DTO and the Ohio River Basin Commission (ORBC), we are assessing the effect of future energy
development on water availability and water quality in the Ohio River Basin.

The Social Impact Analysis Group. under an ongoing ERDA-LTO sponsorship, has been
analyzing the social effects of alternative energy-generating technologies. In related work sponsored by
NRC. the effects of canstruction and operation of nuclear facilities on communities and surrounding
regions have been analyzed. Members of this group have aiso prepared and reviewed parts of
environmental impact statements and participatsd in several heanngs as part of the NRC licensing
process for nuclear power plants.

The Data Management and Analysis Group. under continuing sponsorship from ERDA’s Division
of Transportation Energy Conservation, prepares an annual summary of statistical information on
energy usc in various transportation sectors. Through a program sponsored by the ERDA Office of
Environmental Information Systems, this group mainlains the Regional and Urban Studies
Information Center (RUSTIC). which provides socioeconomic data 1o public and private agencies.

3.2 REGIONAL ECONOMIC ANALYSIS GROUP

D. J. Bjomstad"*
T. A. Corey' V.P. Pai’
H. W. Herzog"™"* P. L. Rice’
C. R. Kerley* D. P. Vogt’
R. A. Nakosteen™  G. W. Westley’

3.2.1 Introduction

The Regional Economic Analysis Group conducts research into the spatial distribution of
economic activity and population and relates these distributions to energy production and consumption

. Group leader.
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and to other natural resource and economic requirements for energy . Because of the importance of carly
planning in the development and assessment of cnergy echnologies, much of our work follows a
projection framework. Thus. the Regional Economics Analysis Group uses natiwnal projyections of
employment and population for target vears such as 1935, 2000, and 2020 to stimate consistent
projections for small functional economic regions (BEA arcas). These cconomic estimates are then used
to estimate current and future energy requirements and cnergy conditions for these regions.

Past work has centered on methodological development of an employment-population forecasting
system for functional economic areas. a system we call MULTIREGION. When fmal testing and
validation is complketc. we anticipate that MULTIREGION will senve as a major ool of analysis.

Work conducted during the past year has centered on MULTIREGION and on constructing
regional energy data bases on a spauial grd comparable 10 that used for MULTIREGION. We plan to
usc the MULTIREGION system to regionalize national encrgy demand aggregates and to investigate
the interaction of energy and economic development by focusing on five issucs.

1. How willalternative future pattems of economic activity influence the regionaldistribution of energy
consumption?

I~

. How will alternative strategies in energy policy influence future paticrns of regional economic
activity?

3. Which national encrgy altematives are most sensitive to changes in existing regional trends of
cconomic growth and change?

4. Will regional distributions of energy production facilities and distnibution networks constrain
regional economic growth?

5. Will regional distributions of water. manpower. or natural resources constrain national encrgy

alternatives’

Clearly. these issucs are wide-ranging and will not be quickly nor casily answered. N onetheless. we have
attempted to incorporate sufficient flexibility into our analyses that cach may be addressed in a
sysiematic manner.

In the sections that follow, a brief description of MULTIREGION and information concerning
initial validity tests will be given. followed by a discussion of our data hase and work accomplished this
past year for estimating regional distributions of energy commoditics.

3.2.2 Socioeconomic Projections

Ohrer the past severz] years. the Regional Economic Analysis Group has undertaken a continuing
series of studies into patterns of regional demography. manufacturing and other employment, and labor
force participation. Empirical relationships have now been estimated for cach of these components.and
the emerging quantitative representations have been united into a computerized projection system that
estimates future pattems of socioeconomic activity for a spatial grid of 173 BEA areas.’

Overview.'™ MULTIREGION generates projections of population and employment across a
grid of 173 BEA areas in five-ycar steps. In combining demographic and economic behavior.

8. The reader i3 also directed to Sect. 3.3, which discusses water availability for energy production and reports a portion of
our past year's work.

9. BEA areas are mutually exclusive functional economic areas that include the total land area of the United States. They
were defined by the Office of Business Economics (now the Bureau of Economic Analysis of the Depariment of Commerce) in
1969,

10. R. 2. Olsen et al.. Energy Div. Annu. Prog. Rep. Dec. 31. 1975, ORNL-5124. pp. 99 104

1. R.J. Otsenctal.. MULTIREGION: A Simularion Forecasting Model of Population and Employment, (o be published
as an ORNL. TM repornt.
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MULTIREGION interprets cach BEA region as a labor market. A cohort<componentapproachis used
to combine the eftects of births. deaths. aging. and migration into a potental abor supply. An
cmployment analyvsis separates economic activity 6ito three general categores  manufactuning. local
senvice. and natural roources  (and subscyuently into components of these categores) and is used to
provide estimates of labor demand. Among the required inputs are iational control totals for
employment by tvpe and for population by age group. MULTIREGION then calculates regional shares.
which are convernted to regional employment and population projections that in the aggregate add up to
the mational total. The major output parameters derved from MULTIREGION for cach BEA are
population (male. femalk. and t1otal) for 16 age groups and labor demand (number of employees and
national share) for 37 industry groups.

Computational <equence. Figure 3.2 ddentifics the major clements of 2 region’s cconomy. when
viewed as a labor market. and the computational steps used by MULTIREGION 10 prepare regional
forecasts of population and employment. Because MULTIREGION operates in five-vear steps (1970,
1975. 1980, ctc.). some labor supply and demand components are assumed to adjust to regional
socioeconomic conditions immediately. Thus. a2 two-stage computation is followed: (1) Trial values ol
some explanatory vanables are used to produce first-stage estimates of regional labor supply and
demand: (2) the first-stage fabor market conditions are then used to recompute final regional estimates.
At both stages. regional aggregates of emplovment. population. and fabor supply are balanced to
predetermined national totals. interrcgional migration balances are met. and regional labor market
boundarics are imposed. Computations for a BEA economic area proceed as follows: (1) Trial
population values are computed (population of this period is assumed to squal that of last period plus
births minus deaths plus in-migrants minus out-migrants): (2) trial labor supply values are computed by
multiplving the cstimated population by labor participation rates: (1) trial labor demand values are
computed as the sum of (g) forecasted agriculiural and mining employment. (b) region’s share of
forecasted national manufacturing employment. and (¢) local service employment: (4) tnal Labor
market conditions are computed by bringing together trial labor supply and demand values:
and (5) final labor market conditions are computed by repeating steps (1) through (4) in view of the
trial labor market conditions of step (4).

Uses of MULTIREGION. MULTIREGION may be used (o provide haseline forecasts of regional
employment and population patterns consistent with the national forecast model chosen as the control.
When the national forecasts are updated to reflect recent changes in the economic environment.
MULTIREGION can be casily updated as well to provide regional forecasts that will reflect these
national changes.

In addition, three charactenistics of MULIIREGION make it ideally suited for examining the
differing regional impacts of alternative national economic (energy ) policies: { | ) the detailed structure of
the population model which relates migration to both the age structure and regional economic
conditions, (2) the interaction of the economic activity of neighboring regions. and (3) the use of a
national input-output model for determining the level of national activity. MULTIREGION can
estimate. for a particular scenario, the direct and indirect employment effects on industrial activity, the
consequent direct and indirect changes in the spatial pattern of that employment. and the potential
changes in regional migration and population growth as emplovment pattemns respond to the national
level of economic activity.

We intend to use MULTIREGION to assess the regional impact of alternative national energy
scenarios to better understand potential employment and growth constraints to differing regional
demands on energy resource extraction and supply patterns. For example. for the National Coal
Utilization Assessment, we will trace the implications of increased total and regional employment for
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Fig. 3.2. ORNL-MULTIREGION approach 1o regional analysis.

expanding coal extraction and consider the indireet employment and population implications of
alternative extraction sites.

Model validation and tuning. MULTIREGION is currently being subjected to a rigorous
validation and tuning process prior to finl-scale use of the model’s outputs. This process isanimpontant
and nceessary step in the development of any regional model for several reasons. First. thereis currently
only an imperfect theory of how and why regions develop. MULTIREGION is designed around a
structural framework and computational sequence that approximate actual regional relationships.
T'esting is therefore necessary to ascertain how individual components of the model. which appear
individua!!y adpropriate. perform when combined through the simulation framework. Second. only
limited data arc available on how regional relationships change over time. Vhus. the dynamic valdity or
the model should be verified. Third. certain regions will always appear as exceptions. In tuning the
maodel for projection purposes. these exceptions must be taken into account and the modcl adjusted to
account for these unusaal regional differences.

A two-step vahdation procedure has been adopted to validate and tune the MULTIREGION
modcl. These stepsinclude operating the model over two time frames. 1960 1970and 1970 1985. Model
estimates of population, employment. and other regional economic and demographic indicators are
compared with ibe 1970 actual data (census). 1975 estimated data (census). and 1985 projected data
(OBERS]. It should be stressed that the MULTIREGION projections presented are unconditioned by
judgment and arc intended to compare different scenarios rather than to accurately predict the behavior
of anv single region. Thus, the exercise is an experiment in the purest sense, and one that will only
partially reflect the final accuracy of MUL TIREGION projection serics when modcl adjustments take
into account the difficultics discussed above. Although we conducted similar exercises for all model
outputs. BEA populiation totals will be discussed since our comparisons have progressed the furthest in
this area.



Differences hetween MULTIREGION projected population totals and the three benchmark data
points discussed above are compared using the average percentage deviation. This statistic is calculated
by computinz the absolute value of percent differemes for all BEAs between MULTIREGION total
population values and the total population values of each test series and taking the arithmetic mean of
the resultant differences. As shown in Table 3.1. there was an average deviation of roughly 7¢¢ between
1970 actual population and the population projected by MULTIREGION. Similarly. the average
deviation was 4.42¢ for 1975 and 8.02 for 1985."

Evaluating thexe statistics is somewhat difficult: nonetheless. two simple comparisons should prove
useful. In an carlier sred ;. QORNL calculated similar statistics comparing three recognized projection
series'”  the National Planning Association, OBERS. and Bureau of the Census. The average absolute
deviation bxiween these projections ranged be-ween 3.1 and 5.1 when 1980 state level projections were
compared. A similar analysis was performed by the Bureau of the Census to test the accuracy of their
county population estimates program."* In this case. tise bureau-calculated population estimates were
controlled by an estimated state total. Estimated projection deviations were then calculated from actual
county census numbers on a county-by-county basis. When this procedure was carried out using several
estimating techniques, average deviations ranged from 4.6 to 7.4%.

In general. we expect projection at the BEA level 10 be more difficult than at the state level and
somewhat easicr than at the county level. Similarly. we expect projecting a finer breakdown of
popﬁlation and employment to be more difficult than projecting aggregated totals. Given the above
results, it appears that MULTIREGION is capable of making reasonably accurate population
projections. However. a more severe test will come when components oi population and employment
are similarly analyzed.

Further testing and validation of MULTIREGION are currently under way: Figs. 3.3 3.5illustrate
the results of the model's validation tests to date. Figure 3.3 indicates that Florida. portions of the

12. US. Water Resources Council. 71972 OBERS Projections: Regional Economic Activine in the US. vol. 1. Series E
Population, IS, Government Frinting Office. Washington. D.C.. Apnil 1974,

13. D. ). Birrnstad et al.. Stare Population Projections: 4 Comparative Review of National Serses and Their Praciical
Usefulmess. ORNL UR-120 (February 1975).

14. U.S. Burezu of the Census. Federal-State Cooperative Program for Local Population Fstimares: Test Results - - nil I,
1970. Series P-26, No. 21 US. Government Printing Office. Washingion. D.C. (April 1973).

Table 3.1. Comparison of MULTIREGION projected BEA population with 1970
census population, 1975 estimated po:uh(itm.' and
1985 OBERS population

MULTIREGION 1970 MULTIREGION 1975 MULTIREGION (985

vs census 1970 vs Coop Program 1975 vs OBERS 1985
Mean absolute
percent deviation® 6.95 442 8.02
Standard deviation 6.76 388 6.38
Smallest error 0 0 0
Large -i vverestimate. - 133 29 30
Largest underestimate. n "51 29

:Ihla obtained from the Federal State Cooperative Program for Local Population Fstimates
“U.S. Water Resourres Connei), 1972 OBERS Projections. Vol 2. BEA Fconomic Areas. April 1978,

MULTIRFGION hcm-hmatk)
— - -y 1o,

1

(o [

Mean absolute percent deviation = —- z
¢ ' 173 ( benchmark
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Southwest. the Denver arca. the Dallas Fort Worth arca. and the Houston area grew at a faster rate
during the estimating perid than was projected by MULTIREGION. Figure 3.4 illustrates that this
growth continued into 1975 in . 'nida and in portions of the Southwest. but that surprisingly few groups
of deviations are present. In fact. it o, pears that increasing the projected growth rate in a small number
of BEAs would have led 12 3n extremely ddose approximation of actual population trends since ¢rror in
underestimating population was minimal and probably exacerbated by the fact that total population
was controlled.

A mixed pattern is present in Fig. 3.5. in which OBERS and MULTIREGION population figures
are compared. OBERS anticipates more growth in Florida and the Southwest than ddd MULTI-
REGION. but few other patterns are evident. With minor adjustments. it appears that MULTI-
REGION and OBERS population numbers are largely interchangeable. We are in the final stages of
cvaluating MULTIREGION and are planning 1o use the model in 2 number of energy rannuig and
analysis assessments currently under way in the RIS section. MULTIREGION will continue to be
improved as we gain more experence with the model during these assessments.

3.2.3. Energy and Socioeconomic Pattems

The first step toward analvzing encrgy use and production. as they relate to regional employment
and demographic distributions. is to compile regional encrgy data bases. Historically. energy data have
been collected by a diverse set of spatial grids (¢.g.. petrolcum administrationdistricts. electric reliability
areas, and coal production areas) that are frequently incompatible. Fortunately. the Burcau of Mines
has collected most of this d1ia at the state level. Below the statelevel. statistics on energy production are
available by extracting information {rem numerous state agencies when gaps in federally collected data
exist. As for energy use. virtually no substate data exist. We have thus chosen 1o syvathesize substate
energy use statistics through an allccation procedure hased on the levels and composition of economic
activity and population.

Energy conditions in the South.'' The ERDA-DTO-RSP has encouraged the national laboratories
to examine their respective regions carcfully and to ascertain special conditions that affect energy. Asa
preliminary step. anenergy profile of the South'* was compiled to providea description of typical energy
production, consumption. and transportation patterns relative to those of other regions. The vear 1972
was deeined most suitable for a baseline analysis because of the relatively stable energy prices
characterizing the economy prior to the Arab oil embargo and subsequent encrgy shortage. A later
update should indicate in what areas the patierns have changed.

The fourteen states making up the region of study represented less than 297¢ of the U.S. population.
but accounted for over 737 of all domestic energy production in 1972. Primarily asa consequence of this
energy-producing activity. particularly in Lousiana and Texas, southern per<capita cnergy usage was
127¢ higher than the national average. As istrue throughout the United States. the industrial sector used
the largest share of toral energy. The residential sector accounted for the smallest share. partly. perhaps.
hecause per-capita income was 207 lower in the region than elsewhere. All consuming sec’ors exhibited
greater than average dependence upon natural gas. which is relatively cheap within the region.

15. . 1. Rice. Energs Comdbitions sy the Soqith. ORNE  1TM-$588 (IXcember 1976).

16, The South is here delined to include Mabama. Arkansas. Fiorida. Georgrr. Kentucks. [ omsiana. Mississippi. North
Carobna, Oklahoma. South Carolina, Fennessce, Tevas, Virginia, and West Virgimia. Fhe evact boundaries of the southern
region may vary shghtly for other rescarch programs. depending on the geographic dinvisions of the particular problem under
study.
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The South ts a net exporter of crude oil. natural gas. natural gas luids. relined petrokum
products. and coal. Table 3.2 indicates the production. consumption. receipts. and shipments of crude
oil and natural gas n the South in 1972. The region has playved a pivotal roke in determuning histoncal
cnergy patterns and will probably continue to do so since it holds 724 of the remaining proven reserves
of natural gas and 49¢; of the remaimng proven reserves of oil. However. the southem role in coal
production should decline in the [uture: Although the Southaccounted for 53¢¢ of 1972 coal production.
it contains only 13¢¢ of the remaining coal reserves. the majonty of which contain hizh amounts of
sulfur.

Hydroelectric activity is currently centered in Tennessee and Alabama. Although less than 45 of
the total potential hydrockectric capaty in the South has been developed. the balance is not likely tobe
developed in the foresceable future.’ Only 147 of the ehectricity in the region was gencrated at nuckear
facilitics In 4972, but most obsenvers expect this figure to grow rapadly over the next ten vears. In 1972
utilitics relied primarily on coal and ratural gas. but it appears that coal will be extensively substituted
for natural gas in the near future. Thus. the imponiance of coal and nuckear encrgy will likely increase m
the tuture as the South follows the national trend away from the use of petrokeum products in clectrcity
generation.

17, Screnee and Public Policy Program. Enerer Alternatnes: 4 Comparaine Analivn. Unancraty of Ohlaboma. Norman.
Oklahoma (May 1975).p 9 5.

Table 3.2. Natwral gas and crude ol patterns in the Sowth, 1972

Natural ga< Crude oil
Amount Source and Amount Source and
(10" 1t ,, dusmtulum (10° bbi) dmn?'ulm
o) 7)
Product.on 19.008 2520
Receipts 297 99.9. from Ohi 132 45.6. from New Mevko
0.1. from New Meviko 36.6. from foreign sources
7.8. from Indiana. [Rimoss.
and Mxhigan
2.6. from Kansas
2.4. from Pennsylvania
and New Yok
2.1.(rom Uiah
S 2.1. from Ohio
. 0.6, from Colorado and Utah
Shipments 8552 254,10 Kansas 641 34.3. to Ilinois
15.6. to Ohin 19.7. to Ohio
13.0. to Indiana 16.3. 1o Indiana
10.2. 10 New Mexico 11.4. 10 Peansylvania
10.1. to Maryland 5.7. 10 New Jersey
9.2, to Pennsylvania 5.6.to Kansas
9.2, 1o Missours 3.6. to Missouri
5.9 to MMinnis 2.9. 1o Michitan
1.2, te» Calorado n.&, 1o Iclaware and Maryland
0.2t DC. 0.1. to California
0.1, to Mexico
Miscellancous 128 0
forsses

Uwpe 10,528 2.0n¢
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With its 605 processing plants and 100 refinerics. the South accounted for 817 of all natural gas
processed and 474 ol all crude vil refined in 1972, As previously noted. the South was anct cxporter of
refined petroleum products. including gasoline. distiltates. jet fuct. and Injuificd petroleum gast LPG).
Although this processing activity provides the bulk of the nation’s requirement for petrokcum products.
it also reyuires the use of substantial quantitics of encrgy. The amount of natural gas per employee used
by the industrial sector of the South is twice as great as that used by the industrial sector in other regions.

The employment mix within the industrial sector is important to the determination of fuel mixas
well as to the regional share of energy usage by the sector. Both petroleum and chemical manufactunng.
for example. require substantial amounts of encrgy per employee. but the apparel and keather goods
industries require refatively little energy. An index of energy use by the manufacturing sector (which
accounts for 25¢¢ of the region’s employvment) was created for the South and each of its states. as wellas
for the other regions. to reflect the impact of varations in employment mix upon total energy demand.
Relative energy usage for cach three-digit standard industrial classification (SIC) in the nation as a
whole was determined and used as 2 measure of energy intensiveness. The employment mix of cach
state was then weighted by this measure of energy intensiveness. As shown 12 Table 3.3. the South had
the highest index of any region in 1972, and West Virginia was the r1ost encrgy-intensive state. West
Virginia is the fifth largest per-capita energy user in the nation.

Table 3.3. Industrial ewergy mdives

m the Sowth, 1972

Staze of repon Inden”
Alhbama 1476
Arkansas 0872
Florida 0.776
Georgia 0.634
Kentucky 1.254
Logisiana 2.759
Misstssippt 0.658
North Carolima 0.549
Okahoma 1.041
South Carolina 0.908
Termessee L3
Texas 1.858
Virgnia 0.326
West Vginia 4116
South 1.197
Northeast 1.070
Rovky Mountain P 122
West Coast 0.8340
Midwest 1.133
United States 1.100

E; Ly
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4

where

i = slate of repwen,

F - iofal cnergy consumed vearly in equivalent

) kdowatt-hours,

| i = Jdiugit SIU industry.
I. * employment.



An underlying assumption of these indices is that similar industries use simibar input mixes despite
regional location; for example. all chemical manufacturers use the same amount of energy per worker.
Such an assumption overlooks possible variations in energy use which anise from diffening availabilitees
of encrgy. labor. caputal. and other raw matermabs. Subsequent analysis of cach individual state indwcated
that not only do states differ in terms of industrial mix, but industries also differ in terms of overall input
m:ix. Where encrgy s abundant. encrgy usage tends to be hugher relative to labor and capital usage.

An assessment of socioeconomic impacts of altemative energy futures mvolves minor as well as
major consuming sectors. For the South. a disproportionate number of houscholds were found to rely
upon clectnicity for space and water heating. and the housing stock was found to be atypsally
characterized by a large percentage of mobile homes. which are notably inefficxent in energy use. Thus,
the residential sector of the South s more greatly dependent upon both clectricity and 1.PG than are
other regions. Electricity prices are lower than those prevailing in the rest of the United States. but LPG
prices arc slightly higher. With 477 fewer mean heating degree-days. this sector uses less energy for
space heating. but twice as much energy (or air conditioning. as do other regions of the country. The
commercial sector. which accounts for about 60¢¢ of the employment. relies kess on oil and gas and more
on clectricity than do commenical sectors in other regions. but pays less for all three energy forms than
do other parts of the nation. With the exception of its heavy reliance on natural gas for pipeline
transportation of fucls. the transportation sector of the region exhibits no unusual patterns.

We intend to conduct subsequent analyses of the South that will update these findings and provide
a method for evaluating the impact of future changes in supply conditions. given the changing patterns
of production. consumption. and transportation that occurred in 1974 following the first mterruption of

‘oreign oil supply. Such detailed analyses by sector and fuel should provide a portion of the information
necessary to federal and state policy makers dealing with subnativ.2! energy issues.

Development of regional energy data bases. The Regional Econumic Analysis Group has
maintained an ongoing cffort sponsored by the Economic Development Adnmunistration to develop a
detailed energy data base at the BEA level for 1972 and subsequent vears. A BEA-kevel data base is
somewhat unique: only the county energy data developed by Brookhaven National Laboratory (BNL)is
companable.'” The BNL data do not reflect the energy production and consumption patterns of any
given ycar, but are an annual compilation of statistics for 1970, 1971, 1972, and 1973. While the BNL
data bhase is sufficient fur the analysis of certain pollution effects. itis not satisfactory for socioeconomic
analysis because it does not include important time and space ch>racteristics. Thus. a data series was
specifically designed to support our social and economic research programs.

Production data. The Bureau of Mines published annual coal production by county in the Minerals

Yearhe. k ivorr the detailed reports on production and mine operation prepared by coal producers. We
aggregated these county data by BE As for consistency of the data base. The BEA production of uraniuus
was detcrmined by disaggregating state production figures on the basis of employment and number of
uranium mircs. In most cases production was concentrated in a single BE A so that errors were minimal.

State publications of oil production by county (or ficld) are available for the major oil-producing
statcs. We identificd fields and located them within counties in order to construct BEA data bases from
county groups. Where oil ficlds overlapped county. BEA_ or state lines. the dominant BE A was credited
with the total production of the field. Specific information was available. therefore, for 987 of total

15 F R Drusdale and C F. Calel. Energenics of the Unved Niates: 4n Atles. Brookhaven National Laborators, 1978
fcomnuler tape)
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crude production in 1972. The remaining 2 of production was allocated on the basis of known
tocations of oil wells within the other producing states.

State publications of gas production by county or ficld are also available for the major gas-
producing states. These reports. along with the Bureau of Mines data. provided information for 96 of
U.S. gas production. The remaining 4°¢ was estimated on the basis of footage dnlled. the number of
cxploratory and proven oil and gas wells. the percentage of oil produced from associated and
nonassoctated wells. and the success ratio associated with cach type of dnilling.

The Burcau of Mincs also publishes statistics on refinery location and capacity by township. We
aggregated these township statistics by BEAs for use in allocating state production totals of refined
petrolcum products. such as gasoline and distillates. to those BE As. Similarly. the Oil and Gas Journal
publishes statistics on processing plant location and capacity by county. The 1974 output of LPG.
butanc. cthanc. etc_. by county was used to allocate the '972 state totals because anextensive sunvey was
not published in that vear. :

Hydroelectric and nuclear capacity and associated clectncity generaton by IkA were determined
on the basis of the 1967 and 1975 data files of the Federal Power Commission and annual issues of Sream
Electric Plant Factors. Production and capacity estimates were included in the data set in terms of the
source of generation rather than place of ownership. The 1975 information on new plants was used to
augment the 1967 data after adjustment for plant retirements between 1967 and 1972.

Consumption data. Since detailed statistics on energy use are generally not kept below the state
level. it was necessary todevelop an approach for allocating control statistics for states to substateareas.
The creation of this regional data base not only provided useful information on the production and
consumption of fuels by type and sector. but more importantly. it provided a methodology for
determining energy patterns at the BEA level in subsejuent years. Moreover. knowledge acquired in the
process of developing the data was critical to the establishment of methodologically sound bases for
forecasting regional energy production and consumption in the future.

Although our approach for allocating energy control totals to substrateareas is relatively simple. it
possesses three characteristics that inake it particularly useful for our work: (1) It is general. permitting
disaggregation from several high levels of aggregation to several smaller ones: (2) it makes use of
available data without detailed statistical manipulations (in most cases. detailed regional energy
information is simply deficient and must undergo significant manipulation): (3) it permits case of
update. We have been impressed that new data sources. many of which were previously unused. are
rapidly becoming available. We have thus chosen a simple but general approach that we intend to
improve. primarily by acquiring better data. Perhaps most important. however. the approach is
operational.

The basic form of this atlocation procedure can be represented by

Dy = USy, - Index;, - SPECs - ACT. . (n

where
Dy = estimated demand for fuel /. sector i, and region r.
US:. = average United States use of fuel / in sector / per unit of activity (e.g.. fuel used per
primary metal worker).
Index: = relative use of fuel £ in the sector i and state s compared with the U.S. average for that
fuel and sector.
SPEC,. = special adjustment for fuel fin <tor /i and subregion r (e.g.. 3SPEC = 0 if fuel /is not
available).
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ACT, = activuy kvels in sector ¢ and subregion 7 corrsponding to detinition of US- (e,
number of pnmary metal workers).

Each of the projects in which we have used this scheme has considened different fuels (/). sectors i),
and regions (7). Consequently. the computed values of the indices have been enllected trom a vanety ot
sources. As we gain expernence. we will create a data base of activaty vanabiles and indices at a level as
detailed as possible given the existing data. Thisdata base will alfow the use of the same data fora vanety
of dificrent applications and permit more resources to be devoted to refining and analyzing the historw
indices.

The indices are computed from historical data for 1971 or 1972 for the residential. commercial,
industrial. and transportation sextors. The industrial sector has additional detail corresponding to the
level of disaggregation in MULTIREGION and OBERS projections. The vear usod and limitations on
the ability to define all indices for all sectors are determined by the data. The use of such histonical
indices for forecasting car involve restrictive assumptions. which vary according to the particular
apphication. In general. using historical indices implies that the state patterns and sectoral differences
in cncrgy usc forecasts are proportional to those in the base vear from which the data are drawn.

As additional data become available, weintend to test this proportionality assumption. as wellas to
analyze how the state patterns and national-kevel indices are related to the underlying regional
determinants of energy choice(c.g.. regional fucl price differentials and availabilities) and other regional
characteristics (c.g.. regional income and heating and cooling demands).

3.3 RESOURCE ANALYSIS GROUP

R. B. Honaa'™"
P. L. Coleman™ J. A Faber™ C. H. Petrich™*
V. E. Cunningham™ 1. . Jalbert™’ A. D. Shepherd™’
J. E. Dobson P. E. Johnson™' T.C. Tucker™
R. C. Durfee™ R. G. LaBlanc™ A. H. Voclker
G. V. Downer* R. G. Mashburn™ D P. Vogt
R. G. Edwards™ G. J. Morris™ D. L. Wilson™

3.3.1 Introduction

The central research focus of the Resource Analysis Group is to delincate and analyze human
and natunal resources and to specify the interactions of these resources in meeting future national
and regional energy neads. Our present emphasis in resource allocation is on energy development.
To pursue this task. we have melded the objectives of six separate research projects into 2 central
theme of resource analysis and energy development while still fulfilling the specific requirements of
cach project: the cumulative benefits to each project are greater than if cach project were pursucd
independently

19. Group cader

2. Computer Sciences Iniwion.

21, Graduate Assistan:, Pancrsity of Tennessee. Knovilke.

22 Ixemson University. Great | akes College Assnciation student.

23 Demson Vaneruly, Great § akes College Assocsatinn faculty member
4. Consultant
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In connection with ERDA’s National Coal Utilization Assessment. we are engaged in a study to
identify future plausible energy facility siting patterns for the scuthern United States and to
determunc the attendant resource developments that will be required. Presentation of our research
accomplishments dunng 1976 is organized according (0 the necessary steps for performing resource
amalyses and delincating suitable energy facility siting patterns to meet future energy needs.

The six rescarch projects presently funded in our group are

I. ERDA-DTO-Sponsored Encrgy Facilities Siting: A National-Regional Assessment Project. The
objective is to develop possible energy facility siting distributions for the southern United S°ates
by using several different energy demand and development assumptions and to specify associated
impacts. This project is part of the National Coal Utilization Assessment.

. NRC-Sponsored Maryland Regional Siting Factors Swudy. The objective is 1o develop and
implement a land use screening procedure capable of identifying candidate areas for power plants
in northem Maryland. This project is drawing to a conclusion.

3. ERDA-DTO-Sponsored Coal Mining Impacts: An Environmental Assessment in Appalachia
Study. The objective is 10 assess the availability of Appalachian coal resources in terms of the
reserves and the environmental impacts that might be associated with development. This study is
also part of the National Coal Utilization Assessment.

4. EPRI-Sponsored Computer System for Assessment of Coal Reserves Study. The objective is to
develop a model to calculate volumes of coal reserves and specific mining cost variables suitable
for use by mine operators.

5. WRC-Sponsored Water for Energy Assessment Project. The objective is to assess the impacts of
future nonnuciear energy development on water throughout sclected water resource regions in the
casten United States.

6. ORBC-Sponsored Ohio River Basin Energy Facility Siting Study. The objeztive is to assess the
effect of future energy development on water availability and water quality in the Ohic River
Basin.

v

3.3.2 General Approach to Resource Analysis
and Energy Facility Sitng

To prepare for future siting applications. members of our group have ccmpieted a thorough
review and analysis of various siting methodologies currently in use throughout the United States.
This effort culminated in a report drawing conclusions from both literature and experience and
recommending optimal combinations of techniques that should be employed in regional and
site-specific energy facility siting studies.™

As a result of past experience in regional modeling at ORNL™ and extensive review. we
concluded that a two-phase site selection procedure capable of multiple analyses under different
constraints is best suited to determine feasible energy facility siting pattemns and to perform the
necessary resource analyses. The two-phase procedure involves (1) eliminating areas unsuited ot

25. B.F. Hobbsand A. H. Vaclker. Anelvtical Power Plans Siting Methodokgies: A Theorencal Discussion end Surves of
Current Practice, 1o be published as an ORNL | M report.

26. For documeniation of the ORN| -NSF reginnal modeling work, sec C. W. Craven. Jr.. et al.. Refleciions on Regwnal
Environmental Sysiems Amaiysis. ORNL RUS-26 (10 be published). which provdes a history of the ORNI experence and a
gurde (0 additional documentation.
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energy lacilities because of lack of resources e, water or transporiation lacihties) or cvonomi.
environmental. or institutional constraints and (2) cvaluating cr ranking remaining arcas 0 terms ol
siting potental based on the combmnation of charactenstus sought in an weal site.

Because some components of the site sekctwon process are not amenable o computer
procedures. parts of the site allocation process must be handied subgctinely and manualiv. Ao, we
note that the procedure should accommaodate a hierarchical saling of analvses. stepping down
spatially from large regonal scakes (e.2.. census regions) W subregional scakes (multiples of counties)
and ultumately to site-specific kvels. when environmental impact statements are required. We do not
intend to recommend particular sites since this function is more properly the responsibility ot
utilitics or state planning agencies. but our procedures should be usetul for this purpose.

Figure 3.6 1s a (lowchart summarizing how we perform the analvsis to wkentify cnergy
development patterns. National energy demand scenanwos are exogenously provided (by FEA or
ERDA) as a beginning point for our analysis. The Regional Economic Analysis Group disaggregate
these energy demand forecasts for the southern United States to subregional units (BEAs) that we
consider to be load centers. Energy demands by BEAS are then mapped to determine the spatsal
distribution of demand and future differential growth patterns that may be expected.

For cach BEA. technology mixes to meet future demands are developed from our Anowkedge of
(1) encrgy technology characteristics. (2) time horizons for new technologies. and (3) the technology
mixes projected for cach census region (provided exogenousiv by the national scenarios). Also.
information covering utility plans for future plant types (when availabke) and the general availability
of suitable sites within cach BEA will be used in detcrmining the technology mixes needed (o satisty
demand.

Parallel te these analyses. technology characterizations in terms of resource needs and unit
facility siting reguirements (water consumption. lind requirements. tramsportation necds. and
pollutants) are gencrated. Siting criteria_for various technologies in terms of resource needs.
potential environmental effects. and socil and legal imutations are determined. and the relative
importance of cach siting criterion is then developed. Knowledge of siting critenia and resource
requirements also permits the determination of resource data and siting information that must be
compiled n our spatial-temporal informatios system.

In the energy facility screening and siting process. the above information is used to test the
resource requirements of new energy development against the resources avanlabke. This task.
however. requires the developraent of site factor modcels which describe resource availability in terms
of the siting requirements of various cnergy technologics. These site factor models are collectively
calied the Oak Ridge Spatial Analysis Modcl (ORSAM). Each site factor modcel is designed to
spatially describe a specific siting cnterion for the type of energy facility (c.g.. nuckar. fossil. or
other power plants or coal conversion plant) to be sited. For example. simple knowledge of stream
flow volume is not sufficient to determine whether adeyuate cooling water is available without first
determining potential low flows and maximum water consumption situations. In essence. the siting
factor models replicate the siting criteria considerations.

Uhimatcly, candidate encrgy facility siting and resource utilization patterns emerge from the
site-screening process. These distributions provide input to the socml. cconomic. and environmental
impact analyses described in Sects. 3.2 and 3.4. The foliowing <ubscctions describe in more detail the
components of the resource allocation and siting process and the application of they ideas (o our six
rescarch proiects.

Need for energy. The disaggregation and allocation of national energy projections to BEA
regions is performed by the Regional Fconomic Analysis Group. The projections used in onr
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anaivsis were derived by BNI. and are assontially the same projections used by FRIDA: necar-term
projections are Wentical (o those used by FEA. In the Ohio River Basin study. the projections are
provided at the state level by ANL and arc then disaggregated further to BEA and state BFA
portions by the Regional Economic Analysis Greup.

Projections of increased clectrical energy demand by the years 1985 and 2000 have been mapped
for the entire United States (Figs. 3.7 and 3.8). These maps illustrate the propurtionate increase in
clectrical demand bevond 1972 by yvear. the amount 1o be provided to meet future necds. and the
arcas in which additional conservation might be cmphasized.

Planned and nstalled clectrical capscity. Projection of 1985 cnergs facility siting patterns i
based on data provided by the Federal Power Commission (FPC). The FPC data provude

2% Tiweer data are prosded b the Federal Poner Comminamn, (XGwer of Publc Intermation, the data st s caiied the
“Cremerating | mt Relerenee Hike ™
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ntormation on the location of proposed power plants and the generating capamblities ot cach plent.
The 1985 plannad and existung generating capacity tin megamatts) s dllustrated n big 39: capacity
to be added or reured (negatine numbers indicate retired units) between 1975 and 1955 18 shown n
Fiz. 3.10. Fmnally, the ditferentml between the planned and exsung capaaty and the needed
clectnaal capacity in 1985, as projected by the Regional Economic Analvsis Greup. s prewented 0
Fig. 311

Siting criteria. Onc of the fint steps n derveloping a siting mxthodology v the carctul
wdenuificanion of those factors that must be consudered by the utilites and state agenaes i locating
acceptable energy tacility sites. To accomplish this important step m a ssstematic manner. we have
adapted group processing techniyues to the problem of factor identitication. Fhis yvear we conducted
two sessions of a particular technique alivd the nominal group process techanjue (NG1) with
experts familiar with nuclear power plant siting.

The nominal group process techmgue 13 2 highly structured. wnteractive approach that has
gained wide acceptance in health. sociai service. education. industry. and government.”” The process
consists of four basic steps: (1) nominal (silent and independent) generation ot ideas in writing by a
panel of participants: (2) round-robin listing of Wdzas generated by participants on a thip chart in a
senal discussion: (3) discussion of cich recorded dea by the group for clantication and <valuation:
and (4) independent voting on priority ideas with group decision determined by mathematical rank
ordenng. The strengths of the techajue lic in enhanced participation of group members. the
step-by-step movement toward the goal. and cross-education of participants.

The output of our sessions consisted of hists of weighted factors which have since become the
basis for the factor models used in our siting methodology. The factors adentified by one of our NG |
pancls for site level are shown in Table 3.4,

Our experience with NGT is described in detail in & report now in press.” We plan to conduct
more group processing sessions in the future to identily factors pertinent to coal-fired power plants
and other types of energy facilities. In addition. we plan to experiment with vanous types of group
process technigues in accomplishing this goal.

Site factor models. The ERDA National Coal Utilization Assessment will use a candidate
site-screening procedure to locate potential arcas suitable for cnergy facilities across the southern
United States on the county level. Siting patterns derived from this analysis include sites for nuclear
and fossil-fired power plants and coal conversion plants. Distributions will be developed for cach of
the four National Coal Utilization Assessment scenarios by vear (1985, 2000, and 2020).

Calculation of suitability will depend upon the ORSAM factor models. which are constructed
to replicate as well as possible the considerations given by agencics making siting decisions using
various criteria such as water availability, scismic risk, air qualty. coal availabibty. and others.

Proximity 10 load centers. A simple gravily-potential model™ is being used to map the
proximity of any given county relative to the economic costs of transmitling power to surrounding

N Ixlibeey ct al.. Growup Techmquer lor Program Planming. 4 Gunde 10 Sensnal Growp and Delphy Process, Scott
Foresman, Glenview. M, 1975

2. A H. Voclker. Power Plant Stang: An Application of the Somimal Group Techmgue. ORNE SEREG VX2 (10 be
published).

3. The potential of cach counts for satnfving projecied demand s computed with a graviny model 1n the form
P = (BEA demand) J

applicd between the centrond of cach counts and all BE A centers. Pis the calculated accessiilits potential for counts 1. and o i the
distance in miles between the counts controwd and cack BE A center. Thedistance cxponent. | S.wasempinically derved toretkec
the increased cost of defnenng power over increased distance and 1o reflect a maximum 241-hm 1 S0-mile) transngssion limit (..
load center.
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Table 3.4. (continwed)

lmpgrzmw Factor Detinung term or statement
weight

48 Maximum beneficial multiuse Recreation. educatwn. developmental

43 Unfavorable attitude of reponal Potential tur vranuzed regonal
pupulaton oppoNlion

42 Minimum distance to transmission Line construction costs and
grid envigonmen sl impact

41 Maximum reliability of offsite Power 1o run tlant. 3 satery
power concern

load centers. Transmission i1s himited to about 240 km (150 mikes) and is based upon present
technology in transmitting power along ac lines.

Calculation of 1985 proximity to demar d for the United States is presented in Fig. 3.12: proximity
to surrounding load centers is shown for each county. Note that proximity is highest at the central
county of each BEA and decreases to the point at which counties located more than 240 km (150 miles)
from any major load center are rated lowest. The demand figures for each BE A used in the calculations
have been transiormed to reflect the added electrical generating capacity bevond 1972 that must be sited
to meet demand in the year 1985. The planned or installed capacity, as projected by the FPC data. has
been subtracted from forecasted required capacity for each BEA. thus indicating where projected
clectricity demand and actual planned capacity diverge.

Water availability. We expect water availability to be the prime locational determinant in
energy facility siting even in the water-abundant castern United States. Water reyuirements for a
given facility may be calculated readily. but evaluating the availability of a dependable water supply
to meet those requirements is much more difficult. Furthermore. we must account for all existing
and planned facilities for a given river system. Water supplics are unevenly distributed among
and within the several regions of the nation having substantial annual and seasonal variation. We
saw the need. therefore. to develop computerized tools to assess water availability irom a regional
perspective down to specific site evaluation. The wateq availability system (WAS)analysis procedure for
the Maryland Power Plant Siting Project is based on historical stream flow data and aids such
availability analyses. '

The WAS enables the user to sclect. retrieve. and analyze the historical stream flow information
from the U.S. Geological Survey (USGS) daily-value water tapes. which contain data for all USGS
stream gauging stations in the United States. The WAS package isdivided into four distinct subsystems.
operating in sequential fashion. that cnzble the user t+ i} delimit any rzgion of the United States by
state. county. size of drainage area. or latitude-longitude frame: (2) recall daily flc w values from the
USGS water types for a'l gauging stations within the study region: (3) compute low flow recurrence
frequencies and apply theoretical probability distributions: and (4) predict the resenoir drawdown
capacity that would be necessary to maintain any given rite of stream flow at any specified rate of
consumption. Scparating the parts of the model allows the tirst and third phases to be conducted onan
interactive mode computer which facilitates frequent user decisions. The intermediate phasc of data

M. 3. S Jalbert and A, D). Shepherd. 4 Svstem for Regional Analvsis of Water Availubilinn. ORNE NUREFG TVKD
{December 1976).
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Table 3.4_ Site factons identified in NGT sexsion

Factor

97

N

87

87

83

9

I3

78

76

75

75

10

69

(2]

66

65

Adeyguate toumiation

Minimum prosimiy to peologic Taults

Maxmmum avaslability of sustable
surface water supply

Acceptable air ditffusion characterisiies

Minimum conflict with exinting and
potential Lnd uswe

Minimum impat on aquatic biota

Minimum adverse mpact on
endangered species or habitar

Minimum total cconomic costs

Minimum susceptibility to maximum
ayvdrological metcorological events

Minimum proximiuty to undeurable
population distribution

Minumum impact on water quality

Minimum impact vn unique cultural,
historical, or archaeological sites

Minimum adverse impact on local
mstitutions

Maximum availability of ground
water

Minimum construction problems

Minimum impact on tesrestrial
bivta

Minimum adverse impact on local economy

Minimam proximity to indusirial hazards

Avaifability of fund parcels of
sufficient <ize

Maximum compatibility with local
government attitudes
Maximum t value for DBF

Miaimum aesthetic impact

Minimum distance o acceptable
transportation systems
Minimum adverse impact on recreation

Minimum adverse impact on regional
cConomy

Unfavoradle attitude of loval population

Mavmum proxmity to load

Defiming term or ststementy

Licenubihitsy | concern with
hquetation amd wlutien
vhannelh
(}"JN\' faults averded. con? to
mvestgate anvkent taults
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reineval. howerer. wses a batch mode computing svstem and usualh doos not require user
mteraction.

The study arca for the defnition and sclection process may be delncated by atitude{ongitude
frame. Mate(s). county(ics). or drainage arca sure specifications. Data retreved for each statien include
(1) USGS code number and name of the station: (2) latitude and longitude: (3) size of the drainage area
senved: (4) state and county Federal Information Processing System (FIPS) code: (5) monthly average
flows by watcr-vear (cnly for months viclding complete sets of daily flow records): (6) number of days of
record for cach vear: (7) vaardy average flow: (8) vearh maximum and mimimum flows: (9} ovenal!
average. maximum. and minimum flows for the entire penod of station record: (100 the 1-day. 7-day.
and 14-day low Nlowms calculatad for cach scason of record in the data: (11) the recurrence fractions for
the volume flows equaled or exceeded at that station 99.95.92.90.85_80. 75. 70. and 50 ; of the tume:
(12) the numbcr of vutput tape records used: and (1 3) a continuous record of data representing the actual
daily mea:urements of the histonal flows of cach station. Current capabilitics of the analysis subsystem
are (@) determination of stations’ histoncal low flows: (b) computation of low flow recurrence
frequencics and application of theoretxal probability distributions: and () modeling of reservoir
capacity requirements (o support a given consumptive kevel whike maintaining specificd mmimum
stircam flow standards. Addition of other modcls or analyses is permitted with refative case by modular
design of the subsystems and the computer-compauble format of the data generated by the
programs.

The WAS package is also well suited 10 investigating a broader range of water resource questions.
including evaluations of water availability to mect projected encrgy demands. The application of the
WAS program 10 the Manvland Power Plant Siting Project s described in ref. 32.

In performing our cnergy facility siting analvsis for the southern United Staies. we entered low flow
information gencerated by WAS for gauging stations into our geographic data information system.
Figure 3.13 presents 7-day. 10-vear low flows for selected streams n the Ohio River Basin region that
were used in our energy facility siting analyses for the ORBC. Low flow values are shown for cach
county bordering on the main stem of the Ohio River or on tributary streams having sufficient flow to
support at beast onc encrgy facility. Values for counties having gauging stations were cakculated and
allocated to intervening counties through visual interpolation. Note that values used for the main stem
represent modified low flow calculations reflecting the effect of reservoir regulation. These calculations
were provided by the U.S. Army Corps of Engincers.”

Coal availabiliry. Under contract with EPRI. our research group is developing a model incorporat-
ing geologic and mine engineering factors to cakulate volumes of coal reserves and specific mining cost
variables. Drill core data and coal outcrop measurements for such variables as geographic location of
drill hole. coal seam thickness, overburden type and thickness. and coal quality collected by TVA feld
geologists (using the 1:24,000 block quad in East Tennessee as a test case) are being digitized and stored
in a computer. Contour lines indicating the coal seam thickness and the thickness of overburden are
drawn by a computer routine by interpolating between the drill core locations (Figs. 3.14 and 3.15). In
addition. calculation ol measured and inferred reserves can be made on the basis of standard criteria
used by TVA and 1'SGS (Fig. 3.16).

32. J.E. Dobson. The Marviend Power Pleni Sumg Propeci: An Anplication of the OR N1. 1.and Use Screening Provedure.
ORNL NUREG TM-79 (October 1976).

33, Water flow numbers for the mam stem of the Ohio River were generated by the U.S. Army Engineer Division: see 1S
Army Engincer Division. Ohio River. Cincmnats, Ohio. 1970 (1968 vy siem. less Rowleshurg. 7-day duration, 10-yvear frequency
low flows. man stern Ohio River).
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Fig. 3.14. Coalseam thicknewses for red ash seam in the 1:24,000 block quadrangic of East Tennessee (bassd oa data provided

by TVA, Fousil Energy Branch).
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A vanety »of more sophisticated and comprehensive coal reserve models ssmalar to our etost ase
beng developed around the country, and we expect o incorporate characternistio of thex madeh mto
our work. We have established 2 working armangement with the USGS to use their Natwonal Coal Data
Base System calied PACER. What makes the ORNL-EPRI model unnjue. homerer. is that the program
s gaared toward immediate use by coal mine operators because it incorporates cxsting ticld data
collected by traditional methods.

As part of the National Coal Utilization Assessment, we are inventon ing coal rosenves by county in
the Appalachian region in terms of the f.o.b. prce. Coal resenves are assessed trom an o wnomi
perspective which accounts for variables such as coal scam thickness. coal quality. muning and reclama-
tion costs. and overburden thickness. The feasibality of coal-fired gencrating plants i a given demand
arca can be determined when £.0.b. coal price at the mines is combined with a transportation cost model.
The ultimate result is a systematic ordening of the arcas in which coal is likely to be mined. By coupling
this result with a transport model. one can determine the delnvered cost lor coal at vanous points
throughout our southeastern region.

in addition 10 calculating the distribution and availabihity of coal resernves. we will determine certain
environmental limitations for the use of coal from the Appalachian region. For cxample. significant coal
reserves may bie in arcas of high recreation potential. areas of critical wildlite habitar. and or arcas of
low or sensitive water quality: any one of these factors might be seriwusly diminished or dostroyed by
mining of coal resources. An accurate assessment of coal resenes should ilag these environmentally
sensitive arcas. and any decisions regarding potential mining sites should necessarily recognive anc
respect these caveats.

Recreation limiations. The outdoor recreation potential of the coal-bearing counties in the
Appalachian region s being determined with respect to how well a hypothetical park built in a given
county ranks in (1) its ability 1o satisfy the predicted recreation demand within a region bounded by a
2-hr driving time from the given county and (2) the absolute number of people within this bounded
region who could be expected 10 visit such a park (a state-park-size facility is assumed).

A gravity model is used to predict the numbes of recreation partxcipants within the given region who
could be expected 1o travel 1o the hypothetical park. Gravity models are based on the concept that
approximate bodics are drawn toward cach other as functions ot spatial distance and individual attrac-
tiveness. The recreation participation values represent both an abselute number and a percentage of the
total potential recreating population. Essentially. these numbers are a function of (1) certain
characteristics of the given region’s population size. income and age distribution. and selated socio-
economic factors; (2) certain characteristics of the hypothetical park such as the total available acreage.
water acreage, and shorcline miles; and (3) spatial separation between originating populations and the
park. as measured by travel time. Simply. then. the number of polential visitors is a function of the
recreation character of the given region’s population base and a function of the accessibility and attrac-
tiveness of the park relative to other competing options.

Because the model can generate a county recreation potential ranking hased on the ability to satisfy
predicted regional demand for recreation. all coal counties in Appalachia can be viewed in terms of their
criticality to their respctive regions. If only absolute numbers of potential recreators were cakulated. as
is the case with most recreational models. the resulting rankings would be skewed toward those counties
nearest the large urban centers. To date. the coal-bearing counties in East Tennessee have been identified
and a 2-hr driving time boundary around each county has been manually calculated. The system is in the
process of being automated, and when complete, its utility and fcasibility will be greatly extended.
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Wikdlife limitations.™ 1. imitations due to critical wildlife habitat areas have been shown to be
dentifiable m a process which employs a combmmation of topographic. social. and environmern:tal
vanables. The method provides a reasonably accurate assessment of habitat quality in a specific geo-
graphic area prior to surface mining activity and should be able to project changes in guality both dunng
mening and afier reclamation. Figure 3.17 coasists of two maps comparng the habitat before mining
with that after mining and showmng rectamation habitat with respect to white-tailed deer in the 1:24.000
Duncan Flats quad of East Tennessce. Further rescarch on wildlife impacts is continuing in the
Environmental Sciences Division.

Water quality limitations.” The first step in assessing water quality limitations to coal miming
activity involves the establishment of bascline estimates of natural water quality conditions. A model
can then be run 10 simulate the cumulative water quality impacts expected from mining the cakculated
reserves. Areas are thus identified where these cumulative impacts are likely to approach or exceed
cstablished standards for water quality. In the past year seven parameters of water quality have been
checked in selected drainage basins m Appalachia against USGS water quality data: results have been
clouded by anomalics belicved to denve from groundwater seepage from underground mincs. As a
result. bascline estimates, to be useful, must be drawn from simulations based on natural watershed
characteristics such as forest cover. geologic data. and topography.

Air resources limitations. Smce aw quality s an umportant consideration n siting
coal-consuming energy facilities. we have investigated the applicadility of various air quality models
for measuring the spatial distribution of air pollutants. The usefulness of current models for very
large regions such as the Southeast has not yet been demonstrated. although we are continuing our
cfforts i this regard. We are currently using Air Quality Maintenance Areas (AQM As) designated
by the Environmental Protection Agency as a sufrogate measure for air quality standards. The
AQMAs are regions defined by combinations of counties in which future air quality degradation will
be carefully monitored by regulatory agencics. therefore, AQMASs represert areas somewhat less
suitable for sutmg coal-using facilities. To date. the AQMAs for the southern United States have
been identificd and entered into our county-level information system.

Transporiation limitations. Tentative agreement has been reached with the Federal Rail
Administration to use its National Rail Network Model to cakculate rail transport accessibiiity at the
county level for the United States. Rail accessibility information will then be merged with existing
data concermning water transportation to produce transportation accessibility measures at the county
level in terms of energy facility siting constraints.

Population distribution limitations. Population density in terms of constraints to the siting of
energy facilities (particularly in the case of nuclear facilities) has been mapped for the United States
(Fig. 3.18). Several options in calculating site restrictions based on NRC siting regulations have been
developed. Eventually, these options will be available in map form. depending on the technology
being considered and the site constraint option desired.

Social-institutional limirtations. The NGT panels which guided our selection of siting factors
listed 2 number of factors relating to impact on social systems; we have pursued the quantification of
these factors during the year. To date. we have adapted a gencralized social impact assessment
methodology for siting and have begun the task of quantifying four major areas of impact—cultural.
institutional, local service, and local economic impact. This has proven to be our most difficult

34. This work was conducted by H. E. Keegan of ORNL's Environments) Sciences Division and reported i an unpublished
manuscript. “Contour Sirip Miming. Its Environmental Effects. and 3 Technigue for Wildlife Habitar Assessment.”
35. This work was conducted by J. R. Hyndman of ORNL's Environmental Scaences Division.
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tacte:s model built to date. and in developing it we are using input from the Social Impact Assessment
Group. Of accexsin. much of our quantufication will consist of verbal descriptions created by
interpreting dineise sources of foreiation such as suney input. Fhe local service impact measure i
being devclopad i close covperation with TVA and we intend 1o use TV A expenience as input to the
construction of the modcel.

333 Developuent of the Oak Ridge Regional Model Information System

The peographnal data system being used in the resource aralvsis and enerey facihty siting work
of the Rowurce Amahsis Group and the data input and anslysis components currently being
interfaced with the Oabh Rudpe Regional Madel Information System (OR RMIS; are being developed
w the Compuier Saxmess Dnision through support from the Encrey Division. This work
discussed i mwore detail et 6.

Input data. hoth raw (c.g.. maps and acral photogruphy? and machine-readable (c.g.. satelhite
and census tapes). are stoted I one of several dilferent tvpes of data bases. Data are ongamizcd
according to the most ctticent mxthad of information representation (e.g.. cell and polvgon data), as
determined v the users. amd may be retnicved for & number of ditferent purposes. Figure 3,19
illustraiey how data are -¢orad. retreved. and analvzad and how results are displaved inavarety ot
forms. Inc data bax:. mav bn accossed tor oditing, updating. transformation (c.g.. mterpolating
frors “andom pont- 1o a grd svstem), and simpke display.

Fach sicp raput. Morage retrnval, analvsis, and display  represents complex processes
ranging (rom mteractne digizatun sys>tems tor input to three-dimensional surface contour plots tor
display (hig. 3201 The sottware tor performing these Tonctions has been developed as individual
generalized modukes or packages because many of the routines used in one step are also used n
other stepy (e.2.. the map prokction routings are used for nput data rectification as well as output
map display ). Duc 10 the complkexaty of the data structures and the analyses or models being built, no
single giant s¥ftware command svstem has been developad to house and supenvise all the individual
modules. Instead. cach user problem s solved by picking avaikible modules ~off the shelf™ (or by
developing new ones s required ) and linking them in the most efficient manner (0 solve the user
probkem.

The sottware tor the data swsiem has been developed on a user-need basis. This approach tends
to pont out quxiah the shortcomings and aceded improvements, as well as the compulter scicnee
expertine mcded m cach arca.

Many dificrent pes of intormation must be manipulited by the data system. Figure 3.2)
presents the maor 1y s of data and corresponding software systems that arc being developed. All of
these components (e g water avalability modcels, site-popuk-tion constraint models, and land
availzblity modeb) teed mto ORSAM. which «n turn provides output that may be used to determine
candidaic arcas tor the wting of energy facilitics.

In cach step (mput. storage. analyvsis. and display). there are about twelve major developmental
cfforts currenth under wan: the following subscctions describe one example from cach siep.

Data mput requirements: An mteractive semiautomated digitization system. The purposc of an
interactne xemueutonsatad digitzation system s to allow information from maps, photographs, ctc..

-

W B G Dwurice and R G gdwards. Geograpduoal Duta Svstems: (Nerview and Coneeprs, ORNE RUS-27 (1o be
publinkcd)
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t be digitized v an operator anded by an on-line computer sssem (g, 3.22) A trenendous
amount of mformation (c.g.. on IENSPOMALION SYSICH. FIVCT VS, Poncl IFansmisaon metnorks.
and seisinxity) 5 availablc on base maps which. when digitized in machine-readabks torm. mas be
used for sophistiated resource analvses such as determmning transportation acoossibility . water
availability. and population distribution. The current system shown includes (1) a digitving Mation
for operator map mput. (2) a CRT graphics terminal with a hard copy unit for kwal map diplay .
(3) a “loppy™ disk for local storage of digitized data. and (3) a phom: Ime mterface nte the host
tumx-sharing computer lor data processing (ORNL uses a PDP-10 time-sharimg system).

The basic digitization process reyuires an operator (o mose the cursar over the map leatures to
be dipitized. A continuous stream of nteger Y- coordinates is sent from the tabkt o the CRI
terminal for doplay. The datz may then be stored on the Hoppy disk or sent on to ORNL s PDP-10
computer for processing. Processing involves converting mtcger coordmates into katitude-longitude.
checking and «diting simpk: ¢errors. and dopliving maps onte the CRT terminal for nteractine
oditing.

The present system s a significant  improvement over previous manual data acquisition
technigxs. especially considering the low cost of the equipment (about $25.000). However. because
of the heavy tume-shanng load on the PDP-10. the slom phone-line speed. and the inability to quchly
orerlay digitized data on the source map for comparson. this svstem is aot well suited tor
high-volume production work. Additional cyuipment. including an on-line minicomputer and a
video projection system. is needed to significantly improve (by a factor of 10 or more) the process.
from mitin] data input 1o final corrected hard copy output. Mast of the cquipment is presently being
purchased although a few picces are still needed.

Much of the softwarc develope. for the system is aiso used in other arcas of the geographwal
information system_ For exampk. an algorithm to filter out x-v coordinates not needed 1o properly
represent the curvature of a line (c.g.. 2 highway) can be used in both daa input (to reduce the
number of unnecessary points) and map output as a function of map sc.k (to reduce plotter time).

Data base storage-retrieval: County level data base system. As mentioned previously. a number
of different 1ypes of data bascs are bring developed and stored in data structures according to user
need. For example. the U.S. Burcau of Census population data is stored as point data (population
counts by enumeration district centrods). referenced by latitude-longitude: the Department of
Defense topographic clevation data base (TOPOCOM) is stored in 0.3037-ha (J-acre) grd celis
(clevation at centroid of each cell). referenced first by a latitude-longitude rectangle of an area and
then by row and column number of cach cell: and the coal scam data basc is created and stored as
polygonal data (boundary around coal secam outcrops). referenced by coal scam number or a
latitude-longitude rectangle of the arca. Although thesc data are stored and retricved in various
forms tor gencral accessibility. often several data besc types must be transformed into onc so that
variables may be simultancously analvzed in the same coordinate system and the samc data
structure. For example. the popula’ion data stored by cnumeration centroids must be interpolated to
a grid system of cells to compute population density before it can be combined with other gridded
data. When gridded population density is compared with polygonal data (c.g.. polygonal county
outlines). contours must be constructed from the gridded data aid siored in polygonal form. Figu=-
1.23 shows examples of different types of data structure (ransformations for which softwarc has bevn
developed. {(Some software packages are still not generalized.)

The primary purpose of this section is to briefly describe one of the data bases that is being
developed for the regional power plant siting analysis. The basic storage unit for this data base is the
count.. A number of diffcrent variables are being collected for each county across the southern
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 nited States. 1 sing a direct acoess ik for storage and retral. the data arca i referenced cither by
county FIPS code. latitude-longitude of a pomnt within the county (¢.g.. county ceatrod). state and
county name. or a2 latitude-longitude window (rectangie) including multipk countics. Exampks of the
varubles nclude seismicity chass, presence of il hines. water flow. encrgy demand. barge channcl
depths. presence of endangered speexes. population accesssthility. publx lands. aildhic monitonng
stations. and geology.

Ihe data hase actually consints of two types of fikey: (1) the cartographic {fie contaming the
polvzonal outlines in hvitude-fongitude defining the county houndares and (2) the themate filke
contaiming the data values associated with cach county. To analyze or man the data. both fiks will
normally be accessed. For example. part of the siting process is to dztermine the proximiy of cach
arca in the South o tuture energy demand. This information allows 2 determination of the
accesibility potential of cach county n relation to the ecconomie conts of transmatting cnergy o
surrounding high-demand arcas. In this case the cartographxe fik would be accessed to determine
adacency. and the thematic fike would be accessed to obuain the actual energy demand ralues for
cach county.

Since the data hase is baing stored as a direct access fike. it & possibke to retreve the county
information 0 any order desired. Thus. the user is allowed to cross state boundanes at will duning
an Zaalvsis. rather than being reguired to process sequentially all the counties within 2 gnen state.

As new data are collected. they are comverted. when possible. into a form that may be stored 1n
the county data base. Some data. such as LANDSAT or TOPOCOM data available on 3 0. 4M47-ha
{l-acre) cell grid. are being studied to determine the feasibility of aggregating such detaiked data up
to the county level. At this point. there v 2 possibility that topographic data can be ageregated by
slope classes and terrain roughness up 1o a county kevel (or at keast 10 a 7.5-min quad kvel).

Analysis: TOPOCOM topographical analysis system. There arc many different 1ypes of analvses
that are performed in solving any one of the tasks assigned 1o the Resource Analysis Group. Some
analyses. such as the calculation of transportation accessibility or the calculation of background
air pollution over a large region, arc preparatory to the actual modeling itself. Other analyses are
actually pant of the synergistic modeling cffort in which previous analysis results are combined
simultancoush with other data vanables to determine the optimal location of a power plant facility.
I'hese modceling and forecasting efforts usually require software that allows user interaction so that
rescarchers may iteratisely scarch for a solution subject to changing criteria. For example.
cconomists and enyironmentalists would use different critenia to site a power plant.

Since several modeling analvses have already been discussed. this section will describe one of
the preparatory analyses that are required to provide topographic information (e.g.. slope aspect.
ridge line), watershed information. and drainage patiern data. This information is useful not only in
the energy facility siting and the coal reserve studics but also in assessing the environmental impact
of strip mining upon water systems. an assessment which is part of the Appalachian coal study.’

The basic source of information in this system is the TOPOCOM data base of clkevations.
digitized by the Defense Mapping Agency (DMA) from the 1:250.000 quad sheets. The DM A data base
for the continental United States has been purchased by the Computer Sciences Pivision at ORNIL.
By extracting the crude contour data from the TOPOCOM tapes. re-tifving it to latitude-longitude.
and applving a sophisticated Icast-squares interpolation (using 16 ncighboring data points from the

37 R. B. Honca ct al., Energy v, Anmu. Prog. Rep. Dec. 31, 1975, ORNL-$124_ pp. 125 31
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nearest two contowr keveb). a gndded set of clevaton data an be cakulated for any arca i the
ocounty. From these cikevatwns iew refined contours may be mapped as shown m b 324 Ik
accuracy of the mucrpolated cievations depends on the accuracy and contour spacing of the original
data. but s generally withn 40 ft of true ckvatwon.

Once gndded ckvations are calculated. it s possibke 1o clculie several important paramciers
uscful in the resource analysis @asks: (1) slope by degrees or peroent. (2) aspect i degrees trom north.
(3) ndge lincs. (4) watershed boundanes. (5) dramage paticrns. and (6) possibie thaudplain arcas.
Figure 325 shows the watersheds and their boundancs (green) for a complete 7.5-min quad n East
Tennessee. Shown in blue arc those potenial strcams that would drain cach watershed. The red celh
represent the pomt at which all the water keaves a paricular watershed. The large Buc arcas that arc
several oclls wide show areas where floodmg mght occur due 10 ven flat 1opography.

The wechaques used to compute ths mlormation are quite compkx because of (1) the farge
number of 0.4047-ha (I-2¢cre) celbs that make up a 1:24 000 quad and (2) the desire (o achiyve hugh
cfficiency and low machine costs. Because of their complexity. the computer algorithnns will not be
described.

This type of topographical mformation is valuabk. cspecally on a2 regional kvel, whkere
digiizing costs and time prevent the collection of detailed data. The IDMA digitizing and processing
cffort. which required a number of vears to develop. represents an cxcelient data resource.

It 15 possible 10 combine vamables such as slope. stnp-mined arcas. soil conditions. watershed
basins. rainfall. and runoff 10 cvaluaic the effect of open sirip mincs on surface water. Topugraphy
and slope are also valuable for sclectmg sites for power facilitics and determining visibility of the
cooling towers and stacks 10 the surrounding population.

Display: Polygon mapping system. A wide variety of software tools are being developed or are
currently available to graphically display spatial data. Rather than describing cach of the different
plotting programs. thes section describes typacal output from the polygon mapping system. Figure 3.261s
a typical polygon map of the United States showing the 1975 gencrating capacity (in thousands of
megawaltis) at existing power plants by county. Each county is shaded according to gencration capacity.
and within cach shading pattern an integer has been plotted { kegibic only at original scake of 1:5.000.000)
showing the actual numerical capacity. Note also that the county and state polygons have been drawn
and that a legend is attached. A variety of map projections (c.g.. Alber’s equal area) are availablke. and
the map scale is specified by the user.

Although the map looks relatively simple. the software 1o create it is quite complicated. For
example. cach line making up a shading pattern must be intersected with the county boundary to
determine starting and stopping points. The computer automatically plots the optimal location for the
integers, rather than requiring the user to input the location of cach integer. The state and county
polygons are structured so that common boundarics, whether staie or county, are plotted once. State
lines can be dashes rather than solid. Aggregations of counties (such as BEA regions) could be plotted if
desired. Symbols could be used instcad of integers, and alphanumeric labels atiached.

In summary. a wide variety of user options are available for presenting data effectively in
geographical map form. The ability to perform the techniques cfficiently is due to the underlying
polygonal data structure used. The importance of graphical display s two-fold: (1) to present data

3. R. B Honea et al.."Regromal Scaled Methodologies for Enviranmental Asscssment: A Case Study of Appalachan Coal
Extraction.” accepted for publication in Joumel of Environmenial Sysiems.



113

o S UM
..... e

h 1‘ “’ R 14 { ICIERAR FRAE 111 K

J.P:UAL 5‘[‘ ‘.A,..li;‘[h'q:us - uihy

rmr

' Jn nmll'
'?l »—/\"’-‘ ‘é?
T ] U

PR - ,Y Y
Nl f{!lf'L'l‘

i ! ity
Z:: ',rr' ] L yere I'”“u “ i -
' 1 ! rH.'LU‘u {A]Il'll [nl{ r 1 il' - ‘ 1

Fig. 3.24. Shaded contours form interpolated TOPOCOM clevation deta for 7.5-mim quadraagle.



13

STIIXT d SRR
34 aaa s
3 ¢ s v >33
s S
4 3 : b4
o A
> v * .
W Z z
x{? M e
fa B v e Y
: M
vesny 4 o4
i ¢y
S NS4
s
Y
ey
L3S
Ao 54
~
N ~
~ >
s
B
N
S " Y
N 3
N A
AR
4
228
3% % \
04404 444
5! 1
R4 psadanasinsl T by
: P AT AT }
AR A R AN AN TN
. oA R
A W A 8 AN A VA, “:’-Ej N \::
o, nevelos SERIN b3
EUAC ey . ~ . zt »
Lany AAASY: NN 52
N :Ft&\ AR > g N ~ LY Py k’t t
5 NN atT NSy
o ‘s&\k 51 §§§§
1333
tg
ANARAAY, -
S WA AN bt
NN

3 1502227007577
7222200222277
1 CESPF I IS0 I Ty
PETOIITOIPII VP77
2777477775205 07075 7
IIII I II 177000207470 0 s
70000770722 700 00070772425 000 78002
70000500277 4777 772750 s s s 00 ]
200077007000 27 7070 0 r s 0 0 s
LA A A R R AR R R R AR P L R R &S
BPPITI PRI 7P 7L 7072728, 07772
FITIEI 78T ITI P2 0777222772
BOPFPPETIIIII 27 022777, 72
4020077702070 22200
700717707, 2 s s,
4002077227077 007 70
150000777707 07 07775
Ry
Y
Iy
Yy
20277720007
7700270777

N

(24
s s
2720727

srr0077 s s 20227,
e (L2
ey AL
rs4 (A
srs PIIIIIIII IS,
’ ’ 241272770777
7 VXA
£rrrs rrrrrsrs

rrs 12007

T rsrrsrs” rrrsrrs
AL AL 2IFII 77
4700000227807 72875072
107707007 277 s 10070
VLAY s
A 18I IIIIEI IS

VUL il
272027727787 7220702722
P L AR
VLAY 217207707
£2272227 2208777777
2272770+ Q0 200207077

rrsss 187770727
SEIIPIIIIIIIIIIL

PPV IIIII TP 27
Yy
Py
PR
PLIOPILIIIY

r822777

74

F

25

A

!
.2

207
29 1487
r#rrsore
rrrdr b e
regrrsas

y s 22

o

SIS

N y y

YHRAN
»
-
'y

1ped

»
-
’
’
.

;9. 9

", ”
A

AR Y

’
<t

g. 1.25. Watersheds and dminage patierns for 7.5-min quadrangle.

.
1

/7

¥

AII2VTe



.
N _L‘
% < \ ‘
A RRNNERS n *
VN _
W a A

T N







BLANK PAGE




FPC data).

P

S T |




——————. e .« .-

P



116

o a viewing audicnce and (2) to sene as a valuable ol W rescarchers by revealing previoush
hidden relationships and sugpesting new weas and strategies to be attempted i tuture smodels and
analyses.

3.34 Siting Analyses

'wo applications of our resource analy sis capabitities are described in the tollowning subsections.
The tirst involves the calculation and mapping of power plant suitability for the State of Man land
using vaning technobogios and constraints: the sevond mvohles an anabvsis of water aviulability o
mext future energy production needs in the ORBC region.

Maryland Power Plamt Siting Project. Since 1973 the Resource Analysis Group has been
engaged in developing a procedure for regional and local siting analyses known as the ORNI fand
Use Screening Procedure (LUSP)YL. 7 The Mankind Power Plant Siting Project (MPPSP). in
which the ORNL-LUSP was used to wentify candidate arcas for power plant sites in northern
Marviand. was completed in October 1976, The objectives of the studs were (1) to test the uselulness
of the ORNL-LUSP in candidate area sclkection. (2) to test the applicability of the Manland
automated geographic information (MAGIH) system to siting issues. (3) 1o examine the effects of
alternatne siting policies. and (4) to determine the sensitivity of the ORNL-LUSP 10 varations in
siting criteria for different tvpes of facilities characterized by tucl and cooling svstem options.

The project employs a geographic information svatem containing 32 varables. 27 of which were
obtained {rom MAGL for cach 37.15-ha (91 X-acre) cell in the northern cight counties of Marvland.
Each vanablke is charactenized by discrete categories or absolute values on a continuous scale; for
example. “scrub oak”™ is a discrete category of the varable “lorest tvpe.” and “M) 0 ¥ people per
square mile” is a range of values of the continuous varable “population density.”

The siting priorities and opinions of four different groups of siting specialists have been
expressed as criteria matrices consisting of an impertance weight®' for cach variabke and a
compatibility index*’ for cach category or range of values. Tweniv-two sepitrate matrices hane been
applied to the data basce in a cell-bycell calculation of the form

A) AY

s,= L Cpdy 'Z I . 2
1 |

%

RL A B l)nh\un Lhe Marvlamd Peaser Plant Sitng Progect: An Applosation of the ORN Lamd Use Screemng Prowcedure,
ORNE NG REG ENTY 1o be pablished)

0 S Tatbertand VDY Shephord, 8 Sustem for Reviona! Analvsn o Warer Svarfabihn  ORN NEREG TN 2o be
published,

108 ladbert and 0 Debson, 1 Cell-Based Tand Use Soreeming Procedure for Regienal Sinng Analy sis,
ORNE N REG VSO 10 be publishedd

42 AN Naocther. Power Plane St An Applcationof the Sonunal Grevap Tecimgue, QRN SUREG MR (o be
published)

43 This ss o value trom zcro threugh tenandicating the relative imporiance of a given sarsable in the siting decision: highly
important verables are assigaed g salie ol fea

B Fhus s vabue Trem minas one through twonindicating the posiive of negatne contnbution i speaiticd charactenistic
would mahy to the abilis of . cell to bostthe speaitied Liabite. Highlv compatible clhisses of g variable mas beassigned asalue of
ten. o nunts one indicatss that the cellis excluded trom consudersnion regardless of how attracing other charciensics mat
Appear
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where
5. = suitability score for celd i.
I" = sarable (e.g.. land use or proximity to stream flow).
N = 1o1al number of variables.
C:. = compatibility index for value of varmbk } occurring in cell i,
I = importance weight of vanable §°.

Clusters ol cells scoring one or more standard deviations above the mean are defined as candidate
arcas. Figures 3.27-3.30 illustrate the spatial distribution of candidate areas in northern Maryland
obtained from varous criteria matrices for fossil-fired and nuciear plants. The figures indicate that it
is possible to distinguish among different siting objectives and among different facilities
charactcrized by fucl type and cooling option.

We found that considerable differences sometimes exist between the critena matrices and the
resultant distributions defined by different respondent groups. Because of the low-cost repeatability
of the software. the ORNL-LUSP has been proven a useful tool for simulating the effects of vanous
siting altematives in candidate area selection and for identifying potential conflicts.

A major component in the success of our study was the availability of a digital geographical
data hase. MAGI. Without such data. development of the siting analysis capability would be
impractical because of the initial costs of acquiring the geographical data base. Besides being useful
in the analysis. the MAGI] datia base was necessary to add supplemental varniables and perform
additional modcling to obtain factors wdentified by siting specialists. One conclusion was that
additional research was needed 1o develop procedures to rapidly construct a digital geographical
data basc. perhaps using ERTS. TOPOCOM. and EPA or USGS dawa.

The results of the MPPSP suggest that

1. The ORNL-LUSP is a useful tool for regional screening of geographic information systems even
when the systems are not designed for the specific problem of power plant siting. The State of
Maryland is presently implementing the ORNL-LUSP software for future use.

2. The ORNL-LUSP can serve as a means of simulating alicrnative siting policies to anticipate
potential conflicts before they become matters of public concern.

3. Since the construction of a geographic information system is 1he greaiost pulential constraint to
the development of an automated screening procedure. the data base should be designed to serve
diverse uses. The shared cost can be minimized by considering the needs of potential users during
system development and by including only those variables which receive high importance weights
ON NuUMeErous criteria matrices.

4. Siting factors must be viewed in the context of a spatial hierarchy of physical. economic. and
social phenomena. Each factor should be examined at the appropriate level of spatial resolution
and stored in 2 multiscale data base.

5. The greatest limitation to the interpretation of the candidate area maps in this study is that most
siting factors are represented by raw variables rather than by indices derived from factor models.

Ohio River Basin Study. In January 1976, ANL and ORNL were requested by ERDA to assist
the ORBC in determining the impacts of future energy development on water availability and quality
in its region. Representatives from ANL and ORNL attended several ORBC meetings to formulate a
research plan. Figure 3.31 presents the procedure to be used m our analysis.

Electricity demand figures (developed by ANL) for each state in the ORBC were provided to
ORNL's Regional Economic Analysis Group for spatial disaggrégation to BEAs and state portions
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of BEAs (Sect. 3.2). Electrcity demand values for the state BEA portions were converted to water
consumption oxtimates under the assumption of a peak load situation and were mapped for the
ORBC region. These values represent a worst-case situation 1n clectricity demand. Embedded in the
calculations are estimates of technology mixes by states (also provided by ANL) and estimates of water
consumption {(cvaporation only ) according 1o the 1vpe of power plant (with a cooling tower option). For
a 1000-MWic) plant. this translates into an average consumptive use of 0.7 m’ sec (25 it sec) for
nucicar and 0.5 m’ sec (18 ft’ sec) for fossil-fired plants.”

Panalk! to the peak-load analyvsis. cakculations of low stream flow for the Ohio River and its
major (ributarics were developed by using the WAS model (Sect. 3.3.2). The values were adjusted
along the main stem of the Ohie River to reflect the augmentation by resenvoirs as cakculated by the
U.S. Army Corps of Engincers. These flows do not necessarily reflect the actual present flows along
the main channel. but rather what is theoretically possible if regulation conditions are ideal and
if all proposed resenvoirs n the basin are constructed.

For our amalysis ORBC designated that only 107, of the 7-dayv. 10-vear low flow should be
considered available for encrgy production. Conseyuently. 1067 of the low flow cakulated by the
WAS modcl is shown in Fig. 3.13.

Finally. using the information on demand and water availability. members of our group
cmploved a spatial analysis approach to allocate water to satisfy elec ricity demand for cach forecast
vear {1985, 2000. and 2020). Counties in which plants would be difficult to site were climinated from
the allocation process. For example. if a county were in 2 scismic I risk zone™ (which would
restrict nuckear plants) and or if EPA had designated a county as an AQMA (which would inhibit
the siting of fossil-fired plants). the counties affected would be avoided in siting consideration. Only
streams capable of sustaining at keast one 1000-M W(e) fossil-fired plant [0.5 m* sec (18 ft’ sec)) were
considered: reservoir construction to augment flow was not considered.

Starting with the tributanies in the Upper Ohio River Watershed (the Allegheny and
Monongehela Rivers). we allocated water to surrounding demand centers (the centers of each state
BEA portion). using four different power transmission constraints. The ORBC requested that we
examine the possibility of satisfying surrounding demand out to 80.5 (50). 160 (100). 240 (150). and
320 km (200 miles) from the main stem and major tributaries.

Table 3.5 is a sample of the running account system used to keep track of water allocated to
salisfy demand. No allocation was made if (1) the running account of available water (base water
minus the running total of waier consumed) was not sufficient to satisfy the consumptive needs of
one plant (of at keast 0.5 m' sec): (2) the county was excluded from consideration because of
seismicity or air quality: or (3) all demand within the transmission distance (i.c.. 80.5. 160, 240, or
320 km) was previously satisfied. When available water dropped below the minimum amount needed
or when all the surrounding demand areas could not be satisfied, areas were identified as unsatisfied and
the corresponding counties on the tributaries were designated as problem areas. Figure 3.32 indicates
those counties that. on the basis of our analysis. may experience water availability problems during low
flow, assuming that the generating capacity proposed to be on line in 1985 is built and the ORBC adheres
to an allocation of 10% of low flow for energy generation.

435. The consumptive rates fos various types of power plants were calculated by Garland Samuels of ORNAL: see Garland
Samucls. Assessment of Waier Resources for Nuclear Energy Ceniers, ORNL-5097 (September 1976).

46. Scismic 1isk is delined according 10 NRC as an area for which “costs and time™ make it impractical to consider siting 2
nuchear plant.



Tabile 3.5. Water allocation—m’/ sec (Tt'/ 506)--Using running account system to
satisfy 1985 demand, 30-mile radius of county, Ohio River

River” and Running tow) By state BEA
county Base water  Water availuble  Water allocated  of consumed - -mom s cmmmienes e e
amount Portion served Amount used
Allegheny and
Monungahela
Rivers 2.66 (VM) 2.66 (93.8])
Allegheny (AQMA  15.00 (35%) 1018 (A64.19) 0 2.6 (83 .0))
and population)”
Beaver (AQMA 16.71 (3%0) 1377 (k6. 1Y) 0 2.66 (V1N
and population)
Columbiany 16.99 (600) 1.0 (506.19) 4.72 (160.06) 7.0 (2600.47) PA-66 4.34 (183,38
Jefferson 17.28 (61L) 990 (3.5 v TR (260 47) PA-6? 0.3% (1M
Belmon 1%.41 (630) 11.03 (IK9.53) 0 7 W (204).47)
Monroe 18.97 (670) 1).60 (4IW.5Y) 014 (49) 7.82(268.37) WV.6d 004 (4v;
Washington 19.34 (69%0) 1216 (429.53) 0 P& 208.37)
Muskingum River 0 782 (268.17)
Washington 2008 1178 (486.03) [V} 782268 37)
Athens W) (RERELANY)! 0 7.821268.17)

Meigs 2 i IERYARIE K A O T T ANTY ON-$2 0174
“Note that cach tnabutiary s Kept on g sepafinte sheet
"Reason tor excluding county.

174 |
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Saveral caveats should be attached to this analysis. Fiest. peak-had demand comncsding with a
low water flow stuation docs pot ovcur otten or cven umtormiy vver the entice ated considered n
the analysis. Ao, it 1» our opimen that 8 woukd be more realintwe o pertorm the ORBC anabuas
using 3 worst-weeh peak clectrwity demand and 2 worst-weck water flow sjustion mstead ot a
wont-day situation. This analysis 1s now being pertermed.

On the other hand. our anabisis used water consumption figures casily achxved by preent
technology: oven with a 2, error. the water avalabihitn situation will progresnchy worwen
Countermeasizres suchh as better resenoir regulation. more rOCNOIr construction (an mcrcasingit
lews fcasible option). or more water comenation are indicated. It woukd appear that the ~tree lunch.”
as far an water 15 concerned. is about over in the castern Umited States.

3.4 SOCIAL IMPACT ANALYSIS

E. Peclke’
L. G. Bcrry“ R. C. IXVauh™ D. E. Patterson
B. H. Brontman  E._J. Gilliss™ B. J. Purdy
L. J Costomiris J. W_lounshunn™ M. A Shickds
J.T. Cowan 1. A. Mann E. D. Sundstrom’

T. J. Mattingly. Jr.
3.4.1 Approach 10 Community Assessment

Our approach to social impact analysis is a pragmatic one. combiming applicd rescarch with direct
applications in licensing or regulatory procedures for the NRC and ERDA. Both our rescarch and
applications functions derive from the new requirements and pohicy directions speciticd in the National
Environmental Policy Act of 1969. Sections 1A, 1B, and 1D of Titk 1. Section 102, require that we
~utilize a systematic. interdisciplinary approach which will insure the ntegirated use of the natural and
social sciences . .. in decision making .. ." (1A). “identily and develop methods and provedures . . .
which will insure that presently unquantified environmental amenitics and ‘alues may be given
appropniate consideration in decision making along with cconomic and technical considerations™ (18):
and “study. develop. and describe appropriate alternatives to recommended courses of action in any
proposal which involves unresolved conflicts concemning alternative uses of available resources™ (11)).

Our two applied research projects scek to develop both qualitative and quantitative know kedge at
different levels of analysis. These two projects are the ERIDA-DTO work on social eflects of alternative
energy generating technologies and the NRC postlicensing studies of effects on host communitics of
operating nuclear power reactors. Work is now in progress at the individual. group. and community
levels. and efforts are under way to identify and analyze variables for regional social impact assessment.
A third project is applications work, which this vear has involved preparation and review of
environmental impact statements with the Environmental Impact Section. A major expansion of our
applications effort occurred this year as a result of formalizing our previously ad hoc participation in

47 Group lcader.

48, Consultant.

49. College of Wonster. Wooster. Ohio, Great Lakes College Association student
50. Consultant. Depariment of Psychology. University of Tennevsee. Knonaille.



NRO ampact statemnents. In addition to nuckear plant assossments weare mvohved mmassesments of two
opcrating woal-tired generating plants @ the Ohio River basin (Chity Creek and Kyger) as part of the
Portsmouth project and assessments of proposd demonstration plants tor FRDA-FE.

1 he dual goals ot the group arc 1D to develop a broad understamding ot the social ettects et large
cnergy tactliies through praciical. evploratony work inwhich we ask questions in a varcy of setiings.
davelop anainclusive list of varnables_and speaty therr relationships and 23 to advance the sate ot the art
by developing methodological tools in our rescarch projects that will kad to continuing improvements
n direct apphications.

A major tocus i the ting of large energy facilitas. We approach the probiem on many ditterent
levels  indnidual. group. community. and regional  to dentts tor cach kel (h characterntes ol
acaeptable stes and (2) courses of acton that Tumime adverse szl impacts. Mitigation ot or
compemation tor. extermatized sovial costs at tacility sites iva contmung intcrot 2nd s being devcloped
turther in comparons of mitigation plans at tour facility sites (three nuckar ard one coal). A principal
rual of the NRO studies s 1o develop sitng gudcline tor mnimuing adverse social impacts.

I he Social Impact Assessment Group i also devclopimg the apabiity tor comparing the social
impacts of altemnatine tuels at cach stage of the tuel ey cle. beginning with generating tacihities. 1o date.
the emphasis has been on the nuckar tucl cvcle: work on both preconstruction and posiconstruction
citents of nuckar gencratng facihities s 1 progress. Case studies of Plymouth and Waterford (NROH
cumine construction and operating ctiects: the Hartswille project (1D 10) examines preconstruction
cttects Through the FRDA-DIO work. the group will be broadening its approach by looking at the
caal tuel aclke. begmming with coal gencration plants and undertahing parts of the National Coal
U nlization Assessment tor the southern region.

Much ot the recarch amd applrations expertise devcloped by the Social tmpacts Analvsis Group
has boen used by the Soao-political Resource Group. Risk-Impact Pancl. Committec on duclear and
Altername Facrgy Svstems (CONAES). Natonal Rexearch Council. Elwvabeth Peelle 1s 2 member ot
the Revource Group and has dratted the community impact and response sections of the CONAES
eport.

3.4.2 Social Assessment Research

Postlicensing case studies. Under a grant from the NRC Office of Regulatory Rescarch. the Social
Impact Asscssment Group completed its first postlhicensing case study of two nuclkear power plant host
communitics Plymouth. Massachusctts. and Waterford. Connecticut. Fhe purpose of this
comparative assessment was to analvze the social. economic. and pohitical impacts associated with the
construction and carly opcration of these plants. As the first of its kind. this study provided a unique
opportunity to verify the range of impacts that occurred in the two host communities. In contrast to
impact statements. which forecast expected impacts. Companisons and characteristics of the twe
communitics and reactors. along with additional information about the study. were given in last vear's
report.”

Various primary and sccondary data were collected and analy7ed during the study. These data
included open-cnded intenviews. local and state records. census data. and attitude sunevs. Within cach
community. about 35 open-ended interviews were conducted with local officials. utilits personnel. and

$1 Flzabeth Peclle et al . Fncres I 4 Prog. Rep. Dy 311975 ORNE-S128 pp 132 48
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concerned citizens. In addition. information on the particulisr nuclear plant. community sucioeconomc
and political charactenstics. and regional demographic and ceonomic trends was also used. Finally,
attitude sunevs were taken in both communities to determune citizens” (1) attitudes toward the plants
and plant cffects, (2) satistaction with their community. and (3) perceptions of the tuture of thar
comtaunity

A social impactassessment model (Fig. 3.33) was developed to classify the data for analvsis and to
structure obswened  empirical  relaionships.  This  conceptual  model’”  has  three  distinet
components  nputs. community structure. and impacts. Inputs are defined as those factors introdaced
into a host community sokeh as a result of siting a nuclkear plant there: that is. they would ot exist
without the plant. Four such factors are distmguishable: (1) facility characteristics. (2) the hoensing
and regulatony procoss. (1) generated rey cnue. and (41 human resources. Although all these factorsare
present when siting any nuclear power plant. the izlative importance of cach varkes from case to case.

Facility charactensties refer to the physical plint. the land it occupies. its tansmission lines and
corndors, cooling system. discharge (anals. and ancillary facilties (e.g.. a visitor's center). Typically,
these characterntics will have some effect on the land use patteras. aesthetic appearance. and natural
and human conlogy of 2 host community and the surrounding arca. OQur assessment of Plvnwuth and
Waterford. howeser. indicated that this input was of minor significance n these two cases.

Similarhy. we dd not Jevote special attention to the second input category. the licensing and
regulatory process. which includes all the legal requirements. procedures. and related nonformal
activities associated with licensing a nuclear plant. Foremast among these activities are the preparation
of an ennvironmental report by the utibity. preparation of an environmental impact statement and a safety
and radiological analysis by the NRC. and licensing hearmgs before the Atomic Salety and Licensing
Roard.™ The licensing and regulatory process provides the framework within which supporters and
opponcents of a auckear plant have the opportunity to argue their competing claims. In both Plymouth
and Waterford. this process was essentially routine and did not prove to be significant in explaining the
impacts that occurred.

The last two inputs  generated revenue and human resources  were significant and occupied the
bulk of our attention. Generated revenuc refers to the direct and indirect flow of money into the host
community as a result of siting a plant there  property taxes on the plant.” local plant-related
purchases of goods and services. and growth in cmployment. In both Plyvmouthand Waterford. the key
econcmic impact was the enhancement of the comnwenity’s tax base.

Human resources sefer to the sn-migrating and commuting populations associated with
construction and operation of the plant. The relative proportions of commuters and in-migrants are
crucial in determining the type and degree of impacts which a host community experiences. Since both
Plymouth and Waterford were located within sizable labor markets. there were very few in-migrants,
but substaatial numbers of commuting workers.

The second companent of the model, community structure. refess to the social. economic, and
political structure and service capacity of the host community. Changes in these variables constitute the

52, The gucstionnaire used 1n the albitude survey was adapted lrom C. R. Schuller ot al., Citzens” Views on the Proposed
Harssville Nuctear Power Plans: A Preliminary: Report of Posenvl Social Impaces. ORNL RUS-3 (May 1975).

53. Notc that ibis 1s not a mathematical model. but entirely a conceprual modes useful for organizing and classifving data and
relationships. The relationships betveen inputs. community structure. and impacts has ¢ not been quantificd.

54, Steven Fbbins and Ruphacl masper, Cisizen Groups and the Nuclear Power Coo, roversy, MET Press, Cambridge. Mass,,
1974,

55. Or,in the casc of pubiicly owned utilitics. in-heu-of-tax payments.
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“FEEDBACK”

Fig. 1.33. Social impact assessment modc!.

impacts of the plant and arise from the interaction between the nputs and community structure. We
distinguish primary and sccondary impacts according 1o their temporal sequence: thus. a primary
impact such as an increased property tax base may lead to a lowering of the cxisting tax rate. a secondary
impact. In this way. impacts may “feed back™ on community structure to produce other impacis: hence.
the model includes a feedback “loop.™

Findings. Construction phase impacts in both Plymouth and Waterford were minor. The only
impact of any magnitude identified retrospectively was construction worker traffic. Most workers
commuted to the sites from homes in the metropolitan arcas. rather than relocating nearer the sites or
moving to the host communities. This pattcm appears to be typical of “nonremote™ sites (i.c.. those
located within a major labor market). There was little interaction between construction workcers and
local residents, except for incidental contact in bars, grocery stores, restaurants, and other places of
busincss. Thus, although some construction worker dolars were spent in the host communities, ncither
plant simulated significant local commercial activity during construction.

In both Ply mouth and Waterford. it is clear that the majorimpact has been the enormous increascs
in their tax bases provided by the operating reactors. By 1975 thisamounted to about 507¢ of Plymouth's
property tax basc and 607 of Waterford's. Both communities have consequently chosen to lower or
stabilize existing property tax rates and ravest the additional revenue in new public services ond
facilities. This additional income has cnabled the communities to further professionalize public service.
by hiring new staff and crcating new positions in the local govemment. Both communities created new
departments of public works, and town planners have been hired to develop more detailed
comprchensive plans.
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The relationships of the host communitices o neighboring communities have also been attected by
the presence of the plants. principally because of the augmented tix base. Newghboring towns have, to
varving degress. resented the favorable tax situations of the two host communities. FHlorts have been
intiated in both states to redistnibute uunlity tax payinents so that a hirger proporuion will go to other
jurisdictions and or to the states. This sense of distributive injustice has been exacerbated by the
transportation of reactor wastes through neighbonng communities. a matier now under kgal challenge.

The sudden population growth that has occurred in Plvmouth since 196X (the start of plant
construction) has been further stimulated by the favorable property tax rate made possible by the plant.
Regional growth rates were also increasing at the same time. and Plymouth wouid certamly have
expernienced population increases if the plant had not been built. However. itappears that the tavorabk
tax rate in Plymouth madz the community a more attractive place to live. a judgment supported by
building contractors, citizens. arnd officials. Waterford. on the other hand. had a history of cffective
roning ordinances prior to plant construction which appear to have prevented signilicant increases in its
rate of population growth. Town officials. however. have felt pressure from some local residents to
rezone to encourage more rapid growth by making land and housing available to the kss aftluent.

Finally. attitude survevs and interviews with local officials indicate high levels of support for the
nuclear plants in both communities. There were few intervenors in ¢ither community. ressdents
expressed little concern over potential environmental and safety hazards: and relations between the
communities and utilities are considered mutually beneficial. In view of the substantial cconomic
benefits to both the utilitics and the communities. this conclusion comes as no surprisc.

The conclusions of the study are based on just 2 of the 61 communities presently (1976) hosting
nuclear reactors. There are no comparable published data on these other cases which would enable us to
make valid comparisons. These constraints severely restrict the gencralizability of this study to other
cascs.

Nevertheless. we can attempt to place the panticular impacts and responses of these two
communities in some perspective with the following obsenvations. By cross-classifyving the two key input
variables (incoming peoplec and generated tax revenues)in a two-by-two table. we see that Plymouth and
Waterford fall in cell 2. where generated tax revenuesare high and the number of incoming people is low.

Amount of tax revenue

Low High
=
‘B z
3 = 1 2
>
Ex
)
- 2 _
Z2 2 3 4
g -—
r 4

As scen in this study. one result of this input mix of high benefits and low costs. or low amount of
disturbance. is a refatively high rate of public acceptance. We expect that no other input combination
will produce similar levels of public acceptzirce since in no other case is the refative benefit—cost ratioas
favorable. In cell 1. both are low: in cell 3. benefits are low and costs are high: and in cell 4. both are high.
The types of impacts. as well as their magnitudes. vary from cell to cell. Wealso suspect that local levels
of support would vary too. primarily as a function of perceived benefits and costs. Communities falling
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mto cell 3 are prime candidates for mitigation plans which attempt to alter an unfarorable benctit—cost
ratio.

A fnal report on the Plymouth-Waterford study will be issued carly in 1977,

Hartsville I1. As part of our plan to approach community impact analysis on different kvels and
with different research designs. the longitudinal Hartsvilke case study . which began during the planning
stage prior to hicensing. examines community effects throughout the life cvcle of the nuckar facility.

TVAs four-unit Hartsville nuckear power plant is presently under construction near Dixon Springs
and Hansvilk. Tennessee. Two surveys have been administered and analyzed. The first (Hartsvilk D
was administered in January 1975 before any work had begun at the site.”* The sccond survey (Hartsville
II) was administered in August 1975 immeditely before limited heanngs opened on the linal
cnvironmental statement (FES). Since a limited work authorization was not granted until April [976.
the first two surveys will serve as an extended benchmark agamst which future comparisons can be
measured.

This vear’s Hartsville effort focused primarily on the analysis and evaluation of the second
Hartsville survey and on comparison of changes between the first and sccond surveys. The twoattitude
surveys arc part of a2 continuing multifaceted assessment. funded by ERDA-DTO. of community
impacts on encrgy-related facilities. To date. major emphasis has been placed on attitude rescarch.
correlates of support and opposition. and expectations regarding the facility.

The first two surveys asked two major guestions: (1) What are the correlates of suppon and
opposition to the nuclear power plant? and (2) How do residents perceive the quality of their lives?
Respondents to the Hartsville | suney were reinterviewed for Hartsville 11, Of the original 350
respondents. 288 (88) participated in the Hartsville 11 survey. This “panel”™ of 288 respondents was
used in comparative analysis of the two surveys. The yuestionnaire was composed of items which
provided information on (1) background characteristics of respondents: (2) measures of perceived
quality of life; (3) information level regarding the facility: (4) expectations of changes in the community.
including estimates of the likelihood and desirability of events: and (5) support or opposition to the
plant.

Support and opposition. A comparison of the level of support and opposition in the two surveysis
presented in Tabk 3.6. Both support and opposition rose slightly in the August survey when “don’t
know™ was not an option: 68C¢ supported the nuclear plant.and 317 opposed it. These responses may be
compared with the Harris survey " of a national sample in March 1975. in which 63¢¢ supported nuckar
plant construction. 19C¢ opposed it. and 187; were not sure (see Tablke 3.6). The proportions remain very
similar for three nuclear communitics surveyed by Harris. with a slight increase to 23 in those opposed.
These results are in general agreement with those from six nuckear referenda held in the fall of 1976 on
somewhat different issues. in which the ratio of support to opposition was about 2 to 1.

Looking closer at the levels of support and opposition in Table 3.7.one can compare the answers of
specific categories of supporters and opposers from one survey to the next As can be scen in the
diagonal. almost 60C¢ of the panel. 163 individuals. gave the same response in both surveys. Excluding
the “no response—don’t know™ category. we found that almost the exact proportions of support and
opposition held in both surv-ys: 70¢; indicated some level of support in Hartsville I compared with 6977
in Hartsville II; the opposition proportions for the two surveys were 30 and 319 respectively.

56. Louis Harris and Associates. Inc.. A Survey of Public and Leadership Atiitudes Toward Nuclear Power Developmentin
the United States, conducted for Ebasco Scrvices. Inc.. New York. August 1975,
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Table 3.6. Suppuct 20d oppusition (7 )
v muciear power plant comstym un

Survey Support Oppuose Not sure
- Pl
Harees swrvey

Natwmal amplke [ 3] 19 I8
Compuoste of 63 23 14

theee nucicar

communixs

Hastrille pasel s-*.

Hartsvilbe |

1Jammary 1975 b ) % 113
Hartsville 1f )

tAugust 1975)° 68 31 |

“Louis Hamris and Associoies, Inc.. 4 Survev of Public and
Leadership Attitudes Towerd Nucicar Power Development in
the United States. ~onducted for Fbasov Services, [nc.. New
York. August 1975, pp. 76 102,

BSample mmcluded 288 respondents.

€ Forced choice.

Table 3.7. Asnalysis of resposses 1o Hartsville 11 survey question: ™1 if were
wp 0 you would you permit cosstrection of the TVA Powes Plant acar Hartwrille?*™

Rar::n_‘e_ n Augud Percent of

Responsc in January  ~Defmitely “Probably No “Probably “Definitely respones
yes~ yeu© answer no” no” m January
(N=109 (V=87 N=3 (N=ID) 1N=52) v = 288)°
“Defnitely yos” N~ s 0 4 2 40
(N=116) ~ -~
“Probably yes” 15 T~ Jo 0 7 ) 19
(N = 55) ™~
“Don’t know™ or 8 2 0~ 2 6 4 15
no answer®
(N=42)
Probably no™ 0 4 1 12 9 9
iN=26) '
Definitely no™ 1 6 0 8 4 7
(N = 49)
Percent of responses s 30 1 13 i8 4 100

in August (N = 288)°

“N = 288 (i.e., the panel of rcspondents who anssered both the January and Augit surveys).

’Numbers in italics refer to respondents whose response was the <ame in January and August. The total was 163, or
57% of the 288 members of the panc).

“The “don’t know" alternative appeared only in January: 12 respondents declined to answer in January.
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Coul vs nuciear. One additional item that was asked only : the second survey dealt with
respondents’ preference for coal vs nuckear plants. It was hypothesized that opposition to nuclear power
may stcm from an opposition to high-icchnology projects in general. Respondents were asked.
“Supposc that the power plant proposed for Hartsville was gomg to burn coal instead of using nuclear
tucl. If it were up to vou. would you permit construction of this type of plant” Resalts of this item are
presented in Tabke 3 5. The largest proportion of the sample.. 107 ndividuals (385). would support both
types of plants. Only 43 individuals (15) are opposed to both types of plaats. |t is interesting to note.
however. that the general level of opposition 10 cach plant separaiely is almost equal (315 for nuclear vs
307 for coal). It may be that a small minority of citizens are opposed 1o any kind of energy development,
but that envugh vthers are opposcd to specific technologics that total opposition becomes a substantial
minority n any community. This interesting component of energy development opposition will be
further explored in subsequent reports.

Expecied evenus. Respondents were asked to rate the likelihood of a list of possible cvents ranging
from “1raffic congestion™ to “air pollution™ to “more jobs.” These likelihood estimates were analyzed to
ascertain commonalitics among items. A factor analysis produced five factors in cach survey. Aithough
seven individual items were slightly different across surveys (20 were exactly the same). the individual
dimensions represented by the factors were very similar. Likelihood groups (factors) are presented in
Table 3.9 in decreasing order of explained variance.

Although the underlving dimensions of the factors did not change significantly. the order of
importance of the factors has changed. Most strikingly. the social disruption factor has shifted from
fourth to first between the surveys. Since these changes may be artifacts of the data (number of items in
each lactor. for example). further exploration into the reasons for these shifts is continuing.

Demographics. The demographic characteristics of supporters and opponents of the Hartsville
plant were very similar in both surveys. Support for the plant was strongest among business and labor
occupations and less pronounced among housewives. In both surveys. the only occupational group in
which a majority opposed the construction was farmers. Women tended to oppose the plant more than
men in both surveys. In the second survey. some evidence indicated that support for the plant increased
as the respondent’s place of residence became more urban.

Community satisfaction. Satisfaction with the quality of services available in Hartsville was a
common theme in both surveys. Results are presented in Table 3.10. Scale scores ranged from 1.0(very

$7. E. D). Sundsitom a1 al.. Cisizens” b wew's about the Proposed Harisville Nswclear Power Plani: A Survex of Residents’
Pevoeprons in Augusr 1975, ORNL TM-5801 (1977). p. 42.

Table 3.8. Seppust of muciess plunt vs support of coal plans

Support Support coad Totad
nuclear .
Yes Don’t kmow No Number Percent
plant
Yes 107 43 43 195 69
No 29 16 43 88 n
Total
Nember 136 (1] 283 100

LR

Percent 43 22
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Table 3.9. Likehhood estimate factors

Haresville I Haresvite 11°
Hazards Disruptive effects of populaton
gowth
Foonomn: gowth Hazards to safety and cavironment
Community stabaliry : Increased business and mew
ower costs Gacilities
Social diwuptions Attention from outside the arca
Community recognition Feonomic benefits of growth

“The questivamaire used in the attitude survey was adapted from
C. R. Schmlier et al. Citizens” Views on the Proposed Harisville Nudlear
Power Plgmi: A Preliminary Report of Potential Sovial Impscts.
ORNL/RUS-3 (May 1975).

P D. Sundstrom et al., Cifizens” Views about the Proposed
Hartoville Nuclear Power Plant: 4 Survey of Residents® Perceptions in
August 1975. ORNL/ TM-5801 (1977).

Table 3.10. Satisfaction with local services in Hastsville, Townessee, 1975

Type of service ‘::;[':::.:‘ co';:::: of 1"-lesl of Number of

[y— August with M‘““p difference respondents
Public schools 24 24 0.51 0.38 278
Sueets and highways 2.0 3 0.33 0.4 286
Police protection 25 24 0.42 0.69 280
Fire protection 22 22 0.45 0.14 278
Tekephone scrvice 21 21 0.53 0.15 284
Sewage treatment 2.6 26 0.47 013 27
Water supply 23 22 0.37 1.76 265
Zoning laws 28 18 0.35 0.38 230
Garbage pickup 24 24 0.29 0.17 239
Housing availability” 3.4 3.3 0.46 287° 280
Medical care 2.6 25 0.4] 1.44 2719

*Very satisfied = 1.0, satisfied 2 2.0. not sure = 3.0, dissatisfied = 4.0, very dissatisfied = 5.0.
% < 0.01.
“Three-digit vatues are 3.43 and 3.25.

Source: F. D. Sundstrom et al.. Citizens’ Views abour the Proposed Hartsville Nuclesr Power
Plani: A Survey of Residents’ Percepiions in August 1975, ORNL/TM-5801 (1977).
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satistied) t0 5.0 (very dissatisfied). As can be seen from the tabie. Hartsville residents were generallh
satistwed with servaces. and thetr level of satisfaction did not change appreciably between the two suneys.
Only onc item showed any significant change. In the second survey. respondents were slighth
kess satisfied with the availability of housing. A second measure of satisfaction deaht with individuals’
naighborhoods. For both sunevs. respondents were asked to rate their neighborhoods on a series of
seven-point semantic differential scales. Results reported in Table 3.11 show that in the first suncy the
respondents tended to describe their neighborhoods as private. stable. uncrowded. pleasant. quict. safe.
and pretty. The same people cvaluated their acighborhoods as somewhat more noisy. crowded.
unplcasant. and changing in the second sunvey. The number of building permits granted in Hartsvilke
almost doubled between 1974 and 1975 and appeary to have doubled again between 1975 and the
present.

Summary. Comparison of the two surveys revealed some shifts in individuals’ perceptions of the
quality of their lives and in the expected likelihood of certain events associated with the plant. Most
significantly. however. there has been virtually no change in the proportion of individuals voicing an
opinion cither in suppont of or against construction of the facility. It should be noted that no
construction had begun at the time of cither survey. Further examination of the interests reflected in
these surveys must be extended to construction and operation phases. together with an appropriate
behavior monitoring program. The evolution of attitudes and community support and opposition will
be followed by future surveys. the next of which is scheduled for a few vears from now during the peak of
construction activity.

Table 3.10. mam«maw-m.rm. 1975

Correlation of
January
January August with Augustb

Characteristic Mcan rating T-test of Number of

difference respondents

Private vs not private® 27 288
Changing vs stable 6.0 5.0 0.20 6.94° 286
People similas 10 me vs people 2.3 25 0.34 1.32 283
dissimilar 1o me
Crowded vs uncrowded 59 5.5 0.36 2.70% 282
Closeknit v< not close-knit 35 36 0.31 0.14 278
Unsafe vs safe’ 5.8 288
Unpleasant vs pleasant 6.5 6.1 0.23 4.63° 84
Wealthy vs poor© 4.0 286
Noisy vs quiet 5.7 5.3 0.46 3120 287
Pretty vsugly? X 25 0.35 0.73 286

“Respondents were asked to make rankings on a seven-unit continuum for each pair of attributes.
A score of 1.0 was given for the first member of the pair, and 7.0 for the opposite member. Responses
in between were assgned appropriate intermediate scofes.

’p < 0.01.

€ Asked in August only.

JAsked in January as attractive vs unattraclive.

Source: F. D. Sundstrom et al., Citizens’ Views about the Proposed Harisville Nuclear Power
Plant: A Survey of Residents’ Perceptions in August 1975, ORNL/TM-5801 (1977).
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Hartsville 111 research plan. A detailed rescarch plan was developed tor our Harsvilke Hi work.
Two significant departures from previous work are the nclusion of a paralkl coal host commuaity
(Coaltown). now in final site selection stage. and a shift m focus for both communitics from the attitude
component (0 cxamimation of community response and adaptation to percenved or real impacts
resulting from the planning. construction. and vperation of the particular gencratmg fBcility.

Figure 3.34 presents the time-senies quasi-expenimental design for the study as it 1s currently under
way. Inclusion of 2 coal host community bringsus closer o theovenallgoal of the group  the capability
10 generalize about impacts across technologics and across siages of the fuel cycke. By adding 2 coal-fired
generating plant 10 the study. we will be abie to (1) examine social and economic impacts commor 10
both technologies and (2) deermine those impacts that appear to be unijue to the facilitscs. The second
departure— cxamining local responses to facilities  will be undertaken through a series of interrelated
tasks which will establish the hinkages between the licensing process. locat policy responscs. and changes
in characteristics of the community (or changes in the relationships of those characteristacs). As with the
attitude component. the major research innovation of this study will remain the time-series nature of the
analysis and the following impacts and responses throughout the life cvcle of the facility.

Figure 3.35 lists seven areas of interest that will be examined for cach community. They representa
convenicent. if artificial. separation of specific tasks and indicate the types of yata 1o be considered.

Genenally. however. most of the tasks can be subsumed under two analytical categories: (1) policy
formation and implementation and (2) social indicators. Work with social indicators will involve
monitoring those areas anticipated to change as a result of the facilities and those arcas which local
administrators are particularly concerned with (as reflected in local policy decisions) and some general
monitoring to pick up any unexpected impacts. Table 3.12 lists some possible indicators which may be
used. as well as the gencral categories of indicators currently being considered. Subsequent refinements
of this list will depend on data availability and the nature of the local decisions under consideration.

Policy formation and implementation will be considered under two general conditions. First will be
those licensing and siting policy decisions that may affect the type and magnitude of impacts upon a
community. Such licensing and design decisions can alter the sequence in which new people or direct
financial benefits are introduced into the community. Concomitant with these decisions are those which

ORNL.OWG 7620878

COALTOWN — HARTSVILLE DESIGN

BASELINE PRECONSTRUCTION  CONSTRUCTION OPERATION

To Ty T T3 T, Ts Tg Ty Ty Te Tw Tu Tz
1. ATTITUDE SURVEY 0 ol _lo ° ° 0
2. ECONOMIC DEMOGRAPHIC 0 0o o o0 o % o 0 o0 o ';' o 0 0 o
3. INSTITUTIONAL CONSTRAINTS ) 0 g 0 0 § ° 0
4. SOCIAL/POLITICAL 0 0 o|X|o o o o 0 o0 o
5. LABOR FORCE/HOUSING/SERVICES 0 0o o 0 o § 6 0 o0 o § 0 0
6. LICENSING/PERMITS 0 o olklo o o § ° 0
7. MITIGATION ° 0 g 0o 0o o o 0o 0 0 0
0+ OBSERVATION

Fig 3.34. Cosltown-Harusville design,
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Tabie 3.12. Some suxe:) sndecator data fos
N X by

Demorraphn charactentns
Age. w\. raue distribution
Urbanazaton
Populatmn Jenuty

tconumn characteristns
Ocvcupatwnal distributon
Unemploy ment rates
Mednn lamaly mcome
Retadl and xTvRe receipts
Guorernmental revenucs
Cost vt Ining

Social structure
Valunian ofganizaticns
Socioeconomic status distribution
Fducation: student - teacher rativ: per capita expenditure
Healthvare delivery
Fire, polive. sanitation
Social. counscling

Social - mental health
Delinquency . sunide
Divorce. singe-parent houscvolds
Crime stalistics
Poverty kvels

Attitudes and values
Populaton a! large satisfaction, support - oppose
Decision makers: e\ pectations. efficacy

Governmental performance
Size, professionalization
Planning bodies. etx.
Voting: k cal issues. elections
Budgets: allocations
Activities: licensing. regulation
Federal moncy as peroent of total revemue

affect the responsibility of the utility in mitigating perceived adverse impacts resulting from the
introduction of the facility. ¥ his second category of policy decisions involves community-kevel responses
to social impacts. These decisions may be made in response to real changes in the social and economic
environment. or they can be made in anticipation of impacts. Policies may be designed to encourage
growth or minimize changes. Thes: types of responses will be examined in relation to the real changesin
community social indicators to determine the effectiveness of policies in dealing with social impacts at
the local level.

Saocial impact analysis model. The preceding description of proposed work presupposes an implicit
model for the organization of data and the development of testable hypotheses. Work on the
development of a social impact model has been continuing within the group over a period of two years.
We use alternative models representing the same basic assumptions, but differing in application and in
the emphasis put upon some of the elements according to the needs of specific studies. As shown carlies
in Fig. 3.34 (Sect. 3.4.2), we are working toward a systems approach, as reflected in the input output
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rature of the model used in the postlicensing studies. The current model. which is being used 1n the
Hartsville 11 project. s presented in Fig 335,

Here the inputs. commaunity context. and outpuets are similar to the model presented carlier.
However. since Hartsville H1 will concentrate on the relationship among policy decisions. the tacility .
and social changes. we have added two additional stages. First. extracommunity siting policy outputs
are considered. Early consideration of these policy outputs is very important since they directh atiect
the rate at which human resources and revenues are introduced into the communits - Additionally | siting
policy outputs resulting from interactions between the utility and the licensing agency may result in
enforced mitigation responsibilitics for the utility. which in turn may have an important cffect upon the
magnitude and direction of impacts. Finally. we have introduced community maniagement strategics
(policies) as an intervening characteristic because the selection and implkenmentation of particular
strategics senve to modify mtracommunity relationships.

Economic impacts analysis. To complement the community level fiscal impacts work done in our
postlicensing studies. we are approaching economic impacts from a different angk and stage of the
facility life cycle in our Hanir ille project. We are beginning 2 major emphasis on measuring the
magnitude and spatial distribution of cconomic impacts associated with energy facility construction.
Toward that end. we have begun analysis at three spatial levels — a construction site (county). an impact
region (multicounty area). and a national grid. At the sitc level. we are constructing a data and analysis
book to record the socioeconomic impacts associated with the Hartsville. Tennessee. nuckear power
plant. Objectives of the data book are to establish baselines for modeling and monitoring as many
socioeconomic dimensions as possible at the sitc level. To date. we have compieted a prefiminary
analysis of baselines in the retail trade and services sectors for Trousdake County. the location of
Harntsville.

At the national and regional levels we have started complementary activities aimed at monitoring
the macroimpacts of energy facility construction. Regional science technigues of input output analysis.
muhiplier analysis. economic modeling. and spatial analysis are being cmployed to establish a
framework for identifying (1) the level and range of socioeconomic impacts by industrial category. (2)
regional and multiregional specific impacts by industry. and (3) relative spatial effects from alternative

ORNL DWW 18- 20W0
STINE POLICY OUTPUTS
TIENG OF COMMUNITY INPUTS
MITIGATION STRATEGIES
MTERVENWG
TECWRSLOCY-RELATED MPUTS CONRINTY CONTEXT CHARACTEMSTICS ouTRUTS
— " o soc 6L STRUCTURE
nevemuEs ® ECOWMIC STRUCTURE & ‘
® VALUES BELIEFS
® POLITICALDECISION. ol CHANGE MANAGEMENT
r" MAKING STRUCTURE DECIFIONS AND POLICIES 1 mwacts
o SERVICE SECTOR
. s
L. PHYSICAL EMVIRONMEN: e

Fig. 3.35. Socisl impact ssecsement mode] <or Jocal decisivn making.
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site sclecion. Regronal differences by industry are being measured through a procedure that may be
termed a “homogencous group average requirements technique.”™ in which regions are classified with
respect 10 export or import orientation by wo-digit SIC. Such measures will provide (1) a base for
allocating macroeconomic impacts to intemnal and external destinations and (2) a background for
measunng regional growth change stimulated by new construction activity.

Harsville data analysis book: Retail trade baseline. The begunning of our analysis at the
construction-site (county) levet is represented by the sociocconomic data analysis book. The Hartsville
impact area includes a contiguous fiv e-county arca surrounding Hartsville. Tennessee. which is located
in Trousdale County. northeast of the Nashville- Davidson metropolitan arca. To establish a baseline
retail activity. we estimated a retail trade model. On the basis of previous experience. we knew thata
significant correlation exists between retail service receipts (hereafier referred to as retail receipts) and
county levels of population. income. and urban orientation: in fact. these variables explain most of the
observed vanation in retail receiptsat the county level. We have also observed that. with few exceptions.
counties tend to remain in relatively constant economic position with respect to these variables. In other
words. growth through time in levels of these variables is fairly uniform across all countics. " Using this
information. we developed a projections model based on refative county positions instead of directiy on
sociocconomic variables. This change has greatly simplified the information needed to project baseline
retail receipts for impact cvaluations. Instead of requining estimates of population. urbanization.
income. and other influential variables. we can now project on the basis of relative economic position.

We first analyzed the socioeconomic characteristics of the 95 countics in Tennessee in each census
vear since 1950. Cluster analysis " revealed four main groups of countics having significantly different
levels of population. urbznization. income. number of families. and number of families with income
below poverty level. Through simple statistical comparisons. we determined that retail employment was
significantly different among the four groups. This was an important finding. for it supported our
suspicion that retail activity depends on county size as determined by the level of the economic variables
(i.e.. population, income. number of families. and urbanization).

To establish a bascline projection for each county in the Hartsville impact area. we first determined
the cluster group membership of cach impacted county. Three impact counties (Trousdale. Macon. and
Smith). as well a. some other Tennessee counties form group 1V; Sumner and Wilson. along with some
other countics. make up group 11. In all cases the groupings were exclusive and exhaustive of the sample.
Our bascline cstimate of retail receipts per capita for cach impact county is the group estimate of the
unique group in which the county is 2 member. Thus. the first three counties have the same level of
estimated and projected retail receipts since they are members of the same group. Retail receipts level by
group was caiculated with the estimated model:

RS = 0.2697 + 1.0020 G1 + 0.5%48 GII + 0.3203 GIII + 0.1705T . 3)
(785)  (1668) (1657 (1230)  (12.46)

R =06926. Se=0.1974 F(4280) = 161. DW= 182.

5% C. R. Kerley. 4 Model of Funmcnonal Area Rerail Trade Receipts. paper presented at the Western Regional Science
Meeting. San Dicgo. Calif.. Feb. 27 29, 1976.
$9. A. ). Barr et al. 4 User’s Guide 10 SAS 76. SAS Institute Inc.. Raleigh, N.C., 1976,
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where

RS = estimated retail receipts (millions of dollars per 1000 popukition).
Gl =group 1= 10 if group I.
= 0 if not group I.
Gll = group 11 = 1.0 if group 11,
= 0 if not group 11,
Gl = group 111 = 1.0 if group I,
= 0 if not group III,
T = time (1950 = 1. 1960 = 2. 1970 = 3_ 1980 = 4).
R = cocfficient of determination adjusted for degrees of freedom.™
Se = standard error of the estimate.™
F = F natio.”
DW = Durbin-Watson statistic.*"

Numbers in parentheses are -values. which test the hypothesis that cach A cocfficient (number preceding
variable in the model) is significantly different from zero at some level of significance (¢.g..0.05.0.01).”
Since all i-values in the model are significant at the 0.01 level. the cluster groups are highly significant as
variables to explain the vanation in retail receipts. In regression analysis the smaller the value of the 1
significance level, the more powerful the l’tslills and the more confidence we can place in the vanables as
predictors of the dependent vaniable (ic.. RS).

Each binary varable can assume values of 1.0 or 0.depending on whether a county isa memberof a
given group. If the county is 2 member of group 1. then its value will equal 1.0 for Gl and 0 for Gil and
GIIL. Similarly, counties that are not members of group | will have values of 0 for group 1.

We have defined four groups of countics by cluster analysis. but have included only three binary
variables in the model. Only three are needed to account for differences in four groups.”™' The fourth
group is accounted for by the intercept term. Reading from left to right in the model, we estimate retail
receipts as the level of group 1V (the intercept), plus some larger amount if we are referring to another
group. Levels of retail receipts were estimated using adjusted data expressed on a per capita basis. This
adjustment purges the data of unwanted correlation due to uniform changes in population and price
levels. In Table 3.13 we change the estimates back to unweighted form and to a dollar basis by
multiplying by the consumer price index (CPI) and 1600 respectively. The last column is a bascline
estimate for the year 1980 in the absence of the upcoming construction activity. Implicit in the projection
is the assumption that group membership would not have changed between 1970 and 1980. This
assumption is based on observed regularity in group membership for cach decade since 1950. As noted
carlier, three impact counties are members of group 1V. The baseline projection for each of those
counties is $1400 per capita in 1980. In Sumner and Wilson Counties, the baseline receipts projection is
$2300 per capita. These levels will eventually be compared with actual levels (during construction
activity) to determine the longer-term impacts generated by retail receipts in cach county. An additional
clement will be incorporated for the actual comparison; this element is the regression residual, which
tells us how well the mode! fits a given observation unit. Since we obtained a fairly good R', we expect
the model to do well in most cases. However, should an impact county vary sig wificantly from its group.
the projection and impact measurement will be adjusted accordingly.

60. Potiuri Rao and R. L. i filler, Applied Economeirics, Wadsworth Publ. Co. Belmont, Calil., 197].
61. Jan Kemta, Elemenis of Ecomometrics. Macmillan, New York, 1971
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Table 3.1). Unwesghicd bawhmc extumates of retasl sen e revepts ($)
P capeta i the Hartsvilic impat arca W 1980

1950 1960 1970 1980
Group WWeSumner. Wilwin, aad otherny’ T33 1970 1390 2imy
Group IV frouwdake. Macon. Seuth. and othenr” 320 343 Py 1300

“Only countxes mthe Hatindle mpact area are Inted: each proup actuathy inciudes othe: counties
trom the 93vounty wmple. [able values apply to cach county i cach group. The table values ase
cqual to thow aloulited with  the model plus adiustments for CP wewhtine and dissamubar
measwarenent unity for meome emdlions) and populatsen sthousands). Thus. the tabke value
selstiomhup to the caliulated muedet vatue in able R = R « CP1 5 [o#%) whete CPT equais © 73 1n
1930 089 an 1960, 1 16 1n 1970, aad 1 50 1980 testimated)

343 Social Assessment Applcations
Coal utilization assessment. As part of the ERDA DTO RSP national assessment ot coal

utilization scenarios to 2020, we have been involved from an carly stage n the development of tie Coal
Ctihzation Assessment (CUA) tor the Southeast. Development ol the CUA plan has been supervised by
ANL. Most of our ime was spent in development of the socioeconomic work statement and in meetings
with sociocconomic groups from other national laboratorics.

T'he primary output from this eftort has been the detailed work plan tor 1977 Four major etlorts

are currently under way as our primary input into the CUA: these asks will be necessan to complete the
cost-effective vet systematic assessment of potential social impacts of alternative coal technology
scenarios for the Southeast. These impacts are:

"~

Assessment of fuel cycle impacts. Generic social impacts associatad ith six stages of the coal tuel
cyvclke (extraction, benefication. transport. conversion. combustior.. :nd transmission) will be
reviewed and assessed. Through systematic reviews of current and past research v z expect toextract
impacts common to the entire coal fucl cvcle and thos: znijue 10 cach stage of the ¢cvecke. In this way
essential background data collection and analysis will he possibie for each scenatio.

. ldentification of initial siting criterta. Current and evolving expertise will be used by the siting group

to develop and apply socioeconomic criteria in siting choices. Provision will be made for systematic
interchanges between the groups and for periodic updating and revision of criteria as more
information becomes available.

. Mentification of constraints 1o coal development. We will identify both institutional and

socioeconomic “initial states™ that may act to hinder or accelerate coal development at diffcrential
rates within the CUA region. State and regional compacts and laws will be examined. together with
evaluations of the constraints that may be imposed by existing social or economic conditions. Task
three will draw heavily on the results of the two previous tasks.

. Assessmients of sites. To make relative local impact comparisons for altemative levels and types of

coal technology development. wewill conduct social assessments for the 50 to 150 sites (countics)
identified by the siting group for extraction, conversion to liquid or gascous fuels. and combustion.
Sites will be chanacterized in terms of socioeconomic commonalities and assessed by a limited
number of social indicators. Asseysments of impacts, mitigation possibilitics. and constraints will be
based on the three other tasks.

The four major tasks. together with the evaluation of CUA scenario I (base casc). are projected for

completion by June 1977. Refinement of technigues and assumptions will then be made for subsequent
scenarios as needed.
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Environmental impact statements. U::on rogquest. the Social Impact Assexsment Group prepares
and reviews parts of environmental imps ¢t statements and  or participates in licensing hearings. Over
the past vear. the group’sinvolvement in s i work has expanded with a growing recognition of the nced
for social science expertise inimract statement work. Our policy is ta distribute work assignments
among all members so that cacn is responsible Yor at keast one environmental impact statement. The
purpose ot this policy s to provide opportunities for the practical application of research and to
suggest further rescarch possibilities for methodological and conceptual development of social impacts
assessment at the commumty level. Group members assigned to 2 project are expected to continue with
the project throughout the impact statement process.

Through October 1976, members of our group have been wavolved n activines related to ten
separate impact statements (mine for NRC and onc for ERDA). Projects continuing from last year are
Wolf Creek. Sterling. and Greene County: new projects this vear tor NRC are Montague [ and H.
Jamesport 1 and 11, Blue Hills 1 and il. New England { and I, Shorcham. and Fort Cathoun H: the new
project for ERDA is the Clitty Kyvger coal-fired generating plants. Activities have consisted of making
site vistts, preparing soctal impact sect ons for the DES and FES. reviewing and commenting on impact
statement documents. preparning testimony. and or testitving. Tablke 3.14 lists our contributions to the
various impact statement pre,ects over the last vear: dates given are the time at which major documents
were docketed.

B

The circumstances. issucs. and problems related 1o cach of these projects vary. We mention only a
, few of these differences here. The Blue Hills L and U project represented the first carly site review (ESR)
1 by NRC. the purpose of which is 1o provide prefiminany ditta to NRC on the suitability of the site Tor a
"é nuclear power plant prior to the applicant’s application tor a conslryclion pcrwil. For the Walf Creck.
Sterling. and Jamesport 1 and § projects. we commented on hearing contentions refated to potential
3 socioeconomic impacts. In the cases of Sterling and Jamesport 1 and 1. the staff testified before the
{§ Atomic Safety and Licensing Board on (1) the impacts on land use planning (Jamesport): (2) the impacts

on police. fire. heitlth, and transportation services (Sterling): and (3) the impacts of decommissioning
(Sterling). The New England 1 and 11 project represents the first staff participation in an impact
statement from its snception, and the Shorcham Project is our first operating license impact statement.
Finally, the Clifty Kyger project requires assessment of impacts of two coal-fired generating plants
which have been operating for over 20 vears. This information is an input to the Portsmouth Gascous
Diffuston add-on draft environmental statement.

In addition to participation in the formal impact statement process, we worked on the development
of environmental standard review plans (FSRP) for NRC. The ESRP are to be used as guidclines for
preparing impact statements. We participated in briefings given by local management and NRC on
problems of impact statement work. A library of materials and data is being developed in support of our
activities for the preparation of environmental impact statements.

One important sequcl resulted from our participation during the Hartsville hearings reported last
vear. in 1975, the Social Impacts Analysis Group reviewed the statement on the proposed Hartsville
Nuclear Power Plant at the reguest of NRC's environmental statements project and legal staff. Several
significant changes were made in the FES at the suggestion of our staff representative. These changes
included a provision regniring the applicant 1o monitor and semiannually report socioeconomic
changes during the construction period to ascertain the effectiveness of the applicant’s proposed plan for
mitigating cxpected social and cconomic costs. In April 1976, the Atoaic Safety and Licensing Board
issned its ruling in which this revision wis adopted officially: Section 201 of this ruling reads

17. Within six months of ti beginning of constiuction activitics on site. TVA shall develop

and submit for NRC review, a program to moenitor and evaluate socioeconomic impacts and




Table 3.14. Participation of Social iImpacts Analysis Group in environmental impact statement preparation, 1976

Statement”
S“#’-‘b Wuolt Creek Montague Sterling Greene Jumesport  Shoreham Blue balls New England — Forg Cathoun Clifty Kyger
ce Land HCP e Coumty CP fand LI CP oL Land Il KSR Land 2CP nep op
ER ducketed 5/07:74 7:12/74 12/20/74 9/18/78 9/17/74 1/26/76 8/26/76 9/9/76 1/26/76
Lab team comiments X X
Site visit X X N b X
3DES written X X N
DLES docketed 77378 11/8/75 1/5/76 /N6 2/13/7%
FES prepared X N X
FES docketed 10731778 6/18/76 10/7/78
Response to comments X X
Te<timony prepared X X X
ASLB hearings > X

FES issued
CPor OL issued

‘.'.-\bbwvialiuns: Cp

vonstruction permit; OL - operating licenw; ESR - carly site review,

‘?f\bbw\'iuliom: ER - enviconmental report; ASLB - Atomic Sufety and Licensing Bourd.
“ Addendum to an existing DES for two voal-lired plants.

1241
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the clfectiveness of mitigating actions. Fhis program shall include but not be imieted to an
assessment of effects resulting from primary as well as secondan cmployment. Continuing
information and cvaluation shall be provided to the Staff on a semi-annual basis until the third
report has been submitted (ollowing the ssuance of any operating lwense tor the kast unit.
We view this as an important contribution ol kegal prevedents reyuiring the internalivation of social
costs i direct energy production costs.

Coa! conversion project. This work is in support of the Fossil Encrgy environmental project (Sect.
2. for ERDBASS Fossil Energy Division. Major Facilitwes Project Management. Several types of synfuel
and compustion processes are being assessed before construction of scakd-up demonstration plants. We
function as part of a multdisciplinary team which is revewing environmental reports on specific plants.
developing guidelines for content and procedures tor future environmental reports and environmental
mpact statements. and. in general. formulating the environmental assessment framework to be used
before emplacement of a new operating-scak technology.

We have appled the framework and methods developed in our carlier work on nuckear plants to
coal conversion facilitics. We anticipate sonie differences in the size and ratio of construction and
operating work forces: in the water. coal availability, and transportation requirements of conversion
plants: and in the taxation and licensing procedures. Future wark on programmatic and site-specifc
environmental impact statements for coal conversion plants can be expected to claniy the significance of
these ditferences.

3.5 DATA MANAGEMENT AND ANALYSIS GROUP

A.S. Loebl™
J. M. Bamnes™’ M. L. Johnson
M. C. Ogk N. S. Malthouse
D. B. Shonka J. F. Hul"'

D. G. Madewell"' D. Caldwell

3.5.1 Overview

The Data Management and Analysis Group was established for the purpose of accumulating.
evaluating, analyzing. and synthesizing information on the social and economic aspects of energy supply
and demand. During the past fiscal year, the group has focused on (1)data management rescarch and
information research, (2) socioeconomic data management and analysis, and (3) energy data analysis.

The group has concentrated its effort on three rclated research projects during FY 1976: (1)
RUSTIC: Regional and Urban Studies Information Center - a unified socioeconomic analysis and
retrieval system: (2) transportation energy conservation data book: and (3) an epidemiological study of
Oak Ridge employce (a) mortality. (b) public health and demographic statistics. and (c) analytic
dosimetry.

3.5.2 RUSTIC: Regional and Urban Studies Information Center

RUSTIC was created in 1973 10 study the problems of demographic information transfer and to
determine an efficient means for transferring socioeconomic data to federal, state. and local policy

62. Group lcader.
63, Computer Sciences Division.
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makers. This work. spoasored by the Office of Environmental lnformation Systems of ERDA
cooperativa with the Information Cemter Complex of ORNL's Information Division, has become a
strong sk between ORNL and othe.- federal agencies and provides assistance to state and local policy
makers. RUSTIC includes in its ibrary over 3000 rechs of computer tape and computer software
developod for management and analysis of sociocconomic data bases.** Its data collection is available to
intcrmal (ORNL) users as well as public, private. governmestal, and academic users outside the
taboratory through Oak Ridge Associated Universities. During 1976 RUSTIC services were provided
on a cost recovery basis 10 abowt 20 outside users. Among these users were ERDA’s Division of
Biomedical and Environmental Rescarch. ERDA mational laborasories, HUD, Kentucky Department
of Commerce. University of Missouri. University of Texas, City of Gastonia. North Carolina. and the
Urban Institute.

Program design. RUSTIC focuses on development of retricval methods for rescarch applications.
RUSTIC has fostered development of data management tooks™™ amd improved data acquisition.
maintenance, wilization, 28d organization with the imcorporation in 1976 of 7 software packages and 22
data bases consisting of 61 data files. Data resources acquired during 1976 incleded files on
transportation energy supply: consumption and conservation; facility location, particularly of airports
and power plants; human health and vital statistics: regional economic data; sociocconomic surveys of
the United States; recemt federal census and related data.

The development of the RUSTIC program has (1) saobilized existing and developing information
resources (o meet expressed needs; (2) provided energy and environmental research and development
data; (3) established a respoasiveness 1o energy rescarch and development needs; (4) estab'™* od factual
data base construction; (5) provided resources and guidance in the development, exchange. and use of
methods and materials n amlysis of social science data; and (6) promoted the development of
information networks among ER DA’s scientific and technical information services and collaboration
with information networks of other federa! agercies. This collaboration was accomplished. in part.
through participation with the Inter-Laboratory V’orking Group for Data Exchange.

3.5.3 Transporstion Energy Conservation Deta Book

Energy end-use anmclyses by the Duta Management and Analysis Group have included
development. mainienance, display. and manipulation of data supportive of the program
responsibilities of the ERDA Division of Transporation Energy Conservation (TEC)."” The Daua
Analysis Branch of TEC contrated with ORNL m January 1976 (0 prepare a transportation energy
conservation data book. The major purposes of this data book are 1o (1) draw together, under one cover.
data from diverse sources, (2) eliminate data inconsistencies, and (3) produce a useful reference
document.

The 263-page volume compieted in October 1976 contains statistical information on the major
transportation modes, overall encrgy use in the transportation sector, and the energy distribution
among transportation modes. Data on past, present, and projected energy use and conservation in the

64. A.S. Lockl et a).. Reyionel Informetion Growp Emergy. Environmeniol amd Socioeconomic Dete Buses ond Associsied
Sofiwere st Ouk Ridge Netionel Loborerorys, ORNL TM-5400 (September 1976).

65. N. 8. Malihouse. INDEXGEN: Awsomared indexing for Large Biblivgraphic Document Colleciions. M. S. ihexis.
University of Tennessee. June 1976.

6. N. S. Malthouse, INDEXGEN: Mndex Term Gemersiion Hewristics Software Documentation, ORNL. EIS-104
(December 1976).

67. A. S. Loek at al.. Trenspormation Energy Conservariom Duts Bonk, ORNL-5198 {October 1976),
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transportation sector are presented under six chapier groupings: (1) charactenstas ol transportatun
modes:. (2) energy charactenstics. including encrgy consumplion by source. sevtor. and encrpy
imensiveness. (3) conservation aliernatives: (4) povernment impacts. including cxpenditures.
regulations. and rescarch: (5) encrgy supply. including domestic petrokum production. prices. and
projections: and (6) transportation demand. including population characteristics and cconomx
determinants.

The compilation is based on a rev'ew of past and continuing data-gathering activitcs of many
private and public organizations. Each chapter provides a bibliography of data sources. In 2 more
general bibliography at the end of the bock. references that are pantxularly significant have been
annotated. Time senies data are presented for ansportation and transportation fucl use lor one or two
decades prior to the oil embargo. Where availzbie. projections of future energy use and the determinants
of energy use are abso given.

Future editions of the data book that will include data on encrgy use and conservation at the
subnational level and more information on nonhighway transportation modes are planned. Four
supplements arc scheduled to be published by the end of FY 1977: the first of these was released in
November 1976."

A detailed information set supports publication of this document. This set will be continuously
improved by (1) revicw of past and ongoing data collection sources and activitics. including rescarch
that will provide transportation encrgy use parameters: {2) coliection. monitoring. and updating of data
sources identified in step (1): (3) assembly of information mto summary form: and (4) development and
use of simple analytical tools. using the collected data identified i siep (1).

3.5.4 Additional Program Activities

Mortality study of work health bazards to Oak Ridge employees. The FY 1976 ffort has focused
on an occupational mostality study constituting an epidemiological study of the causes of age-. sex-.and
race-specific mortality of Oak Ridge employees at ERDA installations. The study represents a
longitudinal analysis of mortality experience and compares the experience of the relevant work force
with that of the general population of the United States. The immediate effort of this study has focused
on total mortality and mortality from neoplasia for the population employed in the three-plant complex
between (950 and 1970.

The study draws heavily on the established biomedical 2nd environmental rescarch programs at
ORNL and Oak Ridge Associated Universities and on the unique computerized information-handling
hardware and software systems available at Oak Ridge. Specifically. we have developed the capacity to
collect and document demographic-cpidemiological parameters and to develop the necessary
automated procedures that permit flexibility of analysis. We have coalesced that information. which is
conventionally available in raw form from national and subnational sources, and are able to meld it with
specific occupational personnel data into a comprehensive system.

Public health and demographic statistics. This program is functionally and administratively
jocated within the Health Physics Division. The purpose of the program is to assess the methodology
and available data sources appropriate for use in analytical studies and environmental impact
statements concerning the health effects of nuclear power plants.

68, D. B. Shonka et al.. Transporiation Energy Conservation Dara Book: Supplemenit 1. ORNL-5232 (November 197¢).
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To accomplish this purposc. we have focused on the determmation of the publc heahth and
demographic data sousces of local. state. and federal origm. Received 1w datcare data fromihe Navional
Cancer Institute (NCI). Natiomal Center for Health Statistics (NCHS). and Tennessee Deparniment of
Public Health. The NCI provided cancer mortality data aggregated for 1950 to 1969 on 2 nationwide
basis by county and also provided data from the Third National Cancer Survey.” NCHS provided data
concerning mortality for the United States by coumty: * the State of Tennessee also proviued the
mortality data by county in published and machine-rcadable form.

Demographic data including ape. sex. race. and sociocconomic structure are available to the
program on a county and subcounty level m the 1950. 1960. and 1970 censuses on a nationwide bases ™
Additional sociocconomic statistics for countics and large cities are available for selected intercensal
years from the county and city data books. county business patiems. and other economic censuses of the
U.S. Deparniment of Commerce.

One specific comtribution of the Data Management and Analysis Group to this program is in the
area of data management and analysis. The group analysis focuses on methodology development in the
arcas of human ccological amalysis and classical demographic analysis cmploying stabie population
theory and life table techniques. The development of methodology and location of data sources for
assessment of the public health impacts of energy production are the central purposes of this
interdivisional project.

Analytic dosimesry. Functionally and admimisiratively located in the Health Physics Division. the
amlytic dosimetry program was cstablished to undenake in-depth review of certain subjects selected by
the stafl and to serve as a focal point where technical questions could be directed to assist researchers.
Organization and development of the Health Physics Information Sysiem has been 2 responsibility of
the Data Management and Analysis Group in collaboration with the Information Center Complex of
the Information Division. Collaboration between the Energy and Health Physics Divisions under this
program has focused on human health effects (as discussed in the two projects above) and health
standards for encrgy production.

The human cffects research has been discussed under the heading of the mortality study of Oak
Ridge workers. Our group assisted the Analytic Dosimetry Program in developing a file (within the
Health Physics Information System) on health standards of energy production as a basis for review of
general and applied problems in this area.

6. 8. ). Cutler et al.. “Third National Cancer Survey  an Overview of Avaiable Information.” /. Nar. Concer Insi. 83,
1563 75 (1974).

70. National Center for Health Statistics. Sianderdized Micro-1are Tapr [renscripis. DHEW Publ. No. (HRA) 74-121)
(Revined). Rochville. Md., Sume 1974,



4. Energy Conservation Section
R. S. Carismith

4.1 INTRODUCTION

Encrgy conservation research investigates ways in which energy s used. The ultimate poal is to
present ways in which 10 use energy more wisely in the context of future scarcities and higher energy
prices. Our current rescarch emphasizes conservation opportunities in the residential and
commercial sectors. We are also examining electrical energy distribution and use across all sectors of
the economy.

Conservation of energy is important to the missions of a number of federal agencies. The
varnious rescarch tasks described in this chapter are sponsored by the Encrgy Rescarch and
Development Admmistration (ERDA). Department of Housing and Urban Development (HUD).
Federal Energy Administration (FEA). and Nuclear Regulatory Commission (NRC).

For the ERDA Division of Buildings and Community Systems and HUD. we are panticipating
in the development of the Annual Cycle Energy System (ACES). which uses a heat pump and a large
thermal storage unit 10 provide spacc heating. water heating. and air conditioning with very low
energy consumption. For ERDA and FEA. we arc analyzing the performance of present-day
air-to-air heat pumps through experimental tests of commercial units and s.nulation tests using
computer models; these tests will lcad to an assessment of the potential costs and benefits of
efficiency improvemenr ;. Similar programs of experimentation and analysis were carried out on
home water heaters ; 5 mobile home structures.

Under joint sponsorship of FEA and ERDA, we have continued the development of an
engincering-cconomic model of energy use in Jhe residential sector and are now proceeding to extend
the model to the commercial sector. We have used the model to yield information for ERDA
regarding the energy and economic impacts of technological developments and to provide estimates
to FEA on the results that can be expected from several kinds of energy standavds and regulations.

Our programs in community systems include concepts for decentralized energy systems that will
supply energy to communities of a few houses to entire towns. The rationale for decentralized energy
systems is (0 conserve energy by converting fuel 1o heat and electricity near the point of its use:
waste heat can be fully used, and losses associated with energy conveyance can be minimized. Our
current program for HUD includes assessment of environmental impacts of Modular Integrated
Utility Systems (MIUS). The major task of the ERDA-sponsored Community Systems Program is
to perform a state-of-the-art survey of technologies appropriate for such systems.

Detailed forecasts of future electricity usc on a state-by-state level are being prepared for NRC.
The estimates account for changing trends in population, prices, incomes, and other relevant factors
for individual states. The NRC will use the forecasts to prepare environmental impact statements on
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proposed nuclcar power plants, which must consider. among other issues, whether there will be a
need for additional clectnc generating capacity.

The Division of Electric Energy Systems of ERDA and the Electric Power Research Institute
(EPRI) arce jointly sponsoring a serics of projects to demonstraie communications technologies for
automation of clecinaty distribution needs. The demonstrations are expected to show the
capabilitics and limitations of various kinds of equipment. Such equipment can be used to mcrease
power plam load factors, which will in turn reduce the need for new power plants and save fuel.

Finally. for the ERDA Division of Solar Energy. we are helpmg the ORNL Esgincering
Technology Division develop cost targets for solar clectric technologies. These cost targets are the
allowable mvesiment in solar generating plants such that the operating cosis of these plants will
equal those of conventional generating plants.

4.2 RESIDENTIAL ENERGY CONSERVATION

J. C. Moyers

A. A Dommgorena E.C. Hise G. G. Shaughter
R. D. Ellison' A.S. Holmen  J. S. Tolliver'
H. C. Fischer’ E.A.Ncphew  D_J. Walukas

The principal objectives of the Residential Energy Conservation Program are (1) to identify end
uses in the residential sector where substantial improvements m emergy use are attaimable; (2) to
develop. through detailed rescarch and analysss, feasible technologics and engineering criteria for
cffecting such improvements: and (3) w promote carly comenercial implementation of promising
conservation measures and technological innovations identified by the rescarch. Because roughly
807 of the total residential demand for energy is for space heating. space cooling, and procucing
domestic hot water.’ the greatest potential for energy conservation lies in these areas. Consequently,
the main program cffort has been o investigate the energy savings atiainable by providing betier
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home insulation. improving heating and cooling systems, and improving water heaters.

42.1 Ansusl Cycle Energy System

The ACES is an integrated system for providing space heating and cooling and domestic hot
water to residences or commercial buikdings. Essentially. the ACES consists of a heat pump coupled
1o a thermal storage unit. which allows the heating and cooling loads of the building to be integrated

1. Computer Sciences Division.

2. Consultant.

3. Federal Encrgy Administration. Project nder.endence Final Task Force Repori: Residential and Commercial Energy
Use Parterns. 1970-1990. vol. | (November 1974).

4. 5. E. Baall c1 al.. Energy Div. Amvu. Prog. Rep. Dec. 31, 1974, ORNL-%00.

5. W. Fulkerson ct al.. Energy Div. Amvu. Prog. Rep. Dec. 31, 1975. ORNL-5124.

6. ). V. Wikon. Energy Usage end Conservation in Mobile Home Nesting end Covling. ORNL NSF EP-91 (August
1976).

7. 5. J. Ball, Experimenial Invesigation of Retrofit Oprions for Mobile Homes, ORNL . TM-5511 (10 be published).

8. D. E. Spann and G. G. Skavghicr. An Efficiency Evahestion and Consumer Ecomomic Amixsis of Domesiic Water
Hesting. ORNL. CON-5 (10 be published).

9. H. C. Fischer et al.. Summary of Anmeal Cycle Energy Sysiem Workshop | Held October 29-30. 1975, ar Owk Ridge.
Tenmesser. ORNL. TM-5243 (Suly 1276).

10. E. C. Hise ct al.. Desim Report for the ACES Demonsiration House, ORNL, CON-1 (October 1976).

1L B. C. Fischer et al.. The Annwal Cxcle Emergy Sysiem: Initiel Investigations. ORNL  TM-552$ (October 1976).
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over an annual cycle. In ACES. thermal encrgy storage (TES) s accomplished by means of an
insulated tank of water that provides a source of heat for the heat pump and also functions as a
repository for solar energy collected by an auxiliary radmnt-convector pancl. Solar emergy s
collected during the winter heating scason and s deposited n the TES bin to prevent an excessive
accumulation of ice. It is estimated that. on a vearly basis. ACES will consume Iess than half of the
energy required by a conventional sysiem using an air-10-air heat pump and an chectnc water heater.

ACES demonstration buildings. In view of the desirable encrgy co'tsenation charactenstcs of
the ACES. an important program obyecine has been to construct and operate full-scak. prototype
installations for demonstration purposcs. These demonstrations will be used 0 test design
procedures and to assist in establishing genceral engincering cniteria for ACES applications in vanous
climates. Toward this end. the construction of several demomstration ACES a Vewerans
Administration nursing home. a residential demonstration at Richmond. Virginia. and a residental
demonstration at Knoxville, Tennessee --has been undertaken by varnous organizations.

Veterans Administration nursing home.'* The space heating and cooling system being built by
the Veterans Administration to supply a 60-bed nursing home in Wilmington. Delaware.
incorporates 2 264-kW beat pump. a 566-m’ ice tank. a solar radiant-convector pancl. and a
computer system to monitor and control sysiem operation. The computer controls heat storage in
and withdrawal from the ue tank. which is located m a separate building. in 2 way that most
economically satisfies space-conditioning demands as governed by both weather and scason. The
system, designed by V.A. mechanical engineers and consulting engineer Robert G. Werden. is
scheduled to begin operation n kate 1977.

Richmond residential ACES. At the request and encouragement of the Commonweaith of
Virginia. a group of private companics has undertaken to design. construct. and market an ACES
residential demonstration house. The house is a two-story, 167-m’. colonial style structure located in
an existing subdivision. The system is not equipped with a solar radiant-convector panei. but will
use, instead. a conventional outdoor fan coil as the auxiliary heat sink. The TES bin consists of a
wood tank with a vinyl liner. The Residential Energy Conservation Program at ORNL has assisted
in the preliminary design of the house by providing calculations of the thermal characteristics of the
building and the ACES components and performance. Construction of the demonstration house is
nearly complete, and operation is anticipated to begin in late 1976.

Knoxville residensial ACES. The ACES demonstration house sponsored by ERDA and HUD is
one of three buildings being constructed at a complex on the University of Tennessee campus in
Knonville to demonstrate residential energy conservation. The two other buildings at the complex
are a solar demonstration house and a control house employing a conventional space-conditioning
system. The control house, built with the same floor plan and thermal envelope characteristics as the
solar house and the ACES house, will provide baseline information on the heating and cooling load
demands of the experimental buildings.

Design and tests of ACES facility at Knoxville. The ACES demonstration house (Fig. 4.1) was
completed in July 1976 and is currently being tested and instrumented in preparation for a test run.
The building is a two-level, frame structure with a partial basement and 186 m’ of living area. The
kouse has three bedrooms, two baths, a living-dining room, kitchen, utility room, and entry hall.
The shell is heavily insulated; it has 140 mm of insulation (0.256 W/ m’-K) in the side walls, 305 mm
(0.136 W/m*-K) in the flat ceiling. 229 mm (0.182 W/ m*-K) in tne cathedral ceiling. and 152 mm

12. "Hceat Pump Gets by with Less Energy by Making loe Summer and Winter,” Archisecnsral Record 19N(11). 133-36
(1976).
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Fig 4.1. Photograph of the ACES residential demosstration house =t the UT campus.

(0.273 W m’-K) bencath the floor. The windows are double-glazed. having an overall heat transfer
coeflicient (U) of 3.29 W:m* K. The basement walls and crawl space foundation are of reinforced
concrete poured in styrofoam forms, producing a composile wall having a U-value of 0.352
W mK. Additional dewils of the construction are given in the design report.'®

The integrated space heating and cooling system of the ACES house is depicted isometrically in
Fig. 4.2, which shows the location and relative size of the system components. The major elements of
the system are (1) a high-efliciency heat pump with refrigerant-to-brine heat exchangers on both the
evaporating and condensing sides: (2) TES bin on the low-temperature (evaporator) side of the heat
pump: (3) a fan coil with forced-air circulation for space heating and cooling: (4) a solar pane] that
functions as both an auxiliary heat source and a heat sink; and (5) a refrigerant-to-water heat
exchanger for heating domestic water and a hot water storage tank.

Ice storage bin. The TES tank of the ACES demonstration house was constructed by pouring
concrete into foam-form blocks and coating the inside of the tank with urethane-asphalt to make it
leaktight. Unfortunately, the concrete was not poured as a single batch; instead. partial pourings
were made on four separate days. Inadequate bonding between the separate pourings resulted in
major keaks from the tank when it was filled with water. A 30-mil vinyl liner was later installed in the
bin to ecliminate the leakage. Future construction of this type of storage bin should require vinyl
liners in all cases where 2 monolithic concrete pour is not possible.
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Control system. The control system establishes or prohibits paths of heat flow between the
various ACES components as required to meet the building’s energy demands while maintaining the
desired energy inventory in the storage bin. Control is effected by such sensor-actuated mechanisms
as dampers, valves, and clecincal switches. Figure 4.3 illustrates possible paths of controlled
transport of heat within the system. including the cconomy cycle.

The control system requires two types of input information for selection of the desired mode of
operation. The first type of input is inhabitant-controlled and is derived from the house thermostat
setting and the setting of a four-position season switch. The thermosiat setung controls energy
deposits in (and withdrawais from) TES 10 meet present needs. whereas the four-season switch
anticipates future needs. The second type of input information is derived from sensors that measure
the present ice mventory and temperatures of the living space. the TES bin, the ndiant-convector
pancl. the hot water tank. and the outside air. On the basis of these two sources of mformation, the
control system cstablishes the proper mode of operation by controlling the compressor. three pumps.
the fan, the outside air damper. and six valves.

Data acquisition system. The ACES demonstration facility will be operated in a test record run
over a full annual cycle 1o determine its performance under conditions approximating those of
actual occupancy. To assess daily and annual coefficients of performance (COPs) of the system,
measurements wili be made of the heat flows into and out of the TES bin, the far coil unit. the water
heater. and the solar collector panel. In addition, electrical mputs to the compressor and auxiliary

ORNL-DOWG 77-2702

SPACE HEAT

THERMAL
STORAGE
BIN

1 econom
CYCLE FOR
COOLING

Q;- HEAT WITHDRAWAL FROM STORAGE BIN

Q2- HEAT DEPOSIT IN STORAGE BIN, SPACE COOLING
@3-HEAT DELIVERY FOR SPACE HEATING

Q4-HEAT DELIVERY FOR WATER HEATING

Os- COMPRESSOR WASTE HEAT REJECTION TO ATMOSPHERE
Qg- COLLECTED SOLAR ENERGY TO STORAGE BIN

Fig 4.3. Heat traneport paths in demonstration ACES house is Kaoxville.
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equipment will be measured. and a complete set of outside weather data  wet- and dnv-bulb
temperatures, barometric pressure. integrated wind speed. wind dircction. intcgrated solar radiation,
and precipitation —will be recorded.

Instrumentation is currently being instalied in the ACES demonstration house to collect and
process these data. The data acquisition and processing system consists of a Hewlett-Packard 9830
cakeulator with an mterface bus which cuntrols a 40-channel analog scanner and a 30-channel digital
multiprogrammer. The system includes associated sensors. signal conditioning circuits. and digital
multiplier-integrators. The channels will read heat exchanger inlet and outlet temperatures. heat
exchanger mass flow rates. the water kevel i the ice bin, and other operating paramcters of the
system. This information will be processed automatically and accumulated continuously te vield
hourly heat flows among ACES components. The data obtained will be used 10 determine the
pesformance of the system and individual components.

Preoperational tesis. The demonstration system has been tested in several phases. During
startup tests, the system was charged and tested for Icaks and for proper functioning of the
circulators, valves, compressor. and control system. After running the system for a short time in the
water heating and nighttime heat rejection mode to build up a small mventory of ice. operation was
switched to the air-conditioning mode to test the space cooling components. Following these
qualitative tests. a series of quantitative heat balance measurements demonstrated that the COPs of
the compressor and of the entire system were within design specifications.

After these tests using the onginal compressor. an improved compressor and higher-cfficiency
circulating pumps were acquired and installed in the ACES demonstration facility. A new series of
heat balance measurements. performed under the same operating conditions as before. demonstrated
that the improved-design components raised the compressor heating COP from 3.0 to 3.5. During
preoperational testing. pitting corrosion was detected on the outside surfaces of the finned,
aluminum tubing of the ice-bin heat exchanger; the cause of this corrosion is being investigated. To
permit continued operation of the ACES system in the demonstration house, the aluminum tubing
was bypassed with 25-mm-OD polyethylene tubing serving as the heat exchanger surface: this
modification is not expected to produce a significant degradation of system performance. The
demonstration ACES is presently in automatic operation under control of the house thermostat and
is providing space cooling and water heating services to the building.

ACES components development. /ce coil design. The original design of the ice-bin heat
exchanger consisted of finned. aluminum tubing arranged horizontally in a serpentine configuration
and submerged in the water of the storage bin. A methanol-and-water brine circulates through the
tubing to extract heat from or deposit it in the TES bin. Tests were performed to measure the lincal
heat transfer coefficient, U, of the ice-bin heat exchanger tubing during ice buildup. The
experimental results (Fig. 4.4) indicate that the ACES heat exchanger tubing behaves as a
thick-walled tube, modified by a fin correction factor. The magnitude of the heat transfer coefficient
during ice buildup is determined primarily by the thickness of the ice annulus; that is.

U= 25/ (1 hr) + In(rair): Ko + In(reei 7). K] )
where
r, = inner radius of the heat exchanger tubing,

7, = outer radius of the tubing,
7= = radius of the surrounding ice annulus,
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K, = thermal conductivity of the tubing.

K... = thermal conductivity of ice,
h. = convective heat transfer coefficient inside the tube.
J. = fin correction factor.

The convective heat transfer coelticient. A.. s a function of the velocity. density. specific heat. and
absolute viscosity of the brine and s obtained from the expression A, = 12 Nu K/ D. Here. Nu s the
Nusselt number characterizing the properties of the brine. K is the thermal conductivity of water,
and D is the mside diameter of the tubing. The experimental fin correction factor. £.. is plotied in
Fig. 4.4.

A similar serics of tests was performed to measure the lincal heat transfer coefficient of the
tubing when the exchanger is operated in the ice-meiting mode. It was determined that the fo-m of
the calculational model for estimating these heat transfer cocfficients is the same as for the
we-forming mode of heat exchanger operation. Here, however, 7. the radius of the water annulus
surrounding the tubing must be used in place of 7; also, K.u. an effective thermal conductivity of the
water layer surrounding the heat exchanger tubing must be used instead of K. Essentially, K.« is
the thermal conductivity that must be maintained by a motioniess fluid in a gap in order 10 transmit
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the same amount of heat as a fluid moving by convection. The experimental tin correction factor
that applies during the ice-melting mode of heat exchanger operation was found to be relatively
constart {f:= 1.2} over the range of water annulus radii investigated. During we buildup and xc
maclting. the heat transfer coefficient varies pnimarily with the thickness of the ice or water annulus
surrounding the hinned. aluminum tubing. Heat exchanger tubing shightly larger in dlamwcter, but
without fins. could be used to yicld the same heat wransfer coeffickent.

Solar panel design. ACES applications may require a sofar panel to collect heat in the winter
and to reject wasiz heat from the compressor in the summer. The solar pancel planned for use in the
ACES consists of an unglized array of finned. aluminum tubing mounied on a support frame. The
methanol-and-water brine s circulated through the tubing 10 absorb solar encrgy. which arrives at
the outer surface of the tube by convection of ambient air or by direct 1adiation.

A test panel (Fig. 4.5) having a 2.3.-m’ co'kcting surface was operated to measure the design
parameters that determine its encrgy collection performance. The main objective ol this investigation
was to provide ACES design engincers with a means for estimatuig the area of collecting surface. or
total tube length. that i1s needed for a solar panel application in any local’ty where solar and weather
data are available. Operating variables monitored dunng the course of the expenment were the inlet
and outlet temperatures of the working fluid. the fluid flow rate. the ambient air temperature. and
the level of incident solar radiation. On th= basis of these data. empirkal equations were des cloped
for predicting energy collection and reiection capacities as a function of panel size.
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For winter daytime heat colk ction. the empirical equation relating the heat collection rate to pancl
area s
Q. = AFAOI3LN + .. ~ 313 . 2)

where

Q. = heat collection rate, W,
A = panel area. m”,
. = panel elhciency factor.
1 = average solar radiation normal to the panel during the daily heat collection period.
Whr m".
N = number of hours in the heat collection period. hr.,
u = convection coefficient. W m*-K.
T.. = daytime winter average air temperature, °C.

For summer night heat rejection. the empirical eyuation relating the heat rejection rate to panel
area s

Q = AF{2iT,. - T)). )
where

T.. = average ambient air temperature on a summer night. °C.
T. = temperature of the brine in the solar panel tubing. °C.

The convection coefficient. & (W m*K). and the panel cificiency factor. F.. are obtained
from expenimental correlations: u = 7.44 + 4328, where S is the average wind speed (m sec) and
F. = 0.0063u.

Ice bin design. The basic requirements of an ACES ice storage bin are that it can be casily
constructed from commercially available materials and that it is watertight. accessible for maintenance.
and adequatcly insulated to prevent undue meliting of the stored ice. In addition. the cost of providing
interseasonal ice storage must not exceed the p 2sent worth of the ice that is beneficially delivered for
space cooling over the lifetime of the storage facility. The present worth for | m' of ice. delivered
annually from an ice storage bin over a 20-vear period. can be estimated by considering the alternative
cost of producing the ice cach year at the time it is actually reeded.

For example. to produce 1 m’ of ice in the summer, using 2 heat pump that has a cooling COP of
2.5. would require an clectrical power input of (335kJ kgh897kg m’) ((2.5%3600kJ kWhr)].or 33.39
k Whr. Assuming that power presently costs 4¢ k Whr and that power costs will escalate at an annual
rate of 67z over the next v years. the present worth of the ice produced annually over this period of time.
discountcd at an annual ratc of 107, is

20 0
3330 u.(n( 100 ) ( LA Loe

L L 10°°1.067%Y o,
0.10 006 1.10%° ) SINS2im' . @)

On the basis of this example. expenditures to provide intcrseasonal ice storage capability arc
justifiable. providing they do not exceed $18.52 per cubic mceter of delivered ice. Expenditures for
interseasonal ice sturage are incremental to the base cost of providing an adeguately <ized, wintertime
heat source for the ACES. For this rcason, the permissible expenditure for interseasonal ice storage
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should be compared with the marginal cost of providing additional storage capacity above that required
for the heat source alonce. Clearly. thedevelopment of low-cost TES structures is of crucial importance
to the economic viability of the ACES concept.

We have cxamined several altermative tank structures, all of which show promise of being
cconomically feasible for ACES applications: wood tanks with vinyl liners. cast concrete septic tanks.
and steel tanks. Currently. the most compiete cost data arc available for sicel tanks. Cylindrical steel
tanks, commercially available in kit form. can be obtained in a varniety of sizes. Figure 4.6 illustratesa
steel storage tank for ACES which was designed by the Clayton and Lambert Mfg. Co. of Buckner,
Kentucky. The confirmed prices for the water tanks, listed in Tabie 4.1, are for the basic water tank kit
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Fig 4.6. Steel tank design for ACES therma! storage.

Table 4.1. Costs of steel storage tanks for ACES applications

Tank size (11, in.) Volume® —— Cout 15) . Cost ($/m”)
Diameter Height tm*) T: ::k Inslation  Assembly Excavation  Total Unit .\latpinal"
9.6 1.6 12.80 360 88 160 50 758 59.22

11.§ 1.6 18.69 544 106 176 57 883 47.24 21.22
13.4 1.6 25.71 623 124 192 66 1005 39.90 17.38
15.3 1.6 3v87 753 142 208 76 1139 3363 16.42
17.2 1.6 43.13 804 160 24 87 1275 29.56 14.69
19.1 1.6 53.52 893 1M 240 100 1410 26.35 1299

“The effective tank volume is calculated on the basis of 50.8-mm wall insulation. a $0.8-mm sand bottom and a
101.6-mm top void.
The average cost per unit velume for storage capacity above that of the next smaller size tank.
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with nuts, bolts, mastic for assembly. the vinyl liner. ard vinyl extrusion for hanging the liner. The
estimated costs of installation. also listed in Table 4.1. are based on assumed costs of $3.98 per square
meter of 50.8-mm urethane insulation. $10 per hour for assembly labor. and $1.98 per cubic meter for
excavation. Not included in the total costs are delivery costs and cxpenditures for the tank lid and
superstructure. The lid and superstructure costs will vary. depending upon the extent to which the
ACES design makes use of the building structure.

Icemaker heat pump_'' An icemaker heat pump is especially attractive for use in the ACES because
of its high COP and because the ice is harvested directly. thereby obviating the need for a complicated
ice-bin heat exchanger. A schematic drawing of an icemaker heat pump used in an ACES is shown in
Fig. 4.7. The freezing cycle of the icermaker heat pump is terminated when the ice on the evaporator
surface is about 6 mm thick to prevent a continuing buildup of ice that would insulate the evaporator
surface and lower the COP of the machine. As soon as the compressor is switched off, a solenoid valve
opens to connect the gas space in the receiver to the evaporator plate at a point downstream from the
expansion valve. This action allows warm (35° C) refrigerant vapor to flow to the evaporator surface.
where it condenses. The heat of condensation that is liberated raises the temperature of the evaporator
surface from about —6.7 to 0°C. As a result, the ice bond is loosened. and the ice falls off the plate and
into the storage bin.

The design objective for an ACES cemaker heat pump is to obtain high zncigy cfficiency rather
than to produce food-quality ice. This objective requires that the system produce 2 maximum heating

13. H. C. Fischer et al.. “Applicataon of the bee-Maker Heat Pump to an Anaual Cycke Encrgy System.” paper preparcd
for presentation at the ASME Winter Mecting. New York. December 1976.
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Fig. 4.7. Schematic drawing of the ACES icemaker heat pump.
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output at the condenser. operate at an average temperature of —6.7° C or higher. use the compressor only
in its design temperature range. and employ a thermodynamic method of harvesting the ice. A high-
performance system of this type. when coupled with thermal storage as in the ACES, will provide load
leveling capability and help conserve prumary encrgy resources.

An icemaker heat pump test unit has been installed in the Energy Conservation Laboratory at
ORNL: operation of the test unit has successfully demonstrated the thermodynamic icc harvesting
method. A demonstration house equipped with an icemaker heat pump and TES is being considered for
construction at Philadelphia in the coming year by the Korman Corporation. Philadelphia Ekctric
Company. and ERDA.

ACES design manuals. The Energy Conservation Program has initiated contract negotiations with
Robert G. Werden and Associates and with the National Environmental Sysiems Contractors
Association (NESCA) to secure their assistance in prepanng and publishing two design manuals for use
in the application of ACES. The first of these manuals, to be developed by Robert G. Werden and
Associates. concems the design of ACES installations for large commercial buildings. The manual is
intended for use by architect-engineers and will require the availability of large computer facilities for
design calculations. The manual will provide an authoritative procedure for properly sizing and
selecting equipment and distribution systems using the ACES concept. Also to be included are those
specifications and analyses dealing with building construction, retum on investment, life-cycle costing.
etc., which are necessary to provide the architect or engineer with a clear understanding of the economic
and energy use advantages that are involved.

The second design manual, to be developed by NESCA. concerns small buildings—light
commercial buildings and residences. The manual is intended for use by HVAC contractors and the
system design personnel employed by these contractors. The manual will use a systematic, step-by-step
procedure to cover lead calculation for heating, cooling. and domestic hot water. equipment selection.
distribution system design, and those installation and servicing considerations that are required for
proper system design and operation. The design procedures established in the manual will neither
assume nor require extensive engineering expertise on the part of the user. nor will they require the use of
large digital computers. Thus, the ACES design manual will parallel existing NESCA design manuals
which are directed at the same target audience and which relate to existing conventional HVAC systems.
ORNL will assist in the preparation of the ACES design manuals by providing information and
computer programs that have been developed.

4.2.2 Effects of Thermostat Setting on Energy Conservation Consumption
by Residential Heat Pumps

Implicit in previous studies of the effect of thermostat sctting on energy consumption’  are the
assumptions that efficiency of the heating system is independent of outdoor temperatures and that
energy consumption is proportiona! to the space heating load. These assumptions cannot be appliedtoa
system that consists of a heat pump supplemented by resistance heaters even if indoor temperatures are

i4-1n

14. L. W. Nclson, ASHRAE J. 1548), 41-49 (1973),

I15S. D. A Pilati. The Energy Conservation Potential of Winter Thermosiat Redwvtions ard Night Sethack,
ORNL NSF EP-80 (February 1975),

16. 1. Harrje. ~Night Sethack and Energy Savings.” The Center for Environmental Studies. Princeton University, N.J.,
unpublished.

17. M. P. Zabin-ki and A. Amalfitanco. ASHRAE J. 18(1), 41-46 (1976).

18. David Quentsel, ASHRAE J. IH). 1943,
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held constant throughout the beating secason. If night setback of indoor temperatures is anticipated.
much closer scrutiny of the relationship of energy consumption to load is required. The moming
recovery period occurs during the coldest part of the day. calling for maximum output from the system
when the heat pump’s COP is lowest. This effect and the desire for rapid temperature recovery indicate
increased use of the auxiliary resistance heaters and might result in an increase, rather than a savings. in
total energy consumption.

Heating loads and encrgy consumption have been calculated for 2 140-m” single-family detached
house having three bedrooms_ two baths. and 2 basement.”” The same model home as used by Pilati'’
was sclected to facilitate comparison. The model home was assumed to have internal loads and
occupancy schedules typical of a family of two adults and two children. and hourly weather data™ for six
citics. chosen (0 span a wide range of climatic conditions. were used. Simulations were run for only the
heating seasons in Atlanta, Knoxville. Philadelphia. Scattle, Cheyenne. and Minncapolis. For each city.
calculations were made for constant thermostat settings of 22 and 20° C: to examine the effects of night
setback. calculations were also made for a daytime temperature of 20° C with temperature lowered to
15.6 and 12.3°C between the hours of 10 PM and 6 AM. The percentage of energy savings compared
with consumption at a constant temperature of 22°C is shown in Fig. 4.8 as a function of the average
outdoor temperature for the heating season (Scptember through May).

The calculated energy savings in each of the six cities considered have been fitted by the method of
least-squares analysis 10 obtain the curves shown in Fig. 4.8 The figure shows that. overa wide range of
climatic conditions. substantial enzrgy savings can be achieved for variable-capacity heating systems by
implementing night setback of indoor iemperatures.

423 Heat Pump Analysis and Evaluation

The heat pump analysis and evaluation work this year has been directed at assessing the potential
energy savings derived from technological improvements to present-day air-to-air heat pump systems.
The project approach is to (1) identify heat pump inefficiencies experimentally and to recommend
improverments, (2) evaluate recommended improvements ex perimentally and analytically. (3)determine
the costs associated with the recommended heat pump improvements., and (4) develop the analytical
capabilities needed t0 perform the evaluations. These capabilities include (a)a computer simulation that
determines heat pump performance as a function of outdoor temperature and (b) a procedure for
estimating heat pump energy consumption when the heat pump, climate. and building thermal
characteristics are specified.

Experimental tests of heat pumps. The purposes of the experimental work are to identify
inefficiencies inn heat pump systems and components and to verify the computer simulation model. A
nominal 3-ton-capacity (10.6-kW output) heat pump. purchased at lowest bid. was installed in the
laboratory and instrumented so that system and component performance could be evaluated. The
temperature and pressure of the refrigerant were measured at the points shown in Fig. 4.9; the power
consumption was measured at the outdoor and indoor units; and the air inlet and outlet tempe: atures
and the air flow were measured at the indoor and outdoor heat exchangers. The test results were

19. R, D. Ellison. Savings in Energy Consumpiion by Resukential Heat Pumps: The Effecis of Lower Indoor
Temperatures and of Night Sethack. ORNE. CONA4 (10 be published).

20. Copies of the weather data. encoded on magnetic tapes. may be obtained from (. McKay or D, Calioway. National
Climatic Center. Federal Building. Asheville. NC 28801,
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consistent with the published ratings. Figure 4.10 shows a pressure-enthalpy diagram for a test
condition; the numbered points correspond to the location of the experimental measurements. Two
system energy losses are depicted in the diagram: () the energy loss in the high-pressure side of the
reversing valve and (2) the energy loss resulting from compressor inefficiencies.

The fractional reversing valve loss, L, = (h — h+)/(hs — hs) (see Fig. 4.10), was measured as a
function of the outdoor ambient temperature, 7,. For 30 measurements covering an outdoor
temperature range of —16 to +16°C, the experimental correlation was found to be

L~ =0.06281 — 0.000857T, .

b))
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The fractional isentropic cfficiency of the compressor, . = (A" — hy) (h: — hi). was also measured as a
function of T,. The experimental correlation. for the ~16 to +16° C temperature range. was found to be

n = 060234 - 0011127, . (6)

From this correlation. it is seen that high sentropic efficiency occurs at low outdoor ambxent
temperatures (T.) and considerably lower efficsencics occur in the normal operating temperature
range of —4 10 +13°C.

Encrgy losses also occur when the heat pump cycles on and off to meet building heating demands
that are lower than the output capacity of the heating system. A modulated heat pump. which
continvously matches capacity to demand. requires lower heat transler rates than a cycling system with
the same heat exchangers. The lower refrigerant-to-air iemperature differences at the condenser and the
cvaporator lower the pressure differential for the compressor and thereby increase system efficiency. An
investigation is being conducted to determine the potential of a2 modulated heat pump for energy
conservation. Other energy savings can result from better defrost mechanisms. fan motors. or the use of
an alternative refrigerant. The technical feasibility of these design improvements is being investigated.

Simulation of residential heat pumps by computer models. A heat pump model is being adapied for
use ir determining the performance characteristics of heat pump systems having different components
and configurat:ons. The computer model will be used as a tool in developing an estimating procedure for
predicting the seasonal performance and <nergy consumption of heat pumps. The model will also be
used in the experimental program to identify sources of inefficiencies in current heat pump design and to
suggest possidle improvements. The heat oump computer simulation activity at ORNL is based largely
on a program developed at MIT."' The model establishes evaporating and condensing pressures by
secking a mass flow, or pressure balance. for the refrigerant side of the system. The balance is then
iteratively refined by subprograms 1o include air-side effects. The MIT model has been acquired and is
currently operational at ORNL.

Seasonal performance of heat pumps. The purpose of developing a procedure for estimating
seasonal performance of heat pumps is to allow determination of overall energy consumption when
given characterisiics of the building. climate, and heat pump performance. The building’s thermal losses
are assumed to be lincar with outdoor temperature (other effects such as solar gains. wind, etc.. are
averaged) and are zero at 18° C outdoor temperature. The heat pump system performance as a function
of outdoor temperature can be obtained from manufacturers’ data. laboratory experiments, and the
computer simulation model. The temperature at which tive heat pump capacity coincides with the
building heat demand is defined as the balance point temperature; the balance point is used to determine
system performance including the use of supplemental resistance heaters. Average heat loss from a
building is proportional to the number of degree-hours. A computer progra 1 has been written t»
cakculate degree-hours as a function of outdoor temperat:ire from L..S. Weather Bureau data.

Energy consumption by a heat pump in a given climatic region can be calculated as a function of
balance point temperature jor building heat loss characterization). The results of this method compare
favorably with those of an hour-by-hour calculation method. Work is progressing for the cooling mode.

21. C. G. Hiller and 1. R. Glicksman, Imprining Heot Punp Performance via Compressor Capacity Control  Ansivsis
and Tess. MIT-EL-T6001. Massachuseits Institute of Technology. Cambridge (January 1976).
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4.2.4 Other Areas of Resideatial Energy Conservation

Mobile home energy study. The data obtained from an experimental program’ to determine the
thermal characteristics of mobile homes and the emergy savings afforded by vanous retrofit
improvements have now been analyzed. We have developed a computational, two-node, dynamic model
of the test mobile home that provides good agreement with temperatures measured during a series of
space heating and cooling test runs. Analysis of the space heating test data ndicates that energy savings
approaching 505 can beachicved by adding storm windows, skirting, and extra insulation to the mobile
home structure; the changes would be economical in many parts of the United States. A full description
of the experimental program and the analytical findings is available in the literature ™’

4.3 ENERGY DEMAND MODELS
4.3.]1 Eagincering-Ecomomic Models of Energy Use

Eric Hit™ Jane Cope®
Jerry Jackson William Lin
Steve Cohn Robert Hoskins™
J. H. Camey® Stan Johnson™

Our work this past year has been directed at the development, improvement, and application of
detailed engincering-economic modcls that simulate energy uses in the residential and commercial
sectors from 1970 through 2000. The purpose of these computer models is to provide FEA, ERDA, and
other energy decision makers with analytical tools to study the energy znd direct economic impacts of
various encrgy conservation policies. programs. and technologies.

Our cfforts presently encompass two major economic sectors—residential and commercial. We
began work on our residential energy model in August 1975 and on the commercial energy model in July
1976. The residential sector is defined as those structures (single-family units, apartments, and trailers)
occupied by houscholds; group quarters such as dormitories and Rils are not considered part of the
residential sector. The commercial sector is defined as those structures such as office buildings, schools,
hospitals, and stores that house the service sectors of our economy (c.g., retail and wholesale trade,
govemment enterprises, and health services).

Table 4.2 summarizes the key features of the residential and commercial energy models. Perhaps
the most important feature is the explicit sensitivity of the models to the major demographic, economic,
and technological determinants of residential and commercial energy uses. These factors include
(1) population growth., houschold formation, and housing choices; (2) fuel prices. incomes.
employment, and economic activities;, and (3) energy efficiencies and capital costs for structures and
equipment. Thus, these energy models overcome the limitations associated with econometric models
(lack of sensitivity to technological changes) and engineering process models (lack of sensitivity to
economic variables).

Because of the features listec in Table 4.2, the energy models are useful for analyzing conservation
policies and programs (¢.g., fuel taxes, natural gas dercgulation, financial incentives for retrofitting
homes, appliance efficiency standards) and technological alternatives (e.g., R&D programs to increase

22. Group leader.
23, Computer Sciences Division.
24. Consultamt. Mechanical Engineering Department. University of Tennessee.
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Table 42 K-v features of ORNL energy wse modes

Explhcit They are semsitive lo demographic. economic. and
technological determunants of emergy wses.
Simulation They are based on houwschold aml comecrcial fum
behavior about purchases and wics of cymipment and
strectures.
bebavioral lags of cquipment and structures.
Detailed They calculate many focl. cnd use. and building type

components lor cach year for caeTgy wsc. cneTgy costs.
and caputal costs.

equipment cfficiencies and. or reduce capital costs). The models are also useful in developing detailed,
intemnally consistent forecasts of residential and commercial energy uses to the year 2000.

For each case cited above, the models estimate annual energy use by fuel. end use. and building
type. In addition, the models calculate energy expenditures, capital costs for equipment. and costs for
upgrading thermal iniegrity {or new and existing structures. These cost figures allow one to develop
benefit-cost measures for each policy. program. or technology being considered.

Residential energy use model. The present version (111) of our residential energy model deals with
energy use at the national level for four fuels (electricity, gas. oil, and other); eight end uses (space
heating. water heating. refrigeration, food freezing, cooking. air conditioning, lighting. and other);and
three housing types (single-family, apariments, and trailers). Household energy use for each
combination of fuel, end use. and housing type is computed in response to changes in (1) stocks of
occupied housing units and new residential construction, (2) equipment ownership by fuel and end use,
(3) thermal integrity of housing units, (4) average unit energy requirements for each type of equipment,
and (5) usage factors that reflect household behavior.

Version I'l of the ORNL model™* differs from the original version™ in several ways:

1. The original version included only operating costs as explanatory variables for equipment choices.
New equipment choices (market shares among fuels) are now functions of both operating costs (fuel
prices and equipment efficiencies) and equipment prices.

2. The number of end uses is increased from six to eight. The new end uses are food frevzing (split from
refrigeration) and lighting (split from other).

3. The origina! version calculated equipment ownership each year and then inferred new equipment
installations indirectly. Version 111 deals explicitly with future installations of new equipment and
then calculates equipment ownership from new installations.

Figure 4.11 isa schematic diagram of our residential model. The demographics submodel cakulates
stocks of occupied housing units by type for each year of the simulation. On the basis of cakculations of
household formation and retirements from the existing stock of occupied housing units, new
construction requirements are calculated for cach year to ensure that the stock of occupied housing units
matches demand (the number of houscholds that year).

25. Eric Hirst et al.. An Improved Engmeering—Economic Model of Residential Energy Use. ORNL.. CON-8 (to be
published).

26. Eric Hirst. W. W. Lin. and Jane Cope. An Emgineering-Economic Model of Residentinl Energy Use,
ORNL TM-5470 (July 1976).
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Fig 4.11. Schematic dingram of ORNL residentinl energy use model.

The economics submodels™** calculate elasticities (parameters) that determine the responsiveness
of houscholds to changes in economic variables—incomes, fuel prices. equipment prices. Elasticities are
calculated for each of the three major household fuels for each of the eight end uses. Each fuel price and
income elasticity is decomposed into two elements—an elasticity of equipment ownership (E,)and an
elasticity of equipment use (E£,). The first clement gives changes in equipment ownership in response to
changes in fuel prices. equipment prices. and incomes, and the second gives the responsiveness of
equipment use (with ownership held constant) 1o changes in own-fuel prices and incomes. These
submodels calculate a 10.al of 272 elasticities.

The technologies submodels™* evaluate changes in equipment energy requirements and changes
in equipment purchase price as functions of alternative designs. Detailed engineering submodels were
constructed for gas and electric water heaters and for refrigerators. We synthesized data from a number
of sources to infer relationships between equipment energy use and initial cust for the other end uses
considered in version 11l

27. W. W_ Lin. Eric Hirst, and Steve Cohn. Fuel Choices in the Househokd Secior, ORNL. CON-3 (October 1976).

2%, Steve Cohn. Eric Hirst. and Jerry Jackson. Economeiric Analvses of Household Fuel Demands. ORNL CON.7
(January 1977),

29. Robert Hoskiny and Eric Hirst, Energy and Cost Analvsis of Residential Refrigerators. ORNL CON-6 (January
1977).

. J. D'Acierno, R. Bertolami, and E. Chao. Energy Consumpiion in Residential Gas and Fleciric Water Heaters and
Ranges. ORNIE. MIT-226 (February 1976).
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Figure 4.12 summarizes the outputs from our refrigerator analysis.™ Each point represents the
enerzy use and mitial cost for a particular refrigerator design. Cost figures are synthesized from
discussions with manufacturers and other researchers. Results of the analysis suggest that refrigerator
energy use can be sharply reduced with only slight increases in refrigerator retail price. For example. the
pont labeled 1.2.3.4.6.7.8 represents a design that uses 527 less electricity than the reference refrigerator
and has a purchase price only 1957 higher than the reference unit.

The simulation model combines outputs from the various submodels (Fig. 4.11) with appropriate
initial conditions for 1970 and boundary conditions (policy variabies) for the 1970-2000 period. Output
from the simulation model includes 96 fuel use components (Q.™) for cach year (1): 4 fuels (i) X 8 end
uses (k) X 3 housing types(m). The model also calculates annual fuel expenditures. equipment costs. and
capital costs for improving thermal integrity of new and existing structures at the same level of
detail. Each fuel use component is determined in the simulation program as the product of five factors:

O"=HT"-C™- TI™-EU™- U*. N

where

HT = the stock cf occupied housing units,

C = fraction (market share) of houscholds using a particular type of equipment,
Tl = thermal integnty of housing units (for space heating and air conditioning only).
EU = average annual energy use for the type of equipment.

U = usage factor.
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The first version of the residential model was compieted in January 1976. Since then we have used
this model (and succeeding versions) for our project sponsors. FEA and ERDA. 1o evaluate various
conservation policics and technologics. We also conducted a broad anmalysis of alternative conservation
strategics for the residential sector. " We are now using the model to support the National Academy of
Sciences. Committee on Nuclkear and Alternative Energy Sysiems, in its analysis of encrgy options for
ERDA.

As an example of our use of the model to anilyze conservation programs. we briefly review our
cvaluation of the energy and direct cconomic impacts of national adoption of the ASHRAE 90-75
thermal standards ' for construction of new singke-and multifamily units. We assume that the standards
are fully implemented in 1978 and remain in force through the year 2000.

Figure 4.13 shows how the encrgy savings increase over time. reaching 0.9 exajoutes (EJ or 10" J)
per year in 2000. which is equivalent to 3¢ of the bascline residential energy use in 2000. Most of the
savings are in clectricity (81¢¢ in 2000) because most new space heating installations and all air condi-
tioning nstallations are clectric. Cumulative energy savings for the 1978-2000 period are 10.6 E)
(Table 4.3).

3L Eew Hurst, Resadentinl Energy Conservamnm Strateeses, ORNL CON-2 (Seprember 1978).

32 Frx Hisst. Soamce 194, 124952 (1976).

LA D Luk. Inc.. A Impact dxsexwent of ASHRAE Sandand W75, Energy Conservanon in New Buikiing
Desien. December 1978

ORNL —DWG 77-2600
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Fig. 4.13. Annua! &igy savings from adoption of ASHRAE 90-75 thermal standards.
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Tabic 4.3. Comuintive casrgy and cosnsmic benefits of impirmenting
ASHRAE 9-75 i single- and mninfamily bowning’

C“vgﬂ!ﬂ-”w benctus (ED

Eectrcny %
Gas 178
ol 1.5

Teotal 1048

Present werth of 1977-2008 cosmomic
bencfies 2t 1055 (billon 1975 )

Fuch 82
Equpment B 2
Structares -345

Total b 34}

Bewefucost = (382 - 0.14) 345 =25

‘Assuwing that the ASHRAE thermal standards arc implcmentod
m all statcs starting i 1978 and rewmim m force for the cntire forecast
period (twough 2000).

Adoption of the ASHRAE 90-75 thermal standards increases capital costs of constructing new
residences and reduces operating costs of space heating and air conditioning systems. Figure4.14 shows
changes in capital and operating costs for cach year from 1978 through 2000. Between 1978 and 1983,
annual owtlays for construction exceed annual fucl bill savings: however. after 1983, reductions i fuel
bills always exceed annual construction cost increases.

Tabie 4.3 shows the present worth (in 1977, at a real interest rate of 105) of the fucl bill reductions
and capital cost increases for equipment (due to fuel switching) and structures (due to thermal intcgrity
improvements). The present-worth net economic benefit 1o society is $5.23 billion (1975 dollars).
Comparison of tise savings with the increased construction costs shows that the overall benefit—cost
ratio for implementation of these standards is 2.5.

The results presented herc strons?; cugs::: that adoption of the ASHRAE 90-75 thermal standards
for construction of new residences will save money for homeowners and save energy for the nation.

Using the mode] 10 evaluate the energy impacts of sccral conservation programs. " we found 2
large range in projected growth of residential energy use: Cumulative energy use from 1975 through 2000
ranges from 650 to 478 EJ in our projections. Our highest forecast shows an average annual growth of
energy consumption of 2.55 for this period, as compared with an annual growth of 3.6% from 1930 to
1975. Growth of energy useis almost certain 1o be slower during the fourth quarter of this century than it
was during the third quarier because of slower growth in population and households, changes in fuel
price trends, and approaching saturation of equipment ownership for major residential energy uses.

We also found that implementation of strong, cost-effective conservation programs (appliance
efficiency standards, thermal standards for new construction, and a retrofit program, coupled with
higher fuel prices) could cut residential energy use growth to only 0.4% per year betwees: 1975 and 2000.
Under these assumptions, residential energy use in 2000 will be only 10% higher than it now 1.

We are continuing to make improvements to our residential energy model. The present version (111)
does not endogenously determine changes in equipment efficiencies and in structural thermal integrities.
The user must provide inputs 10 the model on these efficiency changes over time. Weare now developing
a model that internalizes these efficiency changes a; functions of fuel prices, consumer behavior (fuel
price and equipment price elasticities”’s, and the technojogies affected (energy use vs capital cost™).
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ECONOMIC EFFECTS (10 1975-4 /ysar)
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Fg 414 Ecvasmic onots and bencfins of adopting the ASHRAE 90-75 thermal swadesds for conswruction of mw
sesidemces.

Our engincering submodels are well developed only for gas and clectric water heaters and
refrigerators. We will contimee working on other end uses with a focus on new space heating and cooling
technologics such as solar. anmumal cycic, and 10tal emergy sysiems.

We are currently developing regional residential models for each of the nime censas divisions, and
may develop similar models for each of the ten FEA regions. Regionslization will allow us 1o evaluate
the impacts on regional cacrgy wse of (1) regional energy policies and (2) national policies that differ
from region to region i their application because of feel-price and climatic differences among regions.

Finally, we are imvolvel in several efforts to disseminate the results of our activities, with respect to
both methodology development (refs. 25-30, 34-36, and 38) and results (refs. 31, 32, and 37).

Commercial energy wee model. The purpose of this project is 1o develop a comprehensive
simulation mode] of commercial energy use 1o the year 2000. Detailed annual forecasts will be provided

34. Eric Husi. W. W. L. snd Jane Cope. “Modching Residentinl Energy Use.” Eirverh Mntersociety Emergy Conversion
Engineering Conferewwe Procevdiongs, vol. |, Cont. No. THW98. Scpember 1976.

35. Eric Hiomt. W. W. Lm. snd Jane Cope. "Simulntion Model of Household Fuel Uses.” accepsed for publication in
Appiied Methemari: ol Modeling. 1977,

3o. Eric Hisv.. Emergy ). 33-44 (1976).

37. Erc Vust, “Residemtinl Encrgy Use Alermstives w0 the Vesr 2000 accepied for publication i Emergy
Commmmicer.ons, 1977,

35. Cric Hirst. W. W. Lin. and Jane Cope, “A Residemtinl Energy Use Model Semsitive 10 Demographic, Economic, and
Technological Facton.” accepied for publication in Qarserly Review of Ecomomics end Busieess, 1977,
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developed for the residentinl sector is being wsed 10 medel commescinl cncrgy wse. Thes model will thea
be wsed %o help FEA descrmine the capital costs and enrrgy savings of varions Conscrvation Programs.
The basic cguation used to cxaluate eacegy wac i the model &

o= =S-FS™ - ™ -EU™- 7. (1Y)

where

Q= fucl mee,

i= fel (clectrivity. gas, @i, other),

k = end wse (spuce heating, water heating. air conditioning. highting. other).

m = commercial subsector (retail and wholesale trade; astomotive repuir and services: fimance,

. and relased activitics: ) vitics: public admimistration: cdwcational
ces: cakth services: religi . dentinl lodei ces: maiscell
ial activitics) ® =

1 = forecast year,

S = stock of floor space, m’,

FS = fraction of floor space served by a particular fucl-end wse combmation.

T1 = thermal mecgrity of structures,
EU = average commercial encrgy use. J w’,

U = wmage factor.

Each factor detenmining cacrgy use is calcuinted i a scparaic cconomic of cngincering submodct
for example, estimates of the stock of floor space (S) are derived from econometsic dewsand models.
Floor space used by commercial establishments is guantitatively related ro the price of floor space aad to
partinl-adjustment formulation was estimated for all wen subscciors. Subsequent rescarch on this
submode! will evaluate alternative dymamic specifications of the econometsc models and refine the
historical floor-space stock dats.

Much of our imitisl work on this model deak with development of neccssary data concerning
(1) mvestories and additions of floor space (i square meters) by commercial subsectors, (2) encrgy we
frgares (in joules per square meter) for each combimation of fuel, cnd use, and building type for 1979, and
(3) imtermally consistent estimates of historical commercinl facl use by fael (in casjoules per year). Wich
respect to development of consistent historical data on commercial fuel woe by fuel. we found large
commercial sector. We wsed information from a variety of sousces to develop new data series that reflect
state-level annual foel uses (clectricity, gas, 0il, other) for the commercinl sector. ” These ncw data series
are now part of the ORNL energy use data base and will be used in developing cconometric models of
commercial energy uses.

3. Eric Hirst and Jarry Jackson, Energy X) (1977).
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432 Ecomometric Amalysis of Eacrgy Demand

W.S. Chem”™
S. B. Candilt*' G. S. Maddah*'
B. D. Holcomb*~ C.L. Ng“
W.W.Lm M. A. Smith*’

Durmg the past vear. this cffort. represesting a2 continsing activity in the study of emergy
demand. has focused on two major arcas. The first arca is aimed at improving our mnderstanding of
the interrehationships of demands for all substiteie eancrgy sowrces. Specifically. we developed an
mtcgrated cncrgy desmand model for the combined residential and commercial sector to estimate
aggregate devand and dewands for mdividwal fuels (clectricity. matural gas. and petrolcum
products). Ths mtcgrated demand model can be used to analyze a wider range of energy issues than
the demand models with which we previously estimased for mdividual fucks.” For cxample.
the present model is capable of analyzing the impact of changes in 2 particelar fucl price on (1) total
emcrgy denmand and (2) the demand for that particalar fuel in the residential and commercial sectors.
In addition. we developed another model dealing with space heating energy demand that cstimates
important clasticitics of both wtilization rales and stwrations for clectricity. matural gas. and
petioleum products. This model is being wsed = the residential engincermg-economic modvling
work described in the preceding section. Both studics were supporied by the ERDA Division of
Buildings and Community Systems.

Our sccond area of focus is aimed at developing a regional model for forecasting electricity
demand by sector and state. Regional models are necessary because regional forecasts of electricity
demand are cssemtial for cvaluating the future need for advitional electricity generating capacity m a
pasticular region or service arca; and a model developed at the regional level can best capture
regional variation in the demand structure and thus can provide more reliable forecas:s than a model
developed for the United States as a2 whole. This work is spoasored by the NRC. These regional
models have been and will be comtinuously used by the staff of NRC and several mational
laboratorics to prepare the “need for facility™ sections of environmental impact statements for
nucicar power plants.

Agpregate and cand-use energy demand studics for the United Swates. Agyregsse energy
demend.*’ The study deals with the estimation of energy demand for the combined residential and
vommercial sector in the United States. The demand components inchede space heating. air
voaditioning. cooking. clothes drying. and water heating. but exclude the transportation use of
encrgy. The model consists of two parts: (1) the determimation of aggregate end-use demand for
energy () as a function of the weighted energy price (P). personal income (/). and the numbers of
heating and cooling degree-days: and (2) the estimation of market-shares for electricity. natural gas.

M. Growp leader.

41. Consultant. University of Florida.

42. Compuwier Sciewces Division.

43, GI.CA-Onk Ridge Sciemee Semesier students, Denison University. Ohio.

M. G.S.Gllct al.. Ewmergy Div. A, Prog. Rep. Dec. 31, 1975, ORNL-3124, pp. 40 $I.

4. W. S. Chern. Enery Demarnd and Ivierforel Substinution in the Combined Residential and Commercial Secior.
ORNL TM-3357 (Scptember 1976).
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and petrokcum products as functions of personzl incomes. degree-davs. and the prices of ekectrncity
(P:). natural gas (P:). and oil (Pi). The model was estimated by using data from 48 states for 1971
and 1972.° Relevant elasticitics were computed at samplke means. Since the model was estimated
from cross-sectional data, the resulting elasticities are generally interpreted as long-run clasticitics.

The aggregate-demand clasticities were computed to be —0.70 with respect to energy price (P) and
0.47 with respect to income (/). The estimated price clasticity is below unity . impiying thatan increase in
total consumer cxpenditure on encrgy could be expected as the price of energy nises. Furthcrmore. since
the estimated income clasticity s well below unity. raising ncomes would not result in a proportional
nise in end-use energy demand n the residential and commercial sectors.

Another set of demand clasticities was estimated for the demands for individual fucks. The
estimated price clasticitics for the demands for clectnicity. natural gas, and petroleum products are
—1.46. —1.50. and —1.60 respectively. These results indicate that the demands for individual fucks are
all elastic witk respect to their own prices in the long run. In the case of ckctrcity. one obvious
implcation is that a2 substantial reduction in clectricity demand growth may be antxipated as a
resvh of ncreases in the real price of electnoty. Of course, changes n electricity prices are often
accompanicd by changes in the pnices of natural gas and oil. thus resulting n interfuel substitutions.
The impact of these mterfuel substitutions could be cvaluated by the estimated demand clasticitics
with respect to the prices of substitutes. The results show that there are significant mterfucl
substitutions. cspecaally between natural gas and petrokum products.

From the standpomt of conserving energy. it is of great interest to know the aggregate-demand
elasticitics with respect to individual #:21 prices. For comparison. the model was extended to deal
with demand for primary energy (i.c.. energy sources used to produce fuels for end use). Let ¢, be the
total amount of fuel i consumed at the point of end use m the residential and commercial sectors. To
allow for a proper comparison of the fucls having different end-use efficiencics. we define met
end-usc encrgy consumption. Q.. as O, =q.n.. where n. is the end-use efficiency factor for fuel i. Total
primary energy. M. is then defined as M = 2 Q¢ n.). where ¢ is the mput—output coefficient measuring
the amount of primary energy required to produce a unit of fuel i for end use.

Electricity is more efficient at the point of end use than are natural gas and petrokum products.
It is assumed that the end-use efficiency factor (n,) is 1.0 for electricity (which does not allow for
potential gain from increased use of heat pumps in the future) and 0.55 and 0.50 for natural gas and
petroleum products respectively. However. Robert Herendeen and Clark Buliard of the University of
Iilinois at Urbana-Champaign have estimated that it takes 3.8 Biu of primary energy’ to produce
| Btu of electricity. whereas it takes 1.1 and 1.2 Btu of primary energy” to produce | Bius of natural
gas and petroleum products respectively. Thus. when the direct and indirect use of energy in producing
end-use fucls is accounted for, clectricity is shown to be the least efficient fuel for many major end uses.

The estimated price clasticities for aggregate primary and end-use encrgy are compared in Table
4.4. Although the electricity price elasticity (—0.33) is much higher than the natural gas and oil price
elasticities for primary energy demand, it is the lowest (—0.05) of the three price clasticities for
end-use energy demand. The implication is that raising the prices of 0il and natural gas has greater
potential for conservation of end-use energy than raising clectricity prices. However, when the

46. Duta were obtain J from the U.S. Bureau of Mines. Edison Electric Institute, American Gas Association, National
Climatic Center, and U.S Depariment of Commerce.

47. This factor doe: 101 take into account the contribution from hydroelectric sources thet require no fuel.

48. These efficiencr.s do not include allowances for presemt or future import of oil or gas or for production of oil or gas
from coal of shale. in which case the valwe would be about 1.7,
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Tabie 44. Compansun of cstimancd price clasticities

Electron Gas O
Iype o8 demand prxce poscx prae
Fnd-usc enng\ -0.054 —0.204 -1.27%0

Pnman cocrey -0.3% —0.187 0224

primary sources of encrgy are considered for the ressdential and commercial sector. rasing electncty
prices is more cffective for energy consenvation than raising the prices of natural gas and petroleum
products. However. this conclusion says nothing about the type of primary source energy saved by
raising clectricity prices. Thus. sinoe most electricity is produced from coal. rassing electricity prices
may be less cffective m reducing demands for 01l and gas than raising oil *ad gas prices. even for the
residential and commercial sectors.

Spuce heating demand for energy. Space heating is the most important energy end use in the
resudential sector. In 1970. space heating accounted for 565 of the 101al energy used by houscholds.
The purpose of this study is 10 develop a model of space heating demand in the residential sector for
the major fucis. that is. clectricity. natural gas. and petrolcum products. The model consists of two
parts: The first part determines the average usage per heating customer. and the second deals with
the proportion of occupied housing units using a particular fuel for space heating. Specifically. the
modcl embodics several significant features: (1) estimates of both encrgy usage and fuel choice for
sy ace heating: (2) the inclusion of appliance prices as explanatory variables in the fuel-chose model:
(3) marginal prices of clectricity rather than the commonly used average price for both the usage and
the fuelchoice equations: and (4) the lack of a rigid constraint in the fuel-choice model that
cross-price saturation clasticities with respect 10 a given fuel price be identical. The model was
sstiimated from da'a colkcted from 48 staics in 1970.

The model was used 1o estimate usage and saturation clasticities (Table 4.5)." The usage
chisticity measures the extent to which the average heating usage of a particular fucel responds to
changes in its price. On the other hand. the saturation clasticity s defined as the percentage change
in the proportion of housing units that usc z particular fuel for heating that results from a 15
change in fuel prices. The results show that the price clasticity of usage for all three fucks is near
unity. In all cases. the cstimated usage chsticities are smalkr than the own-price clasticitics of
saturation. Although there exists no other cstimate of usage clasikity with which to compare our
results, our estimates of saturation clasikities are genenally within the range estimated by other
studies.”

The sum of usage and saturation clasticities gives the total clasticity for space heating demand.
The total own-price elasticity for natural gas is ~1.89, and the total own-price elasticity for
p:troleum products is —2.05. For clectricity. the total own-price clasticity appears to be much larger
than taat estimated for the aggregate demand for all purposes. These results, therefore, imply that
space heating demand lor clectricity is much more sensitive to price changes than other end-use

. W.S.Chemnand W. W. Lin, “Encrgy Demand for Space Heating: An Econometric Analysis.” to be published in the
proceedings f the American Statistical Association Annual Meeting. Bosion. Mass., Aug. 23-26. 1976.

50. M. Boughmar. and P. Joshow. Land Econ. 51, 41-09 (1975).

SI. W. W. Lin, Eric Hirst. and Steve Con. Fur! Choices in the Household Secror, ORNL CON-3 (October 1976).

$2. J. W. Wilson, Q. Rev. Ecom. Bus. 1, 7-27 (1971).
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Type of Eloctnowy Gas ()
facl pnce prwx prwxe
\ L
Electaty 095 b »
Nawmral gas b ~0.51 s
Petrolcum products & b -0%
[ ]
Seteration cipsticitics
Electncuy -39 03S 1.7
Natural gas 0% -108 o
Petrelcum products 023 178 -107
“‘Computcd at sampic mcans.

*No cToss price clasticitics arc cxtimated. bocause they are wheatically rero

demands of electricity. This sensitivity results perhaps from the high substitutability of other fucks
for the space heating. -

Regional forecasting model for electric energy. The principal objectives of this work are to (1)
quantify the relationship between electricity demand and its causal factors. (2) provide a credibic
computer-based model that can be used to forecast demand for ekectric energy by end-use sector on
a state basis. (3) develop akermative soenarios reflecting potential policy strategics and actions. and
(4) provide estimates of future power needs for environmental impact statements refated to nuciear
power plants.

Structure of the model. To cope with the problems associated with the declining block rate
structure and the mterdependence of clectricity price and prices of matural gas and oil. we have
developed a simultaneous equation system in which both clectricity demand and price are
endogenously determined. Mathematically, the demand equation for 2 given state i and 2 given
sector j can be written as

En=ay+ (1 = AM)Eyss + BPput yAp+ piyr . §4]
where
1= time period,
E = quantity of the electricity sale,

P = average price of clectricity,
A = vector of exogenous variables,
B = error term.

Also, a and B are unknown coefficients and -y is a vector of coefficients to be estimated. Equation
(9) is dynamic, as derived from the partial adjustment model, where A is known as the adjustment
coeflicient.

The average price of clectricity is theoretically determined by the relevant rate schedule and the
level of consumption. Historical data on rate schedules are incomplete and still not in a usable form.
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However. the kyvel and slope of the rate schedule are presumably related to the underlying cost
structure. Therefore, we assume

qu = 6,, + Q,E.,x + ')&n + v, (lo)

where B s a vector of exogenous variables. v is the error term. 8 and ¢ are coefficients. and 0 is a
vector of cocfficaents 1o be estimated.

Relevant exogenous varables differ from sector to sector as detailed m Table 4 6. Most of the
exogenous vanables listed in Table 4.6 should be seif-explamatory. In the residential sector. the ratio
of population to number of residential customers is used to measure the impact of houschold size. In
the commercial sector, per-capsta personal income and population are used 1o measure mdirectly the
level of commercial activities. The dummy variables for states are included because the models are
estimated for the region while allowing the constant term to vary from staic 10 state. The number of
natural gas customers is mcluded to measure the impact of the availability of natural gas.

Rejevant exogenous variables in the price equation nclude (1) costs of fucls used by electric
utilitics; (2) costs of operation. maintenmance. capital depreciation. and taxes in generation,
transmission. and distribution: (3) capacity utilization; and (4) state dummies.

Equations (9) and (10) are structural equations that arc simukancously estimated for cach sector
by the two-stage keasi-squares (2SLS) procedure. For forecasting. i is more cfficient o use the
reduced-form equations, expressing endogenous variables as a function of agged endogenous and all
exogencus varables. These reduced-form equations are derived from the structural equations.

Estimated eleciricity demand funcrions for the South Atlantic Division. To gain a greater
cfficiency in estimation. we estimated the siructural equations for each of the residential.
commercial. and mdusinal sectors by census division. The model for the South Atlantic Division has
been estimated by the 2SLS procedure using state data for 1955-1974.

Tabie 46. Exogencus vasinbies in the demand cquation by sector”

Residential Commercial Industrial
Price of natural gas Price of natural gas Price of matural gas
N .. 2 ol price No. 2 ol prce No. 6 oil price
Per-capita personal Per-capita persoral Coal price
meome mcome
Number of customen Population Gross National Product
Ratio of population to Heatng degrec-days Valoe added
number of customers manufacturing
Heating degreedays Average July mean Wage rates of manufacturing
temperature employees
Average July mean Number of nateral gas Number of natural gas
femperature cusiomers customers
Number of matural gas State dummics State Jummics
cusiomers
State dummies

‘AR price. mcome, and value varmbics are expressed i real serms.
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Only the highlights of the regression results in terms of the cstimates of long-run demand
chsticities are presented in Table 4.7 We have confirmed i the cconometric anahsis that
clectrcity demands w all three sectors are. in general. sensitive 10 cconomic. demographw. and
climatic factors. The reduced-form eyuations. as derived from the structaral equations. were used o
forecast electricity demand and price during the sampke period. The computed mean-sguare
peroentage forecasting crrors are all kess than 5. indicating a veny o wd performance of the model.

Preliminary forecasts of electricity demand for the South At i Division: 1975-19% The
estimated cconometric model for the South Atlantic Division has | n used 1o forecast ckectricity
demand for cach of the seven states in this division. To make forecas . we must estimate the future
values of all exogenous variables in the model. The projected growth rates of population. residential
customers. real per-capita incomes. value added in manufacturing. and price and income deflators
are all based on the projection inade by the Burcau of Economic Analysis (BEA)™ and other public
mm.‘\"

We developed three scenanios for fuel prices and costs of electricity gencration. transmission,
and distribution. In the base case. we used Hudson and Jorgenson's projections’ of the prices of
natural g2s. refned petroleum products. and coal. Hudson and Jorgenson project that the price of
mytural gas i current dollars will increase by 7.1 annually for the period 1974-19%0, 5.97; for
1980-1985. and 6.5% for 1985-1990: oil price will increase by 537 : wally for the period
1974-1980. 6.2 for 1980-1985_ and 5.8 for 19851990 and coal price will . __case by 7.47 for the
period 1974-1980. 6.9 for 1980-1985. and 6.0 for 1985-1990. In the kow price case. the ical prces
of fuels and the real costs of clectricity generation. transmission. and distribution are assumed to
remain at the 1974 level. In the high-price case. we assume that the growth rates of all price and cost
components in the base case will be doubled in real terms.

53. W.S. Chem 1t al.. “Future Growth m Electrc Power Demand m the South At Region.” paper 10 be published
m the proceedings of the Third Aanual UMR-MEC Conlerence on Encrgy . Univeruny of Mssoun- Rofta. Oct. 12- 14, 1978

54. US. Burcau of Economic Amalyss. Sunver of Curreni Busmess (Apnil 1974).

55. Natonal Pamning Association. Regional Ecomimu Projeciams: I90-85. Report 73-R-1. Washmgion. D.C (1973,

56. Federal Encrgy Admimisiration. Netmonel Energy Outlook (February 1976).

57. ©. A. Hudson and D. W_ Jorgenson. Bell J. Econ. Menaxe. Sci. 3, 461-514 (1978).

Tabic 4.7. Estimates of long-ran desmad clasticities—Sowth Atmtic Division

Focl pr Nomber of Heatng July Vakoe
Sector Consun.cv residental Popubtion  degrec- mean
Flectricity ”“::" Oil wneome customers days femperature
Residential -1.2 0.1l 0.76 0.9¢ 0.9 0.60
Commercil -0.88 0.14 1.33 IRl 0.9

fndustrial -1.75 0.0% o [ 2]]
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Projected annual growth rates for the penod 1974-1990 are presented in Tablke 4.8. On the basis of

these preliminary forecasts. we offer the following conclusions.

(2]

Electncity demand will continue to grow in all sectors and in all states in the South Atlantic Dinvision.
However. the rates of growth will be consuderably lower than these observed in the 1950s and 1960s.
As forecast n our base case, the total electricity demand in this region will grow at a rate of 6 2¢¢ per
vear for the peraod 1974-1990. as compared with 9.77; for 1955-1970 and 8.67; for 1970-1973.

. The forecast rates of growth in clectricity demand vary considerably from state to state: Fionda has

the highest rate and West Virginia has the lowest. These variations suggest that the forecasts at the
national kevei should not be used as the basis for making encrgy policics at the regional of state levels.

. Electrcnty demand 1s found to be sensitive to changes in fuel prices and costs of gencrating.

transmittmg. and distributing clectnicny. The results show that. for the South Atlantic Division.
doubling the growth rates for all fuel prices and clectricity costs in real terms will reduce total
clectricity demand by 145 as comgared with the base case.

Tabie 48. Forecasts of anmmm) growth rases of

clectricity desmnd by sector and state,
Sowth Athatx Division, 1974-1990
Sector
State Casc Total
Rosudental Commercial Industrial

Detawarc B 50 4% 30 40
1 b2 54 39 I 4

H 42 42 22 2

Manbad’ B 52 6% 0 an
] (2] 7S 29 56

H 43 6.l 12 30

Virpan B (X 7.2 43 6.l
1 71 80 52 69

H 52 65 35 52

West Virgmsa B 41 46 42 a2
I 52 53 $6 s$s

H 3 ix b | kN |

North & South ] 67 67 67 87
Carolma [ LN kA LN 80

H 53 56 54 54

Georga B 6.5 66 55 6.2
[ kA 7.3 6.7 70

H 52 59 42 51

Florda B 74 84 56 15
i »2 90 64 N2

H 67 79 49 6.8

Repomal 1otal B 66 7.2 5.3 64
[ 75 19 0.5 73

H 56 (%] 42 $4

B = base case. |. = low-price case. and H = high-price case.
“Inclodes the Distnct of Columbia.



4. Electricity demand. partcularh n the residential and commercml sectons, will grow ata taster vate
for the South Atlantic Division than for the natwn asa whok. Ths higher growth rate na rosult ot
higher growth rates of population and number of resudential customen as progected. We revognize
that these projections do not include many factors such as the potenatial increases in the use of solar
heating and non-price-induced conservation or policy impacts whch coukd drastcally change our
estimates of future demand for ekctrncity.

Future research. In our continuing eftort. we will develop a similar regwnal model tor the other
cight census divisions. In addition. we will carefully valdate our models further and perform a broader
sensitivity amah sis on other exogenous varabks such as changes in population growth and chmatie
condition. Furthermore. we will attempt to incorporate additwnal {eatures in vur forecasting model 1o
deal with the impacts of natural gas availability and crergy consenvation measures.

4.4 COMMUNITY UTILITY SYSTEMS PROGRAMS

W. R. Mixon
W_J. Bocgly. Jr.”" 1. 0. Kolb
J. E. Christman J. T. Mcador
R. E.Gam™ C. L. Segaser

Our activitics in community utility systems programs began in 1972 with participation in the
mautuagency MIUS program under the direction of HUD. The MIUS concept uses a relatinely small
plant located within 2 housing development or community to provide clectricity. space and water
heating. space cooling. solid and liquid wasic treatment. and potable water Analvtical cfforts to date
indicate that MIUS has the potential to meet most of the program gaals.

1. Fuel consumption is reduced by using wastc heat from clectrical generation and energy recovered
from solid waste to provide space heating and cooling and water heating.

2. Natwral resources conservation includes the reuse of treated liquid waste for nonpotable purposes
such as immigation and cooling water.

3. Technology to minimize adverse environmental impact of onsite systems is currently availabke:
problems related to thermal pollution. disposal of solid waste, plant siting. and the usc of long
transmission lines can be climinated.

4. MIUS can be installed near appropriate users in phase with actual demands of community
development or renewal; thus. the impact of local restrictions on housing construction due 1o a lack
of utility service (primarily sewage treatment) can be eliminated.

S. The total cost 1o the nation for utility services. on a marginal cost basis. can be reduced for large
multi-family developments, especially if conventional utilities wonld require long water or sewage
transmission lines.

To serve the needs of any specific community, the MIUS concept allows considerable flexibility in
the services 10 be included, the type of ownership, and the relationship (o conventional utility systems.

58. Eavironmental Sciences Division.
9. Cony ‘tant.
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MIUS 1 not preposad as 4 competitor or 3 compicte subsitute tor conventional utilites. but there are a
signiticant number of apphcations tor whach MU S would be of public benefit and should be considered
3 an oplun.

Dunng the past ycar. other agenc ks hatv e nitiated programs to er aluate. devclop. and demonstrate
decentralized communety cncrgy svsterms because of thair potentml for energy consenation. The ERDA
programs in whxch we have become mvohed include Advanced Technotogy -Mix Encrgy Systems
(AITMES). Coalt sing Integrated Community Encrgy Systems (HCES). and Dninct Heaung trom
Nuckar Central Station Plants. In gencral. the ERIDA programs exiended the MH S concept to include
a wader range of commumits Ly pes and sizes. emerging and advanced technologies. and more emphasis
on interconnection with the consentional clectnc utibty grd. Expertne m Mt S technologees has abo
ked to participation in the anatysis of thermal storage tor the Offiace of Technologn Assessment (OTA).
The tollowing subnections describe Encrgy Dnoivion participation and pregress n cach program.

441 Modular Integrated Unility Systems

The MIUS prugram 1s aimed towmard the devclopment. demonstration. cvaluation. and uitimate
wilopread apphcation of 2 new optson for provading community utility sen ices. If plants are located
ncar appropnate consumers and utility subsy stems are integrated. sastie heat from clectrical gencration.
and poss:biv from wiid waste incineration. can be ecconomicalhy used for domestic heating and cooling.
Reducid fuel consumpton is a crtical national goal. but dey clopmng communitics also face increasingh
senous probiems related to the adeyuate treatment and disposal of Iquad and sohd wasic~ which must
not be neglected. Many communitics. faced with the task of upgrading existng waste disposal facilitses
and the growing nced for new cmironmentally acceptable capacity. have imposed butMing
moratoniums. The MIUS concept addresses these problems by integrating »ohid and Injurd wastc
treatment with the clectric thermal subsystems.

To date. most activitics in the MIUS program have been part of the first of three major phases.
Phase § includes the evaluation. development. and testing of major componcnts and subsy stems: testing
of imited subsystem intcgration techniques: and assessment of the MIUS concept. The ORNL
sesponsibilitics n phase | have consisted primarily of cvaluating major compoixent and subsy stem
technologies. providing conceptual design and systems anailvsis. and assessing the conseyuences of
widespread apphication. Also included are detailed design activities for a coal-fired MIUS test unit.
dexcnibed separately in Chap. S.

Duning 1976. phase J activities were essentially complicted n the publication of technology
evaluations and system analyses. Phase Il the demonstration and evaluation of MIUS in lull-scake
applications was formally initated by site selection and the start of a conceptual devign for a MIU'S
demonsiration. The ORNL responsibilities in phasc 11 include sysiem design revikw . preparation of an
environmental statement. and compiction of a followup evaluation of actual emvironmental cffects.
The obyective of phase 111 is to achicve implementation of the MIUS concept by the private sector.

Technology evalustions and sysiems smalysis. Major components and subsystems of ufility
technologies were evalvated with respect to possible applicability to the MIUS concept. Emphasis was
put on technologics that could be used on a development site and that were in the appropnate we range
to serve communitics of about 100 10 3000 dwelling units. In several cascs. extension of the analysis by
comparing candidate MIUS technologies with the more conventional municipal-sized systems was
appropriate. Technologies were evaluated with respect to status of development. capital and operating
costs. consumption of resour-. s. and possibilities of miegration with other MIUS subsystems. The last §
of the 14 technology cvaluation and system analysis studics planned for publication were published
during 1976, and major conclusions are described below. .
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mitial MIUS and .omvensemal systems comparisons. Relereace 60 prowents the sesuits of a
prclimmary studs companag the cconomics. luct requirenxents, and coniromacental impacts of MIUS
and comvemtionsl cucrgy systenn. The prman analytical etfort was placcd on determiming the costs and
cmergy requiancsuents suocated with soveral methods of supplving clectrnity, space heating, domosin
hot water. and sic-conditionmg scn s to hypothetical garden acd high-rise apartment models: no
awocwted comme ol or mdustral nstatlations were cunsidoiad. The study was also limited o sife
having 2 clismmse somkae 30 that of Philadciphia. Pennsylania. A ol of cleven cases, or masdels. were
comsiderod. and all modeh were evatuated on the basis of present fearh 1972) marginai cost and tuct
CRCIRY TOpureIents.

The obpective of the fast companatine analysis was W0 provide preliminany information on
feasibility of the MR'S comcept and 10 help determine roguiremerts for additional modeling and
analyscs. Reslts indicated that priman fuc! requiremen?s of MEUS were from 22 10454 less than those
of comventionsl sysiems. deponding on the tvpe of cunventional system used tor comparison, if the
overall cfficsency of com cntiona! cicctrc gencration. transmission. and distribution is 3¢, . Hasad ona
marginal coes amaiyn. the anmual crsts of services from MIUS were lound Lo be in about the same range
»s thoee from mest comentional svstems.

Near-serm MIUS comeprs. The mam purposes of this analysis™ were to 1) illustraie the possiblke
and recommended aptions {or incerporating commercialiy availabk wehnologies into a tvpical MIUS
and (2)describe the possible methods of integring utilitics. Fxampks were discussed foralt community
servioes  power pemerativn, space heating and cooling. domestic hot water. potable water, fire
protection watey, and lywd and xold waste treatment and dispasal. The Tinal selection of the »arious
subsystcems meed w 2 MIUS nill depend on many factors such as climate. population density, total
population, ¢ mswexy min and demands. knal geology and topography. and focsl resources such as
water. anturat gas. o, and hind:; therctore, no one illustrated conliguration covid e considered an
optimum for & particular imiallatan. Reference 61 represents a good introduction to MIUS concepts

MIUS ond comventienal systems commparison for an existing development. The purpose of this
study’” was 1o cvahsate 3 MIU'S in the realistic framework of an existing housing devclopment having a
conventona! wtility system. Previous model studies have used hypothetical lavouts that simplified
analyses but that were nat ~epresentative of real sifuations. In this study, an existing hounsing
devciopment, comistmg ol the buildings histed in Tabic 4.9. was selected. and the comventional uti®
systems was analvisally replaced v a MIUS using the same otility service seyuirements. Electrica’
heating and coolmg londs. based on building characteristics. occupancy, and weather, were als.,
determned sosiytically . Lifestykes of the inhabitants were not changed: only the methods of providing
the same wiility servioes were altered.

The cvaluation was based on 3 MIL'S configuration in which no effost was made 1o optimize the
atility syssem. although somx . xnations were studied. The study was st intended to represent the best
possible apphration of 2 MILUS, but rather to apply a representative MIUS model to one existing site.
The technologics ssed are representatine of commercially available components as of about mid- 1973,

0 Goriond Sowach ct ol . ML S 8- wems dmalvus  Imissol Comparoens of Modulae-Nized Integrated Usdity Sysiems
wond Comventoomgl Sysormrs. RNE MU D MIUS-S (June 1976),

#l. Gaclond Somuch ond W ) Borgh. WIS Technology Fyahwation  Preliminary Subsvsiem Recommemdations for
Newr-Trrm Comewprs. ORNE WU D MIUS-17 (May 1906).

6L EC. Huranal. WHS Sovenss dnatss  Companson of MICS and Conventional Utility Sysiems for an Existing
Dovriopwrn, ORNE WU 1 MIEN-22 (fune (975)
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Table 4.9. Description of buildings in the
Waklen development model used fos anely sis

Budding ‘\":."" “':'."" Total enclosed Total number of
type dones buildings floor areatm”) dwelling wnits
Garden aparument 3 4 45 400 410
Townhovuscs 63 9.100 63
Motel 4 1 8.400 212
Restaurant. bar I | 100
Offce 5 ] 7.000

and the climate s that of Chicago. lllinoss. The criteria used for evaluation were fuel consumption. the
dominant environmenial impacts. and costs to the country (i.c.. the present marginal cost of providing
incremental services as of January 1972).

Resu'ts indicate that MIUS wold require about 170 less fuel than would the conventional utility
svstems (mcluding fuel for conventional clectric generation). Onsite meineration of solid waste with heat
recovery in MIUS was not found to have a significant cffect on fucl savings. Economic analyses using
present marginal cost for incremental services (as of January 1972) indicate that to construct. own.and
operate a MIUS costs more than would be required to serve the same development conventionally. The
total net difference in annual owning and operating costs was about $180 per 100 m” of total enclosed
floor arca. However. the cconomic advantages of allowing development to proceed in arcas where
utilitics services are imited were nol considered.

Environmental effects of using MIUS were an increase in carbon monoxide. hydrocarbons. and
nitrous oxide emissions. but a reduction in sulfur dioxide and particulate emissions. In any case. MIUS
use would not exceed Federal Air Quality Standards. and the local air quality would not be markedly
changed by MIUS use from that when conventional utilities were used. Impact due to onsite liquid waste
trecatment results mainly from the rekease of cfffuent at a different point from that of the large
conventional system since the degree of treatmeni obtained by small plants is the same as. or higher than.
that obtained by larger plants.

Thermal energy convevance. Thermal energy produced by a MIUS can be distributed at moderate
temperatures. and low-pressure steam or water is most adaptable as an energy transfer medium.
Reference 63 discusses the types. cost. and performance of several types of conduits for thermal energy
conveyvance. Conduits applicable to water convevance of thermal energy produced in a MIUS were
cvaluated from data on characteristics and economic factors related to district Leating and cooling
systems for housing developments.

Many different types of conduit and methods of construction are used in existing thermal energy
conveyance sysiems. Types that are most prevalet, both in oldet sysiems that are still in operationand
in mofe recent installations that include improvements in methods and materials. are illustrated and
discussed. Information on long-term performance is included, where available. from inspection reports
on various types of conduit in existing systems. The conduit was treated m much greater depth thanthe
other aspects of a thermal cnergy conveyance system. and special emphasis is placed on estimates of the
installed cost of several commercially available types of conduit.

63. 3. 1. Mcador, MI'S Technology Evaluation  Thermal Energy Convevance. ORNL. HUD MIUS-22 (May 1976).
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Effects of MIUS therinal energy storage (TES) and incinerator oprions. Reference 64 is one of a
scrics of evaluations undertaken to determne the applicability of varwus currently avaikbk
technologics to MIUS. We completed a parametric systems analysis that illustrates the economics of
integrating TES in a MIUS model for cases with and without solid waste incincration and waste heat
recovery. Annual and seasonal energy demand profiles are included 1o show that the time when waste
heat is available does not comncide with the ume when it can be used. Results are based on hypothetical
consumer and MIUS models that have been used in previous analyses at ORNL. -a 720-unit garden
apaniment compicx. Philadelphia climatc. and a hypothetical MIUS design providing complete utility
services.

The analysis mdicates that a significant savings in fuel consumption can accrue from the storage of
excess wasie heat for subsequent use during periods when the availabie heat from the engine-gencrators
is not adequate to satisfy the demand. Use of the heat energy available from the mcincration of solid
wastes can result in a fuel savings of up to 55 per year if a water storage vessel of 470-m capacity is used.
A vessel of this size is capable of stoning 42 GJ of heat energy from an mitial temperature of 70°Croa
final temperature of 93°C. The breakeven cost of the fuel (natural gas). at which the value of the fucl
saved equals the estimated annual owning cost of the TES facility. was shown to be of the order of $7.95
per 100 m'.

Three possible incinerator options were analyzed to determine the net annual costs of cach for
disposal of the 1.62 Gg of solid wastes per year. The analyses indicate that. up 10 a natural gas cost of
about $8.83 per 100 m", the lowest cost option was for the case of incineration with no heat recovery and
no TES. However. if the fuel cost exceeds $8.83 per 100m'. incineration with heat recovery and 42 GJ of
TES should be considered. These conclusions hold equally for incineration with no supplemental fucl
and with 209 supplemental fuel requirements.

Environmental evaluation of MIUS demonstration. In April 1976, the issuance of a grant for
conceptual and preliminary MIUS designs to servea pan of the new town of St. Charles. Maryland, was
publicly announced, and MIUS program activities in the demonstration phase were formally initiated.
Energy Division participation includes (1) review and analysis of design concepts prepared by the
developer and his contractors, (2) preparation of an environmental statement before construction, and
(3) completion of a followup evaluation of actual environmential and community effects from MIUS
construction and operation.

During the early stages of MIUS concept design. efforts concentrated on familiarization with the
demonstration site and the collection and analysis of published documents and other available data
describing the environment in and around St. Charles. An extensive site visit, which included
inspections of St. Charles facilities and the surrounding area, discussions with various State and local
govemment officials, and visits to local educational institutions involved in ongoing environmental
research efforts at St. Charles. was completed in July 1976.

One aspect of the environmental evaluation task is the identification of potential MIUS impacts to
ensure that pre- and postconstruction monitoring is adequate. The identification of impacts and overall
planning of onsite monitoring requirements proceeded as conceptual design information became
available. The major potential environmental impacts are expected to be (1) theeffects of engine exhaust
and incinerator emissions on air quality and (2) the disposal of treated liquid waste.

64. C. L. Scgaser. MIUS Systems Amalysis The Effecis of Thermal Energy Siorage end Solid Waste Incimeration
Options on MIUS Cosi end Fuel Consumpiion. ORNL HUD MIUS-26 (July 1976).
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4.42 Advanced Techmology-Mix Encrgy Systems

In March 1976 ORNL initiated work on the technology survey task of the AT MES program. The
program is funded by ERDA through Argonne National Laboratory. the keading lab for community
systems programs.

The ATMES program is concerned with consenving energy and scarce fuels by imtroduciag new
methods of energy supply to American communitics. A major objective is 10 transhte emergng
technologics from the rescarch stage to a meanmgful level of commercialization in real communatics.
The ATMES program is developing mnovative ways of combimning current and advanced technologics
into intcgrated encrgy-conscrving systems that could furnish any or all of the energy-using servioes for 2
community. These systems typically would consist of the equipment and processes needed to provide
such services as electricity. space heating and cooling. water heating. solid and liquid waste treatment.
and intra- and interbuilding transportation. material wransfer. and communications. The key goals of
the ATMES program are to identify. evaluate, develop. demonstrate, and deploy advanced energy
systems that will optimally meet the nexds of certain types of communitics.

The technology survey task consists of three subtasks as discussed n the following subsections.

Subtask 1: Selection and evaluation criteria. The objective of subtask | is to develop criteria for the
systematic sclection and evaluation of major components, subsystems, and concepts to be considered in
the synthesis of community systems. Technologies coasidered were those apphicable to threc community
sizes. as characterized by electrical requirements of 2. 20. and 100 MW(e). Initially, existing community
characterizations and conceptual system designs from the MIUS program provided inputs. At a later
stage. continuing nputs are expected from the ATMES community characterization and conocptual
design tasks.

Criteria used to select technologics for further consideration included such factors as the functional
requirements for use in community systems. degree of integration with other candidate components and
subsystems. and size or capacity as based on community size and reliability requirements for multip’e
units. Sclected technologies were categorized according to three time frames of development: current
technology that is commercially available, near-term technology considered ready for demonstration by
1980. and long-term concepts that may not be proven feasible until afier 1980.

Evaluation criteria consist of technical performance. economic, and other data required to simulate
and evaluate the use of a particular technology in a complete community system. Evaluation criteria
include, where applicable. such factors as (1) type of fucl or other resource required and efficiency of its
use, (2) status of development and potential for improvement. (3) reliability and operator requirements.
(4) engineerng performance characteristics, (5) majer manufacturers and retailers. (6) capital.
maintenance, and operating costs. (7) reyuired site characteristics, (8) social and economic problems.
and (9) cffluents and other environmental impacts.

Subiask | was essentially completed in FY 1976. A draft selection and evaluation criteria report was
submitted for program review and later revised in response to review comments. Additional submitials
included a listing of organizations working on sclected advanced technologics and a rating method used
to prioritize the generic technologies to be evaluated.

Subtask 2: Technology data collection. The objective of subtask 2 was to collect and catalog
available data and information pertinent to those technologics having potential applicationto ATMES.
This subtask includes a survey of literature and discussion with manufacturers. R&D organizations.
architect-engineers, etc.. to identify and list specific technologies with respect to the three time frames of
interest.
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A prioritized listing of techaologies to be cvaluaied. by tune frame and tunctiwnal catcgory. was
compicted: functional catcgorics mcheded (1) prisne movers. (2) clectric generators. (3) heat recovery
cquipment. (4) thermal distribution. (S) central heatmg components. (6) central chiller componcnts.
(N mdividual HVAC and water heating. (8) thermal and clectric storage. (9) solid waste treatmxent.
(10) biquid wastc treatsent. and (11) heat rejection. Data coliection activitics of this subtask will con-
tinwe 1o provide input to swbtask 3.

Subtask 3: Technology cvalmation and cheracterization. Included mn subtask 3 was the ecvahation
of candidate component and subsysicm techaologics with respect to applicability in comswunity systems
by fully caracicrizing the selccted technologics with respect to staie of development. cost. performance.
cmissions. use of resowrces, and other evalwation criteria required to support other program tasks.

Work in ssbtask 3 frst comcentrated on currently avaikabie technologics. Since a large data base
cwrently exists for these techaologies. cfforts required were primarily (0 update exstmg data and to
account for recest developments.

Summary. The output of the sechnology survey task consists of icchnology evaluation data reports.
which inclede a bricf techmical sumssary in the form of data sheets plus thorough documentation of
backup mforamation that is switable for publication as a topical report.

A dnaft sechnology evalwation of umitary air-to-air heat pumps was submitied on Junc 25 10
illustrate the proposed data sheet format and 1o provide the mitial distr bution of current technology
data. Theough Scptember 1976, additional draft evsluations of dicsel-er gine prime movers and water-
to-aix heat pumps were compicted; evaluations of gas and dual-fuel prime movers. central absorption
chillers, solid waste pyrolysis. and revisions 10 air-to-air heat pump and dicsel engine evaluations in
respomse $0 revicw comments were neas compiction. Evaluations of gas turbines. electric generators.
beat recovery equipment. central heating boilers. and TES are in progress. This task is proposed to
comtimue through FY 1977.

4.4.3 District Heating from Nuciear Central Station Plasts

A sechnology evaluation and 2 cost amalysis of piping systems for transpost and distribution of
thermal energy and for end-use equipment within apartment buildings were completed. This effort was
our contribution to a joint study with the Engineering Technology Division to determine the economic
feasibility of using heat from central station nuclear power plants to supply thermal energy to large
industries and residential-commercial developments. The scope of this study included the cross-country
transport of moderate-temperature (up to 215°C) steam or hot water over distances of up to 24 kmtoan
industrial complex or to the pont of connection with a distribution system for a residential
development. Transport conduits were sized to supply up to 10’ kg sec of sicam for industrial process
heat or 293 Mw(t) to meet the peak thermal demand of the residential development model.

The energy transport capability of high-temperature water (HTW) has been compared with that of
intermediate-pressure steam for many years. Stcam systems predominate in big cities of the United
States, whereas HTW systems are invariably proposed for new and upgraded systems in European
countries. Comparisons of maximum transport distances for steam and HTW, based on maximum
velocities and other design parameters used and recommended for operating systems in the United
States, and consideration of operation and maintenance problems tend to favor the use of HTW. For
large-diameter (0.6- 10 1.5-m) conduits, the maximum transport distance of HTW is not limited by
pressure drop to the degree that normally occurs with medium-pressure (2.4 MPa) steam. Our
comparisons of costs and the thermal energy transpert capabilities of some steam and condensate vs
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HTW systems are being compicted. The data will compare mstalied cost per unit of energy vs the
maximum distance of transport. When complesed. the resukts will akso be inciuded i 2 paper for the
ATMES evalmations.

For this study. 2 regular amay of garden apartment buildings that has been used i previous MIUS
program amalyses was considered to be representative ot the magar wde and distribution of therm- ¢
demands m residential- commercial developments. Each apartment building had six apartments per
floor. and the reference block comsisied of M40 two-stocy buildings (2880 apartments). The cffect of
housing density on piping cost was determined by considering one- and three-story buildings. and the
cflect of climate was determimed by considering 3 range oé thermaal energy demands. Table ;.10 shows
considered. These resalts indicate that distribution system costs are not a strong function of peak encrgy
dewmand or housing demsity. A 435 reduction m heating desnand redwuces costs by about 810 165.and 2
50% mcrease i howsing dewsity (from two- 10 three-story buildmgs) decreases costs by abowt 2210 28%
for HTW and 14 to 20% & - chilled water. The largest cost change. 2 765 mcrease. resulted from a 50%
reduction in housing demsity (from two- to one-story buildings).

Costs for HTW and chilled water distribution systems were also estimated for wp to twelve
interconmected reicrence blocks. It was found that the capital cost per apanment increased as the
number of apariments served mcreased: that is. no ccomomy of scale was evident for wp to 35.000
apanments.

Another capital cost clement considered was for cquipment within the aparnment buildings to
provide space cating and cooling and water beating. Costs were estimased for theee types of building
service cquipmaent: (1) district systems, consisting of two-pipe hot or chilled water piping. fan coil units.
and a central building heat exchanger and storage tank for potable hot water: (2) oentral building
systems. consisting of a cestral boiler i cach building for space and water beating plus electric air
conditioner units ia cach apartment: and (3) mdwvidual apartment systems. consisting of an individual
electnic farmace, a2 water heater. and as air conditioner in cach aparment.

Tabie 4.00. Cont cxtinmtes fus HTW sad chilled water
Jutvibution sysems (e e nisseace bluck of

290 spmoment building
Disribution system cost 13/ 2pt) for
Peak encrgy densnnd building ieights of
(M)/apt) Owe Two Theee
story shosies stories

HIW, aT = 56°C, 147 C supply

179 358 %1

5.3 38$ 6

36 702 398 3N
WIW. AT = JIT°C. 177 C sopply

316 360 259

Chilled watey, 2T=8.3°C

15.8 236 187
18.5 83 206
210 263 28
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Table 4.11. Comparisoe of capital costs fuy district and

cooling and watey heating
Cost for
System type two-story building Remarks
Siapy)
District piping 1800 165 more for e story, 7
ess for three stories
Central building 2360 8% more for om story, 2%
bess for three st wies
Individual spartment cquipment 1480 Not sensitive 10 be iMding
sze

The resulting cost comparisons are shown in Table 4.11. Costs are not total capital costs since
common cquipment costs were not included and district and central building sysiems do not include
thermal energy meters. Engineering Technology Division staff will combine these capital cost clements
to other costs, such as costs for pumping stations. energy and equipment at the central station plant. and
heat exchangers, to determine the total cost of delivered energy to industrial and residential consumers.
Final results were not available at the end of this report period.

4.4.4 Thermal Energy Storage for Solar Application

A draft report*’ analyzing the costs and performance charactetistics of devices for storing thermal
encrgy produced by solar collectors was completed in February 1976 at the request of OTA. The work
was performed in cooperation with the Engineering Technology Division and is intended to serve three
functions; it will be used (1) as part of a draft paper giving anoverview of solar technology: (2) as a basis
for (a) preparing preliminary designs for a variety of solar systems and (b) assisting in the sclection of
several baseline designs that will be subjected to detailed technical and economic analysis; and (3) as 2
source document by the team that will perform the detailed analysis.

The TES devices that we considered were those suitable for applications defined by the product of
solar enere;; conversion. the type of load. and solar collector temperature ranges. The systems studied
are capabie of producing both electricity and space conditioning for three types of loads: (1) a single-
family detached residence, (2) an apartment complex of 100 units. and (3) a city of 30.000, containing
single-family residences and apartment complexes. Collector temperatures are in four ranges: (1) 38 to
121°C (used for space heating and single-zycle air conditioners and organic Rankine low-temperature
turbines); (2) 149 to 204°C (used for dual-cycle air conditioners and low-temperature turbines); (3) 204
to 316°C (using fluids heated by parabolic trough collectors to run Rankine turbines): (4) 427 10 538°C
(using fluids heated by heliostats to run closed-cycle gas turbines and steam Rankine turbines).

The solar-to-the.mal-electric conversion systems needed to provide the domestic electricity,
domestic hot water heating, and the space heating and cooling for the three load types in the prescribed
temperature regimes will require subsysicms capable of storing from 60 to 36 X 10° kWhr of therma)
energy. Some specific storage subsystems proposed for initial selection in the various temperature
regimes are described in the following subsections.

Low-temperature TES subsystems. Water is the obvious selection as a heat storage material in the
low-temperature (38 to 121°C) regime. Water can be stored in a variety of tanks fabricated from various

65. C. L. Scgaser, Solsr Thermal Energy Storage Subsystems. ORNL. TM-’?SB. (to be pudlished).
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materiabs. ncluding wood. concrete, fiberglass. steel. and other metals. One of the available phase-
change materials (PCM) could be selected as an alvernative to water if space is at 2 premum. but it will
be more expensive. Scveral inorganic and organic salts. salt hydrawes. and cwtectics bave been
investigated as potential TES mawerals for space and hot water heating. Of these maserials,
Bats. d):-8H:O appears to have the most desirable characteristics of the PCM im the low-iemperature
regime.

Intermedintc-temperature TES subsystems. We recommcended one of the commercially available
heat transfer oils for mutial sclect:on as a TES material m the imtcrmediate-temperature (149 10 316°C)
regime. The physical properties ol the (lusds arc similas, but none of the fluids equals the TES capabdity
of water. The heat transfer oils, however, can be used at temperatures approaching the upper range of
the mtermediate-temperature clas; of materials without resortng to pressurized containment. Of the
heat transfer oils, Caloria HT-43, a petroleum-derived oil produced by EXXON, has the highest heat
storage capability.

A heat transfer salt developed by Dupoat in the 19305, HITEC. s also suggested for selectionas a
potential material for solar cnergy storage in the mtermediate-iemperature regime. A whise. granular
solid cutectic mixture of inorganic salts. HITEC is composed of 535 potassism mtrate (KNO;). 405
sodium nitrite (NaNO:), and 7% sodium nitrate (NaNOs). The mehing point of fresh HITEC is 142°C.
An upper limit 10 the uscful operating temperatures for HITEC is imposed by thermal decomposition.
which becomes severe at about S00°C.

High-temperature TES subsystems. For solar energy conversion apphcations in the high-
temperature (427 10 538°C) regime, 2 PCM wsing the heat-of-fusion of an morganic sak s
recommended. The heat storage capabilitics of some selected inorganic salt mixtures useful for solar
cnergy stiorage in the high-temperature regime were compared. Strictly on the basis of beat storage
capability, sodium hydroxide (NaOH) was judged to be superior to the others.

Sodium “ydroxide has the attribute of being abundantly available in large quantitics. and t
relatively inexpensive. Several progress reports refaimg 1o the design and application of systems using
sodium hydroxide have been issued. Because of the comparatively large amount of experience gained
from sodium hydroxide systems to date. this system is proposed for mitial selection as a means of storing
solar energy at high temperatures.

4.45 Coal-Using Integrated Community Encrgy System

In April 1976, the ERDA Division of Buildings and Community Systems contracted with the
Mathtech Division of Mathematica, Inc.. to analyze coal-using systems as producers of encrgy for
community consumption and to develop a methodology for the determination of the optimam coal-
using ICES for a given community. The first phase of this project is scheduled to terminate in May 1977
if project milestones are successfully met. The Energy Division is contributing technical management
assistance to the ERDA technical project officer for this project.

Project scope and objectives. The scope of this project includes the characterization and
optimization of combinations of all technologics. existing and emerging. required to provide
community energy demands using coal as the primary fuel. Technologies of interest include the (1)
primary conversion of coal to fuel, electricity, or thermal energy: (2) secondary conversion of coal-
derived fucls to useful energy: (3) storage and distribution of all forms of fuc) and energy: and (4) end-use
conversion of coal-derived fuels. electricity, or thermal energy 1o satisfy user loads. Vehicular
transportation and heavy industry demands are excluded. The objective of the technology analysis task
is to consider and evaluate technological problems (availability of technology): environmental impact:



T emememes

190

initial investments (monctary and resources); operational costs {(monetary and resources). and efficiency
of energy use umder full- and semiload conditions.

The community analysis task s to characterize community service and encrgy demands by zones
for buildings and services and to collect existieg data on energy and senvice demand profiles. The
profiles arc to show the time-dependent nature of the demands for illustrative and testing purposes in the
formulation of the optimization program.

The objective of the system synthesis and optimization task is to provide community planr =rs and
system designers with a useful tool with which they can ¢ 1) select tuel and energy forms and (2) perform
prelimmary sizing of cquipment and subsystems of a coal-using ICES for a specific community. The
basis for sciecting an optimum coal-using ICES confliguration mciudes overall energy use. mitnl
investiments. operatimg costs. or combmations of these factors. The results of the optimization
procedure can be applied to new community development or to retrofiiting an existing community
Purchase and sale of encrgy and fuel to adjacent markets is also 1o be mcluded in the optimization
procedure.

The fmal task is to develop a detailed plan for the demonstration of an optamum coal-usmg ICES
and to propose faterce research for development of improved coal-using ICES.

States. The first assignment compieted was a program plan that transhated the work scope into
mamgeable subtasks and ciements. allocated manpower requirements, and cstablished project
schedules and milestones. Work is now progressing in the four tasks. and working relations are being
established between Mathematica. Inc.. and its suboontractors. Since no major milestones have been
met m the project. it is premature to evaluate its chance of success. Results of the coal-using systems
analyses will be ntegrated mto the ATMES technology evaluation cffort.

45 ELECTRIC ENERGY SYSTEMS
H.M. Long

R. K. Adams* C. K. Bayme"
J. H. Holladay® W.E. Lever™
M. J. Roberts™

This program was initiated to provide technical assistance to the Division of Electric Encrgy
Systems (DEES) of the ERDA Office of Conservation. Emphasis is placed on the transmission.
distribution, and use. rather than gencration, of clectric energy. This mission coincides with the
missions of DEES and the Electrical Systems Division of EPRI. and the initial projects of the
program activity are funded through branches of these organizations.

45.1 Field Demonstrations of Communication Systemss
for Distribution Automation
The distribution systems of electric utilities are essentially passive systems that receive electricity
from transmission lines or directly from generators and distribute i to residential, commercial, and
industrial users. The equipment, as presently specified, mu be capable of handling the expected

66. Instrumentation and Controls Division.
67. Computer Sciences Division.
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pcak lwads and withstanding many cmergency stuations without any active management of
supenvision. Obviously. 3 managed or supervised sysiem could result in the more optimized use of
the cquipment by shifting and deferning loads im response to changes. and continuous monitoring of
the system status could improve the relability through more refined mainsenance and repair. Onc of
the required ckements to implement such supenvised or automated distribution s 2 cwmmunication
system that will report the system status to a central supenvisory location and send the requisite
commands back to the action points i the system. Such a communication system can also be used
for remote meter readmg. load control. and collection of information on system encrgy wsage. To
foster the development of the communications required for amomated distnbution. ERDA and
EPRI arc funding ficld demonstrations of communixation equipment.

Communication systems that use the cxisting telephone network. a radio system. or a carmer
frequency imposed on the power distribution lines are potentially feasible. Although equipment for
cach of these sysiems has been designed and manufactured in pilot quantities by several
manufacturers. no sysiem has had sufficient in-service testing to fully quakfy . In this program six
manufacturers will supply equipment to six utilitics. which will install and operate the equipment for
a vear-long test. The progect will comsist of four power-line carmier systems of different frequencies
and modes of operation. one telephone network system. and one radio system. Each manufacturer
will be teamed with a utility for the demonstration. The utilitics are located in different regions of
the country and will use the equipment on overhead and underground distribution circuits in urban.
suburban. and rural arcas.

‘The manufacturers are funded by cither ERDA or EPRI (three cach) to supply a system for
bidirectional communication to about 750 points in the host utility system. The utilitics support the
project by supphing the required manpower for equipment installation and the personact for
carrving out the test program for a minimum period of onc year. The tests are expected to
demonstrate the inherent capabilities and potential liminations of the equipment in achieving
cffective communication by individual and mass addressing between a utility control location and a
vancty of devices such as switches. transformers. capacitoss, fault detectors. and individual
customer meters. The sysiem will handle (1) distribution automation (c.g.. remote operation and
status reporting of capacitor bank switches. line reclosers, sectionalizing switches. and transformer
1aps): (2) load control (simulated or actual shedding of load). and (3) metering (total accumulation.
time-of-day. peak. and demand).

The Oak Ridge National Laboratory has been sekected by ERDA and EPRI to provide data
coordination for the project 1o assure the comparability of the tests. In addition, ORNL will provide
technical analysis and monitoring of the three ERDA-funded tests.

The mital tasks in this project. 1o review the eyuipment and program plans of the six
manufacturers and the experimental plans of the manufacturer-utility teams and to make
recommendations on the data required to properly assess the equipmemt performance. are well under
way. Two reports, one on the equipment and onc on the experimental plans. will be issued during
the first quarnter of FY 1977 along with the reccmmendations on data.

Review of the three ERDA-funded manufacturers will be extended beyond the review required
for the data coordination project. This extendeu review will be directed toward idemtifying the
problems expected in the large-scale manufacturing of the equipment and those that will need 10 be
solved for full implementation of distribution automation in a utility. In addition. we will conduct a
more detailed examination of the technical options chosen by the manufacturers.
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432 Participation i US-USSR Sapercoaducting Power Transmission Cooperation

Oak Ridge Natiomal Laboratory has participated in one of the scxcntific and technical
cooperations between the United States and the Soviet Unwn in the fxeld of coergy since the
mception of the cooperation. H. M. Long was a member of the U.S. Organizing Committee of the
Exchange on Superconducting Power Transmission in 1972 and has served on the committce since
then: he was named Ieader of the commiittee in January 1977. His participation will continuc. and he
will kad a topxal working group on crvogenic diclectrics which he organized to develop and
implement cooperation m this technical arca. The topical working group is composed of industrial
representatives who are mvohed m diclectric development and who can provide an in-depth
assessment of Sovict capability n this arca.

46 COST TARGETS FOR SOLAR ELECTRIC POWER PLANTS*

T.D. Anderson” L. C. Fuller”
H. 1. Bowers” S. I. Kaplan
3. G. Delene” J. V. Wikon”

Solar emergy s widely proposed to be a major source of bulk clectricity by the year 2000. In
gauging the probable rate and extent of solar clectricity’s peaetration into U.S. utility systems. cost
targets provide a useful criterion for the approach 1o economic competitiveness by this new
techmology.

As defmed i this study. a cost 1arget is the allowable mvestiment in 2 solar gencrating plant
such that its operating cost will equal that of a competing conventional generating plant under the
conditions of the chosen demand mode. Such modes are grouped by duration of demand during a
daily cycie and range from base load (essentially continuous) through intermediate loads (about 15
to T0% capacity factor) to peaking load (under about 15 capacity factor). The choice of
conventional power plant to satsfy a particular demand mode s dominated by economic
considerations; for example, short load cycles favor low-capital-cost plants. whereas base-load plants
require low variable (fuel and (Mt M) operating costs.

Using the method described in ref. 70. the capital and other nonfuel costs of various types of
conventional steam—clectric plants were estimated for commissioning in CY 2000. Self-consistent sets
of nominal and high values for fuel contributions to power costs were developed by (1) using
forecast prices for nuchear fuel as a base and (2) selecting capacity factors for each plant type from
the national energy-system mix embodied in the ERDA Planning and Analysis Office projection
(modenate low case).”' Each fueled sysiem was postulated to be the most economic electricity
producer at the mean value of its normal capacity factor range. and fuel prices were computed so as
to realize this relationship.

68. Work performed in the Engineering T echnology Division.

69. Engincering Technology Division.

70. Energy Revearch and Development Administration, CONCEPT: A Computer Code for Conceprosl Cost Estimetes
of Steam-Eleciric Power Planis. Phase |V User’'s Momusl. ERDA-108 (June 1975).

71. Total Emergy. Eleciric Energy and Nuchewr Power Projections. United States. WASH-1139 (1) (Febraary 1975).
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Mcan operatng costs (n dollars per clectncal kilowatt-hour). usmg a 15.57 fixed charge rate
on capstal. were then developed for the vanous types of plants:
Annual nucicar operatuing costs [$ kW(e)]

= 0.15%CC) + FOM + YVOM(8760)y + VFC(8760) + FFC . an
and
Annual fossil-fuciod operatmg costs [$ kWic))

= 0.155CC) + FOM + VOM(B7160) + VFC(8760) . 12
where
CC = caputal cost. $ kWi(c) VFC = varmable fucl cost. S kWhrte).
FFC = fixed fucl charge. $ kWic) per yvear. VOM = varable O&M cost. $ kWhr(c).

FOM = fixed O&M charge. $ kW(c) per year. J = capacity factor.

Two cicgories of sobr clectric plamt were studied—fuel displacement and  capacity
displaccment plants. Fuel displacement plants operate whenever weather conditions permit, and
their output 1s used by the uubity system m licu of the highest-cost plant output then in service. The
worth of such solar power s the same as the incremental cost of producmg the power it
replaces  that is. the variable operating cost of the plant. Hence. the cost target for the solar unit s
the investment onc could make m the unit such that its fixed charges would equal the cost of the
displaced power.

Capacity displacement plants imply the presence of sufficient storage and other backup
capacity. if necessary. to provide the same reliability and contmuity of output as the units they
displace. The cost target for a capacity-displacing clectric plant is the investment that one could
make in the plant so that the annual fixed charges would equal the annual operatmg cost for a
competing conventional plant. Figure 4.15 displays the cost targets for capacity-Gisplacing solar
plants in terms of high and nominal convent’onal plant operating costs for the year 2000 for various
capacity factors.
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Fig. 4.15. Cont nrgees for capacisy displacement solar eloctric plants.
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5. High-Temper.:ure Power Conversion Systems
AP Fraas
.1 INTRODUCTION

An important step that can be taken to reduce our national fuel consumption s 1o Ikrease the
efficiency of the thermodynamic cyclkes. Few realize that 2 major reasonwhy U S coal consumption did
not increase rapidly during the past century was an increase in the thermai efficikena of stcam plants by a
factor of about 10. Unfortunately. there has been no further increase since about 1950 hecause at that
time we reached the upper practicable temperature himit for the stcam cdcle  about $30 C (1000 ).
Reaching higher thermal efficiencies will require going to ligher temperatures. and this in turn imphes
the use of other working fluds. The keading candidates for advanced thermodynamic oveles are (1) gas
turbines running on air or helium and (2) potassium or cexium vapor topping v cks supenmposed ona
conventional steam cvcle. Work on botb closed-cy cle gas turhines and alkali-metal vapor topping cvckes
is under way m the Energy and Engincermg Technology Divisions.

These high-temperature thermodynamic cyvcles may be coupled to fosil. fission. or tusion energy
sources. The work m 1976 has been centered on fluidized-bed coal combustion systems. whxch will
permit the direct combustion of coal (since sulfur emission can be controtied). The tluidized-bed coal
combustion sysiem appears to be well suited for coupling to cither gas turbines or alkah-metal topping
cycles. In cither case the peak temperature (and hence the cvcke cffwiency) 1s imited by (1) sultur
retention considerations that restrict the flusdized-bed operating temperature to 870 10930 C (1600 10
1700° F). (2) corrosion considerations. and (3) the rapyd drop in the strength of structural maternals with
increasing temperature: cach of these three factors appears to lmit the peak operating temperaturc of
the heat transfer matrix to about 8707 C (1600° F).

However. many complex and subtke problems must be solved before commercually viabke power
conversion systems can become a reality. The follow ing sections outline some of these problems and the
steps being taken to solve them.

52 FLUIDIZED-BED COAL-BURNING GAS TURBINE
A. P. Fraas

S. J. Ball M. E. Lackey J. J. Tudor
R.S. Hokkcomb  J. T. Meador M. E. Whatley

A major elkement of the program carried out at ORNL. for the Department of Housing and Urban
Development (HUD) (see Sexct. 4.5) is the study of Modular Integrated Utility Systems (MIUS). These
are total energy sysiems. that is, power plants designed not only to produce the c'ectricity required fora
housing complex of up to 1000 units but also o use the waste heat from the thermodynamic cycle for
domestic hot water and building heating in the winter and absorption air conditioning in the summer.
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fhe MIUS installatwn will abvo provde tor disposal of solsd wastes anf sewape treastment Whenwevere
shortages of natural gas and tuel oil began 10 hmut the construction of ncw housing devclopments in
1973. ORN\L. proposed that a gas turbine might be coupled 10 a flurdized-bed coal combustion sy stem to
meet MIUS requirenxents. This systemn would permit the use of the high-sultur coal that constitutes
about W of the coal resenes of the United States in the regron cast of the Mbsnsipps and north of
Mcmplus. where 757 of our urban populatine: dwells.

Asa rault of conclions recached in the Concept Feambaliny Study " ORNL recenned appronal trom
HUD and FRDA m Fchruan 1978 1o proceed with the conceptual design and cost estimate tor o
fluadired-bad coal combustion sysiam: as a heat source for a gas turbme suitabic for MIL Sapplixatons.

$2.1 Detsiled Devign of the (ool-Burning Gas Tushine | vprrimment
The detailed devgn of the experument and the procurement of certain long-kead items have
proceeded durning the past vear. The major part of the devign ettort has ven directed to the turnace. gas
turbinc. and heat exchangers.
System flow sheet. A Hlow sheet iIndwating the poncipal components ok the sustem and the design
operating temperatures s prexcaied m big. S 1. The fludued-bed tumace. ceonomucer. and wr
prefecater are meorporated in the fumace unit: the remaming components are commercal cyupment

P AP b lw ot Comland Coal-d crancd Faminin Loca Fawerg: Soszaons 2o MIEN feponanaons ORNE Y D MIES
2T vpnl 1978
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Fig. 5.1. Flow sheet showing the coupling of the mujor components of the fiwidized-bod cosl combustion system 10 a clowed-
cycie gus turbine for MIUS application.
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ftems with some moditications 10 st the reguirements of this mrcular system. Sice the gas
turbine 2ad compressor umt. recuperator. waste heat reeoveny heat exchanger. and donrst hot-water
heater. along wih the connectmg ducting. operate with ordinary air. which isessentially *rec of moisture
and dust. there should I relatinehy hittle ditiwulty from corrosion or deposition in these components.
Not shown m b 5.1, but included in the combustion air system. is appropriate dust removal
cqupment. including (1) a2 cvclone separator beiween the economizer and the regencrator and (2) a
baghousc in the cxhaust from the regencrator to the induced-dralt tan. Also. a forced-draft fan is used
on ihe miet 241 10 redue the powcr requirements for pumping the combustion air because the pumping
power for 15°C ¢60° F) air 5 soughly two-thirds as great as that for tie hot combustion products.

Fummaee design. The prmcipal ckments in a fluidized-bed coal combustion svstem ol the type
envisioned are shownin Fig. 8.2 which showsa vertial sction through the 1LX-m(6-11)-sguare refersnee
design fumace. Awr frows the large pknum at the bottom is blown upward through orifices i the bed
plate. through a 0.6-m¢2-11)-deep fludized bed. and upward to the top of a plenum chamber above the
bed. where most of the panicio lifted out of the bed have a chance o settke out and fall back into the bed.
The hot combustion gases then flow upward through an cconomizer rxgion. where they give up much of
thor heat 10 the turbine 2ir entering the heater.

Abowt 3 doren different devigns wore consadered inan effort to evoive a lavout that would best meet
the boundan conditions. tairh detaiked Liyout and analytical studics were carried out for four of these
designs. The vanwus dosegns and the basic probkems involved are discussed in rel. 2.

Asscmbhy and subassembly drawings of the reference design fumace were prepared with sulficient
dctail to cstamate the furnace cost and prepare shop tabrication drawings. A bid package including these
drawings and the specifications was preparcd and sent with s reguest to bid (o 17 prospective vendors.
Of the two bads recenad. the low bid was tound to represent i satistactony proposal.

A review of the program. emphasizing the prospects tor commercial implementation of the coal-
burning gas tarbmne sysiem. was held at ERDA. Office of Fossil Energy. Division of Coal Conversion
and Utilization (ERDA-FE) m carly Scptember. As a result of the review, ERDA-FE program
manager; suggesied that the commercial prospects of the system would be enhanced if the furnace were
built by an experiencord fumace manufacturing firm according to its own design for suitable volume
production to meet future demand. Consequently, ERDA-FE dirccted ORNI. not to place the order for
the furnace on the hasts of the low hid that had been reccived, but rathur to cancel the order and make
pl.ns to prepare performance specifications and obtain designs from furnace manulacturing tirms. This
coursc of action will he followmod. and the pertormance specitications will he prepared when additional
funds are recencd.

Turbine-genesator snlt. A suncy of turbine-generator units having outputs of 300 to 1000 kW(c)
was carvied out last vear by contacting vendors and talking with leading gas turbine experts. The survey
identified the AiRescarch model &3 -200 gas turbine-gencrator unit asa design suitakle for coupling toa
Nuidired-bod cos! combustion sysiem employed as a heat source. Two of the units, which arc available
from the Air Force on loan for experimental use, were chosen as the basis for the sysiem design,

An engincering study was performed by AiRescarch to examine the feasibifity of modifving the
831-200 gas turbime for chosedcycle operation. It was concluded that the turbine could be made suitable
for closexi-cycle mae s (1) replacing the seals with the improved scals that AiRescarch has used in later
model engines. (2) replacmg the thrust hearing with onc designed for the higher thrust loading being
used in 8 unnt that produces a higher power output, and (3) providing a high-pressure compressor inlet

2 A P Fraset i ~“Ihengn Sudy 101 2 Caal-Fucked Closed Cycle Gas Turhing System for MIUS Applications,” Record of
the 1wk bsserwnorrs Emergs Comeviam Engineerng Conference, 1FFE Catalog No. 78 CHO 9R83-TTAB (August 1975),
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Fig. 5.2. Cross section of the reference design fimidized ded.
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pknum. Performance calculations indicated that the best overall performance using this system would
be obtained at a speed of about 307¢ of the onginal design speed: there should be no vibration problems
at this speed of operation.

Recuperator design. The cnginecring study on the $31-200 gas turbine included the performance
analysis of the AiRescarch truck gas turbine recuperator core modules for closed-cycle operating
conditions. Turbine cycle calculations were done for recuperator designs composed of four, six. or eigh*
modules. The six-module design. which viclded an acceptable pressure drop and heat transfer
cffectivencss. has been selected as the reference design. The six core modules will be packaged in a
cvlindrical pressure vessel (o form the recuperator for the closed-cycke sy stem. This recuperator dexign
offers the possibility of a considerable cost reduction when the core modules are placed in volume
production. The material presently used for the moduies is 347 stainless sicel. but development of a unit
made of the less expensive 400 series stainkess sicel is in progress.

Regenerator design. A regencerator is emploved 10 transfer heat from the flue gas 1o the incoming
combustion air. This heat transfer increases the thermal efficiency by reducing fuel consumption. and
the hot air provides better conditions for burning the fucl and improves the combustion efficiency. A
study to determine a regenerator design having high reliability and case of maintenance at minimum cost
was performed. Three types o heat exchangers were included in the study: (1) ceramic core rotary
regencrators. (2) metallic core rotary regencrators. and (3) fixed surface heat exchangers of a varty of
heat transfer matrices. The ccramic core regencrator material was found to be susceptidk to corrosion
from sulfur trioxide and did not appear to offer good reliability. The metallic core regencrators in
commercial production presented two problems resulting from operation at a higher pressure difference
between the air and the flue gas than that found in conventional fumaces: (1) inadequate sirength of the
scparator sheet between the high- and low-pressure sections and (2) excessive air Iakagé across the
rubbing seals. A fixed surtace heat exchanger of the barand plate type of construction appeared to offer
the best design for the application. A number of vendors were contacied. and 1wo proposals were
submitted. The proposed design with the lower cost was sclected as the reference design. It consists of a
specially built stainless sicel heat exchanger placed in series with a production-mode! low-carbon steel
heat exchanger. The flue gas temperature will be reduced to about 538° C (1000° F) in the stainless stecl
unit. and the flue gas will be cooled to about 149°C (300°F) in the carbon sicel heat exchanger.

Waste heat exchangers. Heat is recovered from the turbine exhaust air in a waste heat exchanger.
designed to supply water atabout 132°C (270° F). and a domestic water heater. designed to heat water to
62°C (150°F). The waste heat exchanger is designed for a maximum air inlet temperature of 427°C
(B00°F). The design sclected was a finned-tube crossflow heat cxchanger having carbon stcel finned
tubes in the high-temperature section and copper tubes with aluminum fins in the low-iemperature
section. The domestic water heater will also employ copper tubes with aluminum fins in a crossflow
design. The commercially available tube bundles will be installed in a specially fabricated cylindrical
shell for the closed-cycle system.

Ash handling system. The preliminary design of the ash handling sysiem was compikted. and
components were sized and selected. Recommendations for the preferred type of each component were
obtained in discussions with scveral vendors. and a flow sheet incorporating the recommended
components was prepared. The option of having the system designed and supplied by a system
engineering firm was explored. Discussions were held with a firm that supplies complete systems: the
cost estimate for providing the design and the total system indicated that this approach would be more
expensive than continuing the design work at ORNL and purchasing the individual components.
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522 Bench Teshs

Test work is continuing on a fluidized-bad cold flow model and the coal feed system.

Cold flow model. A number of tests were conducted with a 1.2-mi4-ft)-square. 3-7-mt 1 2-ft)-hagh
L.ucite model of the fluidized-bed fumace. A photograph of the model with the bed region fillked with
limestone is shown in Fig. 5.3. Arcas of testimg include fluidizing velocity. pressure drop. air
distribution. cual mixing ratc. and tube vibration. The fluidizing velocity tests mdicate that it should be
possiblc 10 operate the furnace at about one-third of the full-power air flow rate. The coal mixing data
show that adequate horizontal mixing of the coal should be obtained from the four coal feed novzies at
onc-third of the full-power air flow ratc. Tube vibration was found 10 have a froquency range of 2010 50
Hz. but low amplitude. The natural frequency of a full-length furnace tube was measured and found to
be 15 Hz with no support under the horizontal U-bend portion: results of the vibration st ked to the
decision to provide supports at the ends of the honzomal U-tubes.

Conl feed system. Tests have been conducted on components of three different coal feed svstems.
and some endurance icsiing has been done on the system selected as the relerence design_ The vibrator-
eductor unit, which employs a vibrating feeder 10 feed coal in four streams to air-driven cducton. was
tested: after trving several air flow settings. we found that the coal feed rate is not split equally among the
four streams over the range of the vibratorny amplitude o give the desired range of total coal feed rate.
After spending considerable cffort 10 obtain cqual flow in the four strcams without stccess.
development work on this type of coal feed sphiter was discontinued.

Unfavorable results were obtained from a coal feeding test run on the Iron Fireman pacumatx
screw feeder. Part of the transport air fromthe blower circulated back along the screw focder and caused
the screw 1o be only partially filled with the fincly crushed coal. thus producmg a coal feed rate of onky
half of the maximum feed rate required when the screw was running at full speed. The lron Fireman
feeder was considered unsatisfactory for feeding coal to the fumace.

A coal feed system consisting of 2 gravity flow splitter that feeds four air epectors for transportng
the coal has been tested: this sysiem has been found 10 give four sircams that can be kept within 5 of
the mean coal flow rate over the entire operating range. and the results are repeatable. A serics of baich-
flow tests giving a total nnning time of 175 hr was run on this sysiem. and no operating problems were
cncountered. The systiem has been selected as the reference design coal feed system and is currenthy being
instalied n 2 new test facility that will operate continuously with the obyectne of runsmg a 1000-hy
endurance test.

$.23 Supplemental Studies

A group of supplemental studics in suppont of the coal-fired gas turbine program was requesicd by
ERDA-FE. and the studies were initiated upon receipt of funds in March 1976.

Refinbility. A report’ on the analysis of the reliability of a MIUS powcred by four coal-fired gas
turbine systems was compicted in July and submitted 10 ERDA-FE and HUD for review. The study
indicated that this type of MIUS system would beavailabk to meet the clectric demand except for about
IS hr per year.

Alemnate cycle performance. A report? on the performance of the coal-fired gas turbine system
with alternate cycle conditions was completed in September and submitted to ERDA-FEand HUD for
review.

3 Garland Samucis. Reliahiliy Considerations for g Coal-Fired Modudar tntexrared Udiny Svsiem, 10 be published as
ORNE HUD MIL'S report.

4. Garland Samuclsand W. M. Wells, Aliermare (perating Conditions and Svsiems for the Coal-Fired Medular Integrared
Uiy Sysiem_ 1o be published as ORN. HUD MIUS report.
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Lconemic comparion. A\ report b In preparation on the cconomic comparison of the coal-fired
ga~ lurbine svstem with two alternative energy svsiems: (1) central station pressurnized fluidized-bed
ceetne power plant with air-to-air heat pumps in apartments; (2) aentral station pressunzed fluadized-
bed clectne power plant with a central heating boiler for the apartments.

Hieat tramsfer sest. A heal transfer test was run on an air-cooled tube in the FluiDyne Enginecerning
Corporation fluidized-bed test furnace at a bed temperature of 900° C (1650° F) over a range of fludizing
veducity of 0.2 10 0.6 m sec (08 1o 2.2 ft sec). The resuhis are being analvzed. and a report will be
prepared.

Fiseside comosion test. A corTosion icst on 16 specimen tubes made up of eght different metal
alloys or coatings is scheduled to be run in the FluiDyne Muidized-bed fumace. begmnning October 1976
and continuing for a period of 500 hr. The wube wall iemperature will be held between 815 and 870°C
(1500 and 1600°F).

53 ALKALLMETAL VAPOR TOPPING CYCLE
A. P. Fraas

R. S. Holcomb R. L. Graves R. E. MacPherson R. H. Guymon
D. H. Lioyvd M. E lLackey ). J. Tudor G. Samuch

A conceptual devign study. mitiated at ORNL under the NSF-RANN program carly in 1971.°
indicated that a potasssum-sicam binary vapor cyck plant having a gas-fired. supercharged potassium
boiker would give a thermal cfficiency of over 507 and capital costs similar 1o thosc for a conventional
coal-fired stcam plant. The most vital questions were considered to be cost. performance charactenistics.
and rcliability of the potassium botker. The conceptual design study indicated that such a boiler might
by be designed around a set of perhaps 100 tube bundie and bumer modules: OR NI proposed that onc
sitch full-scale module be built and tested to establish its performance characieristics. cost. and
reliability. A program 10 carry out this project was initiated in July 1972 under the NSF-RANN
program. and the boiker and burner module were constructed in 1973,

Work on the potassium vapor cycle was halied in February 1974 because of uncertainties in funding
responsibility associated with the transfer of this category of work from NSF 10 the ERDA-FE. Aftera
year's hiatus. work on installation of the potassium boiler for tests with water was resumed in April 1975
afizr recapt of the final instaliment of NSF funds. Funds to resume work on tests with potassium were
received from ERDA-FE at the end of November 1975, and fabrication of the required componcnts was
iniliated. Installation and operation of the water test and design and fabrication of the potassium test
components have procceded in 1976,

5.3.1 Test of the Potassivw Boiler | sing Water

installation of the gas-fired boiler module system for water tests was completed in July. A
photograph of the tube bundie after it was hung in the equipment tower and before the shroud and
furnace shell were placed around it is shown in Fig. 5.4. There were difficultics during startup with the
pilot light and with combustion air bypassing the main burmer. Both problems were corrected and the
svsicm judged suitable for the watcer tests.

S A.P. kraas, Preliminary Assessment of a Poigvsmm-Sicam-Gas b apor Crvobe Jor Better Fuel 1oonomn ornd Redieed
Thermal Pollurion. ORNE. NSE-EP-6 (August 1971),
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Fig. 54. Potuassium boiler module installed in equipment tower.
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Argon is supplied at two points in cach of the botiom kiquad headers to promote boiling nucication
when operating with potassium in the boiler. One objective of the water tests was 1o determine whether
the argon i properiy distributed so that the flow in cach tube is sufficient to promote nucication. A
mcthod was devised for measunng the argon flow rate 10 the individual tubes of the boiler: Water and
argon are removed froma point about 3 m (10 ft) down the boiler tube and passed through a Mlask_ where
the argon s scparated from the water and the collection rate s measured. The water is returned to the
bosler tube so that there is essentially no net disturbance in flow at the entrance orexit of the boiler tube.
Results from a representative sampile of the tubes mdicate that an adequaie argon flow is present i cach
of the tubes.

One matier of concern that can affect the boiker integrity is the iemperaturcdistribution in the tube
bundlc 2s the burner is tumed on and the system brought to boiling. Analysis of the startup conditions
indicated that. once the temperature of the liguid in the boiler tubes was only slightly higher than the
Inguid teriperature in the downcomers. a thermal cisculation current would be set up if the bosler drum
were filled with liquid 10 a level above the outlet of the boiler tubes. This liquid flow would tend to
cyualize the temperature in the tube bundie and prevent any high thermal stresses from differential
thermal cxpansion. The temperature distribution observed during boikr startup mdicated that good
Injud circulation was present: the maximum temperature difference between the tubes in the outer row
and the tubes in the inner row was only about 25°C (45°F). and the downcomer temperature was
running hetween the temperatures of the inner and the outer tube row. The temperature of the outer tube
row gradually rosc 1o about the same icmperature as the nncr row as the water iemperature 10s¢ to the
boiling point.

532 Test of the Potassium Boiler Using Potassiom

After the boilker 1est with watcer is finished. the boiler module and test system will be modifica for
operation with potassium. The prinapal modification that will be required is the addition of a vapor
condenser, vapor piping. and a fill and drain system. The work durning 1976 has consisted «f design and
some fabrication of these components and system modifications.

Potassivm condenser design and fabrication. A potassium condenser built for the space nuckear
clectric power program will be used in the potassium boiler test. A sct of aluminum reflectors that was
intended for operation at a icmperature lower than that required for the boiler (st has been removed.
An enclosure providing for heat removal by natural convection of air has been designed. and most of the
related drawings have been compieted. Design of the potassium vapor piping connccting the boilker to
the condenser has been completed. Fabrication of the condenser enclosure. air ducts. and the vapor
piping has been started.

Potsssiom fill and drain system. A fill and drain tank with connecting piping. clectric heaters.
vacuum system. and argon system will be installed for the potassium test. The detail drawings of the fill
and drain tank have been completed. and the remaining system design is almost finished . Fabrication of
the cylindrical portion of the tank is under way. and the heads have been ordered.

S$4 COAL-FIRED ALKALI-METAL TOPPING CYCLE

During the past several years, studies of alkali-metal power sysicms have shifted from gas- or vil-
fired systems to unils designed to use coal as a fuel in a fludized-bed combustion chamber. These
conccptual studies have included both potassium and cesium as the working fluid and have considered
both atmospheric and pressurized furnaces.
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The current work on Jhis concept. which 5 just getting under wayv. © an exicnyon of previous
studics” and has two objectives: (1) 10 determine the relative merits of cosium and potassium as the
topping cycke working fluid when used with fluidized-bed coal combustion sysiems with both
atmospheric and pressurized fumaces: (2) to evolve a reference design lor a fulkscake potassium or
cesium boiler coupled to a fluadized-bed fumace.

Work to date has been directed toward parametric cvcke amalvses for covium and potassium tor
vanous botler and condenser temperatures and on prelimmary designs of the thusdizad-bed-botker umits
for three types of furmace - atmospheric. supercharged [3 1o 5 atm (3 % 107 w0 5 X 10° Pa)). and high-
pressure combined-cycle [6 to 10 atm (6 X 10" 10 10 X 10" Pa)]. Flow sheets for these three fumace
pressure regimes are shown m Figs. 5.5-5.7.

The high-pressure system (Fig. 5.7) has the potential for giving the best cyvcle efficiency. and it
permits the use of a deeper fluidized bed without excessive pressure losses. which depend on the ratio of
the pressure drop across the bed to the bed pressure. The higher pressure also permits a higher power
output from a given size fumace. but it does kead 10 2 much more complex coal feed system. Also_atan
operating pressure of 6 to 10 atm (6 X 10” 10 10 X 10° Pa). the furnace pressure is greater than the vapor
pressure of cither potassium or cesium and may Gause serious creep buckling probkems in the vapor
drums and manifolds. The turbocharged [3 10 5 atm (3 X 10" 10 5 X 10” Pa)] fumnace retains most of the
advantages of the higher pressure system and alkviates the creep buckling problems.

Cesium has several advantages over potassium. The maximum temperature being consadered for
the alkali-metal system is 840° C (1540° F): at this temperature the vapor pressure of cexium is 3.9 atm
(4 X 10" Pa).as compared with 2.0atm (2 X 10" Pa)for potassium. This pressure will reduce the buckling

6 AP tax. Enerxy Div. Amn. Prog. Rep. Deo 511975, ORNL-S123. pp. 170 X7
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stress on the vapor drums and smamifolds of the pressurized fumnace system. Abso. the vapor Hlow rate lor
cesium s onh 607 of that required for putassium. which could theretore reduce the size of the entire
pipwng sysiem. Furthermore. with regard to the turbine desagn. the thermody nami propertics of covium
are preferable 10 those of potassum. The disadvantage of cesium i its higher cost.
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6. Low-Temperature Heat Utilization Program

J. W. Michel

R.N. Lyon' M. Siman-Tov'
R. W. Murphy~  H. F. Hartman'
S. K. Combs’ S. A. Reed’

W.K.Crowlkey®  S.J. Ball
6.1 INTRODUCTION

The work of the Low-Temperature Heat Utilization Program during the past vear has been mainly
concerned with geothermal and solar energy applications. The general objective of the geuthermal-
related studies is to develop commercially uscful technical and cost infornmation on components and
sysiems for converting heat from geothermal sources to uscful work. This work consists of both
analytical and experimental activities currently concentrated on developing improved heat transfer
surfaces for condensers in Rankine or supercritical conversion cycles using fluorocarbons as working
fluds. This work is a collaborative cffort between the Engincering Division and the Enginecening
Technology Division. the latter Division being responsible for performmmg the heat transfer
experimental activitics.

Solar energy activities are associated with the ERDA Ocean Thermal Encrgy Conversion (OTEC)
Program in providing technical and management assistance in the planning. execution. and analysis of
the heat exchanger development program. The development of large. high-performance. low-cost heat
exchangers has been shown to be one of the critical needs in establishing the viability of the OTEC
concept. This heat exchanger application. although essentially free from thermal stresses. is subject to
the uncertainties of biofouling and corrosion and to the many problems encountered with equipment
much larger than has ever before been designed for or operated at very low temperature gifferences.
Both the geothermal and the solar programs are concerned with the development of advanced-design
heat exchangers for use in low-temperature encrgy conversion cycles. Thus. much of the experimental
and analytical work is mutually compiementary.

6.2 GEOTHERMAL ENERGY CONVERSION

Most of the past year's geothermal encrgy conversion activities have been concerned with operating
the test loop and correlating the condensing ixat transfer data. The test loop has been operating

1. Consultam. Fngincering Fechaniogy Insion.
2. Engincermg Technology Enisson.

1 Engincermg In vwon.

4. Instrumentation and Controls IPnswon.
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successfully without any major problems smce its complction in 1975.° We have abo begun to apph
experimental heat transfer data to the design of a large condenser lor the Raft River Geothermal
Demonstration Project.

The book Gevrhermel Energy as a Svurce of Electric Power.” although written m 1975, was
published and distributed this past vear.

62.1 Heat Transfer

Most of the working fluids that have been shown to be attractive for the conversion of geothermal
heat to electricity” have relatively poor heat transfer characteristics. Smce current cost anahses of
geothermal power plants show the heat exchangers as representmg from onc-third to onc-halt of the
total plant direct cost. our program, aumed at umproving the heat transfer etfectiveness and reducing the
cost of these units. has a hugh payolf potential. The approach adoptcd m our cusrent efforts to improve
heat exchanger performance with these fluids is based on heat transéer developments from our former
seawater desalting program using Muted (Gregong surface) condenser tubes. Later we plan to investigate
(1) problems assocrated with improving the working (luid heat transfer coclficxents in the exaporator or
botler and (2) means to increase the brine- or water-sude cocflicients for both botlers and condensens.

Condensation experiments. The specific objective of the current condensation experiments is to
obtain data on a number of different Gregorig-type heat transier surfaces (tubes) with several working
fluids so that the cflects of geometry and (lusd propertics may be quantificd. The resulting correlations
can then be usad to design geothermal power plant condensers of optimum performance for a given
working fluid.

The condensation test loop completed fast year has been used 10 obtain data for five fluorocarbons
on five types of tubes as shown in Tablke 6.1. Condensation coefficients are computed from Wilson plots
(1 Uvs 1 1", where U = overall cocfficient and } = cooling water vebocity) over a Q A (heat
transferred unit area) range of about 5000 to 30.000 W m’ (1600 to 10.000 Biu hr-ft°). The physical
characteristics of the tubes (nommally. 2.54 cm ODand 1.2 m long)arc summarized in Table 6.2.and the
pertinent physical propertics of the fluids are summarized in Tablke 6.3. The heat transfer performance is
shown n Fig. 6.1. where A. the condensation coefficient. is plotied vs heat flux. Q 4. The relative
performance s better illustrated in Fig. 6.2. in which the ratio of the condensing coefficients (tube
E tube A) i< plotted vs heat flux fr four of the fluids cvaluated. The improved performance s more
pronounced at low heat fluxesand varies froma factor of 5.4 for R-22at low flux to <2 for R-1 4 at high
flux. It should be nated that the heat transfer area used for both Aand @ A is the total outside tube
surface area.

Analysis and correlation. In an cffort 1o understand and describe more fully the important factors
affecting the experimentally obsevved condensation heat transfer performance. we initiated analytical
and correlation investigations. Smooth-tube data were transformed to nondimensional form and
compared with accepted models and corsrelations. These data are shown in Fig. 6.3 as a plot of the
reduced heat transfer coefficient vs Reynolds number. In this form. data fromall the fluds tested group
in a rather tight band despite the rather wide spread in individual values (see Table 6.3). Such a tight
band indicates that the nondimensional groups employed account for the governing mechanisms of heat

5. W. Fulkerson ct al.. Energy Div. Ann. Prox. Rep.. Dec. 31. 1975, ORNL.-5124.
6. S. L. Milora and J. W. Tester. Genthermal Energy as @ Sinorce of Eleciric Power. MET Press. Cambrdge. Mass.. 1976,
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transfer. | he data band lies considerabiy above the Nusselt (analytical) prediction and somewhat above
the McAdams (experimental) correlation over much of the test range. A correlation by Zazuli® which
purperts e account for npplc effects in the condensate film scems to be in better agreement with the
data.

When the same nondimensional approach is appled 1o data from some of the fluted tubes (see Fig.
6.4 tor tube B data). data groupings for different fluids are not nearly as tight. In addition. the data lie far
above the Zasuly' corrclation kvel. Both observations remforce the view that. with the fluted tubes.
another mechanism comes into play which (1) augments condensation heat transfer and (2) is not
adeyuately accounted for in the standard nondimensional groups. Such effects are consistent with
results of previous investigators (working primarily with water) who attributed their findings to surface
rension drainage cilects on conloured surfaces.

Based on previous work, a first-order analyvsis of the film condensation and channel drainage
situations was developed for fluted tubes within centain operating ranges. From this analvsis came a
modilied set of governing nondimensional groups which attempts 1o account for surface tension
drainage forces acting arcumferentially on the condensate film forming on the fluted tube surface. First-
order characierization of the surface geometry is presented as the square of the flute spacing (p) in the
nondimensional ordinate of Fig. 6.5. Application of the first-order modcl 10 data from tube B gives the
plot presented in Fig. 6.5 1t is clear that the data band in Fig. 6.5 is considerably tighter than that n Fig.
6.4 and considerably closer to the prediction-correfation Ime. Development. refinement. and
verification ol models such as that described above are key steps in prov iding reiabie design information
tor geothermal power plant applications.

7. WO MeAdams. Hewr Tramminswm, 2d o, MceGraw-Hill. New York. 1942, p. 209
AONOS. Rutatcladre. Fundanenials of Hear Transfer. Academu: Pross. New York, 1962, p. 307,
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6.2.2 Cycle Amalyss

Although the condensation experimental and correlation work has not progressed to the point that
it can be used as the basis for commercial condenser designs, some work has been done to determine the
possibic range of ultimate cconomic impact for the application of these enhanced tubes. The exampie
from ref. 6for the 150° C. 100 MW(c) casc. as summarized in Tables 14. 15.and I8 of that reference. may
be used to illustrate the potential benefits. In this case. using a conventional smooth tube condenser. the
overall heat transfer cocfficient was 727 W m*-K (128 Bu hr-ft'-° F)at a heat flux of 8960 W m™-K
(2840 Buu. hr -fr'). At this heat flux. the ratio of condensing film coeflicients for tube E to those for tube
A varies between 4 and 5 for the four fluids tested. Assuming the same tube wall and water film
resistances. this would translate 1o an overall cocfficient of about 1476 W m’-K (260 Btu hr-fi'-° F). or
an improvement of a factor of about 2. Thus. the condenscr heat transfer area can be reduced by this
factor. The number of tubes (same lengih and diameter) required is reduced by even a larger factor since
tube E has about 6057 more heat transfer area than does tube A. If the tubes were of eyual cost. the
condenser cost could decrease by over a factor of 3, giving a maximum savings for the 100-MW(c) plant
of nearly $5 million in direct equipment costs, or more than $10 million if the associated indirect cost
factors as used in the cxample from ref. 6 are included.

6.3 OCEAN THERMAL ENERGY CONVERSION

Work on this project began in February 1976 in providing technical assistance in program
planning. preparation of requests for proposals (RFP), proposal review, and contract moniforing
relative to the development of advanced heat exchangers for OTEC application. In addition, several ad-
hoc assignments, including a site survey for a core test facility, bottoming cycle analysis. planning and
conducting meetings, and initiating a subcontract for a review of heat transfer enhancement literature,
were completed.
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63.1 Development of Advanced-Design Heat Exchangers

As part of the cffont 10 provide techmcal assistance to the ERDA-OTEC program. several
preliminary analyses of heat exch “nger concepts and comprtational work were begun. The two baschine
OTEC system studics that were v 2mpieted by Lockheed® and TRW, Inc..” mdicated that the plant
capital cost would kave to be reduced for this concept to become cconomically competitive by the carly
1990s. Further. a large portioa of the reductions might come from the use of advanced-design heat
exchangers smee they represeat over one-half of the total direct cost. Thus. to achieve substantial plant
cost reductions. dramatic improvements (with acceptable pressure losses) will be required n heat
transier cffectivencss. which can in turn be transkated 0 heat exchanger cost reductions.

Figure 6.6 was prepared to illustrate the potestials and kmatations in advancing OTEC heat
exchanger performance as an mput to establishing program development goals. Increasing the overall
beat transfer coeffucient aBows the heat transfer arca 1o be decreased at constant operating temperatures
and thus should give a smaller. Yess costly unn. Increasing the cocfficient may be accom-
plished by (1) mproving the ammonia cocfficient. Ay, (2) mmproving the seawaier cocflicient.
h.. or (3) reducing the tube wall and or foulimg resistances. The bascline designs indicated that
an overall coeflicient of 2270 W m*-K (400 Bie hrft'°F) is possible with relatively clean titanium
tubes. Shifimg to alummum tubes would give abowt a 127 improvement. but cven increasing
the An: by 2 factor of 4 [1o 34000 W m™-K (6000 Bru hrft’-°F)] would only give an additional
29¢; improvement in the overall coefficient.

The biggest gains are available by improving the A... For the case shown for aluminum. doubling
the scawater cocflicient would mcrease the overall coefficient by about 407 at the same
hw:. and an improved Au: of 34000 W m-K (6000 Bru hr-fi'° F)would vicld an overall improvement
of about a factor of 2. Also. if for this case the fouling resistance [bascline value =53%X 10 'm" K W
(0.0003 hr-ft'°F Btu)] could be decreased by a factor of 2. a total heat transfer improvement over the
bascline design of a factor of 2.6 could be achieved. Improvements m A to values of 34.000 to 56,800
W m™-K (6000 to 10.000 Bru: hrft-°F) appear possible by using fluted tubes for the condenser and or
cvaporator and a nuclcation enhancement or high-flux surface for the evaporator.

Improvements possible in the A.. are illustrated in Tabl: 6.4 and Fig. 6.7 and indicate that a factor
of about 2 (a1 constant pumping power) should be achievabie. If the plant design is optimized for these
improved heat exchangers, the overall effect may be still greater. but it would be sensitive to the actual
cost of the heat transfer surface and especially to the premise that the surfaces could be maintained in a
“cican”™ condition.

Thus. the results of this preliminary analysis indicate that achieving the following heat exchanger
development goals is highly desirable to ensuring the economic viability of the OTEC concept:

I. Improve scawater-side heat transfer coefficient by a factor of about 2 while maintaining acceptable
watcr-side pressure losses and tube cost.

2. Improve ammonia-side coefficient by a factor of 310 §.

3. Develop a cost-eflective biofouling control or cleaning system to maintain the fouling resistance
between 2.6 and 5.3 X 10 m*K/ W (0.00015 and 0.0003 hr-ft’°F Biu).

4. Qualify aluminum as a heat exchanger material.

9 1. C. Trimbic ¢t al.. "Occan Thermal Encrgy Conversion System Study Report.” pp. 3-20 n Procerdings. Thind
Workshop on Ocesn Therrmal Energy Comversion. Howuston, Tex.. May 8-10. 1975.

10. R. H. Douglas. "Occan Fhermal Energy Conversion: An Engmecrmg Evaluation.” pp. 22-36 in Proverdmgs. Thmi
Workshop on Ocewn Thermal Energy: Conversion. Howsion, Tex.. May 8-10. 1975,
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Toble 6.4, Approximate performance comparison of internally flnned tubes

Investigator  Type

Berghes Spial

Watkinwn  Spiral

Watkinson  Spiral

Bergles Axial

Tube
Nu.

4

Inside
diameier
{em tind)

1%
1N.9%6)

34
(1.196)

s
(1.240

141
10.534)

height
fvmtiny)

0.20
0.078)

043
0178

008
10.032)

0ls
(0.060)

Number
o Aganed tsmonth

fine

16

I}

.66

1.6)

1.54

1.60

26

23

23

.9

Rey = 20,0007 P

26
20
LR

2.1

AN heat transter coefficients. A, and friction factors, £, are based on the (ube invide diameter.
Spach dimensiontess & and £ incolumns 8 and 9 can be interproted as the petformance tatio of the given finned 1ube 1o 2 smomh tibe of
the ame invde dismetes at @ given volume Now.
“The dimensioniess A in colunin 10 is 1he ratio of finned tbe heat tanster coefficient 10 smooth (ube (with same inside diameter) heat
tranaler coetlivient ut u given puayping pawet (chuasen bere ta be that pumping pawer cottesponding to @ simouthatube Reynnbds number of

10.000)

Rey » 20,0004

htinnedPamanth  !onnedZsmooth P iimedtsmuonin's

23

1.9

lLe te
~

)8

Sources. A. E. Bergles et al, nvestigation of Heat Transfer Qugmengtion Through Use of Internaglly Finned and Roughened Tubes,

Repart DSR 7079069, MIT Engineering Projovis Laboratory, 1970

A. P. Wartkinwin et al., AICHE Symp. Ser. 69(13)),94 103(197)).
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Fig 6.7. Cress scctina of e fin Sabes tested by Watkinsen. ( Scrgics tube § cruoss section is simikar to the Watkinson tebe 20

cross section. and Bergies tube 4 s similar 10 Warkmson tube 14.)

To provide a rapud estimate of the effects of various design parameters on the size of shell and tube
OTEC heat exchangers, a set of equations was developed to define tube length, number of tubes. and

tube bundle diameter.
The gencral equation for tube length is

CopV [d* AT,
L 900 A (d—o-) In (ﬂ .

and for scawater inside the tubes,

o () (£)  (57%)

\

where

L~ = tube length for scawater,
C, = specific heat of seawater, B/ ib; °F,
p = water density, Ib/ft’,
¥V = water flow velocity, fi/sec.
U. = ovenal] heat transfer coefficient, Biu/ hr-ft’-°F,
d. = wbe inside diameter, ft,
d» = tube outside diameter. ft,
AT, = inlet approach temperature difference, °F,
&1 = seawater temperature change, °F.

pd)
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This cquation s illustrated graphically in Fig_ 6.8 for a scawater velocity mside the tubesof 1. Sm sec
{5 ft sec) (typical for an optimized plant) for two tube diameters and three values of AT, with
81 = L.1°C(2°F). or for three values of A 7. (log mean AT between seawater and ammonia). Thus. if the
beat transfer development goals are achieved. the hikely range of tube lengths is from 1.5t0 4 m (51015
f).

ORNL -DWG 76-20921
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Fig. 6.8. OTEC shell and tube heat cxchanger tube length for scawater velocity of 1.5 m; ses (3 1t/ sec)and drof 1.1°C(2° F)as
» function of the overall heat tranefer cocflicient and severs | valwes of temperature drop.
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The number of tubes required may be determined from the following rekitionship:

N =2 MWte) (-—!—,) . 3
n Voud;*

where

MW(c) = net clectrical plant power.
n = overall cycle efficiency.

The tube bundle diameter (assuming no vapor lancs or other nondrilled arcas)and thus an dea of the
heat exchanger shell dameter can be estimated from

D = 105Pd, /N . )

where

P = ratio of tube spacing to tube diameter.

Figure 6.9 gives the number of tubes and the tube bundle diameter as a function of the power
module size for two values 0! tube size and drat a fixed scawater flow velocity and cycle efficiency. It may
be noted that the tube bundic diameter is nearly independent of the tube diameterand that both Dand ¥
are sensitive to the scawater temperature change and velocity.

Program planning and analysis. Technical assistance was provided in developing the OTEC heat
exchanger development program plan. This plan calls for 2 phased development of several ammonia
evaporator and condenser concepts: (1) single-tube or laboratory investigations: (2) bench-scale or core
tests. 1.17 X 10" W (4 X 10" Btu hr) [equivalent to 0.03 MW(e)}: (3) carly ocean tests for (a) | MW(c)
(equivalent-- no wrbine) and () S MWi(e) (complete system). (4) full-size prototype. about 25 MW(e)
and (5} full-station prototype. about 4 X 25 MW(e).

Four of these phases are noted on Fig. 6.9 (arrows). illustrating the increase in heat exchanger size
as a function of power. Not shown in Fig. 6.9 is the parameter size range for the 1.17 X 10" W (4 X 10"
Btu hr) [0.03 MW(c)] core test size: values for a scawater velocity of 1.5 m sec (5 ft sec) are shown
below.

= LPC(rF; M=2TC&P

N Dim(in) N Dm0}
410 0.7¢2.D 205 0.511.6)
2 93 0621 4 0511.6

The primary evaporator concepts being investigated under a number of FRDA contracts
are (1) sprayed thin-film evaporation (horizontal smooth tube). (2) sprayed thin-film evaporation
(high-flux surface); (3) thin-film evaporation on outside vertical fluted tube: (4) pool boiling with
nucleation promotion: and (5) two-phase. forced-flow boiling inside tubes. Although the main cfforts
are directed at the shell and tube configurations, some work is planned for the plate-fin and panel
concepts. Condenser types being developed are horizontal or tilted smooth-tubc and vertical fluted-tube
design. For both heat exchangers. some work has been started on seawater (single-phase) heat transfer
enhancement.
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In addition to the heat transfer studies, work under other ERDA contractors is beginning on
hydraulic problems. materials work. alternative working fluids. and design and producibility of large
units.

Subcontracting assistance. Assistance has been provided in preparing and reviewing the technical
work scopes for RFP packages and reviewing the work proposals in the area of heat transfer. A total of
14 visits werc made 1o eight contractor sites to review and monitor the progress of OTEC heat transfer
R&D projects. Four other visits were made to provide assistance to the biofouling and corrosion
program. and scven programmatic review visits were made to Washington, D.C.
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632 Special Studics

Several special studies have been started. Thewe mclude development of an OTFC svsiem
optimization model and computer program. suneys ol specthzad beat transior iterature. and a
preliminan examination of the current state of the art m the use of ammone: buttoming cveks tor
conventional power generation.

System optimization program. As implced in some of the above dincussion, an O1EC plant
operating at maximum cost cliectinencss will require nigd optimizations and trade-otts ketween some
<ight or more variables: scawater temperatures, water pumping power. heat transter geometn . working
flud temperature and prossure drops. and component effxcknces. Figure 610 iffustratos some of the
interreiationships among the components of an OTEC plant. Work has been in progress to developa
model and program of wide flexibility to aid in optimizmng the many dovign and operating varables of
the vanious OTEC concepts and syvstem variations.

Asude from its obvious help in designing OTEC plants. the program will be a valuabk tool tor the
ERDA-OTEC administration in allocating funds and technical ctiort among competing concepts and in
assuning that adeguate ¢itort is placed in specitic arcas of uncertamiy . including not onh heat transter
and biofouling but fabrication. logistics. and requirements for instrumentation and control.
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Fig. 6.10. Major interreiationships between tire components and sysiems of sn OTEC plsat. { Fhe feed pump would be
chminated in an open system.)



AR Y

Ihe suggested vptimizaton program include

. Evablishment of a pencraluad maded that will it all reasonabk O 1FC concepts

£ abinhaxent of an micmally complete and consistent set of ndependent varnabke

An algonthm or xct of algonthms for computing the saluen of dependent devign and operating
sarables trom a xt of values tor the ndepemient varabks.

. Compuation ot corroponding capial and operating costs.

Compuatin ol the corraspondmg valix of the criterzon proumabhy the cost of net powcer
Ixtermmatwn of the optimum yalue of the critcrnon and i locaton :n the independoent-varahbic
MeXTor space.

. Cakulaton of sensitinitixes of the criterion to varmtwons m values of mdependent and depemdeat
varables near ity optmum.

‘90 V9 ==

T

=

Work on saveral of thexe tactors s m progress. but to compkete the woch _partwalarh icorporaron ot
realnte cost data. it has been recommended that 2 workshop be held lor the varous confractors
(perhaps as many a» cight) who have abo been morking on the probkm.

Lucrature reviews. { nder subcontract to lowna State Unnersity . work was started on a iterature
sun oy and discusswon paper on single-phase heat transfer as applicd to the scawater swle of O1EC heat
cxchangens: the work » wchaduked tor completion in Januan 1977,

A rview i the hiicratire on ammoni buoilmg and condensing was abo started. The technical
Itcrature mas ravwewned hach 1o 1930_ and only a few pertinent papen were tound: most of thew arcin
Russan and arc currenth bemg transhated.

The Nuckar Danalinatson Intormation Center bicrature abstract computcer tapes were raactivated.
and saveral topical scarches were run to extract mformation beleyved to by applicablc to the OTFC heat
transicr program.
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J.S. Mattice and H. E. Zittel. “Site-Specific Evaluation of Power Plant Chlorination.” J. Water Pollut.
Conirol Fed. 28(10) (1976).

J. T. Mezdor. MIUS Technology Evaluation - -Comparison of Trenching Costs for Separate and
Common Trenching, ORNL. HUD MIUS-IS (February 1976).

. MIUS Techmology Evaluation- - Thermul Energy Convevance. ORNL. HUD MIUS-22 (May
1976).

J. T. Meador. M. E. Lackey. and R. S. Holcomb. Coal Limesione arnd Ash Handling Systems for the
MIUS Coal-Burning Gas Yurhine (10 be published).

C. R. Meyers. Jr.. D. L. Wilson. and R. C. Durfee. An Applicazion of the ORRMIS Geographical
Diitizing and Informartion System Using Data from the CARETS Projeci. ORNL. RUS-12(April
1976).

S. L. Miloraand J. W. Tester. Geothermal Energy asa Source of Eleciric Power - Thermodynamic and
Economic Design Criteria, The MIT Press, Cambridge. Mass., 1976.



W.R. Mixon. ~ I'be Modular Integrated Utility System { MIUS)asa Potentrad (nflucnce on Commaunity
Davclopment.” accepted for publication in Water, Air. and Soil Polkution.

W. R. Muxon ¢t al.. Tevhnvlogs Assessment of Modular Integrated Utilite Systems. Vol 1. Executive
Sunsmury. ORNL HUD MIUS-24 (10 be published).

== Tevivwdogy Assexvment of Modkslar Integraied Urilite Svstems. Vol H.ORNL. HUD MIUS-
25 (1o be published).

Nuckar Regpulatory Commission. Dvaft  Environmenial Appreissl, Atomics nternationsl (A1)
Commercisl Nuckeer Fuel Falvication Fecilities (December 1976).

. Dvaft Environmenial Appraisal. Westinghouse Nuclear Fuel Columbie Site (NFCS)

Cammeercisl Nuclear Furl Fabrication Plaws (November 1976).

. Drafi Environmental Statement. Atlantic Genersting Swation, Units | ond 2. NUREG-0058.
Duocket Nos. STN 50-477 and 478 (Apnl 1976).

- Ivufi Environmenial Siatement. Groewe County Nuckear Power Plant. NUREG-0045. Docket
No. STN 50-545 (March 1976).

———— Dvaft Environmentel Staiement. Indian Point Unit 2 (Cooling Tower Delay ), NUREG-0035,
Docket No. STN 50-247 (February 1976).

. Draft Enviromwental Siatemeni. North Coast Nuclear Plant. Unit [, NGREG-0113. Docket
No. STN 50-376 (August 1976).

————_ Ivalt Envirormental Staiemeni. Tyvrone Energy Park. Unit [. NUREG-0071. Docket No. STN
50483 (Junc 1976).

. Drajt Supplemeni 10 ihe Final Environmenial Statement, Barnwell Nuclear Fuel Plani,
NUREG-0082. Docket No. STN 50-332 (Junc 1976).

. Final Environmenial Statemens. Douglas Point Nuclkear Generating Siation. Units | and 2.
NUREGODY]. Docket Nos. STN 50448 and -449 (March 1976).

. Fingl Environmenial Siatement. Filoating Nuclear Power Planits. Port 1l. A Generic
Environmenial Siatement Considering the Siting and Operasing of Floating Nuckear Power Planis.
NUREG-00%6. Docket No. STN 50437 (September 1976).

. Final Environmenial Statemeni. Indian Point Unit 2 (Cooling Tower Defay). NUREG-0042.
Docket No. STN 50-247 (August 1976).

———. Final Environmenigl Statement. Sierling Power Projeci. Nuclear Unit 1. NUREG-0075.
Docket No. STN 50435 (June 1976).

————. Final Generic Environmental Siatement on the Routine Use of Phutonium-Powered Cardiac
Pacemakers, NUREG-0060 (July 1976).

. Regulasory Guide 6.7: Preparation of an Environmenial Repori 10 Support a Rule Mak ing
Perition Seeking an Exemption for a Radionuclide-Consaming Product (June 1976).

E. P. Odum and R. L. Kroodsma. “The Power Park Concept: Amcliorating Man's Disorder with
Nature's Order.” in Proceedings. Second Thermal Ecology Symposium, Apr.2 5, 1975, Augusia.
Ga.. in press.

R. J. Olsen e1 al.. “An Overview of MULTIREGION: A Simukation-Forecasting Model of BEA
Economic Arca Population and Employment.” m Proceedings of the Seventh Annual Pitishurgh
Conference on Modeling ond Simudarion, April 26 27, 1976, Pitishurgh. Pa.

B. Parkhurst and H. Mclain. Mulriple Uses of Cooling Reservoirs (1o be published).
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E. M. Passinoand J. W. Lounsburny. “Sex Differences in Opposition to and Support tor Construction ot
a Proposed Nuclear Power Plant.” in Conference Proceadings. University of Britixh Colunibia,
Vancouver, B.C. Canada. May 25 28, 1976. ERDA-7.

B.J. Purdy et al.. 4 Post Licensing Case Study of Community Effectsai Two Operating Nuckear Power
Planis. ORNL NUREG TM-22 (m press).

P. L. Rice. “Where Do We Go From Here? Problems in Reducing Oil Consumption.”™ Sun-. Bus. 243).
20 23 (1976).

———. Energy Conditions in the South. ORNL TM-5568 (December 1976).

C.S. Rosemarn and D. L. Wilson. “The Transmission Line Acsthetic Impact Evaluation Process and
fts Implementation in the General Planning Scheme.”™ in Proceedings of the International
Svmposium on Environmental Concerns in Righi-of-Way  Managemeni.  Mississippi Swaie
Universiry, Jan. 6-8. 1976.

R. L. Rudd. R. B. Craig. and W_S. Willams. ~Trophic Accumulation of DDT in a Terrestrial Food
Web.™ Bull. Ecol. Soc. Am. 5642). 21 (1976).

M. A_Salk. “the Effects of Rotenone on the Growth of Isolates of Terrestrial Algae.”™ in 271h AIBS
Meeting. New Orieans. La.. June 1976.

Gantand Samucls. 4ssessment of Water Resources for Nuclear Energy Cemiers. ORNL-5097
(Scptember 1976).

——. Reliability Considerations for a Coal-Fired Modular Integrated Utility System (1o be
published).

Garfand Samuels and W. J. Bocgly. MIUS Technology Evaluation Preliminary Subsystem
Recommendaiions for Near-Term Concepts. ORNL HUD MIUS-17 (May 1976).

Garland Samucls and W. M. Wells. Alternate Operating Conditions and Systems for the Coal-Fired
Modular Imiegrated Uiilisy Sysiem (10 be published).

Garland Samuels et al.. MJUS Systems Analyvsis--- Initial Comparisons of Modular-Sized Integrated
Utility Systems and Conventional Sysiems, ORNL. HUD MIUS-6 (Junc 1976).

C. R.Schuller and R. A_Hiltunen. 4 Generalized Public Budger Analysis, ORNL RUS-22(September
1976).

S. W. Schwenterly et al.. “Use of Field Plotting Paper for Resistance Thermometry at Low
Temperatures,” accepted for publication in Cryogenics.

C. L. Segaser. MIUS Sysiems Analysis—The Effects of Thermal Energy Storage and Solid Waste
Incineration Options on MIUS Cosiand Fuel Consumption, ORNL HUD MI1US-26(July 1976).

M. A. Shicelds. “Grounded Theory Construction in Social Impact Assessment.” in The Merhodology of
Social Impact Assessmeni, ed. Kurt Finsterbusch and C. P. Wolf, Hutchinson & Ross.
Stroudsville. Pa.. 1976.

D. B. Shonka. A. S. Loebl. and N. S. Malthouse, Transporiation Energy Conservation Data Book:
Supplement I, ORNL-5232 (November 1976).

G. G. Slaughter and D. E. Spann, An Efficiency Evaluation and Consumer Economic Analysis of
Domestic Water Heaters, ORNL, CON-5 (10 be published).

1. Spiewak et al.. Assessment of Very High-Temperaiure Reaciors in Process Applications,
ORNL; TM-3242 (November 1976).
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E. D. Sundstrom e al. “Antudes Toward 2 Nuclcar Pouer Plant as 2 Function ot the Percened
Likelihood and Desirability of Its Effects: A Test of Expectancy Theory and an Alermatne
Approach.” manuscnipt in preparation for Journal of Applicd Psvchology.

. Citizens” Views @ébourt the Proposed Hartsville Nuclear Power Plant: 4 Ssurvey of Resudents’
Perceptions in August 1975 (10 be published).

.“Community Atitudes Toward a Proposed Nuclcar Power Generatng Facility asa Function of
Expected Outcomes.™ J. Commun. Psvchol. (m press).

G. W. Suter et al.. “Procedures for Assessment of the Environmental Impacts of Geothermal Encrgy
Development.” in Proceedings. NBS Workshop on Envirommenial Siandards of Gevothermal
Encrgy. 1976.

F. G. Taylor. Js.. D. D. Gray. and P. D. Pary. bterceprion and Retention of Cooling Tower Drifi on
'exetation. Cooling Tower Institute Publication TPISIA (January 1976).

A. S. Thompson. Msiabilities in a Coal-Burning Fluidized Bed (10 be published).

A_S. Thompson and M. J_ Cole. Vibration and Thermal Siresses in the Tube Matrix of the Fluidized-
Bed Heat Exchanger (10 be published).

T. C. Tucker. CATCH: Computer Assisied Topography, Cartography, amd Hypsography. Pari I :
SEESI) A Subroutine Package Jor Determining the Visibility of Objects Throughour a Region.,
ORNIL. TM-390 (May 1976).

3. 3. Tudor. Evolution of a Concepiual Design for a Coal-Fired Fluidized Bed Combustion Furnace for
a MIUS Closed-Cyole Gas Turbine (10 be published).

. Particulate Emission Comtrol for MIUS (10 be published).
A. H. Voclker, A Cell-Based Land-Use Model. ORNL RUS-16 (May 1976).
. Imdices. A Technigue for Using Large Spatial Data Bases. ORNL RUS-IS (April 1976).

————. Power Ploni Siting: An Apprication of the Nominal Group Technigue. ORNL TM-5706
(Fcbruary 1977).

M. E. Whatley. A4 Review of Information Relevam 1o Tube Corrosion in a Gas-Cooled, Coal-Fired.
Atmaospheric-Pressure. Fluidized-Bed Furnace (1o be publisbed).

D. L. Wilson, CELNDX: A Computer Program 1o Compute Cell Indices. ORNL RUS-14 (January
1976).

J. V. Wilson, Energy Usage and Conservation in Mobile Home Heating and Cooling. ORNL NSF EP-
91 (August 1976).

W. J. Woclkeriing and S. B. Gough. ~Wisconsin Desmids. 111. Desmid Community Composition and
Distribution in Relation to Lake Type and Water Chemistry.” Hydrobiol. 49 (1976).

W. J. Woclkkerling. R. R. Kowal. and S. B. Gough. "Sedgwick-Rafter Cell Counts: A Procedural
Analysis. Hvdrobiol. 48. 95 107 (1976).

S. L. Yaffee, Simulation amd Analysis of Political Inieraction in Regional Systems, QRNL. RUS-23
(July 1976).

7.2 ORAL PRESENTATIONS

D. J. Bjormstad. "Public Ownership of Energy Facilities: Implications for State and Local Revenue.”
presenied to the National Association of Tax Administrators. Nashville. Tean., Oct. 20, 1976.

W. J. Boegly. Jr.. “Inticrnational Experiences with Dual Distribution Systems.” presented at the
AWWA Dual Distribution Systems Seminar, New Orleans. La.. Junc 20. 1976.



W._S. Chemn. “A Market Shares Approach to Modeling Encrgy Demand.™ presented at the Western
Economic Association Annual Conference. San Francisco. Calif.. June 23 27, 1976.

J. E. Dobson. “The Bencficiaries of Economic Growth in the Gatimburg. Tennessee Area, 1930 1973
preseated at Annual Mectmg. Assocation of Amerncan Geographers. New York. Apr. 12, 1976.

R. C. Durfee ct al.. “Assgnment of ERTS and Topographxal Data 10 Geodetic Grds for
Environmental Analysis of Contour Strip Miming.™ presented at American Congress on Suneving
and Mapping. Amnual Mecting. Washington. D.C_. Feb. 21 22, 1976.

H. C. Fischer. “Application of the lce-Maker Heat Pump to an Amnual Cvcle Encrgy System.”
prosented to the Amesican Society of Mechanical Engincers Winier Mecting. New York. December
1976.

——. “The Development of the Ice-Maker Heat Pump.™ presented at the Amencan Society of
Heating. Refrigerating. and Air Conditionimg Engincers Annual Mccting. Scattie. Wash.. Junc 27,
1976.

————, “The Potential of the Anaual Cycle Encrgy System for Rural lowa.”™ presented at the fowa
Association of Electrical Cooperatives. Des Momes, lowa. Dec. 2. 1976.

————. ~Potential of the lce-Maker Heat Pump for Agricultural Applications.” presented at the Farm
Electrication Council. Inc.. Symposium on Ekectrical Energy for the Food Chain. St. Lous. Mo_.
Sept. 16. 1976.

———. “Solar-Assisted Heat Pumps.™ presented at the Solar Encrgy Semmar. Refrigeration Service
Engincers Socicty. Mesa Community College. Mesa. Anz.. Dec. 4. 1976.

——. “Thermal Storage Applications of the Ice-Maker Heat Pump.” presented at the Pennsyvania
Electric Association Mecting. Harrisburg. Pean.. Sept. 16, 1976.

A. P. Fraas. “Application ot the Fluidized-Bed Coal Combustion System to the Production of Elkectric
Power and Process Heat.™ presented at the AIChE Mecting in Kansas City. Mo.. Apr_ 1 14, [976.

———.“Boilng Heat Transfer Problemns in a Tokamak.™ presented at the 16th National Heat Transier
Conference of the American Institute of Chemical Engincers. St. Louis. Mo.. Aug. 8 11. 1976.

——. =A New Approach to a Fluidized-Bed Steam Boiler.” presented at the American Socicty of
Mechanical Engincers Winter Annual Mecting. New York. Dec. 5 10. 1976.

Eric Hirst. “"Energy Consenvation Options: Housecholds and Transportation.™ presented to Tennessee
Society of Professional Engincers. Oak Ridge. Tenn.. June 28, 1976.

——. “Encrgy Conservation: Potential vs Actual Savings.” presented in Argonne National
Laboratory Series on Controversial Energy Issues, Argonne, LIl Sept. 28, 1976.

——. “Energy Conservation Potential of Urban Mass Transit.” presented at 55th Annual Meeting of
Transportation Research Board. Washington. D.C.. Jan. 19 23, 1976.

—. “Modeling Residential Energy Use.” presented at Eleventh Intersociety Energy Conversion
Engineering Conference, Lake Tahoe. Calif.. Sept. 13. 1976.

——. “The ORNL Residential Energy Use Model.” presented to California Energy Commission.
Sacramento, Calif.. June 14, 1976.

. "Residential Energy Use Altemnatives to the Year 2000.” presented at National Science
Foundation Workshop on Long-Run Energy Demands, Mitre Corp.. Mcl.can, Va.. June 9 10.
1976.

—. "Residential and Transportation Energy Conservation Measures and Policies.” presented at
Duke Power Company seminar “The Three E's—Energy. Environment. and Economics.” Lake
Hickory. N.C.. July 29, 1976.
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k. C. Hise. "Emergy Consenvation in Buildings.”™ presented at the Southern Interstate Nuclear Board
Conlerence. Sarasota. Fla.. Dec. 8 10, 1976.
xX;_l‘;llal Bakance and Efficiency Measurements of Central. Foroed-Air. Resideutiai Gas
ces.” presented at the Amencan Socicty of Heating. Refrigerating. and Air-Conditioning
Engincers Symposium. Chacago. Nl Feb. 13 17, 1976.
—-—_ "The Potential for Encrgy Conscrvation Technology Transfer.” presented at the Southern
fntenstate Suckear Board Mccting. Winston-Sakem, N.C.. May 24_ 1976.
-. “Raswdential Demand Reduction through Efficiency.” presemted at the Insttuie of Gas
Technology Symposium on Changing Gas Demand Factors and Their Impacts over the Next Ten
Years. Chicago. Hl.. Feb. 26_ 1976.

R. S. Holcomb. ~Fluidized-Bed Combustion.” presented at the Amercan Chemical Society Z8th
Southcastern Regional Mecting. Gatlinburg. Tenn.. Oct. 27-29, 1976.

A.S. Holman, ~Adding Insulation to Your Hot Water Heater.” presented at Save Energy Seminar. Oak
Rudge Civic Center, Oak Ridge. Tenn.. Sept. 30, 1976.

. “Annual Cycle Energy System Computer Simufation Program.™ presented at the Richmond.
Virgina. Chapter of the American Socety of Heating. Refrigerating. and Air Conditioning
Engincers. Richmond. Dec. 6. 1976.

R. B. Honca. “Assignment of ERTS and Topographical Data 10 Geodetc Grids for Environmental
Analysis of Contour Strip Mining.” presented at seminaron “The Future of Surface Mined Lands.”
Nawral Brndge State Resort Park. Slade. Ky.. \pr. 14-16, 1976; also presented at the Mid-
Southeast Chapter Fall Meeting and Conference ol the Assocation for Computing Machinery.
Gathinburg. Tenn., Oct. |, 1976.

C. R. Kerlkey. "A Model of Functional Area Retail Trade Receipts,” presented at ihe Western Regional
Science Mexting. San Dicgo. Calif.. Feb. 27 29, 1976.

R. L. Kroodsma. ~“Analysis of Transmission Linc Routes---A Case Study.” presented a1t Mid-
Appalachia Coliege Council. Oak Ridge Social Science Program. Oak Ridge. Nov. 16-12. 1975.

——. “Breeding Bird Populations of Power Line Rights-of-Way on the Oak Ridge Reservation.”
presented at Ecological Society of America Conference. New Ordeans. La.. June 1976.

~———. “Ecological and Social Aspects of Transmission Line Routing.” presented at Mid-Appalachia
Coliege Council, Oak Ridge Social Science Program. Oak Ridge. Mar. 22-26. 1976.

A_S. Locbl. ~Issues of Concern to the Effective Exchanges. Joint Development and or Acyuisition of
Computer Software in an Interorganizational Program.”™ presented at the Annual Meeting of the
Association of Public Data Users. Athnta. Ga.. Aug. 29, 1976.

———-, "The Regional and Urban Studies Information Center of the Regional Information Group.™
prexented at the American Society for information Service Conference on National Encrgy and
Environmental Information Resources, Oak Ridge. Tenn.. May 19, 1976.

R. N. Lyon. “Direction and Prospects for Successful Accomplishmens of the OTEC Heat Exchanger
Program.” presented to the National Academy of Engineers, Washingion. D.C.. June 3. 1976.

. "Thermal Electric- Geothermal,” presented at AIChE Symposium on Encrgy Conservation
and Alternate Sources. Oak Ridge. Tenn., Sept. 21, 1976.

T. J. Mattingly, Jr.. “The Hartsvillke Project: A Second 1.ook at the Effects of a Proposed Nuclear Power
Plant.” presented at Mid-Appalachian College Consortium, Oak Ridge Associated Universities.
Oak Ridge. Tenn., July 12, 1976.
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J. W. Michel. “Geothermal Encrgy Program Summan ™ preseated to ERDA DGE. Washingten,
D.C.. June 27 1976.

. chaired Natwnal Amerncan Chemical Socicty Session on Thermochemical Production ot

Hydrogen. New York. Mar. 8. 1976.

—-——. "Occan Thermal Energy Conversion.™ presented at Encrgy Production and the Environnent
(Special Trainmg Session). Oak Rudge Associated Universities. Oak Ridge. Tenn.. June 29, 1976,

. "OTEC Heat Exchanger Development Goals.™ presented at the OTEC-PNE Biotouling and
Corrosion Review Mectmg. Seattle. Wash.. Oct. 14, 1976,

———_."Progress Summary of ORNL s Geothermal Energy Projgcts.” presented at ERDA Geothermal
Coordinating Mecting (Ogk's Commutez). Livermore. Cahif.. Julv 20. 1976

——. “Thermal Ekctric-- Ocean Thermal™ presented at AIChE Symposium on Encrgy Consena-
tion and Altermnate Sources. Oak Ridge. Tenn.. Sept. 21, 1976.

. "Thermal Gradient Encrgy Sources.”™ presented at Encrgy Consenvation (Special Traiing
Session). Oak Ridge Associated Universitics. Oak Ridge. Tenn.. Aug. 6. 1976.

W. R. Mixon. “The Modular Integrated Unlity System { MIUS)as a Potential influence on Community
Development.” presented at the Fifth Annual Environmental Pollution Symposium, Menlo Park.
Calif.. May 12 -13. 1976.

W_R. Mixon and C_L.. Segaser. “Energy Conservation Potential of Modular Integrated Utility Systems
{MIUS).” presented at the 11th Interseciety Energy Conversion Engineering Conference. State
Line. Nev., Sept. 12 17, 1976.

Elizabeth Peclle. “Evaluating the Nuclear Debate.” prescnied at American  Association for
Advancement of Science Session on Energy Policy and the Future of Nuclcar Power. Boston.
Mass.. Feb. 20, 1976.

. “Internalizing Social Costs in Power Plant Siting: Some Examples for Coaland Nuckar Plants
in the United States, presented at American Nuclear Socicty Session on Socioeconomic suces for
Nuclear Power Plants: A World View. Washingion. D.C.. Nov. 19, 1976.

. *NEPA: What It Is. How It Works.” presented to Mid-Appalachian College Consortium
students at ORAU conference. Mar. 22. 1976,

. “People Impacts Compounded: Gillette. Wyoming. Responds to Energy Development.™
presented to Environmental Sciences Division. ORNL.. Dex. 9. 1976.

. “Social Effects cf Large Energy Facilities.” presented to Robertsville Junior High class. Oak
Ridge. Tenn.. Nov. 12, 1976.

———. “Social Effects of Nuclear Power Plants.” presented at Energy Division Information Meeting.
Apr. 26, 1976.

———. “Social Effects of Nuclear Power Plants.” presenced to Chemical Technology Division. May 13.
1976.

. "Social Effects of Nuclear Power Plants in Developing Countrics.” presented in Argonne
Nation»' Laboratory - International Atomic Energy Agency training course, Apr. 2. 1976.

. “Secial Impact Work at ORNL.”™ presented at Impact Research Conference. University of
Wyoming. Laramie. July 22, 1976.

~————. "Social Impacts Assessment: Progress and Projects.” presented 1o Argonne National
Laboratory Environmental Statements Project, Apr. 1. 1976.
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-, “Socul Impacts of Nuclear Power Plants: A Typology.” presented to Clinch River Breeder
Reactor Project Rescarch Group, Unnersity of Tennessee. Knoxvilie, May 14, 1976.

. “Socweconomic Eltects of Operating Reactors on Tuwo Host Communitics: A Case Study of
Pilgnm and Millstone.” presented at Atomac industrial Forum Conterence on Land Use and
Nuclear Facility Siting. Denver. Colo.. Suby 20, 1976,

B. J. Purdy. “Social Impact Assessment. 2 Case Study ™ presented to MACCE members at ORAL . Oab
Ridge. Tenn.. Mar. 24, 1976.

~———_"Social Impact Assessment. a Case Study of Two New England Communnies.” presented at a
Workshop on Social Scxnce and Energzv Policy. Vanderbilt Unnversity. Department of
Emvironmental Engineenng. May |1, 1976

. “Socweconomic Impacts of Nuckar Power Plant Siting. a2 Case Study of Two New England
Communities.” presented at the Amenican Sociologicai Assocation Annual Meeting. New York.
August 1976.

P. L. Rice. “An Econometnic Modk! of the Petrolcum Industry.” presented at the Eastern Economic
Assocation Sccond Annual Convention. Bloomsburg. Pa.. Apr. 15-17. 1976.

S. W. Schwenterly et al.. “"AC Drelectne Performance of Helwm-Iimpregnated Multi-Laver Plastic
Film Insulation.” presented at IEEE US USSR Joint Symposium. Brookhaven National
Laboratory. July 1976.

A. H. Voelker. “Technuues for Incorporating Environmental and Social Elements in Resources.™
presented to the Knoxville Technological Socicty. Knoxville. Tenn.. September 1976.

D. P. Vogt and D. J. Bjornstad. ~Distributional Effects of the Fiscal Impact of Power Plant Siting.”
presented to the Eastern Economic Association Second Annual Convention. Bloomsburg. Pa..
Apr. IS5 17, 1976.

D. P. Vogt et al.. “An Overview of MULTIREGION: A Simulation-Forecasting Model of BEA
Economic Area Population and Employment.” presented to the Seventh Annual Pittsburgh
Conlecrence on Modeling and Simulation. Pittsburgh, Pa.. Apr. 2627, 1976.

D. J. Walukas. “Residential Energy Conservation Program.” presented to the National Management
Association. Nashville Chapter. Dickson. Tenn.. Aug. 13. 1976.
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