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Abstract

Included are 426 citations to references on cooling towers for fossil-fuel or nuclear
power plants. A few citations are included on other types of condenser cooling systems,
e.g., cooling ponds and canals. The citations were taken from the DOE Energy
Information Data Base (EDB) covering the period January 1979 through December 1979.
Corporate, Personal Author, Subject, and Report Number Indexes are provided.

Introduction

This bibliography cites references containing information on various aspects of large
cooling tower technology, including design, construction, operation, performance,
economics, and environmental effects. The towers considered include natural draft and
mechanical draft types employing wet, dry, or combination wet-dry cooling. A few
references deal with alternative cooling methods, principally ponds or canals. The
citations were compiled from the DOE Energy Information Data Base (EDB) covering the
period January 1979 (EDB File No. 79R 1224) through December 1979 (EDB File No.
79J 138307). Report citations are arranged alphabetically by report number; non-report
literature citations are arranged chronologically. Corporate, Personal Author, Subject, and
Report Number Indexes are provided.
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ABSTRACTS

(AD=A==0€1684) ENVIRONMENTAL AND ECOLOGY
ERANCH PROGRESS REPORT, 1974 THROUGH 1576,
VOLUME II. FINAL REPORT, 1 JANUARY 1574=-31
DECEMEER 197€. Adamsy A.P.; Choules, G.L,;
Craney GoeT.; Faulknery, Fo; Garbett, M. (Army
Test and Evaluation Comrand, Dugway, UT (USA)}).
Jun 1978. 4€p. NTIS PC A03/MF AO1,

In accordance with the Naticnal
Environmental Policy Act (NEPA), all projects
at Dugway Proving Ground (DPG) are evaluated
for their potential for causing adverse
environmentsl irpacte Environmental studfes for
other U.S. Army installations include baseline
ecclogical surveys, demography of jackrabbits
and selected rodents. These programs have
rrovided population and toxicological baseline
data on wildlife. Investigations have been made
of hazards assocfiated with bacterial aercsols
generated by coocling towers using
ticcontarineted wastewater. The organic
nitrogen wastes generated by manufacture of
Army explosives have been studied with regard
to asereation rates, residence times, nuirfent
requirements and other physical and biolcgical
factors. A handbcok for evaluating ecological
effects of pcllution on DARCOM installations
has been prepared for the Pollutfon Abatement
and Environmental Contrel Technical Lead
Laboratorye Consultation services concerning
environmental and epideniologfcal protlems and
mosquito control were provided to the
Facflities Engineering Directorate of U.S,
Army, Yuma Froving Ground, Arizona. (Author)

(AED~Conf==77=£61-002) INVESTIGATIONS
CONCERNING THE DEVELOPMENT OF DESIGN PARAMETERS
FCR A LARGE=CAPACITY HYPRID COCLING TOWER BY A
GROUP OF OPEFATORS. Maeule, Re (Neckarwerke
Elektrizitaetsversorgungs~A.G., Esslingen
(Germany, FeRe))e (Zentralstelle fuer
Atoskernenergie=Dokunentation (ZAED),
Eggenstein=Leopcldshafen (Germanyy FeR.))e
1877. 10p. (In German). (CONF=771262==2 ).
Depe NTIS (US Sales Only), PC AQ2/MF A0l.

Fror Technicel meeting on cooling tower
operation; Duesseldorf, F.R. Germany (2 Dec
1577).

P group of operators will fnvestigate the
efficiency of hybrid cooling towers on a
collaborative basis. In a first phase, in
cocperation with staff rembers from unfversity
institutes, calculation models for plure
diffusion are examined with a view to their
sensitivity {n the variational region cf the
tower exhaust air conditions, and they are
adapted appropriatelye. The function of the
design paranveters {s developed and evaluated.

(AED=Ccn{==77=561=003) CONSTRUCTIONAL
TYFES OF HYERID TOWER CELLS. FIRST PLUME
OBSERVATICONS ON EXPERIMENTAL CELLS IN THE

GEMEINSCHAFTSKERNKRAFTWERK NECKAR (GKN).
Maeule, R. (Neckarwerke
Elektrizitaetsversorgungs=A«.Gsy Esslingen
(Germany, FeRe¢))e (Zentralstelle fuer
Atomkernenergie=Dokumentation (ZAED),
Eggenstefn=Leopoldshafen (Germany, FeR. }).
1977, 8pe (In German). (CONF=7712€2==1).
Depe NTIS (US Sales Only), PC AO2/MF AC: .

From Technical meetfng on cooling tower
operation; Duesseldorf, F.Rs Germany (2 Dec
1977).

First experience with two experimental
hybrid=cell cooling towers at the
Gemeinschaftkernkraftwerk Neckar (GKN)
concerning techniques and plume influence. In
dependence of plume=determining parameters
coinciding, noticeable plume reductions as well
as sftuations without visible improvements are
observed. These results, which are not quite
clear, demonstrate that systematical analytical
fnvestigations are needed.

(AED=Conf==77=561=004) CONSTRUCTION AND
PLUME OBSERVATION ON A DRY/WET TEST CELL IN THE
MARBACH III POWER PLANT. Befsingy R. (Emergie=~
Versorgung Schwaben A«Gs, Stuttgart (Germany,
FeRe ))e (Zentralstelle fuer Atomkernenergie=
Dokumentation (ZAED), Eggenstein=Leopoldshafen
(Germany, FeRe))e 1977, 9pe (In German)e.
(CONF=771262==3). Deps NTIS (US Sales Only),
PC AO2/MF AO01.

From Technical meeting on cooling tower
operation; Duesseldorf, F.Re Germany (2 Dec
1977).

Using a wet/dry prototype cooling tower in
addition to the existing wet cooling tower
cells, the possibility was given {n Marbach to
study this new cooling technique which had not
been tested before in the Federal Republic. It
was found that combined cooling with plastic
heat exchangers is a promising way to shorten
the plumes, although in varying degrees, and to
save water due to lower evaporation losgses. It
should be noted, however, that the plume
behaviour observed cannot be used to draw
conclusions on high=power dry/wet cooling
towers, e.g. for a 1300 MW power plant unit.

(AED=Conf==77=561=005) PRESENT KNOWLEDGE
ON PHYSICAL RELATIONS IN DRIFT EJEZCTION FROM
WET COOLING TOWERS AND HITHERTO APPLIED
MEASURING METHODS TO DETERMINE THE DRIPLET
SIZE. Vodicka, Vs (Balcke=Duerr A.Ge, Bochum
(Germanyy FeRe))o (Zentralstelle fuer
Atomkernenergie=Dokumentation (ZAED),
Eggenstein=-Leopoldshafen (Germany, F.R.}).
1977. 12p. (In German). (CONF=773262==4).
Depe NTIS (US Sales Only), PC AQ3/MF AG..

From Technical meeting on cocling tower
operation; Duesseldorf, F.Re Germany (2 Dec
1977).

Modern cooling towers are equipped with
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drift eliminetors. Besides the knowledge of the
spray loss ejection rate, the drift spectrum of
the spray loss is also of interest.
Possibilities of ftmproving the degree of
separation of the drift eliminators are shown
by means of theories. These considerations are
confirmed by measurements. Furthermore,
measuring wethods of the drift ejection rate
and the drogplet size determination are given.
Finally, drift spectra of varfous drift
elisinator and cooling tower constructions are
given.
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(ASHRAE/GRP==170, pp XIII.1-XIII.7)
APFLICATIONS OF SOLAR ENERGY FOR HEATING AND
COCLING OF BUILDINGS: SOLAR COOLING. Newton,
AJE. 1977.

Applicaticns of scolar energy for heating and
coolfing of buildings.

The performance of sclar=energized cooling
equipment {s related to load patterns, to the
duretion and frequency of ambient temperature
levels, to svailable fnsolatfon and collection
capability, and to storages. Several types of
ccoling equirment which operate from heat
obtajned from solar collector systems are
describedes The heat=activated cycles discussed
are the lithium=bromide=~water absorption cycle,
the adsorpticn cycle, and the Rankine systenm.
Heat pumps as auxilliaries to solar systems are
briefly cons’!dered.

(ATDL==77/23) ENVIRONMENTAL RESEARCH
LABORATORIES 197€ ANNUAL REPORT. (National
Oceanic and Atmospheric Administration, Oak
Ridge, TN (USA)e Atmospheric Turbulence and
Diffusion Late). Sep 1977. €30p. Depe
NTIS, PC ASS/MF AOl.

Separate abstracts were prepared for 17
sections of this report. A list {s fncluded of
28 publicaticns during the time perfod covered.

1

(ATDL==77/23, rp S511=522) DAILY
OBSERVATIONS OF VISIBLE PLUME LENGTH AT TVA'S
PARADISE COOLING TOWERS. Henna, S+Re; Plke,
Me (Air Recources Atmospheric Turbulence and
Diffusion Lat., Oak Ridge, TN). S8ep 1977.

Environmertal Research Laboratories 1976
annual report.

Observaticns of visible plume length taken
each morning at TVA's Faradise Steam Plant
cooling towers show only a slight correlation
with ambient saturation deficit and wind speed,
and very little dependence on season or weather
types Average visible plume height and length
are 270 m and 3€0 m, respectively, with
standard deviations of 120 m and 380 m.

(ATDL==77/23, pp 531=555) PREDICTED
CLIMATOLOGY CF CCOLING TOWER PLUMES FROM ENERGY
CENTERS. Hanna, S.R. (Afr Resources
Atnospheric Turbulence and Diffusion Lab., Oak
Ridgey, TN). Sep 1977.

Environrental Research Laboratorfes 1576
annual report.

A one dimensional plume and cloud growth
model is applied to four months of radiosonde
cbservations from Nashville, using as initial
conditions the plume from single large cooling
tovwers with waste heat outputs of 103, 104, 105
MWy, and a coaplex of cocling towers with a
total waste heat output of 105 MW. Estirates of
average annuel rlume rise from the four energy
sources are €80, 1180, 2460, and 780 m,
respectively. The predicted plume rise, visible
Flume length, and cloud formation are given as
functions of time of day, year, and weather
tyre. For example, a cloud forms at the top of
the plume frcm the 103 MW tower in 65% of the
morning soundings during which ground level fog

12

was observed., A cloud is predicted to occur 95%
of the time at the top of the plume from the
single 105 MW tower. It {s found that if the
towers In an energy center are separated by a
distance greater than the average plume rise
from one tower, then plume merging is
minimized. Observations from TVA's Paradise
Steam Plant are used to test the predictions of
visible plume length from a single 103 MV
tower.

(ATDL==77/23, pp 239=244) OBSERVED AND
PREDICTED COOLING TOWER PLUME RISE AT THE JOHN
E. AMOS POWER PLANT, WEST VIRGINIA. Hanna,
SeRe Sep 1977.

Environmental Research Laboratories 1976
annual report.

There {3 much current interest in coocling
tower plume rise because of its {mportance in
determining the environmental impact of cooling
towers at planned power plants and fndustrfal
facilities. Some of the possible environmerntal
problems related to heat and water emissions
from cooling towers are drift deposition,
ground level fog, cloud formation, and
precipitation enhancements An fmportant factor
fn all of these problems is the calculation of
the plume trajectory, which {s often
complicated by the presence of multiple sources
and water phase changes in the plume. The
latent heat does not strongly influence plume
rise if there §s no cloud present at the top of
the plume. A one dimensional plume and cloud
growth model was developed to study these
effects. In this paper, the predictions of the
model are compared with observations of cooling
tower plume rise at the John E. Amos, W. Va.
fossil=fuel power plant.

(ATDL==77/23, pp 351=457) FIRST ANNUAL
REPORT ON WEATHER MODIFICATION EFFECTS OF
COOLING TOWERS. Hanna, SeRe; Hoskery, ReP. Jr.
(Alr Resources Atmospheric Turbulence and
Diffusion Labe., Oak Ridge, TN). Sep 1877,

Environmental Research Laboratories 2976
annual reporte.

Single coocling towers emit as much
MW of sensible and latent heat to the
atmosphere. Planned energy centers or power
parks may contain clusters of cooling towers
which emit a total of 100,000 MW. Heat releases
of this magnitude have the potential to
significantly alter local weather. Cooling
towers can also alter the local environment by
the production of fog and clouds, and the
deposition of drift salts. A basic one=
dimensional mathematical model is presented for
plume and cloud growth {n the vicinity of
cooling towers. Since the cooling tower
emissions are usually constant with time, at
least over time periods less than four or five
hours, the steady=state assumption is good.
Phenomena such as multiple plume merging and
changes in the environmental air surrounding
the plume are accounted for only by crude
parameterization. Applications in analysis of
the environmental effects of cooling towers at
fossil=fuel and nuclear power plants are
reported.

as 10060

(ATDL==77/23, pp 523=530)
MOTIONS IN A COOLING TOWER PLUME. Hanra,
Plke, M. (Air Resources Atmospheric
Turbulence and Diffusion Lab., Oak Ridge, TN).
Sep 1977.

Environmental Research Laboratories 1976
annual report.

Time~lapse photography was used to estimate
the speed of the vortex in the condensed plume
at the edge of a bank of mechanical draft
cooling towers at the Oak Ridge Gaseous

SECONDARY
S«Re;
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Diffusion Flant. At a distance of about 30 n
frcw the towers, the median tangentfal speed is
abtout 2 m/s {n the downward direction.

(ATDL==77/22, pp S€3=585)
HYDROMETECORCLOGICAL ASFECTS OF ELECTRIC POWER
PRODUCTICN. Hanna, S.R. (Air Resources
Atrospheric Turbulence and Diffusion Lab., Oak
Ridge, TN). Sep 1577.

Environrental Research Laboratories 1876
annual report.

Observed estmospheric effects due to waste
hest release from cooling towers and ponds are
reviewed, including sun shading, ground fog,
drift deposition, interference with aircrart,
fnteractions with chemical plumes, high winds,
and changes in cloudiness, temperature, and
precipitation. It {s seen that effects are
generally miror from current power production
facilities, tut that more serious effects can
te expected {f large energy centers (10,000 MW
and up) are tuflt. The status of physical and
mathewaticel modeling is summarfzed, and §t {s
cencluded that two or three dimensfional second
or third order closure models must be developed
in order to assess the probability of vorticity
concentration at large energy centers and
adequately explafin pluse merginge.

(ATDL==~77/23, pp £S7-627) DRIFT-MODELING
AND MONITORING COMPARISONS. Cheny N.CoJo
(Oak Ridge National Lat., TN); Hanna, Se«R.
Sep 1977.

Environmental Research Laboratories 197€
annual report.

Several drift deposition models for cooling
towers are ccmpared using a set of standard
input conditions. The predicted maxfimur drift
depcsition differs by two orders of ragnitude,
and the dewnwind locations of the maximum
differ by one order of magnitude. The
diecrepancies are attributed meinly to
different assumptions in the mocdels regarding
the initfal effective hefght of the droplets.
Current programs in which drift characteristics
at the tower mouth and drift depositior
downwind cof the tower are being measured are
surrarized. At the present time, drift
deposition measurements, sufficiently
conprehensive for model verifications, are
unavajlable. Hopefully, the Chalk Foint Progranm
will satisfy this need.

(ATDL=~78/19, pp 328-332) OBSERVATIONS
OF VORTICES IN CCOLING TGWER PLUMES. Hanna,
SeRe; Pike, NMe; Seftter, Ko Dec 1978,

Environrental Research Laboratories 1977
annual report. .

Tise=lapse photography was used to estimate
the speed of vortices in condensed plumes from
a bank of mechanical draft cooling towers and a
hyperbolic natural draft cooling tower. At a
distance of about 30 m downwind from the
towers, the wedian tangential velocity of the
vertices at the edge of the plume Is about 2 m
e-1 fn the downward direction, for ambient wind
speeds of 7 to 13 m s—1, The standard deviation
of turbulent fluctuations of tangential speeds
of the vortices is about 1.8 m s-t for both
tyres of towers.

(ATDL==78/1S) ENVIRONMENTAL RESEARCH
LAECRATORIES 1977 ANNUAL REPORT. (National
Cceanic and Atmospheric Administration, Oak
Ridge, TN (USA). Atmospheric Turbulence and
Diffusion Lat.). Dec 1878, §25p. Deps
NTIS, PC AZ23/MF AO1.

Fesearch {s reported in the following
subject areas: regional-scale effects of energy
generation; mesoscale transport and diffusion

1?

modeling; effluent plume behavior; forest
meteorology; climatological studies. Current
research programs {nclude afir transport
studies, especially in rough terrain; air
pollution studies; the meteorological effects
of cooling towers and energy production;
research on plume and wake behavior (including
effects of buoyancy, active thermal corvection,
building wake Interaction, and removal
processes); extension of atmospheric transport,
diffusion, and effluent removal models to
special situations such as over=water and over-
forest flows; and study of the role of forest
structure on the atmospheric energy balance and
on diffusfon. Separate abstracts were prepared
for those studies on scope for ERA/EDB. (JGB)

,

(ATDL==78/19, pp 133=233) ATMOSPHERIC
EFFECTS OF ENERGY GENERATION. Hanna, S.R.
Dec 1578, ‘

Environmental Research Laboratories 5577
annual reporte.

The effects of excess heat znd moisture
released to the atmosphere as the result of
energy generation {s discussed. Specific
methods for estimating effects such as cloud
formation or drift deposition are outlineds The
cooling tower is the source that i{s most
thoroughly treated.

(ATDL==78/19, pp 430=469) REPORT ON ATDL
RESEARCH ON METEOROLOGICAL EFFECTS OF THERMAL
ENERGY RELEASES. Hanna, SsRe; RO, KeSs;
Hosker, R.P. Dec 1978.

Environmental Research Laboratories ;977
annual reporte.

Illustrations are given of applications of
the ATDL Plume and Cloud Growth Model to the
following facilitifes: John E. Amos Plant, Los
Angeles oll refineries, Chalk Point Plant, and
Paradise Plant. Research in the following areas
{s also reported: secondary motions in cooling
tower plumes, analysis of observed plume cross
sections at Chalk Point, analysis of satellite
photographs of moisture and smoke plumes, and a
numerfcal model of meteorological effects of
waste heat and mofisture releases from
hypothetical power parks,

( BNL==505€4) NOISE RADIATION FROM ENERGY
CENTER COOLING TOWERS. Zakaria, Jo; Moore, F.
(Brookhaven Netional Lab., Upton, NY (USA).
National Center for Analysis of Energy
Systems ). Dec 1976. Contract EY=76=C=02~
0016, 64p. Dep. NTIS, PC AO4/MF AC1.

Noise levels from the cooling towers of
clustered and dispersed arrays of cooling
towers for large power plants are presented,
and a procedure is presented for the prediction
of noise levels at some distance from the rim
of a single isolated tower. Two types of
cooling systems, namely mechanical=draft wet
and natural=-draft wet cooling towers, are
consfidered, which are assumed to act as the
sole source of noise generation in power
plants. The procedure for the prediction of
noise levels frorm single isolated towers is
then extended to determire noise levels at some
point on the site boundary of energy certers
being proposed for the future. It is concluded
that if one wishes to minimize the area
{mpacted by objectionable nolse levels, then
for concentrated power centers efther
mechanical=draft or natural=draft towers may be
chosen, while for more widely dispersed centers
natural=draft systems must be recommended.
Special emphasis has been placed upon the A=
wefghted sound levels, which correlate well
with human sound perception. One dimensional
free wave spreading and atmospheric absorption
are the attenuation factors taken into account.
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(ENWL==2268(Rev.)) OVERVIEW OF ISSUES
AFFECTING THE DEMAND FOR DRY AND WET/DRY
CCCLING FCR THERMAL POWER PLANTS.

Hendrickson, Fele. (Battelle Facific Northwest
Labs., Richlend, WA (USA)). Sep 1978,
Contract EY=76«C=06=1830. 70c. Dep. NTIS,
FC A04/NMF AO}.

The Dry Cccling Enhancement Program was
infitlated to: develop economic and performance
rcdels for ccst optimization of total heat
rejection systems using dry and dry/wet cooling;
anslyze and disseminate operating experience on
existing dry=cooled plant performance; and
dercnetrate certain features of existing
technology equipment to provide confidence for
specification by utilitiess The ultirate
ctjective was to promote water conservation
thrcugh industry use of dry cooling by
developing and demonstrating the relfatiifty of
lower—=cost systems. The economic, legal, and
water availatility facters that will contribute
tec future selection of dry and wet/dry cecoling
end thus influence the projected market for
these types of ccolfing systerms in the next 20
years are considered.

( ENWL=8A==6165) STUDY OF THE COMPARATIVE
C0STS OF FIVE WET/DRY COCOLING TOWER CONCEPTS.
Allerann, ReTe; Felettf, DeWe; Johnson, E.M.;
Farryy Hele; Smith, CeCe; Tokarz, ReD.; Walter,
ReAe; Zaloudek, FeRe. (Battelle Pacific
Northwest Lats., Richland, WA (USA)). Jun
1577, Contract EY=76-«C=06=1830. 24p.
(CONF=770€11==42 ). Ders NTIS, PC AO2/MF AO1l.

From Americen Nuclear Society annual meeting;
New York, NY, USA (12 Jun 1977).

A previous study undertaken to ascertain the
economic Incentives for further development of
advenced dry/wet cooling towers showed that an
advanced dry coocling concept using armonia as
an intermediate cooling fluid reduced the
fncremental cost of dry cocoling by
approximately 25 to 30%., This paper presents
the prcjected costs of five alternative dry/wet
concepts, cne of which {nvolves a simjilar use
of ammonia. This study concludes that althcugh
absclute quantitative cost estimates for these
cocling systems are uncertain, the relative
ccst studies indicate that wet/dry cooling
systems using awronia may be competitive with
cormercially avaflable systems and that the
deluge syster which links dry and evaporative
cocling in an ammonia system should be
developed in order to provide a more accurate
assessment of the system cost and relfability.
(LCL)

( BNWL=SA==€290) DRY COCLING FOR POWER
FLANTS: INCENTIVES, PROBLEMS, AND R AND D
ACTIVITIES. Johnson, BeM.; Maulbetsch, J.S.
(Battelle Pacific Northwest Labse., Richland, WA

(USA)}e Apr 1977. Contract EY=76=C=06=1830.
24p.  (CCNF=770516=-13). Dep. NTIS, PC A02/
¥F AO1.

From Conference on waste heat management and
utilization; Miewi{ Beach, FL, USA (S May
1577 ).

Portions of document are fllegible.

Pro jecting the use of dry ccoling at steam=
electric plants within the next twenty years is
fraught with more than the usual amount of
uncertainty associated with long=range
predictions. Eventually the {ndustry's cooling
requirements may exceed the availability of
cocling water and require the direct rejection
of heat to the atmosphere. However, projecting
the physfcal availability of water and the
growth of power generating capacity in various
reglons i{s not sufficient to determine the use
of dry cocoling within a twenty=year time frame.

The ugse will be largely determined by
legislative decisions on the use of limited
fnland water resources and the accessibility of
seawater for cooling In coastal areas. These
legislative decisfions, in turn, will be
influenced by the percefved {mpact of dry
cooling upon the cost and conservation of
energye. Research and development in progress is
focused on reducing the total evaluated cost of
dry cooling through reducing the capital cost
and/or reducing the cost of providing
replacement energy and generating capabillity.
The incentives, problems and research/
development activities are reviewed to provide
an overview of potentiel {mprovements in dry
cooling and the impact they may have on future
power plant construction.

23 (CONF=?740107-=2) AIRBORNE TRANSMISSION
OF PATHOGENIC ORGANISMS IN CUOLING TOWER DRIFT.
Lewls, B.G. (Argonne National Lab., IL
(USA)). 1974, Contract W=321=109-=ENG:-38,
42p. Dep. NTIS, PC AO3/MF AO:.

From Cooling Tower Institute anrual meeting;
New Orleans, LA, USA (28 Jan 1974).

The siting of cooling towers on sewetge=
polluted waters, and the probable widespread
use In the future of treated sewage effluent as
makeupy has rajsed the question of dispersal of
pathogenic organisms in cooling tower drift.
This questfon has public health implications
and needs an answer before the environmental
effects of cooling towers can be fully
evaluated. Some information pertinent to this
question, e.g., the occurrence of pathogenic
organisms, the factors that affect their
survival in water and air, and the relation to
public health, is discussed. Some approesches to
the problem are also presented.

24 (CONF=741270=-=P2, pp 406=412) SALT WATER
COOLING PONDS WITH PARTIAL TIDAL INTERCHANGE.
Baure, HsEs (New Zealand Electricity Dept.,
Wellington). 1974.

From 5. Australasian conference on
hydraulfics and fluid mechanics; Christchurch,
New Zealand (9 Dec 1974),

The results of a preliminary investigation
of the feasibility of using a salt water
cooling pond with partial tidal interchange for
the rejection of heat from the circulating
water system of a thermal power station are
presenteds A computer simulation of the cooling
pond system is described and the operating
condftfons of a cooling pond of sufficient size
for a 1000 MW power station are discussede. The
results for a completely closed pond and a
partially open pond are compared.

25 (CONF=760429==, pp 329=346) POTENTIAL
ENVIRONMENTAL EFFECTS ASSOCIATED WITH BRACKISH
WATER COOLING TOWERS AT CHALK POINT, MARYLAND.
Mulchf, Celse; Wolf, DeCe; Fossy JeEo;
Armbruster, J.A.; Curtis, C.R.; Israel, G.
(Unfve of Maryland, College Park)e. 1978,

From 2. mineral cycling symposia on
environmental chemistry and cycling processes;
Augusta, GA, USA (28 Apr 1976).

The departments of agronomy, botany, and
meteorology at the University of Maryland
inftiated a 10=year research and monitoring
program to assess the effects of saline aerosol
drift from natural=draft cooling towers at
Chalk Point, Md., on the crops, soils, =nd
native plant species in the area. Twelve
research sftes approxe 0.16 ha {n area were
established in 1973 at di{stances 1.6, 4.8, and
946 km in four directions (north, east, south,
and west) from the towers., Base~line
information on dust=fall particulates (Na+ and
Cl- deposition), precipitation (Na+, Cl-, and
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fH values), end ambient SO, levels was
collected en a monthly tasis for 24 months
before tower operaticons were initiated in 1575,
Alsc, chemical and physical prcperties cof soils
at the sites were examined, and the growth and
chemical content of six agricultural crop
speciea were determined during the
precperaticnsl period. One year of
pestoperational data on these parameters have
been ccllected and analyzed. In general, no
suybstantial changes §n any of the parameters
being monitored were observed during the first
year of tower operation at Chalk Point.

26 (CONF=7€0586==P3, pp 303=311) NCN=-IDEAL

FLOW ¥ODEL FCR THE DESIGN OF SPRAY TOWERS FOR
THE RECOVERY OF LOW GRADE HEAT. Liddley Code
(Lenkrc Chemicals Ltde, Manchester, Eng.).
197¢.

Fror S. international symposium on fresh
water from ttre sea; Alghero, Italy (16 May
187€).

Based cn extensive laboretory tests, a
correlation for the holdup characteri{stics and
a new model of nocn=f{deal flow in direct
contacty, liquid=iiquid spray towers have been
developed. Using the correlation as a scale=up
device, §t is shown how such data may be used
tc establish the diameter of a full=scale
column., Likewise, the mathematical model, based
on a tanks=fn=series with bypass and time delay
representaticn, shculd provide a sound basis
for establishing the height of the equipmente.
Thus the georetry and thermal perforcance of
this type of unit can be readily scaled=up from
laboratory results using the techniques
presented here.

(CONF=770508==, pp 1-12) CRITICAL PATHS

TC COAL UTILIZATION. Hill, G.R. (Electric
Power Research Inst., Palo Alto, CA). 1578,

From Scientific problems relevant to coal
utilization; Morgantown, WV, USA (23 May 1977).

The present dilemma of energy producers,
converters, end policy decision makers {is
presenteds The consequences of environrental
control regulations, coupled with the need for
conservation of energy and of energy resocurces
on the Increased utilization of coal, are
discussed. Several recent technical
accomplishments that make possible increased
utilization ¢f coal for power generation are
described. Groundwork {s laid for discussicn of
the technical develorment which must occur {f
the United Statee s tc retain {ts energy
viabflfitye.

(CONF=?771042==, pp 69=75) HEAT SHOCK
THRESHOLD ESTIMATION FOR FISH EGGS AND LARVAE
IN POWER PLANT COOLING SYSTEMS. Marcus, A.H.
(Washington State Unf{ve., Pullman). Mar 1578,

From 3. ERDA statistical symposiunm;
Richland, WA, USA (26 Oct 1977).

Although rmortalfity and hatching success data
are often analyzed by bicassay methods (eesge,
probits or logits), 1t §s suspected that actual
thresholds exist for the adaptive respcnse of &
biclogical system to multiple environwental
stressese. These thresholds can be estimated
using & general linear mcdel. The optiral
estimation of the resronse thresholds {s a
nonlinear least—=squares problem, however, and
the derivatives of the residual sum of squares
surface will have cusps. Approximate confidence
regions for thresholds are readily calculated.
The separate effects of temperature shock and
curulative terperature dose in electric power
plent cocling systems are shewn for hatching
success of striped bass eggs and for mortality
¢f the larvae of the Armerican shad.

29 (CONF=771153==p2, pp E.83=E.107)

ENVIRONMENTAL ASSESSMENT OF THE PROJECTED USES
FOR GEOPRESSURED WATERS. Wilson, JeS.;
Mannfing, Je.A. (Dow Chemicaly Freeport, TX).
1977.

From 3. geopressured geothermal energy
conference; Lafayette, LA, USA (16 Nov 31977),

An assessment of possible environmental
effects of the use of geopressured water of the
Texas and Louisiana Gulf Coast has been made.
The uses considered include generation of
electric power, production of low pressure
steam for process heat and the direct use of
the hot water for space heating. Based upon the
projected uses, the direct and fndirect
emissions are estimated and the impact of these
emissifons upon the environment are discussed.
The possible impacts of the production of large
volumes of geopressured fluids are also
consjidered in terms of possibility of
subsidence and earthquakes. A summary of
avajlable analyses of Gulf Coast deep waters {s
listed as a guide for estimating expected
emissions. Primary environmental problems are
fdentified as waste brine disposal, accildental
releases of brines, and subsidence. Minor
problems such e&s cooling tower blowdown
streams, noncondensable gas emissions, wind
drift from exhaust plumes, nolse levels, and
construction activities are considered.

(CONF=771203--, pp 577=579) CLEAN ENERGY

FROM HUMID AlR. Dlivery, TeKe; Groves, W.N.;
Gruber, C.L.; Cheung, A, (South Dakota School
of Mines and Technology, Rapid City). 1977.

From Alternative energy sources symposium;
Miami Beach, FL, USA (5 Dec 1977).

WIND POWER;NATURAL DRAFT COOLING TOWZRS;AIR;
HUMIDITY ;VAPORIZATION HEAT;ECONOMICS;
FEASIBILITY STUDIES

(CONF=780520==7 ) ENVIRONMENTAL EFFECTS

OF HEAT AND MOISTURE RELEASE FROM ATMOSPHERIC
SPRAY COOLING SYSTEMS. Chaturvedi, S.;
Porter, Re.W. (Illinois Inst. of Tech.,
Chicago (USA))e. 1978. Contract EC=77=5=02~
4531. 1ipe. Dep. NTIS, PC AC2/MF AOL.

From 2+ thermophysics and heat transfer
conference; Palo Alto, CA, USA (24 May 1978).

The present work deals with a source of
finite width and height with a distributed
internal heat &nd moisture release consistent
with a thermal model for atmospheric sprays
including heating and humidification of
downwind elementss The self=-consfistent fully=
developed ambient wind and turbulent
diffusivity profiles depending on aerodyneamic
surface roughness and atmospheric stability are
presumed to prevail throughout the domain of
fnterest. The convective diffusfon equstion
governing the enthalpy of the air-moisture
mixture is integrated numerfcally continuirg
through and beyond the source, and the local
temperature and vapor concentration are
computeds Fogging is described by an
equilibrium model! which requires condensation
of vapor In excess of saturation. Ground=level
df spersent concentration and hefght are
compared with thcse of ground=level line
sources and of field and wind=tunnel
experiments with a finfte source.

(CONF=780701==(Revs )y pp 137=146) SOLAR
ASSISTED HEAT PUMPS FOR MOTEL APPLICATIONS IN
LA QUINTA MOTOR INN, SALT LAKE CITY, UTAH.
Rubin, M. (La Quinta Motor Inns, Ince., San
Antonio, TX); Orlowski, H. Nov 1978.

From Conference on the energy soler updates;
Atlanta, GA, USA (12 Jul 1978).
Soler energy systems designed for the La
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Quinta Motor Inns interface between two newly
developing mechanical technologles, solar
energyy and the water source heat pump. The low
terperature thermal requirement of the water
source heat pump makes it an excellent match
for the use of low temperature solar energy,
and 8s such adds the benefit of a smaller solar
energy system, with {ts lower associated cost,
The Salt Lake City project will consist of 122
roces utfilizing a net ccllector array of 3000
square feet, which §s anticipated will provide
25% of the heating requirement and 61X of the
domestic hot water. Total Installation cost {s
anticipated to be $250,000.

(CONF=781106==1) METEOROLOGICAL EFFECTS
OF HEAT AND MOISTURE RELEASES FROM LARGE POWER
STATIONS -(PRECIPITATION MODIFICATION ).
Patrinos, A.A.N.; Efssenberg, D.M. (Oak Ridge
National Lab., TN (USA)}). 1978, Contract W-
740=-ENG=26€. 2Sp. (CONF=780520==6 ). Dep.
NTIS, PC AO3/MF AO01l.

From Meeting on therwmal power plant heat
rejection systems; Yerovan, USSR (10 Nov
1578).

The Bowen Electric Generating Plant (Plant
Bowen) in Northwest Georgia has been chosen as
a test site to investigate the atmospheric
effects of ccoling towers. This 3,200=-MWe coal=-
fired power plant uses four natural=draft
cocling towers and {s the largest of U.,S. power
plants having cooling towers as the sole
cooling method. Results are reported from both
climatological and field studies, Extensive use
has been made of the U.S. National Weather
Service (NWS) data accumulated over several
decades in Northwest Georgia. Apart from
providing preliminary indications of
precipitation modification effects, these data
have aided in the general understanding of the
climatology in the vicinity of Plant Bowen and
have paved the way for the field studies
currently underway. These field studies,
.employing a dense network of rain gauges and
windsets, are expected to provide the
statistical data base necessary to estimate the
plant's effect (if any) on precfpitation.

(CONF=7£1109==14) ASSESSMENT OF ONCE
THROUGH COCLING WATER CONTROL TECHNCLOCY.
Faddocky ReA.; Ditmars, J.D. (Argonne
National Lat., IL (USA}). 1978, Contract w=-
31+109~ENG=38. 26p. Dep. NTIS, PC AQ3/MF
AOl.

Fron Environmental control symposiuw;
Washington, LC, USA (28 Nov 1978).

The efficacy of the disposal of waste heat
frem electric power generation by means of once
through coocling systems was examined in the
context of the physical aspects of water
queality standards and guidelines for thermal
discharges. The ranges of water temperature
standards and mixing zone requirements were
determined for rivers, lakes, estuaries, and
ccastal waters. Various modes of once through
cocling water disposal from each of four
generic plents were examined in terms of
general characteristics of each of the
receiving water types. The focus of the
exaxination of the disposal modes, surface and
submerged dfscharges, was the likelihocd that a
given disposel could be effected within the
restrictions of the ‘thermal standards for the
glven recefving water type. The results of
proctotype measurements and of mcdel studies of
thermal plume behavior were employed to
determine gereralized and schematic behavior of
surface and submerged discharges into the
varjous types of recefving waters. General
guidelines were produced that indicated, for a.
given type cf plant, for a given discharge
rodey, and fcr a given type of receiving water

body, the opportunity for once through cooling
water discharge within the given temperature
and mixing zone requirements. Similar
assessments have been made for all other
combinations of plant, discharge, and receiving
water types. While specific guidelines are
provided for each receiving water type, the
general conclusion reached i{s that submerged
multiport diffusers provide the greatest
opportunity to meet thermal standards in all
environments.

35 (CONF=?781213==3) BEHAVIOR OF THE THERMAL
SKIN OF COOLING POND WATERS SUBJECTED TO
MODERATE WIND SPEEDS. Wesely, M.L. (Argonne
National Lab., IL (USA)). 1978, Contract W=
31=-109-~ENG=38. 12p. Dep. NTI8, PC AC2/MF
AOl.

From Winter simulation conference; Miami
Beach, FL, USA (4 Dec 1978).

The temperature difference AT/sub delta/
across the partially laminar skin of water on
the surface of a water body Is determined by
the total heat transfer Q through the skin, the
wind speed uy, and the mean temperature T/sub
delta/ of the skin. Systematic measurements of
these variables were made over a wide range of
conditions at a cooling pond in northeastern
Illinois. Waves were present in all cases; the
wind speeds were u = 2.5 t0o 7.0 » s-1 at a
height of 1 m and water temperatures were T/sub
delta/ = 18 to 37.59Ce The main result is the
equation AT/sub delta/ = 311.5 y/sup 2/3/kappa/
sup 1/3/Qk-1(tau/rho/sub w/)/sup =1/3/, where 7
fs the water viscosity, kappa is the thermal
diffusivity of watery, k {s the water thermal
conductivity, tau {s the wind shearing stress,
and rho/sub w/ §{s the water density.

36 (CONF=781213==5) PREDICTION OF LOCAL
EFFECTS OF PROPOSED COOLING PONDS. Hicks,
BeB. (Argonne National Lab., IL (USA)).

1978. Contract W=31=109=ENG=38. 9pe Depe
NTIS, PC AO2/MF AQl.

From Winter simulation conference; Miami
Beach, FL, USA (4 Dec 1978).

A Fog Excess Water (FEW) Index has been
shown to provide a good measure of the
likelihood for steam fog to occur at specific
cooling pond installations, The FEW Index is
derived from the assumptfon that the surface
boundary layer over a cooling pond will be
strongly convectfive, and that highly efficient
vertical transport mechanisms will result in a
thorough mixing of air saturated at surface
temperature with ambient air aloft. Available
data support this assumption. An extension of
this approach can be used to derfve a simple
fndicator for use in predicting the formation
of rime ice in the immediate downwind environs
of a cooling ponds In this case, {t is supposed
that rime fce will be deposited whenever steam
fog and sub=freezing surface temperatures are
predicted. This provides & corvenient method
for interpreting pre—existing meteorological
{nformation In order to assess possible {cirng
effects while {n the early design stages of the
planning process. However, {t remains necessary
to derfve accurate predictions of the cooling
pond water surface temperature. Once a suitable
and proven procedure for this purpose hes been
demonstrated, f{t §{s then a simple matter to
employ the FEW Index in evaluations of the
relatfve merits of alternative cooling pond
designs, with the purpose of minimizing overall
environmental !mpact.

37 (CONF=?790109=-=1) COOLING TOWER DRIFT
STUDIES AT THE PADUCAH, KENTUCKY GASEQUS
DIFFUSION PLANT. Taylory, FeG.; Hanna, S.R.;
Parry Pe.D. (Oak Ridge National Labe, TN
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(USA)). 1579, Contract W=7405«-ENG~26.
3lp. Dep« NTIS, PC A02/MF AQ1l.

From Cooling tower institute annual wmeeting;
Houston, TX, USA (22 Jen 1579).

The transfer and fate of chromium from
cocling tower drift to terrestrial ecosystems
were quantified at the Department cf Energy's
uranius enrichment facility at Paducah,
Kentuckye. Chromium concentrations in plant
mraterials (fescue grass) decreased with
increasing distance fror the cooing tower,
ranging from 251 += 19 ppM at 15 meters to 0.52
+= 0.07 ppM 2t 1500 meters. The site of drift
contamination, sfze characteristics, and
elesental content of drift particles were
determined using a scanrning electron microscope
with energy dispersfve x=ray analysis
capabilities, Results fndicate that elemental
content i{n drift water (rmineral residue) may
not be equivalent to the content in the
recirculating cooling water of the tower. This
hypothesis {s contrary to basic assurptions in
calculating drift emissions. A laboratory study
sfrulating throughfall from 1 to €6 inches of
rain suggested that there are more exchange
sites asscciated with 1itter than live foliage.
Leachate from each one fnch throughfall
sfrylant removed 3% of the drift mass from
1{tter compared to 7 to 9% from 1live foliage.
Fesults suggest that differences in retention
are related to chemical properties of the drift
rather than rhysical lodging of the particle
regjdue. Tc determine the potential for
ncvement of drift-derived chromium to surface
streams, soll==~water sacsplers (wells) were
rlaced along a distance gradient to Little
BEaycu Creeks Samples from two depths following
rainstoras revealed the absence of vertical or
horizontal mcverent with maximum concentrations
of 0.13 ppb at 50 meters from the tower.
Preliminary model estimates of drift deposition
are cospared to depositionmeasurements.
Isopleths of the predicted depcsition ere
useful to fdentify areas of maximum drift
transport in the envirens of the gasecus
diffusion plent.

(CCNF=?250737==1) CREATICON OF AN INDUSTRY
INFORMATION RESOURCE TO CATALOGUE FPOWER PLANT
COCLING SYSTEM IMPACTS AND MITIGATION MEASURES
AFFECTING AQUATIC AND TERRESTRIAL ECOSYSTEMS.
Harnony, E.H.; D'Angelo, L.Je.; Talmage, Se.
(Atomic Industrial Forumy, Inc., Washington, DC
(USA); Oak Ridge National Lab., TN (USA)).
187¢s. Contract W=7405=ENG=26. Spe Depe
NTIg, PC AG2/MF AOl.

Fron Mitigation symposfium; Ft Collins, CO,
USA (17 Jul 1679).

The dete tase design and scope, as well as
the products and services offered, for the
Cocling Systems Effects Data PBase are
sunrarized.

(CONF=750808==16€) WASTE HEAT REJECTION

FROX GEOTHERMAL POWER STATIONS. Robertson,
FeCe (Oak Ridge National Labe, TN (USA)).
1587S. Contract W=7405~ENG=26. 70¢p. Depe
NTIS, PC AO4/MF AO1l.

Frow 18. ASME national heat transfer
conference; fan Diego, CA, USA (Aug 1879).

Waste heat rejection systems for gecthermal
povwer stations have a significantly greater
fnfluence cn plant operating performances and
costs than do corresponding systems {n fcssil-
and nuclear=fueled stations. With therral
efficiencies of only about 10X, geothermal
power cycles can reject four times as much heat
rer kilowatt of cutput. Geothermal sites fn the
Unfted States tend to be In water—short areas
thet could require use of more expensive wet/
dry or dry=type cooling towers. With relatively
low=temperature heat sources, the cycle
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economics are more sensfitfve to diurnal and
seasonal varfations in sink temperatures.
Factors such as the necessity for hydrogen
sulfide scrubbers In off=gas systems or the
need to treat cooling tower blowdown before
reinjection can add to the cost and complexity
of goethermal waste heat rejection systems.
Working fluids most commonly considered for
geothermal cycles are water, ammonia, Freon=22,
{sobutarie, and {sopentane. Both low=level and
barometric~leg direct=contact condensers are
used, and reinforced concrete has been proposed
for condenser vessels, Multipass surface
condensers also have wide application.
Corrosion problems at some locations have led
to increased interest in titanium tubinge.
Studies at ORNL Indicate that fluted vertical
tubes can enhance condensing film coefficients
by factors of 4 to 7.

(CONF=7608122==, pp 51=56) NOISE CONTROL
ENGINEERING AT THE MOBIL LUBRICATING OIL
REFINERY, PORT STANVAC, SOUTH AUSTRALIA.
Beadle, Kede (Foster Wheeler Australia Pty.
Ltd., Melbourne); Underwood, P.CeW, 1976,

From 4. conference on chemical engineerirg;
Adelaide, Australia (25 Aug 1976).

Project noise control specifications are
derfved after consideration of world wide
practice and anticipate the requirements of
future state legislation. Community nof se
levels govern permissible nofse emission from
most equipment fitems. Purchase specifications
include noise level requirements. Vendor
guarantees are obtained. Noise attenuation
features of installed equipment are optimized
to meet noise specifications at minimum cost.
Noise control engineering on a large process
plant requires experfienced engineers backed by
a data bank of operational noise levels for
standard and silenced equipments Noise control
engineering wust be fntegrated with the plant
layout and equipment specification phases of
the projecte.

(CONF=7611116=-=P2, pp 15p, Book 2, Paper
23) CORROSION PROBLEMS IN COOLING TOWFRS:
THEIR PREVENTION IN PRACTICE. Detiker, NeKs;
Reid, M.B, 1976.

From 16. conference of Australasian
Corrosion Association; Auckland, New Zealand
(22 Nov 1976).

Electric power generating plants are finding
an increasing need for cooling towers,
Corrcsion {s the main problem in cooling
towers. Mild steel, steel, and brass have been
used in a study of corrosion. A formulation of
HEDP and zinc in a molar ratio of 1:1 is
satisfactory for preventing scale and
coerrosion. (FS)

(CONF=7809109==1) BIDLOGICAL EVALUATION
OF DEVICES USED FOR REDUCING ENTRAINMENT AND
IMPINGEMENT LOSSES AT THERMAL POWER PLANTS.
Caday, GeFe; Szluhay AeTe (Oak Ridge Neational
Lab.y, TN (USA)). 1978. Contract W=7405=ENG-
26. 53pe Dep. NTIS, PC AO4/MF AOi.

From International symposium on the
environmental effects of hydraulic engineering
works; Knoxville, TN, USA (12 Sep 1978).

A preliminary survey of fish protection
devices efither fn use or proposed for water
intake structures was conducted for the purpose
of assessing their potential for reducing
fmpingement and entrainment. All the designs
examined can be divided into two basic
categor{es: behavioral screening systems and
physical screening systems. The behavioral
screening devices rely upon the ability of fish
to sense artificial stimuli and respond by
swimming away from hazardous areas. These
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systeas are of 1ittle or no value in protecting
planktonic fish eggs, larvae, and disoriented,
heat=shocked, or lethargic adult fishes. Many
¢! the physical screening devices, on the other
hand, require the impingement of organisms
ageinst a screen before they can be removed
frorm the Intake system, thus subjecting
survival. Some of the designs incorporate beth
tehavioral and physical sceening conceptse Six
devices were selected for further consideration
based on their potential or demonstrated
effectiveness fn reducing fmpingement and
entrainment losses at a varfety of intake
sftuations, The structures evaluated were
modified vertical traveling screens, louvers,
angled vertical traveling screens, horizontal
treveling screens, center=flow screens, and
wedge=wire screens. Since some of these Intake
structures represent new concepts, few
latoratory or in sftu biological studies have
been carried ocut. For others, actual reductions
in fish losses have been demcnstrated. The
design features and status of tiological
testing {s discussed for each device, and an
evaluation of their fish protection potentfal
i{s presented.

(CONF=7£11108==1) OXIDANT EFFECTS ON
COMPLEX MIXTURES OF NONVOLATILE ORGANICS 1IN
FOLLUTED WATERS: EXAMINATION BY HPLC AND
EIOSCREENING. Jolley, Rele; Cumming, Re.B.
(Oak Ridge Naticnal Labey, TN (USA)). 1978,
Contract W=7405=ENG=26. 21p. Dep. NTIS, PC
AO2/MF A0},

Froam 2. aquatic application of ozone
wcrkshop; COrlandc, FL, USA (1 Nov 1578).

Chemical cxidants such as ozone and chlorine
are used for antifculant treatment of cooling
waters and disinfection of polluted waters. The
effects of these oxidants on the nonvolatile
organic constituents {n such waters are being
exarined using the complementary techniques of
high=pressure liquid chromatography (HPLC) and
bifcscreening. HPLC s used tc separate the
nonvolatile arganic constituents present in
complex wixtures fn the waters of environmental
concern, and the separated organics are
detected by UV absorbance or cerate oxfdimetry.
Bioscreening tests are used to facilitate the
exarination of only those separated
constituents with biolegical and possible
health sfignificences The bloscreening method
principally used i{s determination of becterial
nutagenic activity. Both czone and chlorine
destroy some nonvolatile organic constituents
and produce cthers. To date, no statistically
significant nutagenic activity has been
determined for constituents separated from
ozonated effluents from wastewater treatment
plants.

(C00==28502=15) THERMOREGULATION OF FISH
AND TURTLES IN THERMALLY STRESSED HABITATS.
ANNUAL PROGRESS REPORT, OCTOBER 1, 1§77==

SEPTEMBER 30, 1978. Spotila, J.R. (State
Unfve Colle, Buffalo, NY (UsA))o Jun 1978.
Contract EY=76=8=02=-2502. 26p. Dep. NTIS,

PC AO3/NF AO1.

Morphometric and heating and cooling studies
on over 100 largemouth bass, Micropterus
salwofdes, have provided the data needed to
refine the time=dependent body temperature
model for fish. The model can now track the
changes in tody temperature of a bass if {ts
weight and water temperature are known. The
wodel {s most sensitive to body diameter, body
wall thickness, and tissue conductivitye.
Doubling tissue conductivity is equivalent to
decreasing body diameter by a factor or two.
Turtles, Chrysemys scripta, living in the
heated porticn of a cooling reservolir
facultatively exploit the warmed water (AT = 4

to 109C) as an auxiliary heat source for
behavioral thermoregulations Turtles in the
heated arm of PAR pond have a smaller hcme
range (200 m) than turtles in an ambient
portion of the reservoir (507 m). The abiifity
of animals to thermoregulate at a high constant
body temperature depends upon the constraints
fmposed on them by their body size and physical
characteristics and those of their environment.
The net heat production required to mairtain a
specific body temperature changes as the size
of an ectotherm {ncreases. Operative
environmental temperature f{s an sppropriate
measure of environmental heat loading ard can
be used as a predictor of turtle behavicr. This
concept may become very valuable in quantifying
the effect of thermal effluents on turtle and
fish behavior.

45 (CO0==2502=16) CONTINUATION OF STUDIES
ON THERMOREGULATION OF FISH AND TURTLES IN
THERMALLY STRESSED HABITATS. ANNUAL PROGRESS
REPORT, 1 OCTOBER 1978=30 SEPTEMBER %97€.
Spotfla, J.R. (State Univ. Coll., Buffalo, NY
(USA))e Jun 1978, Contract EY=76=5=02-=2502.
33p. Dep. NTIS, PC AQ3/MF AO2.

A time dependent mathematical model
accurately predicts heart, brain, and gut
temperatures of largemouth bass. Body diameter,
fnsulation thickness, and tissue thermal
conductivity are controlling varfables in the
transfer of heat between a fish and water. Fish
metabolic rate and water velocity across fish
surfaces do not appreciably affect heat
transfer rates. Multichannel temperature
transmitters telemeter body temperatures of
free swimming bass in Pond C on the Savannah
River Plant while the behavior of those fish
and other bass {s recorded by an observer.
Fleld studies of the home ranges and movements
of turtles i{n Par Pond on the Savannah River
Plant are completeds We have recorded the
movements of 30 individuals fitted with radio
transmitters. Distinct differences are apparent
in the behavior of turtles Iin areas affected by
heated effluents as compared to those §r
control areas. Calculations and theoretical
analysis of the transient energy exchange of
turtles are continuing. Laboratory experiments
using 1!33Xe {ndicate that blood flow in the
muscles and skin of alligators fncreases 2 to 6
fold during movement. Relative variation is
simflar {n magnitude to that seen in human
muscle. Evaporative water loss from alligators
decreases as body sfze increases. The ratios of
respiratory to cutaneous water loss are 1.80 at
50C, i.18 at 25°C and 0.85 at 359C. Bourdary
layer resistances to evaporative water loss are
6 fold less than predicted by calculations of
aerodynamic boundary layers. Body size is a
primary factor {n determining the
thermoregulatory strategy that i{s to be used by
a given animal.0Operative environmental
temperatures (T/sub e/) are as high as €0°C for
a turtle basking on a log in the sun. In a
rajnstorm T/sub e/ drops to 18°C. Experiments
to measure T/sub e/ for turtles in normal and
thermally affected areas are now continuing on
the Savannah River Plant. (ERB)

46 (C00=~=4051=16) GEOTHERMAL POWER PLANTS
OF JAPAN: A TECHNICAL SURVEY OF EXISTING AND
PLANNED INSTALLATIONS. REPORT NO. CATMEC/9.
DiPippo, Re (Brown Univ., Providence, RI
(USA)e Dive of Engineering). Mar 1978.
Contract EY=76=8=02=4051. 93p. Dep. NTIS,
PC AQS5/MF AO1l.

The technical features of the exfisting and
planned geothermal power plants in Japan are
surveyed. A description is given of the
Geothermal Energy Research and Development Co.,
Ltd. (GERD) which has capabilities in all areas
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of geothermal power development, fror
exploratory geological activities through
construction and operation of the plants. The
suprvey Includes reports on four types of plants:
natural, dry steam; separated steam or ''single
flash;'' separated steam/flash or ''double
flash;'* and binary fluid., For each gecthermal
power plent, the fcllowing are included or
discussed: exploration and geclogy of the site;
wells and gathering system; turbine=generator;
condenser, gas extractor and coolfing tower;
economic data; environmental effects; and plant
operations. Many tables and figures are
included, and a summary is given of the
geothermal resource utilfzaticn efffcliency fer
each operating plant. Promising areas of new
development are listed with estimates of
potential capacity.

(CO00==4218=1) CONCEPTUAL DESIGN AND COST
EVALUATION OF A HIGH PERFORMANCE DRY CCOLING
SYSTEM. Haterski, ReJe; Bentz, J.Ce.
(Curti{ss=Wright Corp., Wood=Ridge, NJ (USA)).

1 Mar 1878. Contract EN=77=C=02-4218. 144p.
(CWC=WR=~78=001 ). Dep. NTIS MF/A Ol.

Portions of document are {llegible.

The objectives of this program were to
establish a conceptual and preliminary design
af a forced draft dry cooling system using high
performance integral fin-tubes developed by
Curtiss=Wright and to establish projected costs
of this system for use in large electric power
plants. These {nvestigations are an extension
of & previcus study, which showed that
significant rerformance and cost savings were
potentially avaflable with the use of these
advanced technology integral fin=tube heat
treansfer elements when used in forced or
frduced draft dry cooling towers. An attempt is
made to delineate and quantfify these potential
cost savings and to investigate further the
installation factors associated with the use of
these fin=tubes in a dry cooling system. The
results obtained show significant econcmic
advantages ccmpared to results previously
published for a conventional dry cooling
system. These advantages are due to the higher
heat transfer and lower pressure loss which
occur with the use of the selected multi=port
fntegral fin=tubes.

(C00==4218=2) CONCEPTUAL DESIGNS AND
COST ESTIMATES OF MECHANICAL DRAFT WET/DRY AND
NATURAL DRAFT DRY COCOLING SYSTEMS USING CURTISS=
WRIGHT INTEGRAL FIN=TUBE HEAT EXCHANGERS.
Haberskiy, ReJe; Bentz, J.Ce (Curtiss=Wright
Corpe.y, Wood=Rfdge, NJ (USA)e. Nuclear Div.).
Apr 197S. Contract EN=77-C=02-4218. 107p.
(CW=WR==79=030). Dep. NTIS, PC AQ6/MF AO1.

This study was performed to establish a

conceptual design and cost evaluatfon of an
advanced technology mechanical draft wet/dry
and natural draft dry cocling systems for large
electric power plants using a high performance
integral fin=tube heat transfer surface. This
study was part of an overall DOE program to
develop and demonstrate advanced concept
cooling systems for large electric power
plantes. The results obtafned show significant
economic advantages compared to results
previously published for conventional cooling
systems. These advanteages are due to the higher
heat transfer and lower pressure loss which
occur with the use of the selected multf=port
integral fin=tubes,

(Cl0=-=4£31=3) EFFECT OF ALTERNATE
COOLING SYSTEMS AND BENEFICIAL USE OF WASTE
HEAT ON POWER PLANT PERFORMANCE. Raoy DeKe;
Porter, FRo.W. (Il1linols Inst. of Tech.,
Chicage (USA)e Depte. of Mechanical

Engineering ). Nov 1978, Contract EC=77=8=02=
4531. 123p. Dep. NTIS, PC AQG6/MF AO..

The performance and cost of alternate closed=
cycle cooling systems for steam==~electric power
plants are discussed. Included are cooling
ponds, spray canals and mechanical= and natural-
draft wet cooling towers. Besfdes equipment,
operational and maintenance costs, loss of
generating capacity i{s determined on a seasonal
basfis in order to determine life~cycle costs
relative to once=through coolinge. In addition,
two beneficial uses of waste heat are similarly
analyzed: once=through discharge of condenser
coclant into a2 municipal water supply and
interaction of 2 conventional cooling system
with a wastewater treatment plant. Both typical
nuclear= and fossil=fueled power plants are
considered throughout. Meteorological and
system parameters were taken for the Chicago
area as an example. Plant heat rates,
availability and unit costs were selected from
the literature. A new unified analysis of
closed=cycle=cooling system performance is
developed in order to facflitate computation of
loss of generating capacity. The order of
cooling systems in terms of fncreasing cost is:
once=through, pond, natural=draft wet tcwer,
spray canal and mechanical=draft wet tower.
Alternatively, once=through discharge into a
municipal water supply would save 1 to 2X of
power=plant fuel and 14 to 22% of residential
water—heater energy. Or, the interactive
wastewater plant would save 2 to i5% of
treatment costs, favoring larger facilfities.

(DFVLR=IB==553=75/15) PHYSICAL
QUANTITIES RELATED TO MEASUREMENT CAMPAIGNS FOR
COOLING TOWERS. Boegel, We {Deutsche
Forschungs= und Versuchsanstalt fuer Luft= und
Raumfahrt e.V., Oberpfaffenhofen (Germany,
FeRe)se Inst, fuer Physik der Atmosphaere).

Dec 1975, 29p. (In German). Dep. MNTIS (US
Sales Only), PC A03/MF AOl.

The nomenclature fn reports on the
measurement campaigns for cooling towers will
be adapted as far as possible to the slready
exfsting VDI report on this subject. On the
other hand, the appropriate standards will also
be accounted fore In order to facilitate a
decision in individual cases in a first table
the meteorologically or generally interesting
quantities of the VDI reports are compared with
the German, fnternational, and WMU standards
and = {f necessary = also commented. A second
table contains the air humidity parameters
standardized by WMO fncluding brief
definitions,

(DOE/ET==0076, pp ilp, App.C) RAZDAN

(RASDAN) THERMAL POWER STATION. Feb 1879,

Report of the visit of the United States of
America delegation of the US=USSR Coordlnating
Committee on Scientific and Technical
Cooperation in the Field of Thermal Power Plant
Heat Rejection Systems to the Unfon of foviet
Socfalist Republics. November 1i==12, 1978.

Technical data on the design and operation
of the gas or ofl=fueled Rasdan heat=and=power
plant in Armenia are presented. This 1220 mVW
capacity plant has a dry cooling tower for each
of its four turbines. The last unit wes put in
operation in 1570, Specifications for the
overall plant, condensing systenm,
turbogenerators, electrical equipment, control
equipment, and water treatment plant are
included. (LCL)

(DOE/ET==0076, pp 17p, App.B Paper 5)
SYSTEM OF HEAT REMOVAL FOR AN ELECTRIC POWER
STATION LOCATED IN A DRY SUBTROPICAL CLIMATE.
Kravets, V.I.; Radionov, N.I. Feb i9789.
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Report of the visit of the Unfited States of
Americe delegaticn of the US=USSR Coordinating
Coanrittee on Scientific and Technical
Cooperation in the Field of Thermal Power Plant
Heat Rejectficn Systems to the Union of Soviet
Sccialiet Republics,. November 11l==12, 1978.

Coolfing systems for power plants {n het dry
climates pose special problems due to limfted
water supplies and high ambient air
temperatures., The design of a combined air-
condenseticn cooling system planned for the 690
MW cil=fueled Isfahan power plant in Iran §s
describeds This system combines dry cooling
towers with peak coolers and can operate fn the
dry cooling rmode, in a transitional mode with
rart dry and part condensation, or completely
in the peak mode with the irrigated coclers.
Calculations made for the Isfahan power plant
showed that this combined air-=condensation
cooling system would provide the necessary
temperature for steam condensation and heat
remcval at ncminal turblne output and would
require extremely low water use. (LCL)

g3 (DOE/ET=~0076, pp 29p, App.A Paper 2)
TECHNICAL AND ECONOMIC FEASIBILITIES OF WET/DRY
TOWER SYSTEME FOR WATER CONSERVATION.
Englesson, G.A. (Unfited Engineers and
Constructers Incey Philadelphie, PA); Hu, M.Cs;
Savage, W.F. Feb 187S.

Feport of the visit of the United States of
Awerica delegation of the US=USSR Coordinating
Ccrritiee on Scientific and Technical
Cooperation in the Field of Thermal Power Plant
Heat Rejecticn Systems to the Union of Soviet
Sgcfalist Republics, November 11=<12, 1978.

The technical and economic feasibility of
wet/dry cocling towers for water conservation
was evaluateds Results on econaomic optimization
of wet/dry tcwer systers for 1000-MWe fpower
plants are presented. Results are given as the
Total Evaluated Cost (TEC) of the cooling
syster. Separste cost cemponents include
initial capital cost, operating expenses, and
renalties for the cooling system operation
capitalized cver the lifetime of the plants.
For the analysis, optirized wet and dry coocling
towers are the reference systems. The wet/dry
system has separate wet and dry mechanical
dratt towers, Costs are related to the make=up
requirement expressed as a percentage of the
water required by a wet systems The major
conclusions are: wet/dry ccoling tower systems
can be designed to provide a significant
economic advantage over dry ccoling, yet
closely match the dry tower's ability to
congserve vwater; and where water {s available,
wet cooling will continue to be the economic
chofce fn most circumstances.

&4 (DOE/ET==0076, pp 32p, App.A Paper 3)
COMPARATIVE COST STUDY QOF VARIQUS WET/DRY
CCOLING CONCEPTS THAT USE AMMONIA AS THE
INTERMEDIATE HEAT EXCHANGE FLUID. Johnson,
BeFo; Tokarz, ReDe; Brauny DeJe; Allemann, R.T.
(Eettelle, Facific Northwest Laboratory,
Richland, WA}, Feb 157S.

Feport of the visit of the United States of
Awerica delegation of the US=USSR Coordinating
Corrittee on Scientific and Technical
Cooperation in the Fleld of Therral ower Plant
Heat Rejecticn Systems tc the Unfon of Soviet
Socialist Refublics. November 1l=<12, 1978,

A number cf advanced concepts for wet-dry
cocling systems for power generating plants
were studied for their technical feasibility
and economic potential. The use of ammonia as a
heat tranafer medium between the steanm
condenser of the generator turtine and the air-
cocled heat rejection system has been shown to
bg cost effective In earlier studies. This
paper sumparizes the conceptual design and

costs of four different advanced dry/wet
mechanical draft concepts, which combine the
use of ammonfia with evaporative cooling to .
augment capacity on hot days, and compares them
to a state=of=the=art integrated dry/wet
circulating water system. The four concepts
utilizing ammonie are: the HOTERV plate fin
heat exchanger with deluge augmented cooling
arranged in (a) vertical stacks on the
periphery of circular towers, and (b)
horizontal A=frames bereath the fans; the
separate channel augmented tower (SCAT); and
the augmenting ammonia condenser (AAC)
arrangement. These are compared with the
integrated dry=wet tower currently being .
constructed at the San Juan site at Farmirgton,
NM. The results of this study indicate that the
ammonia dry cooling systems, augmented either
by deluging the surface or by a separate water=
cooled condenser close=coupled to an
evaporative tower, have potential cost
advantages ranging from 25 to 29X under
conditions {mposed by the San Juan site. A
program to demonstrate an ammonia dry cooling
system, using both types of surface described
here, and using both the deluge approach and
the augmented condenser, {s being undertaken by
the Electric Power Research Institute.

55 (DOE/ET==007€, pp 17p, App. A Paper 7)

STATUS REPORT ON THE AMMONIA, PHASE=CHANGE DRY
COOLING SYSTEM RESEARCH PROJECT. Bartz, JeA.s;
Maulbetschy JeSe;. (Electric Power Research
Instftute, Palo Alto, CA). Feb 1979.

Report of the visit of the United States of
America delegation of the US=USSR Coordinating
Committee on Scientific and Technical
Cooperation in the Field of Thermal Power Plant
Heat Rejection Systems to the Unfon of Soviet
Socfalist Republics. November 1l=-=12, 1978.

Previous research, supported by the US
Department of Energy (DOE) and the Electric
Power Research Institute, has identified the
ammonia=based dry cooling system as the most
promising approach to water conservation {n
power plant cooling for utflities. The system
configuration which has been selected eas
optimum §n these studies will now be
demonstrated on a 6 Mwe test facility at a
Pacific Gas and Electric power plant in
Bakersfield, California. The demonstration will
fnclude the use of ammonfia in the transport
loopy the use of enhanced heat transfer
surfaces in the steam condenser/ammonia
reboiler, and the use of deluge water
augmentation on the air=cooled condenser in
addition to all=dry operation. The facility
will be designed and constructed during 1979
and 1980. Testing 1s scheduled after 1980
through 1984. In additfon to component
performence data, the test program will
emphasize: the effect of the power plant
environment on the component performance ard
reliability; reliability of proposed
fabrication techniques for the aluminum
components; and dynamic responses of the system
to power plant operating transients and to
emergency conditicns.

(DOE/ET==0076, pp 31p, App.A Paper 6)
METEOROLOGICAL EFFECTS OF HEAT AND MOISTURE
RELEASES FROM LARGE POWER STATIONS
(PRECIPITATION MODIFICATION). Patrinos,
AsA«Ne; Elssenberg, DeM. (Oak Ridge National
Laboratory, TN). Feb 1979,

Report of the visit of the Unfited States of
America delegation of the US=USSR Coordineting
Cormittee on Scilentific and Technical
Cooperation §in the Field of Thermal Power Plant
Heat Rejection Systems to the Unjon of Soviet
Soclalist Republics, November 11==12, 1978.

The US Department of Energy (DOE) has
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established & program called METER )
(Meteorological Effects of Thermal Energy
Feleases) to investigate the atmospheric
effects of cccling towers and ponds. Effects
being investigated include drift deposition,
fog and {cing, shadowing, and precipitation
rodification. As part of this nationwide
program, the Oak Ridge National Laboratory
(ORNL) {s studying precipitation modification
fros lerge ccoling towers. For that purpose,
the Bowen Electric Generating Plant (Plant
Ecwen) in Northwest Georgie has been chosen as
a test site. This 3,200-MWe coal=fired power
plant situated about 40 mi NW of the city of
Atlenta uses four natural=draft cooling towers
and §s the largest of US power plants having
cooling towers as the scle cooling methodes The
OFNL activities which presently include both
clisatclogicel and field studies are described.
Extensive use has been made of the US National
Weather Service (NWS) data accumulated over
several decades {n Northwest Georgla. Apart
frex providing preliminary indications of
precipitation modification effects, these data
have ajded in the general understanding of the
cliratology in the vicinity of Plant Eowen and
have paved the way for the field studies
currently underway. These field studies,
employing a dense network of rain gauges and
windsets, are expected to provide the
statistical date base necessary to estimate the
plant's effect (4f any) on precipitation.

(DOE/ET==0078, rp 14p, Arp.A Paper 10)
COMPUTERIZED SYSTEM FOR ESTIMATING WATER
AVAILABILITY AND REQUIREMENTS FOR POWER PLANT
CCOLING. Savage, W.F, (Department of
Energy, Washington, DC); Sonnichsen, J.Ce Jr.
Fet 187S.

Report of the visit of the United States of
Anerica delegatiocn of the US=USSR Coordinating
Conrittee on Scientific and Technical
Cooperation in the Field of Thermal Fower Plant
Heat Rejecticn Systems to the Union of Soviet
Socialist Republics, November 11==12, 1978,

Az a means of assimilating the immense data
base which exists on water resources
characteristics and avaflabilfity, a
conputerized system has been developeds The
system was desfgned prirarily to assist the
indfividual engaged fn siting thermal power
plants; however, the utility of the system is
ruch more generale Characteristic type data on
toth surface water and ground water scurces are
inluded i{n tre system. The data are organized
around the use of an efight digit water resource
cateloging unit te represent a surface area
which is a natural hydrologic drainage basir.
By using the water resources cataloging unit,
the surface of the US f¢ sub=divided into more
than 2000 arcas. The water rescurce cataloging
unit &s used to fndex all water resources and
power plant data contained in the information
retrieval system. Furthermore, the water
resgurce cateloging unit s used as an {ndexing
scheme for cerrelating water demand. This data
bank and fts use for determining cooling water
derands for proposed power plants are
discussed. (LCL)

(DOE/EV==0046(Vol.3), pp €=1€) OVERVIEW
OF H,S CONTRCL TECHNOLOGY FOR GEOTHERMAL ENERGY
SCURCES. Ananth, K.P. (Midwest Research
Inst., Kansas City, MO). Sep 1879,

Fros Environwental control symposium;
Washington, LC, USA (28 Nov 1578).

The contrcl of H S emissions from geothermal
pever plants {s discussed brieflye. The control
optiona, as rresented herey, are primarily
directed towerd: (1) incoming steam (fee.,
upstream), (2) condenser vert emissions, and
(3) cooling tower emissions., For each category,

the major processes are {dentified along with
their advantages and disadvantages. Finally,
the processes are intercompared using several
selection criterja. These criteria include
stage of development of the control technology,
{ts potential for H,S removal, extent of
applicability, cost of control, and secondary
environmental problems created, {f anye.

59 (DOE/EV==0046(Vol.3), pp 332-349)
OVERVIEW OF THE DEPARTMENT OF ENERGY'S
METEOROLOGICAL EFFECTS OF THERMAL ENERGY
RELEASES (METER) PROGRAM. Rubin, A.M. (Dept.
of Energy, Washingtion, DC); Moses, H.;
Efssenberg, D. Sep 1979.

From Envirconmental control symposfum;
Washington, DC, USA (28 Nov 1978).

The objective of the Meteorological Effects
of Thermal Energy Releases (METER) Program {s
to develop methods and a data base to assess
the atmospheric effects of heat and moisture
releases from large nuclear and fossil energy
generating facflities. Included in the program
are effects from mechanical and natural draft
cooling towers, as well as cooling ponds and
canalse The atmospheric effects which are of
{nterest include precipitation modification,
fogging and §cing, multiple plume interactions,
drift deposition, shadowing, and >thers. The
METER progranm is subdivided fnto three
coordinated elements: (1) field studies, (2)
physical modeling, and (3) mathematical
modelinge Current studies are primarily
directed towards fi{eld studies at operating
plants. ORNL i{s carrying out a statistical
precipitation study over a several year period
at the 3160 MWe Bowen plant in Georgia
utilizing a dense raingage network arourd the
plant to determine to what extent normal
rainfall patterns are affected by thermsal
emjissfons from natural draft cooling towers. A
second field study, by PNL, deals with drift
deposition and transport from mechanical draft
cooling towers. Penn State University is
conducting airborne measurements of velocity,
temperature, and drift within plumes from a
natural draft tower. ANL is conducting a study
of the effects of cooling ponds on the
environment. In the area of mathematical
modeling, the Rand Corporation {s conducting
numerfical model studies to provide a better
understanding of the effects on weather
phenomena from cooling tower heat releases. PNL
is conducting physical model experiments of
mechanical draft cooling towers in order to
better understand the phenomena of plume
{interactions between adjacent cooling towers,

60 (DOE/EV==0046(Vol.3), pp 380=411)
ACCOMPLISHMENTS IN THE DEPARTMENT OF ENERGY
PROGRAM ON ADVANCED CONCEPTS FOR DRY AND DRY/
WET COOLING. Johnson, B.M. (Battelle
Pacific Northwest Labs., Richland, WA). Sep
1979.

From Environmental control symposium;
Washington, DC, USA (28 Nov 1978).

The Dry Cooling Enhancement Program has
focused on the development of technology and
the initial planning for a large—=scale test of
an advanced dry/wet cooling concepte The
overall program objective is to develop
technology to relieve the water shortage
anticipated in many sections of the country
through encouraging the use of dry cooling of
power plants. The development of systems which
are less costly, with respect to operating
penalties as well as capital, and the transfer
of this technology to the commercial market
were seen to be essential In order to hzve any
{mpact on the national problem of growing
competition for existing water supplies. The
system selected for large scale testing {s one
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which uses armonia to transfer the waste heat
fror the turtine to a dry coocling tower and is
enhanced by two different ways of incorpcrating
evaporative cooling. One uses a conventional
cocling tower close coupled to a water~cooled
armonia condensery the cother uses water
evaporated from the surface of the dry tower
over which {t flows. The five areas of the
total DOE program are discussed and include:
studies of tre anticifpated need for dry cooling
and the payoff from a successful demonstration
of an improved system; evaluation of existing
technology to identify areas {n which
{mprovements would have major impact;
fdentificaticn of improved systems and the
comparisons of projected costs to establish the
incentives for further development and large
scale testing; testing of critical aspects of
the syster selected as the leading candidate
for large=scale testing; and development of a
concensus among various elements of the utility
fndustry as tc the wisdom of proceeding with a
large scale test and the structuring of a
program and a funding base to carry out the
test.

€1 (DCE/EV==0046(Vcl.3), pp 412=429) WASTE
HEART MANAGEMENT IN THE ELECTRIC POWER INDUSTRY:
ISSUES OF ENERGY CONSERVATION AND STATION
OPERATION UNDER ENVIRONMENTAL CONSTRAINTS.
Herlemany, D.F.F.; Stolzenbachy, KeDe; Glicksman,
L.F.; Adams, E.E.; Barbera, R.J.
(Messachusetts Inst. of Tech.y Cambridge).
Sep 1979.

Frorm Environmental control symposfur;
Washington, LC, USA (28 Nov 1978).

The 1ssues of cost, conversion efficiency
and environmental fmpacts assocfated with the
condenser cocling systems of large steam=
electric power plants are discusseds Erphasis
is placed on several alternatives to the use of
conventional open cycle ccoling or wet cooling
towers. Particular fssues which have been
addressed fnclude the effect of replacement
energy costs on coptimal cooling system size
(especfally for dry towers), the develcpment of
a quasi=steady representation of the transient
response of cooling systems with large thermal
fnertia (e.g.y cooling ponds), and the effect
of stream standards on the operation and
penalty costs of supplementary cooling aystems.
Furthermore, various cooling systems have been
compared at a hypothetical site and the results
have been used, along with the data on cooling
water aveflatility, to deduce conclusions
regarding differences in cooling costs which
result fromr varying environmental controls.

62 (DOE/EV==0046(Vol.3), pp 430=451)
SUPPORTING STUDIES IN HEAT DISSIPATION.
Helss, I, (Dept. of Energy, Washington, DC);
Haberski, R.J.; Bentz, J.Ce; Sonnichsen, JuL.;
Moorey Fo Sep 1979.

From Environmental control symposiur;
Washington, IDC, USA (28 Nov 1978).

Three studies in support of the DOE heat
dissipation effort are described. A study of an
improved heat transfer surface by Curtiss-
Wright has shown substantially less cost for
dry cooling towers; a power plant water data
information system at REDL is described, and
the Cornell University program on cooling tower
wind eftects s discussed, together with some
poesible modifications which may have less wind
effect.

€3 (DOE/EV/00900==5) IMPACT OF THERMAL
LOADING AND OTHER WATER QUALITY PARAMETERS ON
THE EPIZOQOTICLOGY OF AEROMONAS HYDROPHILA
INFECTIONS UF CENTRARCHIDS. Eschy GeWs;
Hazen,y, T.C. (Wake Forest Unive, Winston-

Salemy, NC (USA). Dept. of Bfology). 1979.
Contract EY=76=8=09-0900. i7p. Depe NTIS,
PC AO2/MF AO01.

During the current contract year, the
following results were obtained: (1) Data from
fleld=generated studies have shown that
hematocrit, hemoglobin, total red blood cell
counts, total white blood cell counts, and
cortisocl levels are significantly affected in
largemouth bass with body conditions < 2.0,
suggesting that stress, body condition, and the
probability of bass acquiring red—sore diseazse
are related. Laboratory studies appear to at
least partially confirm these results. (2)
Chemotaxis studies show that Aeromonas
hydrophila is attracted to specific sugars and
amino acids and that there appears to be a
strain=related affect of fish mucous on A.
hydrophila fsolated from red=sore lesjons. (3)
Immunologic and serologic tests suggest that A.
hydrophila isolated from red—=scre lesjors on
bass from one lake system will not cross—=react
with antibodies in sere {solated from bass in
another lake system, suggesting the existence
of different strains in different lakes.

(DOE/NASA/CR==150674) PRELIMINARY DESIGN
PACKAGE FOR SOLAR HEATING AND COCLING SYSTEMS.
(AfResearch Mfg. Co., Torrance, CA (USA)).

May 1978, Contract EX=76=A=29=1037. 182p.
Deps NTIS, MF AO1l.

Portions of document are fllegible.

Summarized preliminary design informztion on
AfResearch Manufacturing Company activities
assoclated with the development, delfvery and
support of solar heating and cocling systems is
presented. These systems are for single family
dwellings and commercial applicationse The
A{Research approach to the heating/cooling
systems {s to use a reversible vapor
compression heat pump that {s driven {n the
cooling mode by a Rankine power loop, ard in
the heating mode by a variable speed electric
motor. The heating/cooling systems differ from
the heating=only systems fn the arrangement of
the heat pump subsystem and the addition of a
cooling tower to provide the heat sink for
cooling mode operation.

(DOE/TIC==1013€) ANALYSIS OF THZ
VALIDITY OF THE UTILITIES STOCK=RECRUITMENT
CURVE=FITTING EXERCISE. Christensen, SeWe;
Goodyear, CeP.; Kirk, B.L. (Oak Ridge
National Labey, TN (USA); Fish and Wildlife
Service, Ann Arbor, MI (USA)). May 1979.
Contract W=7405-ENG=26, 316p. Dep. NTIS, PC
Al4/MF AOl.

An analysi{s was made of the validity of the
stock=recruitment curve=fitting exercise used
to quantify the consequences of power plant
operation on the striped bass population of the
Hudson River. The use of a particular stock-=
recruitment modely called the Ricker model
(Ricker 1954, 1958, and 1974), forms a
cornerstone of the utilities' case. Based on
estimates of a parameter termed ''alpha'' {in
the Ricker model, estimates of annual
entrainment and impingement fmpacts of the
Hudson River power plants on young—of-=the=-year
striped bass are converted to estimates of long=
term reduction in the equilibrium population
sfze of adult striped bass. Results of the
analysis of the exercise indicate that it is
not valid.

(DP~=1489, pp 105-=109) GENETIC
VARIABILITY OF E. COLI IN SOUTHEASTERN.
RESERVOIRS. Kaswecky KeLe; Fliermans, CeB.
Oct 1978,

Savannah River Laboratory environmental
transport and effects researche Annual
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repert,y, 1677.

The data Indicate that there {s an emergence
of a lactose negative populatfion in chambers
containing a predominately lactose positive
populatifon when that population is subjected to
conditions peculiar to the heated effluent from
a nuclear prcduction reactor. The effect {s
more than a tesperature phenomencn, because E.
coli colonies placed In chambers subjected to
sivjlar temperatures in other natural systems
did not vary In their lactose utilization
characteristics. Additionally, chambers placed
{n deeper cocler waters varied fn their lactose
characteristic but to a slower degree than the
cverlying epilimnion waters. Regardless of the
cause of the lactose change, the result {s that
standard methods do not easily detect or
quantitate E. coll in Par Pond waters. The
assessment of water quality based on fecal
coliform measurements in lakes similar to Par
Fond would result in data that would indicate
that the water quality of such lakes {s better
than it really is.

(DP==148S, pp 93=S€) PAR POND
CIRKCULATION FATTERNS AND PLANKTON SAMPLING.
Vigerstad, T.J.; Kiser, D.L. Oct 1578,

Savannah Fiver Laboratory environmental
trensport and effects researchs Annual
repcrt, 1877.

Clirculatory patterns {n a cooling reservolr
in the vicinity ¢f a hot water discharge can
fnfluence the temperatures experienced by bicta
in the reserveir. Sampling of Cladccera and
subsequent dye studfes in the Hot Arw cof Par
Pend (a cocling reservoir for nuclear reactor
water on the Savannah Fiver Plant) indicate
that reactor effluents cen be expected tc
transport blota from the limnetic portion of
the lake in the vicinity of the effluent
di scharge to areas farther down the effluent=
receiving=arnr or to the littoral zones This
trensport can confound sampling progranrs and
conplicate attempts to describe the thermal
history of organisms,

(DP==148S, pp 95=1G3) ELEMENTAL
GRACIENTS IN MACROFHYTES FROM A REACTOR
EFFLUENT CGRALIENT. Grace, JeEBe; Tilly, Leds
Cct 1978.

Savannah Fiver Laboretory environrental
transport and effects research. Annual
repecrt, 1577.

The tissues of subtmersed macrophtes from
along the thermal gradient were analyzed for
Fheephorus to determine whether any pattern
cerrespondent te standing crop distritutions
cculd be detected. Although water
concentratiorns ¢f phosghorus showed no
detectable relationshir to the thermal
effluent, tfssue ccncentrations of this element
in submersed macrophytes declined with distance
frcu the effluent entry point. The occurrence
of this concentration pattern suggests that
rhosphorus availability i{s greater near the
dfscharge. Eecause phosphorus is the element
most often determined to limit aquatic
groductivity, its greater avallability ray
partially account for the apparent enhancement
¢t vacrophte growth near the thermal discharge.
A ratter of macrophyte abundance which
indicated enchancement related to the discharge
gradfient in the reactor=cocling reservcir, Par
Pond is reported. Correlative data tended to
frplicate light and tenperature as f{mportant n
influencing the differential ebundance pattern.

(DP==14£€9, rp 11E=119) TEN=FONTE
FRECCLONIZATICN OF THE k=AREA COOLING WATER
SYSTEM BY THE ASIATIC CLAM COREICULA FLUMINEA.
Harvey, R.8. Oct 1578,

Savannah River Laboratory environmental
transport and effects research. Annual
report, 1977,

The Asiatic clam Corbicula fluminea was
found in the Savanneh River near Augusta,
Georgia, in 1973. In 1975, Corbicula clogged
heat exchangers and caused a shutdown of P
Reactor, onhe of three operatirg nuclear
production reactors (P, K, and C) at the
Savannah River Plant (SRP)e« Clams were
subsequently removed from K—=Area and C=Aree
cooling water systems. At K Areca, large volumes
of river water are discharged into three 23=
megaliter basins (Figure i) where some settling
occurs before the water {s pumped through heat
exchangers in the reactor area. The deposited
silt provides a suitable substrate for
Corbicula growth and reproduction. The sflt
must be removed at regular inervals to prevent
heat exchanger pluggage arising from high
populations of clams In the basfns., The 186
basins at K Area were sampled to determine: the
bufldup of the Corbicula population since the
basins were last cleened, the size/age
distribution of the clam population, and the
occurrence of clam larvee. In addition, debris
from flushes of Emergency Cooling Water Headers
CW=39 and RW=1 were analyzed to determire: the
relative abundance of live and dead clams, the
sfze/age distributicen of clams, and the volume
of individual debrfs components.

(DP==31489, pp 12i=122) IMPINGEMENT OF
JUVENILE AND ADULT FISHES DURING COOLING WATER
WITHDRAWAL. McFarleane, R.W. Oct 1978,

Savannah River Laboratory environmental
transport and effects research. Annual
report, 1977.

Juvenile and adult ffshes are tmpinged upor
trash removal screens as Savannah River uwater
{s withdrewn for use on the Savannah River
Plant (SRP)s Thirty=six species of fish,
representing half of all riverine species known
from the area, were impinged on the screens at
three SRP pumping stations during 2977. Based
on the average of 11.2 fish fmpinged per day,
annual impingement is estimated to be 4(88
fishs SRP thus ranks third lowest for
impingement recently reported for 33 electric
power plants.

(DP==1489, pp 123=124) ENTRAINMENT OF
ICHTHYOPLANKTON AND LARVAL FISHES DURING
COOLING WATER WITHDRAWAL. McFarlane, F.We
Oct 1578.

Savannah River Laboratory environmental
transport and effects researche Annual
report, 1977.

Plantonic fish eggs and larvae are entrained
into the Sevannah River Plart (SRP) pumping
system as Savannah River water §{s withdrawn for
cooling purposes. The American shad contributed
96% of the planktonic fish eggs collected in
the Savannah River., Eggs were rare {n plankton
samples from the fntake canals and were assumed
to have settled to the bottom as currert
velocity was reduced in the canal entrances. An
estimated 72 million fish eggs were transported
past the intake carals. Assuming ''worst case
conditions,'' 6.8 million eggs (S«5%) could
have been lost due to entrainment., Blueback
herring comprised nearly one=half of the 2.6
million fish larvae susceptible to impect.
Spotted sucker and tlack crapple were also
common among the 22 species of fish larvae
collected. An estimated 19.6 million (9.1%)
fish larvae could have been entrained under
*'yorst case conditions''.

(DP==1489, pp 129-132) BACTERIAL
PATHOGENS IN A REACTOR COOLING RESERVOIR.
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Kasuwecky Kelo (Florfda Inst. of Techs,
Melbourne); Fliermans, C.B. Oct 1978.

Savannah River Laboratory environmental
trensport and effects researche. Annual
repert, 15977.

The results of the sampling in both Par Pond
and Clark Hill Reservoir are given. The
frequency of isolation i{s a qualitative
parameter which indicates how often the
specified bacterium was fsolated fror each
habitate Inftial scoping experiments
demonstrated that a wider variety of pathogenic
bacteria occur In Par Fond than {n Clark Hill
Reservolr. Such findings are interesting
becsuse Par Fond does not receive any human
wastes directly, yet bacteria generally
ssscciated with human wastes are more
frequently {scleted fror Far Pond. Previcus
studies have demonstrated that certain non-
srore=-forming enteric bacteria do not survive
the intense reat assocfated with the cocling
water when the reactor is operating. However,
even when the reactor {s not operating, cocling
water, consisting of 10X makeup water from
Savannah River, continues to flow into Par
Ponde This flow provides a source of bacterfa
which inoculate Par Ponde Once the reactor {s
again operating, these same bacteria appear to
te able to survive and grow within the Par Fond
syster. Thus, Par Pond and the associated lakes
and canals of the Par Fond system provide a
pocol of pathcgens that normally would not
survive in natural waters.

(EPA==€00/7=-78=1€8, pp 147-152)
ASSESSMENT COF ATMOSPHERIC EMISSIONS FRCM
PETROULEUM REFINING. Fosebrooky D.D.;
Wetheroldy R.G.; Harris, G.E. (Radian Corp.,
Ausiln, TX). Aug 167¢&.

From Sympcsium on process measurezents for
environmental assessment; Atlanta, GA, USA (13
Feb 1978 ).

A study, funded by the UeSe. EPA, s
currently being conducted in order to assess
the atnospheric emissions froem petroleur
refining crerations. To accomplfsh thie
assessment reasurements of fugitive hydrocarben
and stack erissicns are being made at a number
of refineries throughout the country. Sources
teing sampled include valves, flanges, pumps
and cowpressor seals process drafns, pressure
relief devices, process vents, heater and
pracess stacks, cooling towers, API separaters,
df esclved=flctation units, open ditches,
tarcmetric surps and holding pondse This paper
describes the methods befng emrloyed fer the
selection end screening of the above scurces
and the criteria used for making the sample =
no sample decision.

(EPRI=EA=~886~SE) MODIFICATION CF LOCAL
WEATHER BY PCWEFR PLANT OPERATION. FINAL

REPCRT. Laurmann, J. (Stanford Univ., CA
(USA))e. Aug 1878. 17p. Deps NTIS, PC AQ2/
MF A01.

Fower plant operation cen affect weather as
8 result cf emissjons of effluents and from
release of waste heat. Effluents can cause acid
rain and fmpaired visibility. The release of
waste heat can affect weather by changing local
meteorology in a manner which stimulates an
ctherwise {nactive convective instability. In
general, hcwever, the energy from waste heat
frem a conventicnal power plant §s far less
than that needed to trigger such events as
thunderstorrs or cyclones. Large power pearks
(upwards of 10,000 MWe), however, do have the
potential for causing thunderstorms, Srall
power plants have an energy cutput comparable
tc that of & tornado but the heat rise {8 too
buoyant to develop the vorticity needed for
tornadoes. Much research §s needed in gathering

field data and in developing three=dimensional
models for describing latent atmospheric
instabilitiess In view of the low probability
of conventional power plants causing
significant weather changes, and §n view of the
comprehensive research program on inadvertent
weather modification by the Department of
Erergy, no additioral EPRI research effort is
needed at this time.

(EPRI=EA==$01) USER'S GUIDE TO AN
ENVIRONMENTAL INFORMATION RESOURCE FOR THERMAL
POWER STATION COOLING SYSTEMS. Hannon, E.He;
Pfuderer, H.A. (Atomic Industrfal Forum,
Incey Washington, DC (USA); Oak Ridge Natfional
Labe, TN (USA)). Sep 1978, S5lp. Dep.
NTIS, PC AQ4/MF AO1l.

A biblfographic computerized data base of
data and literature related to cooling system
impacts on aquatic environments has been
compiled under contract to the Electric Power
Research Instftute by the Information Center
Complex at Oak Ridge National Laboratory (ORNL)
and the Atomic Industrial Forum, Ince (AIF).
The data base covers four major subject areas:
thermal effects, chemical effects, impingement,
and entrainment. The ORNL portion of the
project covers existing ''open'' or published
literature, including government and university
reports, conference proceedings, trade
journals, etcs The AIF portion covers previusly
inaccessfible, ''gray'' literature and data
contained in utflity environmental reports,
impact statements, Section 316(a) and (b)
demonstrations, stage agency water qualtity
reports, in=house studies, and others. Dats
base products and services are described.

(EPRI=-EA==922) STATE=OF=THE=ART WASTE
HEAT UTILIZATION FOR AGRICULTURE AND
AQUACULTURE. TECHNICAL PLANNING STUDIES ?77-=-700
AND 77=734. FINAL REPORT. Hubert, W.A.;
Madewell, CoE. (Tennessee Valley Authority,
Chattanooga (USA)). Oct 1978. 360p. Dep.
NTIS, PC Al6/MF AOQ}.

A state—=of=the—art assessment of research,
demonstration, and commercfal projects that
fnvolve the use of power=plant-condenser
cooling water for agricultural and aquacultural
purposes was conducted. Informstiorn was
obtained from published literature, site
visits, and communications with knowledgeable
individuals. Thermal=effluent uses are
discussed for controlled=environment
greenhouses, biological recycling of nutrients
from livestock manures, sofl heating and
{irrigation, environmental control for livestock
housing, grain drying, and food processing, as
well as the culture of numerous aquatic
organisms. A large number of research ard
feasibility studies have been conducted, but
few commercial enterprises are utflizing
thermal effluent. Interfacing problenms,
environmental and legal restrictions, along
with {nsufficfent technology, have not allowed
widespread commercfal application. Specific
research needs are discussed,

(EPRI=EA=«1038) ECOSYSTEM EFFECTE OF
PHYTOPLANKTON AND ZOOPLANKTON ENTRAINMENT.
(Lawler, Matusky and Skelly, Pearl River, NY
(USA)). Apr 197S. 226p. Dep. NTIS, PC Ali/
MF AO01.

The 1fterature on the effects of power plant
entrainment on phytoplankton and zooplankton
was reviewed to determine {f a definitfve
documentation and essessment of the ecosystem
effects of entrainment on these organism groups
could be made. Few studles were found that
attempted to address the ecosystem level
directly, and many were designed only to meet
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regulatcry requirements for assessment studies.
Many shortcomings were found in these studies.
While these studies cannot be said to provide a
definitive assessment at the ecosyster level,
they do provide a large, consistent data base
to document that the effects of entrainment on
phytoplankton and zooplankton are generally
small and unlikely to cause ecosystem=wide
impacts. Except where the percentage of
aveilable water uwithdrawn for cooling is large
or other evidence sugggests a unfque situation,
there is no need to conduct field studies on
entrainment effects on a routine basis,

(EPRI-EA==1054(Vol.l)) SYNTHESIS AND
ANALYSIS OF ECOLOGICAL INFORMATIGN FROM COOLING
IMPLCUNDMENTS » FINAL REPORT. Becker, CeDs;
Cushing, C.E.; Gorey, KsLo; Baker, K.S.;
McKenzie, DeHe (Battelle Pacific Northwest
Labs., Richleand, WA (USA}). Apr 1979.
Contract EY=76=C=-06-1830. 115p. Deps NTIS,
PC AQO6/NMF AOQ1.

The effects of a once=through cooling mode
ocf power plant operation on small, essentially
closed aquatic ecosystems, represented by
coocling impoundments were assessedes The primary
objectives were: (1) to syntheszsize existing
ecological data from cooling impoundments with
a2 low load ratfo; (2) tc analyze these data to
derive technically sound cenclusions on plant
operational {mpacts; (3) to identify what
impcrtant effects cannot be assessed with
existing data; and (4) to extrapolate the
derfved conclusfons to other ecosystems.
Fourteen cooling i{mpoundmente were selected and
ecological information related to possible
plant operational effects was collected and
evaluated for these sites. The primary physical
effect was the fncrement of surplus heat from
plant condensers to the weater body. Chemical
changes were minimal, and were usually
asscciated with long=term evaporation of water.
Biological effects were largely qualftative,
limited to a portion of the fish and plankton
populations, and were not reflected at the
consunity or ecosystem levels., To the extent
that no major ecosystenr effects were fdentified
fn closed cocling impoundments, they would not
be expected in open ecosystems.

(EPRI=EA=~1054(Vol.2)) SYNTHESIS AND
ANALYSIS OF ECOLOGICAL INFORMATION FROM COOLING
IMPOUNDMENTS. VOLUME 2. APPENDIX A, STUDY
SITE HISTORIES AND DATA SYNOFSIS. Becker,
CeDe; Cushing, CeEs; Gorey KelLeo; Bakery, KeSe;
McKenzie, D.H. (Battelle Pacific Northwest
Labsey, Richland, WA (USA}). Apr 197S.
Contract EY=76=-C=06~1830, 291p. Depe. NTIS,
PC A13/NF AQl.

A literature review and assessment progam
was undertaken to examine the effects of a once=
through cocling mode of power plant operatfon
on small, essentially closed aquatic
ecosystems, represented by cooling
fmpoundments. The primery objectives were to
synthesfize existing ecological data from
cooling impoundments with a low load ratio
(surface areca {n acres/plant capecity in Mue);
to analyze these data to derive technically
sound conclusions on plant operational impacts;
to {identify what {mportant effects cannct be
assessed with existing data; to extrapclate the
derfved conclusions to other ecosystems.
Fourteen ccoling impoundments were selected on
the basis of physical criterfa and availability
of suitable references. Ecological i{nformation
related to possible plant operational effects
were collected and evaluated for these sites.
The primary physical effect was the increment
of surplus heat from plant condensers to the
water body. Chemical changes were miniral, and
were usually assocfated with long=tern

evaporation of water. Biological effects were
largely qualitative, limfted to a portion of
the fish and plankton populations, and were not
reflected at the community or ecosystem level..
Most studies were not designed to quantify
potential ecological {mpacts from power plant
operation. Major data deficlencies restricting
assessment of ecosystem effects were identified
and discussed. To the extent that no ma jor
ecosystem effects were {dentififed fn ''closed"!
cooling {mpoundments, they would not be
expected In ‘‘open'' ecosystems.

80 (EPRI=EA==1072) CHEMICAL EFFECTS OF
POWER PLANT COOLING WATERS: AN ANNOTATED
BIBLIOGRAPHY. Opresko, D«M.; Hannon, F.H.
(Oak Ridge National Lab., TN (USA); Atonmic
Industrial Forum, Inc., Washington, DC (USA)).
May 1979. 394p. Dep. NTIS, PC Al17/MF AO1.

Presented in the format of an annotated
bibliography are 950 references dealing with
the environmental impact of chemical disecharges
associated with power plant cooling systems.
The references were extracted from the open
literature for the period up to the fall of
1977 and from environmental reports and fmpact
statements prepared for or by the electric
utility fndustry. The topics covered pertain to
currently used and potential biofouling control
methods (chemical, thermal, mechanical);
environmental effects of metals, corrosion
inhibitors, and special use compounds released
in cooling waters; and site=specific effects of
chemical discharges on water quality and
aquatic communities. The references are
arranged by subject category, and indexes are
provided to authors' names, keywords,
scientific names of test organisms, geographic
location of fleld research, and AIF accession
numbers.

81 (EPRI=EA=-~1082) BIOFOULING CONTROL
INVESTIGATIONS: 18=MONTH SUMMARY REPORT.
Gareyy Jo.F, (Marine Researchy Inc., Falmouth,
ME (USA)). May 1979. i0ip. Depes NTIS, PC
AQE/MF AGi.

This study is a continuation of reseazrch
which began {n 1974 aimed at investigating
alternatives to chlorination for controlling
biofouling in power plants. The present study
focused on the following areas of research
which were shown by the original work to offer
the greatest promise of success: continuous low=
level chlorination; dechlorination; condenser
antifouling treatment optimization; toxlc
coating; and freshwater ozonization.

82 (EPRI-ER==685(Vol.3)(App.)) REQUIREMENTS
ASSESSMENT OF PHOTOVOLTAIC POWER PLANTS IN
ELECTRIC UTILITY SYSTEMS. Marsh, W.D.
(General Electric Co.y Schenectady, NY (USA).
Electric Ut{lity Systems Engineering Depts ).
Jun 1978. 123p. Dep. NTIS, PC AO6/MF AO%i.

The following appendices are fncluded:
photovoltaic power plant technology, screening
of photovoltaic candidate systems, loss~of=load
probability method, utility system production
costing, direct/diffuse insolation modeling,
cost estimate of water cooling systems, air
cooling methodology, and PV plant cost code of
accounts. (MHR)

83 (EPRI=ER==1099) HEBER GEOTHERMAL
DEMONSTRATION POWER PLANT. FINAL REPORT.
(Fluor Engineers and Constructors, Inc.,
Irvine, CA (USA)). Jun 1979, i71p. Depe
NTIS, PC A08/MF AOl.

The binary power plant §is to be a 45 MW net
electrical facility deriving energy from the
low salinity (14,000 ppM), moderate temperature
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(3€00F, 1820C) Heber reservoir in Southern
Californiae. The optimized baseline design
established for the power plant {s described,
and the design and optimization work that
formed the basis for the baseline desfgn is
documentede The work accomplished during Phase
II, Preliirinery Design is also recorded, and a
base provided from which detafled plant design
could be continuede. Related project activities
in the areas of licensing, environmental, cost,
and schedule are alsc describeds The approach
used to estatlish the Fhase II optimized
baseline design was to (1) review the EPRI
Fhase I conceptual design and feasibility
studies; (2) identify current design criteria
and state—=of=the=art technology; and (3)
develop a preliminary design optimized to the
Heber site based on utiliity standards.

(EPRI=FF==553) EXAMINATION CF SPECIFIC
ASPECTS OF CCOLING TOWER TESTING METHODOLOGY.
FINAL REPORT. Wilber, K.Re (Environmental
Systems Corpey Knoxville, TN (USA)). Dec
1978. 113p. Dep. NTIS, PC AO6/MF A0i.

Closed cycle evaporative coocling systems are
widely used presently and are being considered
at many future sfites fer condenser cooling of
steam electric power plants. Because these
syetems are intimately responsible for the
efficiency of a power plant, it is fmportant
that they be properly specified, desfgned,
constructed, and tested. Specific aspects of
{mproved testing methodclogy including
fnstrumentation and fnstrumentation deployment
are discussede Included is an investigation
into the accuracy of instruments commonly used
foer determination c¢f wet=bulb temperature.
Additfonally included fs an examination of
cocling tower capability calculaticns based on
wet=bulb tempreratures weasured as the air
enters the ccoling tower versus at ground level
upwind of the tower. The data show that
calculations of capability may deviate from 0
to 108, the differences being mainly attributed
to consideration of recirculation of the
exhausted coocling tower plumes To accommodate
multiple=point fnlet wet=bulb temperature
measurements, a data acquisition syster using
pletinum RTD's as sensing elements was
employeds Despite some problems with the systerm
electronics, it proved to be an efficient means
of ascquiring the data. Another area of
examination dealt with water flow rate
determinations using norn=reinforced and
reinforced pitot tubes. Among octher things, 1t
was concluded that accurate determination of
the coefficlient of the pitot tube is required,
since standard ccocefficients supplied by the
pitot tube menufacturer may be in error.

(EPRI=FF==1096) OPTIMIZATION=-SIMULATION
METHODOLOGY FOR WET/DRY COCLING. FINAL
REPORT. Guyery EeCe; Brownell, DsL.; Kach,
ReA. (Dynatech R/D Co., Cambridge, MA (USA}).
May 1979. 235p. Depe NTIS, PC Al11/MF AOl.

The general problems of the optimum design
and operation of wet/dry cooling systems for
steam=electric plants are considered In
relation to electric utility system generation
expansion requirements and economic operation
objectives. A methodology for the economic
design and a strategy for the economic
operation of a wet/dry system are developed
which are based on the simulation of the
cperation of a wet/dry plant as a component of
an integrated utility systems. A computer
program {s formulated for the simulation of the
optimum operation of a heat rejection system
consisting of separate wet and dry tower
modules in a serfjes flow arrangement. This
conputer program is applied in the case study
evaluatfion of the design and operation of wet/

dry cooling systems for a typical large fossil=
fired base=load plant. Two siting sfituations
are considered: Boston, Massachusetts and
Phoenix, Arizona.

86 (EPRI=RP==927=1) ECONOMICS OF CONSERVING
WATER BY USE OF ALTERNATIVE COOLING METHODS FOR
LARGE NUCLEAR, FOSSIL, AND COMBINED CYCLE POWER
PLANTS. Rossie, JePe; Mitchell, ReDs; Horsak,
Re.D.; Lelidner, A.; Portery R.M. (Beck (ReW.)
and Assoclates, Denver, CO (USA)). Aug 1978,
92p. EPRI, Palo Alto, CA.

The development of future electric
generating facilities in Californie is
complicated by the fact that water resources
generally are scarce, highly allocated, or
{influenced by regional fnstitutional aznd legsal
considerationss Therefore, in order to
determine the cooling system makeup water
requirements for power plants end the changes
fn busbar energy productfon costs associated
with the use of coocling methods which would
reduce annual water requirements, computer
analyses were performed for i000=MWe nuclear,
1000=MWe fossil=fueled, and 430=MWe combined
cycle power plants equipped with optimized wet,
dry/wet peaking, and dry cooling tower systems
for a range of sfte, design, and economic
condi{tions.

87 (EPRI=WS8==78=97, pp 124=126) GEYSERS
ENVIRONMENTAL CONCERN3S OR RISKS. Weinberg,
Cede (Pacific Gas and Electric Co., Sen
Ramon, CA). Oct 1978,

From 2. geothermal conference; Taos, NM, USA
(20 Jun 1978).

The vapor=dominated geothermal resource at
The Geysers and the environmental concerns
assocfated with the power plant are discussed.
The following are included: analysis of
geothermal steam and releases to the
environment; hydrogen sulfide emissions
abatement; air quality; cooling tower drift;
stream and fish studies; vegetetion mapping and
wildlife studies; noise sources and levels; and
geology, seismici{ty, and subsidence. (MHR)

88 (EPRI=WS==78=97, pp 53=56) WASTE HE&T
REJECTION FROM GEOTHERMAL POWER PLANTS.
Horsak, R«D.; Porter, R.M. (R.W. Beck and
Assoclates, Denver, CO). Oct 1978,

From 2. geothermal conference; Taos, NM, USA
(20 Jun 1978).

The objectives were (1) to fdentify the
makeup water requirements for geothermal power
production and (2) to develop aralytical
techniques and perform a comparative analysis
of the waste heat rejection options for
geothermal power plants to determine how water
consumption may be reduceds The results will be
used to identify options that are best sulted
for geothermal waste heat rejection by region,
resource type, and conversion technology.
Consideration i{s given only to high=temperature
subsurface water reservoirs under pressure
(commonly called hydrothermal resources) which
offer potentfal for the development cf
commercial power generation faclilities. Most of
the known hydrothermal resources are located in
the western United States, where water
resources are scarcey, highly allocated, or
fnfluenced by regional fnstitutional and legal
considerations. Wet, wet/dry, and dry cooling
towers appear to be the principal cooling
technologles for rejecting the waste heat from
hydrothermal power plants. Comprehensive
computer programs have been developed for this
project for purposes of determining cooling
water makeup requirements and energy production
costs for the aforementioned cooling
technologless Parametric economic analyses have
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been performed for both flash steam and binary
conversion processes for varfious combinations
of resource temperatures, climatological types,
hydrothermal fuel costs, and cocling systenm
wakeup water costs.

(FE==2613=6(Vecle.4E)) MHD=ETF PROGRAM
FINAL REPCRT, JANUARY 4, 1977==MARCH 4, 1978.
VOLUME 4E. APPENDICES A26-=A28. (General
Electric Cc., Philadelphla, PA (USA). Space
Dive)e Mar 1978. Contract EF=77=C=01=2613.
3s0¢. Depe NTIS, PC A17/MF AOl.

A ccoling tower trade=cff study and NO/sub x/
kinetic analysis for the MHD Experfmental Test
Facflity (ETF) are presented. An assessment of
the ETF relfetility, mainteinability, and
avaeilabflity requirements is given. Studies
include MHD=ZTF failure rates and estimated
maintenance elapsed tire outages and manhours
required per fajflure, fault trees for ETF
corbined cycle operation, and failure mode
effect analysis. (WHK)

(FE==2€25=T2) CONCEPTUAL DESIGNS FOR
WATER TREATMENT IN DEMCNSTRATION PLANTS. II,
AFFENDIX = DESIGN PROCEDURES. Seuferty FeBs;
Hicksy ReEe; Wely IeWe; Goldstein, D.J.

(Water Purification Assocfates, Cambridge, MA
(usay))e. Mar 1S7S. Contract EF=77=C=01-2635.
21Sge. Deps NTIS, PC AlQ/MF AOCl.

In meking six conceptual water treatment
desfgns, several design procedures are
necessarily uvsed several times. The design
procedures used frequently are described in the
fcllowing appendices. It is hoped that each
appendix will enable an engineering reader to
duplicate ocur design and to decide for himself
whether our design equaticns are acceptable. A
text bock tyre of report is being written and
will be {ssued by the US Environmental
Frotectfion Agency, Research Triangle Fark,
Nerth Carclina, very soon (Contract €g=03=
2207 ).

(GA=A==15340) FIXED MIRROR SOLAF
CONCENTRATOR FOR AFPLICATION TGO A 100 MW(E)
ELECTRIC GENERATING FLANT. Schuster, J.R. ;
Nefll, JeVs; Bass, Je. (General Atomic Co.y
San Diegoy, CA (USA}) May 187S. Contract ET=
78=C=03=2240, €pe (CONF=7S50803==19 ). Deps
NTIS, PC AQ02/MF AOl.

Fror 1l4. intersocfety energy ccnversicn
conference; Ecstecn, MA, USA (5 Aug 1578).

A design study was performed of a 100 MW(e)
power plant that uses a Fixed Mirror Solar
Concentrator (FMSC) to supply energy for steam
generation. Varicus heat transport flulds were
considered and draw salt was selected over
Therminol €8 and sodium. The complete plant was
modeled in a cost performance cptimization code
which autoraticelly performed trade=offs such
as reduced tlocking vs increased piping costs,
field piping heat loss vs pumping power, and
fluid cutlet temperature vs overall system
efficiency. Various collector and receiver
designs were studied and evaluated for their
cost effectiveness. Operational requirements
fepacting the component designs were

fdentified.
(HCF/V4131==01, pp 15=17) KAW VALLEY
SOLAR EBANK. Abtott, L. Nev 1978,

From Second sclar heszting and cooling
conrercfial demorstration program contractor's
review; fan Tlegcy CA, USA (13 Dec 1878).

The collector array consists of 72 Ceneral
Electric TC=100 evacuated tube collectcrse A £0/
€0 sclution cf water and glycol §{s circulated
through the ccllector to & heat exchanger where
epergy is trensferred via a water loop to the

storage tanke During mild weather when the
storage tank reaches fts high 1imit the
collector fluid is circulated through a heat
dump where city water is boiled off dissipating
excess heats. Energy is taken from the storage
tank and circulated via a water loop to the
heating coils or absorption chillers on demand.
Heat is dissipated from the chillers through a
cooling tower. A small chilled water storage
tank s used to stop short cycling of the
chillers. Domestic hot water i{s heated from a
double walled heat exchanger in the solar loop.
Backup energy is provided by & gas fired
boiler.

93 (IAEA=R==1456~F) INVESTIGATIONS OF
EFFECTS OF THERMAL DISCHARGES IN RHINE RIVER
WATERSe PART OF A COORDINATED PROGRAMME ON THE
PHYSICAL AND BIOLOGICAL EFFECTS OF COOLING
SYSTEMS AND THERMAL DISCHARGES AT NUCLEAR POWER
PLANTS. FINAL REPORT FOR THE PERIOD 1 JANUARY
1974 = 30 APRIL 1977. Schikarskf, W.
(International Atomic Energy Agency, Vienna
(Austria)). Dec 1978. Vppse Deps NTIS (US
Sales Only), PC AO2/MF AOCi.

The report envisages two aspects of cooling
systems: heat exchange between water and
atmosphere; cooling tower plume modeling. The
author gives the estimated '‘cooling capacity'?
of German rivers and estuaries and describes a
station at Rhefnhausen, measuring directly the
heat exchange between the river Rhine and the
atmospheres The {nfluence of meteorological and
topographical parameters is discussed, and the
total uncertainty in extrapolating formulae {s
assessed. A number of field studies have been
carried out to measure plume behavior of
cooling towers and to provide the data tasis
for comparison of existing models. The average
plume rise is well predicted. The experimental
program carrfied out in Germany since 1973 1is
describede The one=dimensional models TOWER and
SAUNA.S are in agreement with experfimental
results except for short plumese. The lzst plume
model WALKURE shows considerable {mprovemente.
It {9 specially suited for the calculations of
the cooling tower plume behavior under
influence of temperature and humidity
stratifications fn the ambient atmosphere.

94 (1JS==106/5019=77) COOLING METHODS FOR
POWER PLANTS. Gaspersic, B.; Fabjen, Le.;
Petelin, S. (Institut Jozef Stefan, Ljubljana
(Yugoslavia)). 1977. 84pe (in Slovenian).
Dep. NTIS (US Sales Only), PC ARO6/MF Av"

There are some results of measurements
carried out on the wet cooling tower 275 MW(e)
at TE Sostanj and on the experimental cooling
tower at Jozef Stefan Institute, as well. They
are including: the measurements of the output
ajir conditions, the measurements of the cross
current of water film and vapour~air flowing
through two plates, and the distribution of
velocity In boundary leayer measured by
anemometer.

$5 (INIS=mf==4097) WASTE HEAT DISCHARG:k
FRJM POWER PLANT COOLING TOWERS. A
CONTRIBUTION TO THE DISCUSSION OF SITING
PROBLEMS IN THE PLANNING OF POWER PLANTS AND
POWER PLANT PARKS. (Ministerfum fuer Arbelt,
Gesundheit und Soziales des Landes Nordrhein-
Westfalen, Duesseldorf (Germany, FeRe))e Mar
1977. 35p. (In German). NTIS, PC AOQ3/MF
Al1.

Separate abstracts were prepared for

{ndividual papers presented in this report.
(ERB)

96 (INIS=mf==4097, pp 9=i4) THERMAL
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FOLLUTION OF THE ATMOSFHERE, IN PARTICULAR DUE
T0 FOWER PLANT FARKS. Fortak, He (Frefe Univ.
Berlin (Germany, F.Re))e Mar 1977. (In
Gerwan ).

Waste heat discharge from power plant
cooling towers, A contribution to the
discussfon of sfting problems in the planning
of power plants and power plant parks,

A diagrem is set up and described which
relates the influence of power plant
agglomerations on natural atmospheric
phenomena, energetically and in some ways also
dynamically. As there are no power plant
agglomeration in existence at present, there is
nefther empirical knowledge on the
meteorological and climatological effects to be
expected from such agglomerations, nor are
empirically rroved theoretical predictions of
the effects rossibles In the dfagram, the
speciffic vertical energy flow {s given for the
thermal power emitted and the emission are for
natural and anthropogenic thermal sources, and
characteristic values are calculated fcr the
thermal 1ift and the vertical veloclty at
representative heights above the area. As far
a¢ the arrangement of cooling towers {is
concerned, it §s found that f{t {s tetter to
aveid cooling tower aggloreraticons on swall
areas and to erect smaller power stations
distributed cver a large area instead.

s? (IN1S=mf==4316, pp 15=23) SPECIFIC
FEATURES OF USING VARICUS TYPES OF CCOLERS 1IN
NFF WITH THE N,0O, COOLANT. Peslyak, V.I.;
Soboclevski j, ReGs (AN Belorusskoj SSR, Minsk.
Inst. Yaderncj Ehnergetiki ). 1977. (In
Russian).

Dissocleting gases as coolants and working
fluids {n power plants, III.

Technical characteristics and econonmic
parameters of process water power supply
systems with ''dry'' cocling towers have been
analysed for & 1000 MW nuclear power plant
(NPF) with a fast nitrogen tetroxide~cooled
reactor. Prccess water supply systems for the
NFF of the type are compared to those for NPP
with WHZR type reactors and thermal power
plants,

S8 (K/CSD/INF==79/6) COOLING TOMWER
RECIRCULATICN AS INFLUENCED BY THE LOCAL
ATMCGSPHERIC FLOW FIELD, A NUMERICAL MODEL.
Beckery, Be.Rs; Frost, W. (Unfon Carbide Corp.,
Gak Ridgey, TN (USA)e Nuclear Dive)s 1979.
Contract W=7405~ENG=2€. 35p. (CONF=791205~-
). Depe NTIS, PC AO4/MF AO1.

From ASME winter annual meeting; New York,
NY, USA (2 Dec 1978).

Cooling tcwer performance {s adversely
affected by the recirculation of stack effluent
back intc the tower intake louvers. A unique
method of numerically modelfing cooling tower
plume reclrculation is described. The structure
of the wake region behind the tower is resolved
uging the equations of hydrodynamics. The flow
fleld within the tower is modeled as porous
media flow. Interfor and exterior flow flelds
are coupled ty matching pressures and flow
rates at the intake louvers.

SS (K/GD==1817) COCLING TOWER DRIFT STUDY
AT OAK RIDGE GASEQUS DIFFUSION PLANT. Park,
SeHe; Vance, JoMe (Oak Ridge Gaseous
Diffusion Plant, TN (USA)). May 1978.
Contract W~7405=ENG=26, 27p. (CONF=780533w==
2). Dep. NTIS, PC AO3/MF AOl.

From Symposium on cocling tower envircnment;
College Park, MD, USA (2 May 1978).

New drift studies on the mechanfcal draft
cocling towers at the Qak Ridge Gaseous
Diffusion Plant are being planned to provide

data necessary for the building and evaluatfion
of a practical analytical model that will
describe drift transport and deposition for
existing and new towers. A previous study in
1973 provided the groundwork, but needs to be
extended to characterize the effect on drift
mechanisms of variations in meteorological and
operating conditions, as well as the influence
{mposed by tower condition, tower type, and
terrain. Some inconsistencies in source
measurements {n the 1973 study also need to be
resolved, since errors {n this input
measurement to existing models are magnified by
a factor of seven In the deposfition results. It
§fs contended that large droplets (>900 um)
constitute a significant fraction of the total
drift and must be accounted for in future
measurements. Based on the results of the
previous study, a new test plan and measuring
method have been formulated and are outlined.
It §s belfeved that the extensive measurements
of the new study will provide reliable data in
quantity for a better statistical analysis that
will enhance the formulation of a credible
drift model.

100 (K/GD==196€7) SINGLE=CELL COOLING TOWER

PERFORMANCE STUDIES. PART I: THE EFFECT OF
REDUCED TIP CLEARANCE ON FAN PERFORMANCE,

PART II: THE EFFECT OF REDUCED TIP CLEARANCE

ON COOLING TOWER PERFORMANCE. Brocky WeRe;
Woodard, J.S. (Oak Ridge Gaseous Diffusion
Plant, TN (USA)). 1979. Contract W=7405-=ENG=
26. 56p. (CONF=790109==2), Dep. NTIS, PC
AO4/MF AO01.

From Cooling tower institute annual meeting;
Houston, TX, USA (22 Jan 1979).

Unfon Carbide Corporation=Nucleer Division
at the Oak Ridge Gaseous Diffusion Plant has
been involved in cooling tower testing for some
time. Most recent efforts have been directed
toward evaluating the effects of reduced blede
tip clearance on fan and tower performance, The
paper consolidates these efforts which were
originally documented in two separate reports.
Data and results are presented which show that
large improvements fn fan efficfency (static
and total), significant monetary savings, and
substantfial increase in tower performance can
result from reducing the fean blade tip
clearance on cooling towers,

101 (N==78=14764) PHYSICAL PARAMETERS IN

CONNECTION WITH THE COOLING TOWER MEASUREMENT
CAMPAIGNS. Boegel, W. (Deutsche Forschungs-=
und Versuchsanstalt fuer Luft= und Raumfahrt
eeVey Oberpfaffenhofen (Germanyy FeRe )e Inst.
fuer Physik der Atmosphaere). 17 Dec “975.
29p. (DLR=IB==553=?5/15). NTIS PC An3/MF
AGl.

The nomenclature, used fn a cooling tower
measurement campaign, was adapted to the
terminology used in a VDI (Association cf
German Engineers) publication on a simjliar
project, taking due account of existing norms.
The meteorological and other interesting
parameters of the VDI publication were
tabularjzed together with the German,
international, and WMO norms. In a second
table, the WMO norms on air humidity parameters
are presented.

102 (NP==23707) STANDARDIZED CALCULATION OF

COCLING TOWERS. Harting, P.C. (Techrische
Unfve Braunschwelg (Germanys FeRe)e Fakultaet
fuer Maschinenbau und Elektrotechrik ). 1 Jul
1977. 1l4p. (In German). Deps NTIS (US
Sales Only), PC ACE/MF A01,

Thesis.

For a standardized calculation and
assessment of the basic cooling tower types,
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103 (NP==23889)

104 (NTIS/FS==78/0858)

105 (NTIS/FS==78/089S)

106 (NTIS/FE==78/0900)

methods are given for calculating the
evagoration characteristics as a characteristic
cooling tower value for counterflow and
cressflow systems. For the crossflow cooling
tower, an optimization method is gfven which
will permit statements on the changes In the
geosetry of cooling tower fntervals. Finally, a
method {s presented for calculating the
evaporation characteristics and the off=air for
naturel=draft cooling towers; both of these
figures are strongly dependent on wind velocity
end on the climatic seasonal conditions,

STUDY OF THE INFLUENCE QOF
COOLING WATER ADDITIVES ON SURFACE WATERS.
Wunderlich, VM. (Bundesanstalt fuer
Gewaesserkunde, Koblenz (Germany, FeR¢)). Feb
1578. €1p. (In German). Depe NTIS (US
Sales Only), PC A04/MF AO1.

The study is intended to give & survey of
the present state of the applications of
chemicals fn cooling processes. The influence
of these agents on surface waters increases
with the §ncreasing use of circulation cooling.
Basis of the study is a literature survey and
an elaboraticn by two professional
organizations, which had been suggested by the
Federal Institute of Hydrology. On this basis,
model computations were carried ocut in the form
of limiting~value determinations for a single
power station with circulation cooling,
invelving the most {mportant cooling weter
treatment agents. The study shows that at
present and {n the foreseeable future, cooling
water agents are not of global significance.,
Regionally, however, low discharge streams may
be influenced by the chemjical additives.
Recommendatfcns to producers, distributors and
users of cooling water chemicals are given.
Questions stfll open are Indicated.

COOLING TOWERS
(CITATIONS FROM THE NTIS DATA BASE). REPOKT
FOR 1964~AUGLST 1978, Hundemann, A«Se
(National Technical Information Service,
Springfield, VA (USA))e Aug 1978. 277p.

Abstracts of Federally=funded research
dealing with design and environmental impacts
cf wet and dry cooling towers are presented.
Cooling tower drift instrumentation and thermal
and chemical pollution control systems are
covered. Citations primarily pertain to cooling
towers used In nuclear power plants, with a few
pertaining to cooling towers used in wastewater
treatwent., (This updated bibliography contains
273 abstractsy, 51 of which are new entries to
the previous edition.)

COOLING TOWERS:
DESIGN AND FERFORMANCE (CITATIONS FROM THE
ENGINEERING INDEX DATA EBASE). REPCRT FOR 1970=
AUGUST 1878. Hundemann, A.S. (Natiocneal
Technical Infermation Service, Springfield, VA
(USA))e Aug 1978, 312p.

Abstracts from worldwide research on design
and performance of mechanical draft and natural
draft wet, dry, and dry=wet combination cocling
towers are discussed. Citations cover studies
on slze reduction, corrosion protectien, and
economic optimization of cooling towers
privarily used with nuclear power plants and
fossil fuel fpower plants. A few abstracts
pertain to ccoling towers used {in wastewater
treetment. (This updated bibliography contains
30€ abstracts, €5 of which are new entries to
the previous edition.)

COOLING TOWERS:
ENVIRONMENTAL STUDIES (CITATIONS FROM THE
ENGINEERING INDEX DATA EASE). REPORT FOR 1§70=

AUGUST 1978. Hundemann, A«Se. (National
Technical Information Service, Springfield, VA
(USA))e  Aug 1978, 144p.

Abstracts from worldwide research or
thermal, meteorological, and ecological effects
assocfated with cocling towers used prirarily
by fossil fuel and nuclear power plants are
cited. Citations cover plume behavior studles,
including measurement of airborne particulate
concentration, and characterization and
management of drift as well as noise pollution
and salt deposition effects on vegetation. A
few abstracts pertain to environmental effects
from cooling towers used in wastewater
treatment. (This updated bibliography contains
138 abstracts, 21 of which are new entries to’
the previous edition.)

107 ( NUREG==0247) COOLING SYSTEMS ADDENDUM:
CAPITAL AND TOTAL GENERATING COST STUDIES.
(Unfted Englineers and Constructors, Inc.,
Philadelphia, PA (USA)). Mar 1978. Contract
EY=76~C=02-2477. 161p. (CO0==2477=1" ).

Dep. NTIS, PC A08/MF AOQ1l.

These studies present the capital and total
generating costs for alternate cooling systems
designed for six power plants==i200 MWe
(pressurized water reactor, boiling water
reactor, high sulfur coal=fired, low sulfur
coal=fired) plants and 809 MWe (low=sulfur coal=
fired and high=sulfur coal=fired) plants. In
these base-=capital cost studies, all of the
plants are designed using mechanical=draft
evaporate towers. Alternate cooling systems
evaluated include: once=through, fan=assisted
naturaledraft towers, and natural=draft towers.
These alternative cooling systems represent
viable designs from both an economic and
engineering standpoint. The estimated total
base construction costs for the six plants
incorporating the alternate cooling systems are
summarized. Capital cost and fuel cost vary
with each cooling system as compared to the
base case; f1.e., mechanical=draft evaporative
towers. The once=through cooling systems have
the lowest capital cost of the alternate
systems evaluated.

108 (NUREG/CP==0002, pp 15=25) COOLING
WATER INTAKES UTILIZING RANNEY COLLECTORS OR
RANNEY INTAKES. Mikels, F.C. (Ranney Method
Western Corpe, Kennewick, WA); Bennett, T.W.
Aug 1978,

From Workshop on larval exclusfion systems
for power plant cooling water intakes; San
Diego, CA, USA (7 Feb 1878).

Minimization of the loss of aquatic biota is
a major factor in the locatfon, design,
construction, and capacity of cooling water
intake structures. In a comprehensive report,
the U.8. Environmental Protection Agency (1976)
has reviewed the present methods and technology
available for minimizing adverse environmental
{mpact of cooling water intakes. Two types of
fntakes, described In the report and classified
as non~conventional intakes, are discussed in
this paper: the Ranney Collector, which is a
subsurface intake utilizing natural sand and
gravel deposits to transmit water from a
surface source, and the Ranney Surface Water
Intake, which is a submerged, horizontal
perforated=pipe intake.

109 (NUREG/CP==0002, pp 5=12) ENGINEERING
CONSIDERATIONS IN THE USE OF ARTIFICIAL FILTER
BEDS. Richards, ReT. (Burns and Roey Ince,
Paramus, NJ). Aug 1978,

From Workshop on larval exclusion systems
for power plant cooling water Intakes; San
Diego, CA, USKA (7 Feb 1878).

Artificial filter bed intakes utilize a
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110 (NUREC /CP==0002, pp 37=50)

111 (NUREG/CP==0002, pp 51-€3)

rrepared grenular filter material to prevent
entrance of debris and aquatic 11fe into a
water withdrawal facility. The relatively large
quantities of water and the service reliability
required for power plant coocling water systems
present major engineering problems for the
artificlal filter conceprt, many of which have
not been resclved. These problems include
development of a suitatle and stable filter
medfum; design of a reliable backwash systenm
which s both effective and environmentally
acceptable; meeting of all site~imposed
restrictions relating to natural rfver
turbidity, flooding characteristics, channel
statility, and fce loads; and provisior cf the
complex civil and mechanical engineering design
fnherent in such a system. Extensive model
teeting may te required for further engineering
development of this systeme The preliminary
engineering for an artificial filter system is
discussed in connection with a progosed 1l.6=m3/
s=capacity (25,000=gpm capacity) filter in the
Columbie River.

ENGINEERING
EVALUATION CF POROUS=DIKE INTAKE SCREENING
SYSTENS. Fobergey JeCo (Alden Research
Lat., Holden, MA ). Aug 1978,

Fromw Workshor on larval exclusion systems
for power plant cooling water intakes; San
Diegey, CA, USA (? Feb 1578).

As one of many concepts currently under
fnvestigation for use in screening fish and
larvae from power plant intakes, the pcrous=
dike systerm presents unique challenges to the
desfigner and constructer. A complete
understanding of the hydraulic losses through
such a2 structure §is necessary to preoperly size
and locate the intake and to ensure prcper purp
selection and performance. In the study
described in this report, an analogy with
frictional lcsses {n condufits was employed, and
evpirical data on losses were determined for
three sfizes of filter stone tyrical of the
types used in the construction of a porcus=dike
fntake systenr. These erpirfcal data were
compared with additional information from the
literature. The dependence of hydraulic losses
throcugh large=~diameter redia on stcne shape and
rorcsity were deronstrated although no
empirical expression of this dependence was
developeds A hypothetical porous=dike intake
fnstallation was developed, demonstrating the
fundamental design consfiderations whfch must be
sade for such a structure. Finally, a cursory
econowic corparison of various inteke screening
systems deronstrated that the porous—=dike
intske ccncept was economically competitive
with all others.

BIOLOGICAL
ASPECTS OF FCROUS=DIKE INTAKE STRUCTURES.
Schrader,y, BeFe; Ketschkey, BeAeo (New England
Power Service Co., Westborough, MA). Aug
1978,

From Workshop on larval exclusion systems
for power plant cooling water fntakes; San
Diegos CA, USA (7 Feb 1978).

Current knowledge 1s reviewed on the
potential for both adult and larval exclusion
with 2 porous dike. It {s shown that exclusion
i{s possibley given small enough filter
material. In additfon, limited observations
show that some adult and larval fish will avoid
8 porous=dike intake, thereby suggesting that
dikes can also act as tehavioral barriers.
Information ¢n fauling and clogging of porous
dikes §s reviewed, and proposed anti-~fouling
techniques are discussed. Data are too limited
fer prediction of flow restrictions due to
fouling; however, it 1s shown that fouling {s
net a problenr when large fflter material {s

used {n the dike. To determine the feasibfility
of a porous=dike intake, a pilot=scale field
experiment i1s proposed. The proposed in-situ
test facility, to be installed fn Mount Hope
Bayy, Mzsse., is describede. Plans to assesgs the
exclusion capabiliity and fouling rates cf
several dike materials are presented. &
parallel laboratory program of larval
behavicral studies is described. Results of
this study are expected in 19821,

112 (NUREG/CP==0002, pp 79-87) SURVIVAL OF
DOMINANT ESTUARINE ORGANISMS IMPINGED OR FINE=
MESH TRAVELING SCREENS AT THE BARNEY M, DAVIS
POWER STATION. Murrayy LeS.; Jinnette, T.S.
(Central Power and Light Coe., Corpus Christi,
TX )e Aug 1978,

From Workshop on larval exclusion systems
for power plant cooling water intakes; San
Diego, CA, USA (7 Feb 1978).

One of the primary environmental impacts
associated with electric generating stations in
the Unfted States 1s the loss of aquatic
organisms passing through, or impinged on,
varjous screening media at fntake structures.
Historically, many traveling screens have been
fitted with 3/8=inch mesh and designed
primarily to screen out aquatic organisms and
debris to prevent clogging of pumps and
condenser tubes. Presently, comparatively new
screening technologies are being evaluated by
the power industry in an effort to alleviate
impingement losses at power plant intakes. An
{mpingement study was corducted at the Rarney
Me Davis Power Station, Corpus Christi, Texas.
The study spanned twelve months, beginning in
January 1977, and ending in December 19%7?7. The
primary purpose of this study was to accurately
describe survival of marine orgenisms,
principally dominant fishes and shrimps,
{impinged on Passavant fine=mesh center=flow
traveling screens. The i{nfluence of debris
loading on the survival of selected dominant
species also was examined.

113 (NUREG/CP==0002, pp S1=105) CURRENT TVA
WORK ON THE FLUID MECHANICS (OF SCREENS WITH
VERY SMALL OPENINGS FOR THE EXCLUSION OF LARVAE
AT POWER PLANT COOLING=WATER INTAKES.

Vigander, S. (Tennessee Valley Authority,
Norris)e. Aug 1878.

From Workshop on larvel exclusion systems
for power plant cooling water intakes; Sean
Diegecy CA, USA (7 Feb 1578).

The potential use of screening media with
very small openings to exclude larval fish at
power plant cooling=water Intakes opens several
arcas of possible fluid mechanic problems. In
this paper, ongoing research {s described which
focuses on four specific areas: the prediction
of the pressure drop across a screen, glven
flow rate and screen properties; the estimation
of the pressure drop across partially plugged
screens; the rate of debris bufldup on a site=
specific stationary screen sample; and methods
for stationary screen cleaning and their
effectiveness, Other areas are identified in
which research {s needed to aid {n the design
of intakes that will effectively exclude
larvaes.

114 (NUREG/CP==0002, pp 107-123) BIJLOGICAL
AND ENGINEERING CONSIDERATIONS IN THE FINE=
SCREENING OF SMALL ORGANISMS FROM COOLING WATER
INTAKES. Mussallfy Y«.G.; Tafty E.P.; Hofmann,
P (Stone and Webster Engineering Corgps,
Boston, MA). Aug 1978.

From Workshop on larval exclusifon systems
for power plant cooling water intakes; San
Diego, CA, USA (7 Feb 1978).

Fine=screening of small organisms can be
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grouped into two concerts: {impingement and
deterrent. Inpingement concepts involve the
collection and removal of organisms with
through=flow, center~flow, and dual=flcw
treaveling screens. In evaluating the biological
effectiveness of these screens, consfderation
should be given to species, approach and
through=mesh velocities, mesh opening,
fmpingement duration, debris loading, and type
of organism wash syster. Engineering
considerations include potential for clogging,
need for continuous operation of the screen,
and screening materifal. Furthermore, each type
of traveling screen has advantages and
disadvantages relating to the potential for
debris and organism carryover, screening area,
screenwell layout, velccity distributicn along
screen face, and potential effect on pump
perforwmance. Impingement and diversion systems
require that collected ocrganisms be returned to
the source water body. Transport systems can
utilize efther gravity flow or pumping units.
The fmpingement concept appears to be the most
practicable solution for once=through cooling
systems. Deterrent concepts, in which the
organisms passively drift by a screening
device, include infiltration systems such as
radial wells, porous dikes, and wedge=wire
screens. Biologically, the radial wells and
wedge=wire screens will cause little {rpact to
small orgénisms. The porous dike has nct been
employed for the protection of small organisms
to date. Engineering considerations presently
1imit the use of wedge=wire screens and radial
wells to makeup water intakes with small
withdrsawals.

115 (NUREG/CP==0002, pp 125=139)

INVESTIGATIONS CN THE PROTECTION OF FISH LARVAE
AT WATER INTAKES USING FINE=MESH SCREENING.
Teml janovich,y, DeA.; Heuer, J.He; Voigtlander,
Cole (Tennessee Valley Authority, Norris).
Aug 1978.

From Workshop on larval exclusion systems
for power plent cooling water intakes; San
Diegoy CAy USA (7 Feb 1978).

A laboratory study wes conducted to evaluate
the potential use of fine—=mesh screens for
protecting larval fish exposed to water
fntakes. The study was designed to determine
the relationships of percentage retention
(impingement ) and post=impingement survival of
larvae to fish specles and size, approach water
velocity, test duration (impingement duration),
and size of screen openings. The larval fish
species tested showed a wide range in body
shapes; for the screens with openings larger
than 0.5 mm, percentage retention was directly
related to body depth. Of five screen cpening
sfzes used In the experiment only the («5=mm
opening retained essentially 1006% of the
smallest larvae. Screens of openings 1.0 mm or
larger retaired only & small percentage of the
smallest larvae. Velocity and test duration
contributed little to the percentage retention.
Post=impingement survival of larval fish in the
laboratory was shown to be inversely related to
duration of impingement and dependent on
species and size and, toc & lesser extent,
current velocitye.

116 (NUREG/CP==0002, pp 141=147)

ENGINEERING AND HYDRAULICS OF THE MODIFIED
PERFORATED=FIPE INTAKE. Richards, R.T.
(Burns and Roe, Inc., Faramus, NJ). Aug 1978.

From Workshop on larval exclusion systems
for power plent cooling water intakes; San
Diego, CA, USA (7 Feb 1978).

The perforated pipe is a simple screening
device which has many advantages in the
reduction of toth impingement and entrainment
under certain water source conditionse. The

basic perforated pipe has been successfully
used for many years. The modified perforated
pipe (modified tc give uniform Inflow
velocities) is a relatively new concept and is
discussed {n detail. A third approach being
developed to reduce entrainment is the
perforated or wedge=wire pipe with very small
openings. For perforated~pipe {ntakes in
general there are many areas remaining to be
researched, including perforation type and
sfze, orfentation and shape of screens, fouling
characteristics, and water and afr backwash
facilities.

117 (NUREG/CP==0002, pp 149=157) JOHNSON

SCREEN FOR COOLING WATER INTAKES. Cook, Le.Ee.
(Johnson Division, UOP Inc., St. Paul, MI).
Aug 1578,

From Workshop on larval exclusfon systems
for power plant cooling water intakes; San
Diego, CA, USA (7 Feb 1978).

Johneon surface-water screens provide an
alternative to vertical traveling screens for
power plant cooling water fntskes. In this
paper, flow field modeling §s discussed, and a
serfes of case studies {s presented. The
hydraulic fnformation obtained is discussed as
it applies to the exclusion of biota and debris
from cooling water fntake systems.,

118 (NUREG/CP==0002, pp i59=-167) IN SITU

TESTING OF PROFILE WIRE SCREENS FOR LONG=TERM
ENGINEERING FEASIBILITY. Miller, J.C.
(Delmarva Power and Light Co., Wilmington, DE);
Charles, K.E.; Key, ToHo. Aug 1978.

From Workshop on larval exclusion systems
for power plant cooling water {ntakes; San
Diegoy, CA, USA (7?7 Feb 1978).

A facflity for testing profile-wire screens
in a brackish=water environment was installed
in the Chesapeake and Delaware Canal. The
primary objective of this test program was to
demonstrate relfable, long=term operation of
profile=wire screens with a slot opening of 1
mm (0.040 in.). A cylindrical screen v.76 m (3
in.) In diameter and 0.56 m (22 in.) long
having an open area of approximately 20% of the
surface was tested for nine months. Water was
drawn through the screen at an average velocity
of 0.2 m/s (0.5 fps) for a desjgn flow of L.042
m3/s (660 gpm)e The screen operated in excess
of two months before the system shut down due
to clogging. Backwashing with high=volume, low=
pressure water returned the system to normal
operating conditions. Continued fouling by
marfne growth and silt required removal of the
screen for cleaning approximately every three
weeks. The screen was successfully cleaned {n
15 to 20 min using a low=volume (1.2 x "0-% m3/
s [2 gpm])y high=pressure (3.45 MPa [50{ psi])
water spray. The test facflity was removed from
the canal in late December 1977, to prevent
damage from ice. Testing has {ndicated that
small=slot profile=wire screens have potential
for power station usage. The mejor problem was
clogging of the screens by marine growth durirng
summer and early fall. Any proposed usage of
small=slot profile=wire screens should be
preceded by a comprehensive in=situ test
program to determine the operating and
maintenance requirements necessary to ensure
long=term reliabflity.

119 (NUREG/CP==0002, pp 195-233)

PRACTICALITY OF PROFILE=WIRE SCREEN IN REDUCING
ENTRAINMENT AND IMPINGEMENT. Hansony EeNe;
Bason, We.H.; Beftz, B.E.; Charles, K.E.
(Ichthyological Associates, Inc.y, Middletown,
DE )e Aug 1978.

From Workshop on larval exclusion systems
for power plant cooling water intakes; San
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Diego, CA, USA (7 Feb 1978).

Experimental studies indicated that 1.01l=mm
slot profile=wire well screen operated at an
fnteke velocity of 15.24 cm/a virtually
eliminated {xpingement of fishes larger than 15
sam fork length (FL). Intake velocities as high
as 53.34 cm/s produced low impingement. Tests
of fish less than 40 me FL held near a
functioning intake (15.24 cm/s) for as long as
3 hr ylelded no impingement or stress. Many
striped bass between 8 and 17 sm FL were
capeble of resisting impingement at more than
30.48 cm/s velocity for longer than 30 min;
larger specimens (12 to 17 mm) showed excellent
ability to escape when impinged. The screen
excluded virtually all striped bass eggs from
the cooling water. Preliminary egg mortality
studies indjcate that at least 9SX survival can
be expected at an approcach velocity of 15.24 cm/
s and ispingement durations up to 2 min.
Fouling studies showed that screens were highly
resistant to clogging, essentially self=-
cleaning fn a current, and easily backwashed.
In=situ studies in the Chesapeake and Delaware
Canal have shown that a €1.0= x 76.2=cr, 1,01~
sm=slot screen {s capable of providing {ts
designed capacity for weeks without backwashing
or cleaning. Eiofouling preved to be the
greatest operational problem. Entrainment
sarples fronr the in=situ intake have shown
significant reductions in organisms/n3 of
filtered versus ambient water.

0 (NUREG/CP=~=0002, pp 169=194) STUDY ON
THE PROTECTICN OF FISH LARVAE AT WATER INTAKES
USING WEDGE=WIRE SCREENING. Heuery JeHe;
Towl janovich, D.A. (Tennessee Valley
Authority, Norris). Aug 1978,

From Workshop on larval exclusion systenms
for power plant cocling water intakes; San
Diegoy CA, USA (7 Feb 1578).

The Tennetsee Valley Authority has conducted
2 laboratory study designed to evaluate the
ablility of several species of larval fish to
avoid entrainment through and impingement
against wedge~wire stetionary screen (fish
avcidance concept). The results are presented
in this study. The fish avoidance concept
features srall=gpening screens, low inlet
velccities, and an unobstructed bypass, Its
success s dependent on the ability of larvae
to detect and swim away from the screense The
study was designed to test this concept in a
flouing=water environment. All species showed
sowre ability to avoid entrainment, and wany
species showed considerable avoidance cf
entraining flows. Safe typass or avoidance of
entrainment was generally related fnversely to
slot size and slot velocity. Best results were
shown for the 0.5=xm slot and 7.6 cw/s (0.25
fps) slot velocity. At least one of the
smallest species showed appreciable avoidance
of the largest slot size (2.0 mm) tested. From
a biological point of view this screening
concept has the potential for protecting nearly
all fish of Impingeable sfize as well as a large
portion of fish of entrainable size.

1 (NUREG/CP==0002) LARVAL EXCLUESION
SYSTEMS FCR FOWER PLANT CCOLING WATER INTAKES.
Sharmay FeKe; Palwer, JeBe (eds.). (Argonne
National Lab., IL (USA)}}. Aug 1978.

Contract W=31=109-ENC=38. 242p. (ANL/ES==66;
CONF=780257==). Dep. NTIS, PC Al1l/MF AQl.

Fros Workshop on larval exclusion systers
for power gplant cooling water intakes; San
Diego, CA, USA (7 Feb 1978).

Sepesrate abstracts were prepared for 16 of
the 19 papere presented in these proceedings.
Twa of the three remaining papers are presented
in summery form onlyes They discuss high=-
caracity filters for power plant cooling water

122 (NUREG/CP==0002, pp 27=36)

123 (NUREG/CP==0002, pp 65=68)

fntakes and larval exclusion with woven=slot,
fine~mesh screening. The third paper for which
an abstract was not prepared {s a review paper
presenting a synthesis of views presented at
the workshope. (ERB)

HYDROLOGIC
ENGINEERING CONSIDERATIONS FOR RANNEY COLLECTOR
WELL INTAKE SYSTEMS. Beskidy NeJe (Argonne
National Lab., IL). Aug 1978.

From Workshop on larval exclusfon systems
for power plant cooling water intakes; San
Diego, CA, USA (7 Feb 1978).

The basic hydrologic aspects affecting the
location, desfgn, and operation of Ranney
Collector Well fntake structures are presented.
Siting and design considerations are di scussed
and the types of problems that require site-
specific design consfderations are outlined.
The fundamental concepts of hydrology related
to collector well design, such as surface water
flow regime and the more complex groundwater
hydraulics, are briefly discussed. Emphasis {s
placed on the application of the results of
field pumping tests to the estimation of
aquifer properties, groundwater flow, ard
infiltration rates and the utilization of these
parameters as input to Ranney Collector Well
system design.

ENGINEERING
ASPECTS OF PASSAVANT SCREENING. Siddle, K.R.
(Passavant Corp., Birmingham, AL); Sharma, ReK.
Aug 1978.

From Workshop on larval exclusion systems
for power plant cooling water fntakes; San
Diegoy CAy, USA (7 Feb 1978).

The Passavant screen was developed in Europe
almost 30 years ago. The Passavant screen {s a
vertical traveling screen; however, the basic
difference between the conventional vertical
traveling screen and the Passavant screen is
that fn the conventional screen water passes
through the front screen belt and then the back
screen belt, whereas in the Passavant screen
the water enters in between the two belts and
passes laterally through either of the belts.
Thusy theoretically, the screening surfezce of
the Passavant screen is doubled as compared to
the same sfize conventional vertical traveling
screen. Various design and operational
modffications of the Passavant screen are
possible to yield optimum design ard
performance characteristics which make it
amenable to installatfon at power plants for
safe removal of not only fish but also smaller
organisms such as fish eggs and larvae. In this
paper, details of the screen design and
operational characteristics are discussed with
notes on hcw these features can be modified to
suit site- and organism=specific requirements.

124 (NUREG/CP=-=0002, pp 69=77)

INVESTIGATIONS ON THE PROTECTION OF FISH LARVAE
AT WATER INTAKES USING FINE=MESH SCREENING
IMPINGEMENT=RELEASE CONCEPT: LABORATORY STUDY
OF A SINGLE=ENTRANCE, DOUBLE=EXIT, VERTICAL
TRAVELING SCREEN CONCEPT. Magliente, S.H.
(Tennessee Valley Authority, Chattanoogs);

Toml janovich, DesA.; Heuer, JeH.; Vigander, S.;
Smith, M.N. Aug 1978.

From Workshop on larval exclusion systems
for power plant ccoling water intakes; San
Diego, CAy, USA (7 Feb 1978).

The Tennessee Valley Authorfty (TVA) is
fnvestigating the concept of protecting larval
fish at power plant {ntakes using fine=mesh
screenings The larvae can be sefely impinged on
the screens, washed off the screens, and
returned to the source water body (impinge=
release concept). Inftial studies by TVA have
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indicated thst such a concept of screening
larval fish is feasible. A single=entry, double=
exit vertical traveling screen was selected for
the experimental test facflity. Such a screen
has desirestle characteristics for safe handling
cf fish and is amenable to design modifications
if warranted. Testing ies designed to evaluate
larval fish survival using the impinge-release
concept for commercially avajlable modified arnd
unrcdffied screenss The importance of various
stresses critical to survival of larvae will be
exarined under laboratory conditions.

REACTOR SAFETY

RESEARCH PRCGRAMS. QUARTERLY REPORT, APRIL i==
JUNE 304 1978, Hoopery Jele (ede)s

(Battelle Facific Northwest Lats., Richland, WA

(USA)). Sep 1978. Contract EY=76=C=06=1830.
158p.  (PNL=-2653~2). Dep. NTIS, PC AQ8/MF
ACl.

Progress is summarized in the following LWR
safety=related studies: ultimate heat sink
performance reasurements; steam generator tube
integrity; acoustic emission; frradiation
results of experimental verification of steady
state codes; ex=reactor verification of steady
state codes; determination of thermal gap and
contact conductance; code development; fuel
subassembly procurement and frradiation test
prograr; LOCA simulation in NRU; and core
thermal model development; non=destructive
testing for oxidation of graphite samples is
described.

RANCHO SECO EUILDING
WAKE EFFECTS ON ATMOSPHERIC DIFFUSION. Start,
GeEs; Cate, JeH.; Dickson, C.R.; Ricks, Ne.R.;
Ackerman, GeRe.; Sagendorf, J.F. (Naticnal
Oceanic and Atmospheric Adminlstration, Idaho
Falls, ID (USA). Environmental Research Labs.).
Nov 1977. 186p. NTIS, PC A09/MF AQ1l.

A series cf 23 paired gaseous tracer
releases at the Rancho feco Nuclear Power
Station In 1575 was the third of several tests
designed to investigate the diffusion
characteristics of the atmosphere under
conditions of low windspeed and temperature
inversion, This test also evaluated the effects
cf flow arourd buildings upon dilution of
pollutants. Caseous tracers were laterally
dispersed about six times more than the
expected amcunts from Fasquill==Gf{fford curves
of sigma=y. Most of this fncrease could be
related to observed variance of the horizontal
wind direction (meandering). For ground=—level
releases the effective sigma=z values were 16
times greater than the corresponding values
from the Pasquill==Gifford curves. Measured
ground=level axial concentrations were about 75
times smaller than predicted by the Gaussian
diffusion equation for a ground-level release
when Pasquill==Gifford values of sigma=y and
sfgra~z were used.

BIOCIDE BY=PRODUCTS IN
AQUATIC ENVIRONMENTS, ANNUAL REPORT, OCTOBER
1, 1977--SEFTEMBER 30, 1978. Anderson, DeRe;
Beany ReMes; Gibson, C.I. (Eattelle Pacific
Northwest Lats., Richland, WA (USA)). Jan
197s. Contract EY=76~C~06-1830. 67pe
=2806). Der. NTIS, PC AO4/MF AO1.

The Biocide By=Products in Aquatic
Environwents Program §{s composed of analytical
chemistry and biclogical phases with freshwater
and marine biclogical subdivisions. The
objectives of the analytical studies are: to
identify those chloroorganic chemical compounds
that result from the addition of chlorine to
fresh or saltwater; to develop methods for
detecting chlorinated organics in the effluents
discharged tc receiving water bodies from

( PNL=

nuclear stations; and to verify laboratory
findings through enalysis for chlorination by~
products in water and biota samples fron
cocling water bodies of nuclear power stations.
The objectives of the biological studies are:
to investigate the immediate toxicity of
specific chlorination by=products (chloroform
in freshwater and bromoform in marine waters);
to evaluate the chronic toxicity of
chlorination by=products; to follow their
pathways of action; and to analyze for
bifoaccumulation or biomagnification of
halogenated hydrocarbons on selected aquatic or
marine biota.

i2s8 (NUREG/CR==0514) ENVIRONMENTAL
ASSESSMENT OF COOLING RESERVOIRS. Parkhurst,
BeRe; McLain, H.A. (Oak Ridge National Lab.,
TN (USA)). Oct 1978, Contract W=7405=ENG=
26. 90p. (ORNL/NUREG/TM==226). @ Dep. NTIS,
PC AOS/MF AO1.

The environmental impacts, both adverse and
beneficial, of cooling reservoirs are compared
to cooling towers as an alternative closed
cycle cooling systems. Generally, the impacts
associated with the construction of a ccoling
reservoir system are greater than for a
comparable cooling tower system. Operational
{mpacts are generally greater for cooling
towers due to their visual impact, plus icing,
fogging, and nolse problems. The principle
advantages of cooling reservoirs are their
lower operating and maintenance costs, greater
reliability, greater cooling efficiency,
reduced water consumption {n areas where
cooling water storage is required, and thefr
multiple use potential. A review of pertinent
l1iterature on cooling reservoir ecosystems, has
revealed that entrainment, thermal, and
chemical effects generally result in reduced
populations of phytoplankton, zooplankion, and
benthos in the vicinity of the power plant
discharge. Adverse far field effects are
generally less significant and are sometimes
stimulatory. The overall effects of a power
plant on the fish populations of cooling
reservoirs appear to be minor. Based on the
thermal characteristics of a model 6400 acre
cooling reservoir with four 1150 MWe reactors,
the ecological characteristics of the reservoir
were predicteds The multiple use possibilities
of cooling reserveoirs provide their most
stgnificant beneficifal aspect when compared to
cooling towerse. In addition, the cage culture
of food fishes in cooling reservoirs provides
an economical and practical method of
commercially utf{lizing the waste heat
di scharged by power plants. For many areas of
the country, cooling reservoirs appear to
provide an environmentally and socially
desirable alternative to cooling towers.

129 (NUREG/CR==0546)
RESEARCH PROGRAMS. QUARTERLY REPORT, JULY 1==
SEPTEMBER 30, 1978, Hooper, Jele (compe)e
(Battelle Pacific Northwest Labs., Richland, WA

REACTOR SAFETY

(USA))e Feb 1979. Contract EY=-76~C=06-3830.
133p,  (PNL==2653=3)s Deps NTIS, PC AO7/MF
AO1.

Progress is summarfzed in the following LWR
safety=related studies: (1) ultimate heat sink
performance measurements; (2) graphite
nondestructive testing; (3) integration of
nondestructive examination reliability and
fracture mechanics; (4) acoustic emission=flaw
relationship for in=service monitoring of
pressure vessels; (5) experimental verification
of steady state codes: ex=reactor determination
of thermal gap and contact conductance, and
{rradiation results; (6) fuel subassembly
procurement and {rradiation test program; (7)
steam generator tube integrity; and (8) core
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thermal model development.

[} (NUREG/CR==0548) ICE ELOCKAGE OF WATER
INTAKES. Careyy Kolo (Army Cold Reglons
Research and Engineering Lab., Hanover, NH
(USA))e Dec 1978, 32pe. NTIS, PC AO3/MF
ACl.

The fce blockage of water intake structures
can pose serfocus threats to the avaflability of
cacling water at thermal power plants. Using
information gained fror a literature search and
general knowledge of the problem, fce blockage
difffcultfes are descrited as they may occur {n
rivers, lakes, reservoirs, and estuaries, and
as they may affect {ntakes efther at the
surface or submergeds To further enable
understanding of these problems,
characteristics of both surface sheet fice and
frezil fce are examined, namely, formational
processes, sizes, thicknesses, movement or
mobility, and modes of blockage or adhesion.
Cease histories of incidents ¢f {ce blockage of
intakes are given by means of excerpts from the
technical literature. Lastly, a brief cverview
i=s provided ¢cn the matter of solving ice
blockage protlems, efther through orfiginal
design, pcst=constructicn modification, or
revised coperetional techniques.

1 (NUREG/CR==0637) THREADFIN SHAD
IMFINGEMENT: EFFECT OF COLD STRESS ON A
RESERVOIR COMMUNITY. ENVIRONMENTAL SCIENCES
DIVISICON PUELICATION NO. 1198. McLeany, R.Be;

Griffith, J.S.; McGee, MsV.; Pasch, R. (Oak
Ridge Naticnal Labe, TN (USA)). 1 Jen 1979.
Centract W=7405-ENG=26., 64p. ( ORNL /NUREG/TNM=

=231 )e Deps NTIS, PC AO04/MF AO1l.

Efological and physical parameters
influencing {mpingement rates of threadfin shad
(Doroscma pentenense) during October 1876==
April 1977 at Kingston Steam Plant on Watts Bar
Reservoir, Tennessee were fdentified and some
ecological cecnsequences of that impingement
were assessed. Threadfin were found to comprise
S7% of the 254,000 fish impinged, with about
25% of threadfin {mpingement occurring within
48 hr of a single one~day temperature declire
from 89 to 39C, Total threadfin impingement
(24391 kg) represents the equivalent standing
crep of 328 cove hectares of the 15,783 hectare
reservoir. Trese losses may have some effect on
trophic dynamics in a normal year. Threadfin
comprised 100% of the diet of sauger (a
threadfin predator) from November 197€ to
February 1977, at which time all threadfin
disappeared due to a natural cold kill except
for a remnant in the power plant discharge.
Alternate prey were utilized to a limited
extent during March and Apri{l. Digestion by
sauger was significantly reduced at 5° and 10°C
compared to that at 159C but prey could still
have been ut{lized {f they had been available.
The normal fcod wet pathways were thus
disrupted by the cold shock. Therefore,
impingement in Watts Bar Reservoir during
norsal winters may be of some ecological
consequence, but during severe winters
environmentally=caused mortality may override
effects of fmwpingement xortality.

2 (NUREG /CR==0638) INCORPORATION QF
SUBLETHAL EFFECTS AND INDIRECT MORTALITY IN
MODELING POPULATION-LEVEL IMPACTS OF A STRESS,
WITH AN EXAMFLE INVOLVING POWER=PLANT
ENTRAINMENT AND STRIPED BASS. Van Winkle, W.;
Christensen, SeWe; Suffern, JeSe (Oak Ridge
National Lab., TN (USA)). .19 Mar 1979,
Contract W=7405-ENG=-26. 32p. ( ORNL /NUREG/TM=
=-288). Dep. NTIS, PC A03/MF AO1.

The problems involved in including sublethal
effects and indirect mortality in modeling the

133 (NUREG/CR==0639)

134 (NUREG/CR==0681)

population=~level impacts of a stress are
discussed. Interactions of stressed f{ndividuals
at one trophic level with those at the next
lower and higher trophic levels are cornsidered,
particularly with reference to power plant
entrainment as the source of stress. An
equation {s derived for the conditional
mortality rate due to a stress that
incorporates both direct and irndirect
mortality. Preliminary experiments to test for
sublethal effects of heat shock on the feeding
of striped bass (Morone saxatflis) larvee
suggest that striped bass jarvae may be less
likely to feed following heat shocks of the
type used fn these experiments. However, once
larvae do start feeding, these experiments
suggest that the amount eaten {s not
substantfially influenced by the preceding heat
shocke The relationship between setting
standards and modeling population=level
ifmpacts, and the use of application factors for
each, are considered.

EMPIRICAL MODEL OF
IMPINGEMENT IMPACT. ENVIRONMENTAL SCIENCES
DIVISION PUBLICATION NO. 1289. Barnthouse,

LeWs; DeAngelis, D.L.; Christensen, S.W. (Oak
Ridge Natfional Labe, TN (USA)). g Jan 1979.
Contract W=7405=ENG=26, 28p. ( ORNL/NUREG/TM=

=290). Dep. NTIS, PC AOC3/MF AO01.

A simple model, derived from Ricker's (1975)
theory of fisheries dynamics, that can be used
to estimate the impact of impingement of
juvenile fish by power plants on year=class
abundance fn vulnerable species is described.
The only data required are estimates of the
inftial number of impingeable juvenlles, the
number {mpfinged, and the rate of total
mortality during the perfod of vulnerabllitye.
The impact of impingement is expressed in the
model as the conditional mortality rate, rather
than the more commonly used exploitation rate.
The conditional mortality rate is superior as a
measure of fmpact for two reasons: {t accounts
for the differential impact of tmpinging fish
of different sgesy, and it is numerfically
equivalent to the fractional reduction {n year=
class abundance due to impingement. We present
an application of the model using the 19874 year=-
class of the Hudson River striped bass
population as an example. We then show how the
model can be modiffied to account for seasonal
fluctuations Iin the rate of {mpingement,
df scuss the effect of these fluctuations on the
calculated fmpact, and discuss the influence on
model output of errors in the measurement of
abundance, impingement, and total mortality. It
{s evident from this analysis that esti{mates of
impfngement impact are as sensitive to errors
in estimates of population size and mortality
as to estimates of the number of fish impinged.
Thus, {t fs not possible to reliably estimate
the impact of fmpingement on a vulnerable fish
species unless a substantial effort is devoted
to population studles.

REACTOR SAFETY
RESEARCH PROGRAMS. QUARTERLY REPORT, OCTOBER
1--DECEMBER 3i, 1978. Hooper, J«L. (compe)e.
(Battelle Pacific Northwest Labs., Richland, WA

(USA)). Feb 1979. Contract EY=76-C=06=i830.
118p. (PNL==2653=4 ). Dep. NTIS, PC AO6/MF
AOl.

Progress {s summarized in the following LWR
safety=related studies: (1) ultimate heat sink
performance measurements, (2) exper{mental
verification of steady state codes, (3) core
thermal model development, (4) fuel subassembly
procurement and irradiation testing, (5) steam
generator tube integrity, (6) acoustic
monitoring of pressure vessels, and 7
integratfon of nondestructive examination




"I' 138

COOLING TOWER 25

13€ (NURECG/CR==0816)

137 (NUREG/CR=~0835)

reliability and fracture mechanics.

(NUREG/CR==0770) ASBESTOS IN CCOLING=
TOWER WATERS. FINAL REPORT. Lewis, B.A.G.
(Argonne National Labe., IL (USA)). Mar 197S.
Contract W=31=109-ENG=38. 102p. (ANL/ES==~
71). Depe. NTIS, PC AO6/MF AOQl.

Water discharges from cooling towers
constructed with asbestos {11 were found to
contain chrysotile-~asbestos fibers at
concentrations as high as 10¢ fibers/liter. The
ma jor source of these fibers, appears to be the
components of the towers rather than the air
drawn through the towers or the makeup water
taken into the towers. Suggested mechanfsms for
the release of chrysotile fibers from cooling-
tower ff1l1 include freeze=thaw cycles and
dissolution of the cement due to aclidic
components of the circulating water. Ash~ or
other materfal=settling ponds were found to
reduce asbestos=fiber concentrations in cooling=
tower effluent. The literature reviewed did not
support the case for a causal relationship
between adverse human health effects and
drinking weter ccntaining on the order of 106
chrysotile==gsbestos fibers/liter; for this and
other reasons, it {s not presently suggested
that the use of asbestos fill be discontinued.
However, caution and surveillance are dictated
by the uncertainties in the epidemiological
studies, the absence of evidence for a safe
threshcld concentration {n water, and the
conclusive evidence for adverse effects from
cccupational exposures It is recommended that
monitoring programs be carrifed out at sites
where asbestos fil1l is used; data from such
programs can be used to determine whether any
wmitigative mreasures should be taken. On the
tasis of estirates made in this study,
ponitoring fcr asbestos in drift from cocling
towers dcee not appear tc be warranted.

NUMERICAL MODELING OF
ENTRAINMENT AND FAR FIELD THERMAL DISPERSION
FOR NEP 1 ANL 2, CHARLESTOWN, RHODE ISLAND.
Isajiy Te; Sraulding, M. (Cak Ridge National
Labey TN (USH)). Jun 1878. Contract W=7405=
ENG=2€ . 4€2p. (ORNL/NUREG/TM==232£)., Dep.
NTIS, PC R20/NF AQl.

A syster of numerical mcdels was developed
which assessed the larvae entrainment intoc the
fntake and the far field thermal dispersion due
to the cooling system operation of the proposed
nuclear power plant NEF 1 and 2, Charlestouwn,
Rhode Islande. The hydrodynamics was simulated
by a two dimensicnal, vertically averaged,
finfte element hydrodynamic model. The
entrainment of winter flounder larvae was
sfrulated by the finite element constituent
transport model and the particle path model.
The models predicted an entrainment of 4.7%
under the prcposed intake and diffuser
operatione The diffuser return flow enhanced
the entrainwrent by 20X compared with the intake
operation onlye The far field thermal
dispersicn fcr the proposeed heat discharge
syster was simulated with different conditions
and paraveters. Significant factors among the
different conditions to be estimated were found
to te the rixed layer depth and diffusfon
cocefficlent. The most prcbable case was
sfoulated. Trte fsotherm areas were SE0S acres
for 1.0¢C (1.89F) and 1804 acres fer 3.00C
(Se4°F )e

TOXICITY AND EFFECTS
OF BROMCFORM ON FIVE MARINE SPECIES. Gibscn,
Cele; Tone, FoC,; Wilkinscn, Pe.; Blaylock, Je.W.
(Eattelle Facific Northwest Labs., Richland, WA
(USA)). Jun 1879, Contract EY=76=C~06=1830.
15gp. (FNL==3023). Dep., NTIS, PC AG2/MF AOl.

Bromoform has been identified as the single
most abundant halogenated organic compound
produced by the chlorination of marine waters.
To determine the potential biological effects
of fts release into marine waters, short=ternm
toxicity bioassays and 28-~day uptake/28 :day
depuration studies were conducted with five
marine species: Protothaca staminea, Mercenaria
mercenaria, Crassostrea virginica, Penaeus
aztecus, and Brevoortia tyrannuse. The bioassay
studies {ndicate that 96=hr LCso's ranged from
approximetely 7 ppM for Be. tyrannus to greater
than 40 ppM for P. staminea. The behavior of P.
aztecus and Bs. tyrannus was significantly
altered by exposure to bromoform.

138 (NUREG/CR==0855)
RESEARCH PROGRAMS. QUARTERLY REPORT, JANUARY
1-=MARCH 31, 1979. Hooper, JeLe (comps)e
(Battelle Pacific Northwest Labs., Richland, WA

REACTOR SAFETY

(USAY)e May 1979. Contract EY=76=C=06-1830.
171p.  (PNL==3040=-1). Dep. NTIS, PC A08/MF
AOi.

Progress §{s summarized in the following LWR
safety=related studies: (1) ultimate heat sink
performance; (2) verification of steady:state
fuel performance computer codes; (3) acoustic
emission=flow relationship for pressure vessel
monftoring; (4) fuel subassembly procuremert
and {rradiation; (5) steam generator tube
integrity prediction; (6) core thermal model
development; and (7) integration of
nondestructive examination relfability end
fracture mechanicse. (HDR)

139 (NUREG/CR==1015) ANALYSIS OF
POPULATIONS OF BORING AND FOULING ORGANISMS IN
THE VICINITY OF THE OYSTER CREEK NUCLEAFR
GENERATING STATION. QUARTERLY PROGRESS
REPORT, MARCH=MAY 197S. Hoagland, K.Z.;
Crocket, Le; Harms, J. (Lehigh Univ., Stone
Harbor, NJ (USA). Wetlands Inst.). Oct 1979.
62pe. NTIS, PC AG4/MF AQL .

The growth, distribution, and species
composition of marine borers (primarily
shipworms) and fouling organisms are being
studied fn the vicinity of the Oyster Creek
Nuclear Generating Station, Barnegat Bay, New
Jerseye Untreated wood test panels are used to
collect organisms at 18 localities. Our most
recent findings covering March=May 1979 are
that at least one subtropical species of the
borer family Teredinfdae continues to live in
Qyster Creek and Forked Fiver. Despite dredging
activity In Oyster Creek and unscheduled plant
shutdowns, some T. bartschi survived. No
settlement of larvae on one-month panels
occurreds Much of the fouling in Oyster Creek
died due to the dredging activities, and arnoxic
conditions occurred at stations 1. and “2. This
fllustrates the continued instability of the
Oyster Creek=Forked River area since
establishment of the Generating Station.

140 (ORAU/IEA==78=22(R)) ON TIME,
INFORMATION, AND ENERGY CONSERVATION. Spreng,
DsTo (Institute for Energy Analysis, Oak
Ridge, TN (USA)). Dec 1978. Contract EY=76"
C-05=0033. 36pe Depe NTIS, PC AG3/MF AGl.

Time, information, and energy form a triad:
to some degree each can be substftuted for the
other. Thus energy can be conserved {f a
process is performed more slowly, and therefore
less frreversibly; or it can be conserved if
sufficient information {s avajlable to monitor
the energy—usi{ng device or systeme This general
relation between time, energy, and information
fs {llustrated by analyses of the optimum size
of a cooling tower in & power plant and the
optimum thickness of thermal insulation. It is
shown that lack of fnformation and the desire
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to save time often lead to designe that use
fore energy than the thermodynamic minimum.
Economic and political limits to energy
censervation are not primarily manufactured by
the ''systenm'' but are imposed by basic facts
of engineering and by preferences of most
pecple.

14
141 (CRNL/EIS==145) 0ZONE IN AQUATIC
SYSTEMS: A ESELECTED, ANNCTATED BIBLIOGRAPHY.
Adaws, S.M.; Jolley, Roele; Mattice, JeS.;
Trabalka, JeRe. (Oak Kidge National Lab.y, TN
(USA)). Oct 1978, Contract W=7405=ENG=26.
86pe Depe NTIS, PC AOS/MF AQ1.

This bibliography, containing references on
the chemistry and biological effects of czone
{in aquatic systems, is part of an assessment of
the literature of the environmental impact of
pover plant cooling systems. The references are
arranged by subject category and indexes are
provided for author, keywords, scientific name
of test organisr, location of study, and title
(alphabetical listings of keywords=i{n=context
of non=triviel words in the title).

142 (ORNL/T¥==€131) COOLING TOMER DRIFT
8TUDIES AT THE PADUCAH, KENTUCKY GASEOUS
DIFFUSION PLANT. Taylor, F.G.; Hanna, S.R.;

(Oak Ridge National Lab., TN

(U8A)). Dec 1578. Contract W=740E-ENG=26.

40p. Depe NTIS, PC AO3/MF AOL.

The transfer end fate of chromium from
cooling tower drift to terrestrial ecosystems
were quantified with concentrations in plant
naterials (fescue grass) decreasing with
fncreasing distance fror the cooling tcwer.
Results indicate that elemental content in
drift water (mineral residue) may not te
equivalent tc the content in the recirculating
cocling water of the tower. This hypothesis {s
contrary to tasic assumptions in calculating
drift emissfcns. Results suggest that
differences in retention in litter and foliage
are related to chemical properties of the drift
rather than physical lodging of the particle
residue. Tc determine the potential for
movement of drift=derived chromjfum to surface
streams, soil=water samplers (wells) were
placed along a distance gradient to Little
Bayou Creek. Freliminary model estimates of
drift deposition are compared to deposition
reasurements.

Parr, P.Do
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143 (ORNL/TM==€248) METECRCLOGICAL EFFECTS
OF THERMAL ENERGY RELEASES (METER) PROGRAM.
ANNUAL PROGRESS REPORT, OCTOBER 1976~=SEPTEMBER
1577. Patrinos, A.A.; Hoffman, HeW. (comps.).
(Oak Ridge Netional Late, TN (USA)). Aug
1578. Contract W=740S5=ENG=26. 320p. Depe
NTIS, PC Al4/MF AOL.

Separate abstracts were prepared for 12
sections of this report.
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144 (ORNL/TM==€248, pp 9=40) PRECIFITATION
STUDIES AROUND PLANT BOWEN. Patrinos, A.A.N.;
Cheny No.C.J.; Miller, R.lL. Aug 1S78.

Meteorological Effects of Thermal Energy
Releases (METER) Program. Annual progress
report, Octoter 1976==September 1577.

A progrem called METER (Meteoreclogical
Effects of Trermal Energy Releases) to
investigate the atmospheric effects of the heat
and moisture releases from large cooling towers
and ponds, {2 reviewed. Results are repcrted
from a precipitation modification study around
the Plant Powen (fossil~fuel power plant) in
northwest Gecrgia which utfilizes four natural=
draft cooling towers. The study is composed of
two perts: the statistical aralysis of historic
National Weather Service climatological data

14

from the general area of the plant, and a field
study involving, primarily, a high=density
recording rain=gage network. Both parts are
aimed toward obtaining quantitative estimates
of potential plant=induced precipitation
augmentation and storm pattern disruption.

5 (ORNL/TM==6248, pp 41-47) STUDIES OF
THE ENVIRONMENTAL IMPACT OF EVAPORATIVE COOLING
TOWER PLUMES. Thomson, D.We (Pennsylvania
State Univ.y University Park). Aug 1978,

Meteorological Effects of Thermal Energy
Releases (METER) Programe. Annual progress
report, October 1976==September 1977.

This ongoing research program of the
environmental i{mpact of natural=draft
evaporative cooling tower plumes consists
principally of a comprehensive series of
ajrborne measurements of a variety of the
physical characteri{stics of the plumes and, to
a lesser extent, of preliminary studies of
remote sodar plume probing techniques and the
development of simplified dynamical numerical
models suftable for use in conducting field
measurement programse The PSU Doppler sodar was
used at the Keystone Power Plant in
southwestern Pennsylvania for an extended
series of remote measurements of the
characteristics of plume turbulent temperature
and velocity fluctuations and results are
discussed.

6 (ORNL/TM==6248, pp 48=58) COOLING TOWZR
DRIFT: EXPERIMENT DESIGN FOR COMPREHENESIVE
CASE STUDY. Laulainen, N.S. (Battelle
Pacific Northwest Labs., Richland, WA).
1978.

Meteorological Effects of Thermal Energy
Releases (METER) Programe. Annual progress
report, October 1976==September 1577.

A drift experiment program to develop a date
base which can be used for validation of drift
deposition models has been formulated. The
first field effort is designed for a suitable
mechanical=draft coocling tower to be selected
after site visits have been conducted. The
discussion here demonstrates the importance of
characterizing the droplet s{ze spectrum
emitted from the tower and to accurately
account for droplet evaporation, because the
downwind droplet deposition patterns and near~
surface airborne concentrations are extremely
sensitive to these parameters.

Aug

7 (ORNL/TM==6248, pp 59=66) COOLING POND
FOG STUDIES. Hicks, B.B. (Argonne National
Lab., IL). Aug 1978.

Meteorological Effects of Thermal Energy
Releases (METER) Program. Annual progress
report, October 1976==September 1977.

The Fog Excess Water Index (FEWI) method of
fog prediction has been verfified by the use of
data obtained at the Dresden cooling pord
during 1976 and 1977 and by a reanalysis of
observations made in conjunction with a study
of cooling pond simulators during 1974. For
applications in which the method is applied to
measurements or estimates of bulk water
temperature, a critical value of about 9.7 mb
appears to be most appropriate. The present
analyses confirm the earlier finding that wind
speed plays little part {n determining the
susceptibility for fog generation.

8 (ORNL/TM=~=6248, pp 69=132) REPORT ON
ATDL RESEARCH ON METEOROLOGICAL EFFECTS OF
THERMAL ENERGY RELEASES, AUGUST 1, i976<=
SEPTEMBER 31, 1977. Hanna, SeRe; Raoy KeSe;
Hosker, R.P. (National Oceanic and
Atmospheric Administration, Oak Ridge, TN).
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Aug 1978, showed the droplet to follow a helical
Meteorological Effects of Thermal Energy trajectory within the plume, with breakaway
Releases (METER) Program. Annual progress occurring at 2.5 tower diameters downwind and
report,y Octoter 1976~=September 1577. ground i{mpact of the droplet (reduced through
The ATDL plume and cloud growth model was evaporation to 55 ym radius) at 11 tower
aprlied to new sets of date from four separate diameters.
sites 2nd to contrived data as part of a
sensitivity studye An experimental program was
coenducted {n which time lapse photographs of 151 (ORNL/TkM==6248, pp 213=238) PLUMES FROM

cooling tower plumes In Oak Ridge, Tennessee,
and Paradise, Kentucky, were taken arnd analyzed
in grder tc determine the magnitudes of
secondary rotionse. In addition, plume cross
sections were drawn and analyzed using raw data
frowm the Chslk Point Cooling Tower Project. The
results of ell these studies are summarized.

146§ (ORNL/TM==6248, pp 168=183) DIFFERENCES
IN ATMOSPHERIC CONVECTIGN CAUSED BY WASTE
ENERGY REJECTED IN THE FORMS OF SENSIBLE AND
LATENT HEATS. Koenigy LeRe. (Rand Corpe,
Santa Monica, CA); Murray, F.W.; Tag, F.M.
(Rand Corpe.y Santa Monica, CA). Aug 1978.

Meteorological Effects of Thermal Energy
Releases (METER) Program. Annual progress
report, Octoter 1976==September 1977.

Results of this study indicate that
atmospheric effects, such as the inftiation or
triggering of cumulus clouds, caused by cooling
towers would be dependent on the size and
gradient of the density perturbation created by
the emissions contained in the tower plumee The
size and gradient can be minimized {f latent
heat rather than sensfble heat {2 rejected by
the towers. Latent heat releases can be
realized as sensible heat {f the latent heat
plume condenses, but {f this occurs downwind of
the tower after mixing with the environment has
occurred, the density gradient wi{ll be reduced,
and this should reduce overall effects. Thus,
while dry towers would eliminate shadowing and
drift (category II effects) that commonly occur
at wet cooling tower sfites, their use would
increase the likelihcod of atmospheric effects
in the form ¢f convective cloud inftfiation and
assoclated effects such as rain anomalies, A
cocling system rejecting solely latent heat
might be ideal to minim{ze atmospheric effects
(particularly §f the plume could be made
subsaturated), but such a device is not
available to fndustry. A cooling pond ray be a
clcse substitute.

150 (ORNL/TM==€248, rp 184=210)

MATHEMATICAL MODEL OF DRIFT DEPOSITION FROM A
BIFURCATED CCOLING TOWER PLUME. Cheny NeCedes
Jungy L. Aug 1978.

Meteorological Effects of Thermal Energy
Releases (METER) Program. ' Annual progress
report, October 1976==8eptember 1977.

Cooling tcwer drift deposition modeling has
been extended by fncluding centrifugal force
induced through plume bifurcation {n a
crosswind as & mechanism for drift droplet
removal from the plume. The model, in {ts
current state of development, is capable of
predicting the trejectory of a single droplet
from the stage of strong interaction uith the
vortex field soon after droplet emission at the
tower top through the stage of droplet
evaporation in an unsaturated atmosphere after
dreplet breakaway from the plumes The computer
pregram developed from the mathematical
fornulation has been used to explore the
dependency of the droplet trajectory on droplet
size, vortex strength, point of droplet
emissfon, drag ccefficient, droplet efflux
speed, and arbient conditions. A specific
application to drift from a mechanical=draft
coaling tower (for a wind speed twice the
efflux speed, a relative humidity of 70 per
cent, and an infitieal droplet radius of 100 um)

ONE AND TWO COOLING TOWERS. Kannbergy L«Ds;
Onishi, Y. (Battelle Pacific Northwest Labs.,
Richland, WA). Aug 1978,

Meteorological Effects of Thermal Energy
Releases (METER) Programe. Annual progress
report, October 1976==8eptember 1977.

Use of mechanical= and natural=draft cooling
towers is expanding in the United States {n
response to pressures for better resource
allocation and preservation. Specifically,
increasing public and regulatory concern over
the effects of the intake and df scharge of
large volumes of cooling water has encouraged
electri{c utilities to accept cooling towers as
the primary method of removing condenser waste
heat even though once=through cooling is
considerably less expensives Other factors
encouraging the use of cooling towers fnclude
small water supply and consumption rates,
reduction in land requirements (compared to
cooling ponds or lakes), and operatioral
flexibilitye The growing demand for electric
energy should also add to the increase of
cooling tower use. The experimental program and
its comparison tc model prediction suggest that
optimal siting of cooling towers, particularly
multiple towers, i{s a task requiring knowledge
of ambient wind history, plume dynamics, and
tower operating conditions. Based on the tower
wake effects and on the results for {nteraction
of plumes from two cooling towers, sfte terrain
may be & very significent factor {n plume
dynamics and interaction.

152 (ORNL/TM==6248, pp 241=259) FIRZ ANALOG:

A COMPARISON BETWEEN FIRE PLUMES AND ENERGY
CENTER COOLING TOWER PLUMES. Orgill, M.M.
(Battelle Pacific Northwest Labs., Richland,
WA). Aug 1978,

Meteorological Effects of Thermal Snergy
Releases (METER) Programe Annual progress

- report, October 1976-~=September 1977.

Past studies on the waste heat from thermal
power plant cooling towers and proposed energy
parks suggest that the dissipation of this
waste energy may result in significant
meteorological effects. Preliminary
calculations have shown that the rate of
atmospheric dissipation of the waste energy
from groupings of cooling towers {s
approximately equal to that by geophysical
phenomena such as thunderstorms, volcanoes, and
large fires. Cumulus clouds and convective
vortices often result from these natureal energy
releases, One of the geophysical analogs, the
large fire, is evaluated {n terms of how good a
physical analog it iIs to cooling towers or
groups of cooling towers. The 1{iterature on
experimental and wild fires was reviewed in
relation to how fire thermal plume
characteristics may be typical of a thermal
plume from cooling towers.

153 (ORNL/TM==6248, pp 263=272) LOCAL

PRECIPITATION INCREASES CAUSED BY SCAVENGING OF
COOLING TOWER PLUMES. Koenig, Le«R. (Rand
Corpe, Santa Monica, CA). - Aug 1978.
Meteorological Effects of Thermal Energy
Releases (METER) Program. Annual progress
report, October 1976~=September 1977.
Quantitative estimates are provided of the
precipitation increase in the vicinity of wet
cooling towers as a result of plume=droplet
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scavenging by natural rafin. Rain rates from 1
to S mo/hr and wind speeds of 1 to 10 m/s are
considered with source strength equal to
moisture flux from a 1000=MW(e) power capacity.
The fincrease in precipitation strongly depends
on distance from the tower, wind speed, ratural
precipitation rate, source strength, and
horizontal angle of plume spread. Under
favoerable conditions of 1ight winds and steady
rainfall, precipftation i{ncreases due t¢
scavenging ur to about 25 percent of the
natural rate should occur as far as 1 km from
plants as small as 1000 MW(e).

4 (ORNL/TM==€248, pp 273=287) RAINFALL
ENHANCEMENT DUE TO SCAVENGING OF CCOLING TOWER
CONDENSATE . Dana, M.T. (Battelle Pacific
Northwest Lats., Richland, WA); Wolf, M.A.

Aug 1978,

Feteorological Effects of Thermal Energy
Releases (METER) Prograrm. Annual progress
report, Uctcter 1976=~=September 1977.

The recent Increase in the number of
electrical generating plants that use cooling
towers and projecti{ons for further expansion
have prorpted considerable concern atout the
environrents]l impact of large releases of
energy and water effluent. One aspect of a
comprehensfve research prcgram, Metecrclogical
Effects of Thermal Energy Releases (METER), is
an examination of the physical effects of the
vast amounts of water vapcr and condensate
(tens of thousands of kilograms per second)
regularly released by modern ccoling towers.
Such large releases can significantly affect
water vapor and cloud=related natural
processes, at least in the immediate vicinity.
The question of precipitation scavenging of
condensate droplets by natural precipitation
and the resuitant enhancement of precipitation
under the plume is consjdered theoretically.

] (ORNL/TM==€435) OFFSHORE HEAT
DISSIPATION FOR NUCLEAR ENERGY CENTERS.
Baumany, H.F. (Oak Ridge Natiocnal Lab., TN
(USA)). Sep 1978. Contract W=7405=ENG-=26.
41p. Deps NTIS, PC AQ3/MF AOQ1.

The technical, environmental, and economic
aspects of utilizing the ocean or other large
water bodies for the dissipation of reject heat
fror Nuclear Energy Centers (NECs) were
investigated. An NEC {n concept Is an aggregate
of nuclear power plants of 10 GW(e) capacity or
greater on a2 common site. The use of once=
through cooling for large power installations
offers advantages including higher thermal
efficlencles, especlally under summer peak=load
conditions, compared to closed=cycle ccoling
systems. A disadvantage of once=through cooling
is the potential for greater adverse {mpacts on
the aquatic environment. A concept is presented
for minimizing the fmpacts of such systems by
placing water intake and discharge locations
relatively distant from shore in deeper water
than has heretofore been the practice. This
techni que would avoid fmpacts on relatively
biclogically productive and ecclagically
sensitive shallow inshore areas. The NEC {tself
woguld be set back from the shoreline sc¢ that
recreational use of the shore area would not be
{wpairede The characteristics of a heat=
dissipation system of the size required for a
NEC were predicted from the known
characteristics of a sraller system by applying
hydraulic scaling laws. The results showed that
adequate heat dissfpation can be obtained from
NEC-s{zed systemes located in water of
appropriate depth, Offshore intake and
discharge structures would be connected to the
NEC pump house on shore via tunnels or buried
pipelines. Tunnels have the advantage that
shoreline and beach areas would not be

156 (ORNL/TM==6523 )

157 (ORNL/TM==6533)

158 (ORNL/TM==6867 )

disturbed. The cost of an offshore heat-
dissipation system depends on the
characteristics of the sfite, particularly the
distance to sujitably deep water and the type of
soil or rock in which water conduits would be
constructed. For a favorable site, the cost of
an offshore systenm i{s estimated to be less than
the cost of a closed=cycle system.

METER=0RNL
PRECIPITATION NETWORK: FROM DESIGN TO DATA
ANALYSIS. Miller, RJsL.; Saylor, R.E.;
Patrinos, A.A.N. (Oak Ridge National Lab., TN
(USA)). Jct 1978, Contract W=7405=-ENG=26,
56p. Dep. NTIS, PC A04/MF AO}.

The purpose of this Technical Memorandum §s
to record the development of the METER-ORNL
precipitation network from the fnitial planning
stages through the preliminary data analysis at
present. The foremost objective of the field
study is to resolve the question of Plant
Bowen's potential effect on the precipi tation
patterns by means of extensive data analysis.
Emphasis is placed on the importance of the
thorough planning which has ensured the success
of the field studye Discussions finclude:
network design; procuremeut of equipment;
public relations; siting, fnstallation, and
operation of equipment; data processing; and
results of fnitial analysis. No conclusive
precipitation effects can be attributed to
Plant Bowen at this early stage of analysis.

WASTE HEAT REJECTION
FROM GEOTHERMAL POWER STATIONS. . Robertscon,
ReCe (Dak Ridge National Lab., TN (USA)).
Dec 1978. Contract W=7405=ENG=26. 189p.
Deps NTIS, PC AO8/MF AO0i.

This study of waste heat rejection from
geothermal power statlons is concerned only
with the heat rejected from the power cycle.
The heat contained {n refinjected or otherwise
discharged geothermal fluids §s not included
with the waste heat considered here. The heat
contained in the underflow from the flashtanks
in such systems is not considered as part of
the heat rejected from the power cyclees By
following this definition of the waste heat to
be rejected, various methods of waste heat
dissipation are discussed without regard for
the particular arrangement to obtain heat from
the geothermal scurce. Recent conceptual design
studies made for 5¢=~MW(e) geothermal power
stations at Heber and Niland, California, are
of particular interst. The former uses a
flashed=steam system and the letter a binary
cycle that uses {sopentane. In last=quarter
1976 dollars, the total estimated capital costs
were about $750/kW and production costs about
50 mills/kWhr. If wet/dry towers were used to
conserve 50% of the water evaporation ai Heber,
production costs would be about 65 mills/kWhra

METEOROLOGICAL EFFECTS
OF THERMAL ENERGY RELEASES (METER) PROGRAM.
ANNUAL PROGRESS REPORT, OCTOBER 1977=SEPTEMBER
1978. Patrinos, AsA«.Ne; Hoffman, H.W.
(compse )e (Oak Ridge National Labe, TN
(USA)). Jun 197S, Contract W=7405=gNG=26.
131p. Depe. NTIS, PC A07/MF AQ1,

Progress {s reported in studies of the
meteorological effects of thermal effluents
from power plants. Information from six
separate studies {s presenteds These studies
fnvolved: rainfall measurements near Plent
Bowen in northwest Georglia; drift from
mechanical draft cooling towers; environmental
fmpact of evaporative plumes; temperature
measurements of downwind plumes for plants
having 3 or 4 mechanical draft cooling towers
in flat terrain; the prediction of local
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effects of ccoling ponds; and self=
precipitation of snow from cooling towers.
(LCL)

15¢ (ORNL/TM==€883) STORMS QVER THE METER==

ORNL PRZCIPITATION NETWORK: THE FIRST SIX
MONTHS . Miller, R.L.; Patrinos, A.A.N.;
Saylor,y R.E. (Qak Ridge Natfonal Labt., TN
(USA))e. Jun 1979, Contract W=7405=ENG=26.
S51p. Dep. NTIS, PC AZ24/MF AQ1.

This report presents the first set of data
ccllected by the METER=~=0RNL Precipjitation
Network. This network ¢f 49 recording raingages
and 5 recording windsets was installed {n
Fetruary 157&, around the Bowen Electric
Generating Flant in northwest Georglia for the
purpose of investigating the potential effect
of the plant's ccoling towers on rainfall. This
study §s conducted on behalf of the DOE Progranm
on Meteorological Effects of Thermal Energy
Releases (METER)es Included fn this repert are
the complete descriptions of 98 rainfall events
which occurred over the METER==(ORNL network
during the period February z2==August 31, 1978,
These descriptions are augmented by information
and data supplied by the National Weather
Service (NWS). Several stratiffcations of the
rainfall events are performed for reference
purposes.

1€0 (PB==277058) EVALUATION OF PROPOSED TG

AND E (TUCSON GAS AND ELECTRIC COMPANY)
WASTEWATER DISCHARGE ON GROUNDWATER IN THE
TUCSON BASIN. FINAL REPORT. Schmidty KeDo
(Schmidt (Kenneth D.)y Fresno, CA (USA)). 30
Nov 1977. 73p. NTIS PC AQ4/MF AO1.

The purpose of this investigation {s to
evaluate the protable impact of a proposed
df scharge of cooling tower blowdown wastewater
on groundwater fn the Tucsen Fasine The sources
of the wastewater is the Tucson Gas and
Electric Companye. About 740,000 gallone per day
of wastewater are proposed to be discharged
into an unnared arroyo which eventually flcws
intoc the Santa Cruz River.

1€1 (PE==279032) DYNAMICS OF MANGANESE,

CADMIUM, AND LEAD IN EXFERIMENTAL FOWER PLANT
FCNIS. ¥athis, BeJe; Curmings, T«.F.; Cower,
Me.; Taylor, ¥.; King, C. (Illincis Univ.,
Urbana (USA). Water Resources Center; Eradiey
Unfv., Peorfia, IL (USA)). Jun 1977. 69p.
(UILU=WRC==77=0125 ). NTIS FC A04/MF AOL.

This study was designed to determine the
effect of hested power plent ccoling water on
the compartmentalization of manganese, lead,
and cadmiur In experimental ponds. Caged
channel cetfish and green sunfish were kept in
an experimental pond and a control pond.
Feriodically, whcle filshes, gill, heart,
kidney, liver, and musculature were analyzed
for the three metals. Concentrations of the
three metals in fishes were not affected by the
tenrperature differential maintained during the
study. There was no correlation in
concentrations of cadmium and lead with age
(weight and length) of fishes but manganese
ccncentraticrns declined slightly with age.
Aquatfc organisrs such as snafls, fingernail
clamrs, leeches, tubfifficid annelids, and
dragonfly nyrphs exhibited concentrations of
cadrfur higher than sediments whfle snafls and
duckweed nmore closely reflected concentrations
cf wanganese {n sediments.

(PE==27507€) AIRBORNE MONITORING OF
CCCLING TOWEFR EFFLUENTS. VOLUME 1. TECHNICAL
SUMMARY. FINAL REPORT. Woffinden, Ceds;
Harrison, FeFe; Anderscn, Je.A. (Metecrology
Researchy Inc., Altedena, CA (USA)}). Apr

1978. 122p. NTIS PC AO06/MF AOL.

Meteorology Research, Inc. conducted an
ajirborne plume monitoring program as part of
the Chalk Point Cooling Tower Project. Flume
measurements included: temperature, dew point,
visfibility, turbulence, droplet size
distribution and concentratfon, liquid water
content, sodfum chloride concentration (NaCl),
sulfuric acld concentration (H,S50,), and sulfur
dioxide concentration (S0;)s Vertical cross
sections of the plume were mapped at several
douwnwind distances. Data were recorded every
half second to provide the short responce times
required for accurate plume profile
measurements. The presence of stable visible
plumes was observed during cold high humidity
conditions. Even under these conditions, the
decrease In visibility {s not considered to be
a hazard to ajrcraft because of the limited
distance over which it extends. Interactions
between the cooling tower plume and the boller
plume are limfited. The boiler plume is
saturated with water from combustion products
and from & venturl wet scrubber. Therefare,
chemical reactions that require moisture have
occurred prior to mixing with the cooling tower
plume, and the additional water supplied by the
cooling tower plume has little effecta

163 (PB==28i6¢€2) POWER PLANT COOLING WATER

CHLORINATION IN NORTHERN CALIFORNIA.

EXTRAMURAL REPORT, 31 OCTOBER 1975=-=30 DECEMBER
1876, Hergott, S.; Jenkins, D.; Thomes, J.F.
(California Univ., Berkeley (USA). Sanitary
Engineering Research Lab,). Mar 1978. 78p.
(UCB/SERL==77=3). NTIS PC AJS/MF AO0L.

A survey was conducted of chlorfnaticn
practices at five power plants owned and
operated by the Pacific Gas and Electric
Company. Frequency and duration of chlorination
varied significantly from plant to plant and
was controlled analytically by the
orthotoluidine and/or amperometric metheds. All
the plants plan to change to using the
ampercmetric method for future control
purposess In=plant studies were conducted
durfng chlorinatfion cycles to determine oxfdant
reslduals at both the condenser inlets and at a
point near the ocutfalls. Both free and total
ox{dant resfduals were measured
amperometrically for most studies. The DPD=FAS
method was Iincluded in later studlies to gain a
better understanding of the nature of the
oxidant residuale. These results ilndicated that
most of the oxidant resfdual at the Hunters
Point and Moss Landing power plants was bromine
residual. Decay studies were conducted at the
plant sites on the chlorinated cooling water
collected 2t the outfall, The slowest decay wes
ocbserved at the Contra Costa plant where the
cooling water was the freshest. The most rapid
decay was at the Hunters Pofnt plant. The
presence of sunlight increased the rate of
decay at all locations.

164 (PB==282883) FIELD INVESTIGATION OF

COOLING TOWER AND COOLING POND PLUMES. FINAL
REPORT. Weaty ReEs (Colorado Univs, Boulder
(USA). Dept. of Chemical Engineering). Apr
1978, 130p. NTIS PC A07/MF A0,
Measurements were made relating to the
behavior of water=vapor plumes from forced=
draft cooling towers and from cooling ponds.
There were three categories of measurementse.
(1) Ambient weather deta including temperature,
humidity, wind speed and wind direction. These
measurements were made with standard
meteorological equipment. (2) Source data,
including the temperature, mixing ratio and
flowrate of the afr leaving the cooling tower
or cooling ponde Cooling=tower measurements
were made with a traverse rige. Cooling=gpond
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source data were estimated using correlations.
(3) Water=varor distribution in the atwosphere
in the vicinity of the source, including
tenperature and mixing ratio of air abcve the
ground at varfous locations with respect to
source. These measurements were made with
tethered=balloon=borne radiosondes.

PRCGRESS ON RESEARCH ON
OFEN CIRCULATING WATER COOLING SYSTEMS FOR
LARGE ELECTRIC FOWER PLANTS. PROGRESS REPORT
NO. 1. Portery, ReW.; Lavan, Z.; Weinstein, H.
(Illinofs Inete of Techesy, Chicago (USA)). Oct
1576, €8p. NTIS PC AO4/MF ACl.

Thie study concerns the {improvement of
design procedures for spray canals. Problems
studied include heat and mass transfer
preblens, controlling fluid=mechanical
phenomena, tulti~dimensional and turbulent
diffusive processes, atmospheric i{nterference,
and the thermodynamic effectiveness of canals.
It was determsined that spray=canal performance
may depend on additional parameters besides
wind speed, water temperature, and wet=bulb
tenperature. The result is that winter
conditions ere rore favorable than summer
conditions even §f cther parameters are the
saree Another area studied during this period
was i{nterference, which resulte {n greater wet=
bulb temperature.

MATHEMATICAL METHODS TO
EVALUATE ENTRAINMENT OF AQUATIC ORGANISMS BY
POWER PLAN1TS. Goodyear, C.F. (Naticnal
Flant Power Team, Ann Arbor, MI (USA)). Sep
1577. 28p. NTIS FC A02/MF AQ1.

Equations are presented which may be used to
estimete the percentage loss of populations of
squatic organisms that ere entrained by power
plants located on rivers and streams, lakes and
reservoirs, snd estuarfes. Important perameters
that must be estimated tec employ the techniques
fnclude the average concentration of organfisms
fn the intake water and in the water bedy, the
sortality of entreined organisrs, and the
average pericd organisrs are vulnerable to
entrainwent.

CHALK PCINT COOLING TOWER
PROJECT. VOLUME 1. SALT LOADING, MCDELING, AND
AIRCRAFT HAZARD STUDIES. FINAL REPORT 1 JULY
1576==30 JUNE 1977. (Johns Hopkins Univ.,
Silver Spring, MD (USA). Applied Physfics Lab.).
Aug 1877, E59p-

p prelirinary estimate of salt loading
frpact due tc drift from the Chalk Point
cgoling tewer indicates that the annual salt
loading is & maximum of 64 kg/hectere at a
distance of approximately 0.5 km from the tcwer
and less thean 5 kg/hectare at all off=site
locations (on land)es These offwsite values are
much less then the 20 kg/hectare/month
depositicn rate which the University of
Maryland designated as the growing season level
telew which there §{s nc noticeable effect on
corny soybeans, and tobaccos. It i{s tentatively
concluded that the cooling tower poses no
significant threat to comrercial agriculture.
The prelfrinary nature of these estinmates is
carefully discussed in the texte. A comparative
study of verfous drift wrodels has been made and
an input paremeter sensitivity analysis has
been conductede Sensftivities to drop size
distribution and uncertainty in varicus input
data errors have alsc been conducted and are
reported. A tentative selection of the Israel=
Qvercemp mcdel and the AFL models for further
deteiled use in the model validation program is
described. Tte possible hazard which a cooling
tower plume way pose to aircraft flight has
been investigated. It is concluded that hazard

due to low visibility and aircraft engine or
airframe icing is negligible.

168 (PB==284059) CHALK POINT COOLING TGOWER
PROJECT. VOLUME 2. COOLING TOWER DRIFT DYE
TRACER EXPERIMENT, JUNE 16 AND 17, 1977.

FINAL REPORT 1 JULY 1876==30 JUNE 1977,
(Johns Hopkins Univ., Sflver Spring, MD (USA).
Applied Physics Labe. ). Aug 1977. 95p.

A drift dye tracer experiment, using
Rhodamine (WT) dye, was conducted on ajirborne
drift from a natural draft cooling tower at
PEPCO's Chalk Point, Maryland Power Generating
Station. This experiment was designed tc
separate and identify cooling tower aerosol
deposition from other sources and to provide a
data base for use in cooling tower salt loading
and model validation. Prior to the experiment,
laboratory tests showed that Rhodamine (WT) was
{nexpensive, safe and controllable when used as
a drift dye tracer. Positive identification and
separation of cooling tower drift can be made
among other sources using a dye tracer.

169 ( PB~=284060) CHALK POINT COOLING TOWER
PROJECT. VOLUME 3. COOLING TOWER DRIFT DYE
TRACER EXPERIMENT SURFACE WEATHER AND AMBIENT
ATMOSPHERIC PROFILE DATA, JUNE 16 AND 17, i977.
FINAL REPORT 1 JULY 1976~==30 JUNE 1977.

(Johns Hopkins Unfive, 8iliver Spring, MD (USA).
Applied Physics Lab. ). Aug 1977, 187p.

During the Chalk Point Cooling Tower Drift
Dye Tracer Experiment, meteorological dsta was
taken at Chalk Point. This report is a
compilation of that data and surface weather
observations made at Andrew's Air Force Base
and Patuxent Naval Air Station. The compilation
contains the hourly surface weather
observations and the rawinsonde data taken at
Chalk Point, Maryland on June 16 &and 17, 1977.
The rawinsonde data is presented {n both
tabular and graphical form. The surface weather
observations are presented just in tabular
form.

170 (PB==284075) CHALK POINT COOLING TOWER
PROJECT: COOLING TOWER EFFECTS ON CROPS AND
SOILS. PREGPERATIONAL REPORT. REPORT FOR
APRIL 1973==APRIL 1975, Mulchiy Cele; Wolf,
D.C.; Foss, J.E.; Armbruster, J.A. (Meryland
Unive, College Park (USA)e. Water Resources
Research Center). Mar 1976. 108p. NTIS PC
AO6/MF AO1.

The objectives of the Chalk Point Cooling
Tower Project are to monitor the effects of
saline aerosol drift originating from the
stacks and natural draft cooling towers
associated with Unfts No 3 and 4 at the Chalk
Point Electric Generatiang Station operested by
PEPCO. This report summarizes baseline dustfall
and S02 data obtained on a monthly basis cver
the period April, 1973 = April, 31975 from 12
monitoring sites., Each monitoring site is
approximately 0.4 ha in area and has three
replicated plots established for monitoring
yields and chemical characteristics of major
agricultural crops (corn, soybeans, tobacco,
wheat, oats, barley), dustfell collectors,
sulfation plates, a raingauge and an
undisturbed site for monitoring changes in the
chemical and physical properties of solls.
(Color illustrations reproduced in black and
white)

171 ( PB==284(76) CHALK POINT COOLINC TOWER
PROJECT: COOLING TOWER EFFECTS ON CROPS AND
SOILS. PREOPERATIONAL REPORT, APPENDIX.
REPORT FOR APRIL 1973==APRIL 1975, Mulchi,
Cele; Wolfy DeCe; Fossy JeEe; Armbruster, J.Ae.
(Marylsand Unive, College Park (USA)e. Water
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Fescurces Research Center). Apr 197€. 97F.
NTIS PC AOS/MF ACQ1.

This report ccntains data collected on a
ronthly btasis over the perfod April, 1572 =
Arril, 167 for dustfall particulates, sodiunm
and chleoride and S02 levels cbtained from 12
monitoring sites near the Chalk Point
Generating Staticn operated by PEPCO and
lecated €5 km scuth=southeast of Washington,
L.Ce on the Fatuxent River {n Maryland.
Information ¢cn rainfall amounts, acidity and
salinfity; scil chemical analyses; yield and
quality of rajor crops; and chemical analyses
of vegetative samrples from seven crop species
fer 1573 and 1974 growing seascns are reported.
Alsc Included in this report are suwrarfes of
experiments ccnducted at the Tochbacce
Experimental Farm near Upper Marlboro, Md.
involving the sfmulation of salt spray drift on
tobecco, corn and soybeans. Crops yields and
quality and chemical analyses ¢f vegetative
sarples are reported,

172 (PB=~=2£4077) CHALK POINT CGOLING TOWER

PROJECT: CCOLING TOWER EFFECTS ON CROPS AND
SOILS. PCSTOPERATIONAL REPORT NO. 1, VOLUME
1. FINAL REFORT, MAY 1575=-=APRIL 167€.
Mulchi, Cele; Wolf, DeCe; Foss, J.Es;
Arxbruster, Je.A. (¥aryland Unfv., College
Fark (USA)e Water Resources Research Center).
Jun 1876, €lp. NTIS PC AO04/MF RO1.

The natural draft cooling tower on Unit No 3
at the Chalk Point Generating Station, operated
by FEPCO, became operaticnal in July, 1875.
This report contafns a surmary of information
cbtained on 2 monthly basis cver the period
May, 1975 = March, 157€ for dustfall
rarticulates, sodium and chlorfide; S02;
rainfall amocunts, acidity and salinity; yields
and quality fcr major agricultural crops (corn,
tobacco and soybeans); and chemical analyses of
vegetative eand soil samples obtained during the
1975 grouwing season. Several years of data
appears necessary before specific effects due
to salt drift can be assessed.

173 (PB==2£4078) CHALK POINT COOLING TOWER

FRQJECT: CCOLING TQOWER EFFECTS ON CROFS AND
SOILS. POSTCFERATIONAL REPORT NO. 1, VOLUME 2.
FINAL REPORT MAY 1975«~AFRIL 1976, Mulchi,
Cele; Wolf, DeCe; Fossy JeEo; Armbruster, Je.A.
(Maryland Univ., College Park (USA). Water
Resgurces Research Center). Jun 1976, 38p.
NTIS PC AO03/NF AOl.

This report contains summarfes of
experiments involving the effects of simulated
salt drift on corn, tobacco and soybeans which
were conducted during the summer of 1975 at the
Tobacco Experimental Farm near Upper Marlbore,
Mde. Brackish water utilized in these studies
was obtained from the Unit No 3 cooling tower
at Chalk Point Generating Station opened by
FPEFCO. The water, which varied in total
salinity fromr 8.€ to 14.0 ppt, was applied as
100 micron droplets for five days per week for
eight weeks at rates of 0,y 17.1, 34.2 and 51.3
1/he/day. When treatments were terminated,
ylelds and chloride contents of cured tobacce
were found tc be fncreased by treatments. Also
contained in this report are results fror
studies concerning the effects of nitrogen
sources on the response of tobacco to soil
chloride additions. Trends for increased yields
and values were found with {ncreased sofl
chloride additions and for nitrate nitrogen.
Leaf burn was negatively correlated with leaf
chloride levels. Data on the movement of NaCl
through scils and the effects of salt~sprayed
soybean residue on soll respiration rates wes
gresented and discussed.

174 (PB==284094) CHALK POINT COOLING TOWER

PROJECT: COOLING TOWER EFFECTS ON CROPS AND
SOILS. POST OPERATIONAL REPORT NO. 2. FINAL
REPORT FY 1977, Mulchi,y CeLe; Wolf, D.Cs;
Fessy JeEs; Armbruster, J.A. (Maryland Univ.,
College Park (USA)s Water Resources Research
Center). Aug 1977. 139p. NTIS PC AQ7/MF
AOl,.

This report contains a summary of monthly
dustfall, S$02, rainfall, crops and soils
information obtained cver the periocd May, -976
to March, 1977 from 12 monitoring sites near
the Chalk Point Generating Station operated by
PEFCO which {s located 65 km south=southeast of
Washington, DsCs on the Patuxent River in
Maryland. The report also contains a
comprehensfive comparison of monitoring data
collected over two—year perfods prior to ard
following, respectively, the fnitiation of
operations of Unit No 3 natural=draft cooling
tower at Chalk Point. Chemical analyses of
vegetative and soil samples collected following
initiation of cooling tower operations have
been variable with some increases in tfssue
chlorides in crops being observed. Charges In
crop yields have been more attributable to
natural environmental conditions than to salt
stress.

175 (PB==284211) CHALK POINT COOLING TOWER

PROJECT: CHALK POUINT SURFACE WEATHER AND
AMBIENT ATMOSPHERIC PROFILE DATA, SEPTEMBER==
DECEMBER 1975, Meyer, JeHe; Jenkins, W.Re
(Johns Hopkins Univ., Laurel, MD (USA). Applied
Physics Labs ). Jul 1976. 204p. NTIS PC
ALO/MF AO01.

This report is a compilation of the Chalk
Point surface weather and ambient atmospheric
profile data for the months of September to
December 1575 The atmospheric profiles were
made using rawinsonde {nstrumentation. The
compllation includes the 0700 EST dafly weather
chart, hourly surface observatfons from Chalk
Point, Patuxent River Naval Test Center,
Maryland and Andrews Air Force Base, Maryland.
Temperature, relative humidity, dew point, wind
speed and wind direction are presented in
graphical profiles. All other data are
presented in tabular form.

176 (PB~=284212) CHALK POINT COOLING TOMWER

PROJECT: CHALK POINT SURFACE WEATHER AND
AMBIENT ATMOSPHERIC PROFILE DATA; FIRST
INTENSIVE TEST PERIOD, DECEMBER 15-19, 2975,
REVISION. Meyer, J.H. (Johns Hopkins Univ.,
Silver Spring, MD (USA). Applied Physics Lab.).
Dec 1976. 239p.

This report {s a compilation of the Chalk
Point surface weather and ambient atmospheric
profi{le data for the first {ntensive test
periody December 15=19, 1975. The atmospheric
profiles were made using rawinsonde
instrumentation. The complilation includes the
0700 EST dafly weather chart, hourly surface
observations from Chalk Point, Patuxent River
Naval Test Center, Maryland and Andrews Afr
Force Base, Maryland. Temperature, relative
humidity, dew point, wind speed and wind
direction are presented in graphical profiles.
All other date are presented {n tabular form.

177 (PB==284213) CHALK POINT COOLING TOWER

PROJECT: CHALK POINT SURFACE WEATHER AND
AMBIENT ATMOSPHERIC PROFILE DATA; SECOND
INTENSIVE TEST PERIOD, JUNE 14=24, 1976.
Meyer,y, J.H.; Jenkins, W.R. (Johns Hopkins
Unfvey, Laurely, MD (USA). Applied Physics Labe).
Jan 15877. 728p. NTIS PC A99/MF AOL.

This report {s a compilation of the Chalk
Point surface weather and ambjent atmospheric
profile data for the second fntensive test
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period, June 14=24, 1576. The atmospheric
profiles were mede using rawinsonde
{nstrumentation. The corpilation includes the
0700 EST daily weather chart, hourly surface
cbservations from Chalk Peint, Patuxent River
Naval Test Center, MD and Andrews Air Force
Base, MDs Terperature, relative humidity, dew
point, wind speed and wind direction are
presented in graprhical profiles. All other data
are presented {n tabular forr.

8 (PB==2£4214) CHALK POINT COOLING TQOWER
PROJECT: EFFECTS OF SIMULATED SALINE CCOLING
TCWER DRIFT CN wOODY SPECIES. MASTER'S
THESIS. Francis, B.A. (Johns Hopkins Univ.,
Laurely MD (USA). Applied Physics Lab.). Jul
1577. 87 NTIS PC AOS/MF AOl.

Cooling tcwers cf pcuwer plants are used to
dfssfipate waste heat f{nto the atmosphere. If
saline water is used for cooling, a saline
aeroscl known as dri{ft {s relecased {nto the
atmosphere., Drift effects on vegetation are not
well known, To simulate drift for a fleld
study, cooling tower basin water was sprayed
thirty separste times during a 46=day perfod {n
1975 on Virginia pine (Pinus virginiana),
flowering dogwood (Cornus florida), tulip tree
(Lirfocdendron tulipfere), and California privet
(Ligustrum ovalifolium), Norway spruce (Picea
abjes), and white ash (Fraxinus americana) were
added in 197€ and al]l trees were sprayed 43
times durfing & 59=day period. Only dogwced
leaves showed significant fnjury. Absence of
injury on other species was probably due to the
abflity of thefr leaves to exclude, or reduce
absorption of, toxic concentrations of the lons
supplied.

S (PB~=28482€)
PROJECT. VOLUME I, PHASE V.
ARCHIVING PROGRAM, FY77. FINAL REPORT, 1 JULY
197€==3% AUGLUST 1977. Margetts, M.J.
(Environrental Systems Corp., Knoxville, TN
(USA)). May 1978, 33€p. NTIS PC AlS/NMF
AQ1.

Results of field measurements and date
analysis as rart of the Chalk Foint Cooling
Tower Project (CFCTP) for the Flescal Year 1577,
are presented in two volumes. Volume 1 contains
results from the following program areas: (1)
Chalk Point Meteoroclogical Tower operation
including susmaries of reteorological data for
the site; (2) Scheme for archiving the Chalk
Point data sets; (3) Analysis of cooling tower
emfsslion data, ambient salt concentration data,
and plume phctography; and (4) Modelling
including & model survey, preliminary rmodel
sensi{tivity work and an examination of Chalk
Point data for consistency and sufficiency for
modeling. (Portfons of this document are not
fully leglible)

CHALK POINT COOLING TOWER
ANALYSIS AND

0 (PBE~=2£4827) CHALK POINT CUOLING TQWER
PROJECT. VOLUME 2. COOLING TOWER DRIFT DYE
TRACER EXPERIMENT, FY?77. FINAL REPORT, 1 JULY
1976==31 AUGUST 1977. Margetts, M.J.
(Environmental Systems Corpey Knoxville, TN
(USA)). Dec 1877, 112p. NTIS PC AQ6/NMF
AQ1.

8 description and results of ESC's
participation fn the Chalk Point Cooling Tower
Project Dye Tracer Experirent is presented
together with reduced data. Measurements were
conducted durfng two data acquisition perfods
on the afterncon and evening of June 1€, 1877,
at PEPCO's Chalk Pofnt Genmerating Station. Date
were acquired in four major areas: (1) Unit
Number 3 Cooling Tower Emission
Characterization; (2) Meteorological Tower Data;
(3) Ground=Level Measurements; (4) Plume
Fhotography. In addftion, Unit Number 3 power

generation data for the test period are
included as summarized from PEPCO's log and are
given {n Section £ of each Appendix. The
measurements were performed successfully
without major problems., Results of the
measurements are compared with the results of
the CPCTP Summer Seasonal Test conducted in
June 187€.

181 (PB==285126) WATER FOR POWER PLANT
COOLING. (California Depts of Water
Resources, Sacramento (USA)). Jul 1977,

S4pa NTIS PC AQ4/MF AQl.

Future demands for cooling water needed for
the production of electrical energy; possible
sources of cooling water, including
agricultural and municipal waste water,
brackish and saline interior water, geothermal
water, ground water, and fresh surface water;
and the various methods of power plant cooling
are discussed. Plans by California electric
utflitfes to obtain supplies of cooling water
for four proposed fnland power plants are
noted,

182 (PB==285397) WATER CONSUMPTION AND
COSTS FOR VARIOUS STEAM ELECTRIC POWER PLANT
COOLING SYSTEMS. FINAL REPJRT, OCTOBZR 1977=-
JANUARY 1978. Huy M.C.; Pavlenco, Ge.F.;
Englesson, GsA. (Cameron Engineers, Ince,
Denver, CO (USA)). Aug 1978. Contract cPA=
68=01=4337, 140pe NTIS PC A07/MF AG~ .

The report gives results of a state=~f=the=
art study, addressing consumptive water use and
related costs of varjous steam electric power
plant cooling systems, the avajilability of
water for all uses by area, and the fmpact of
legal constraints on water use in the U.S.

183 (PB==285924) DPTIMIZATION OF DESIGN
SPECIFICATIONS FOR LARGE DRY COOLING SYSTEMS.
FINAL REPORT, JUNE 1875==JUNE 1978. Rozenman,
Te; Fakey JoM.; Pundyk, J.Me (Mid=Pacific
Marine Lab., Kaneohey, HI (USA)). Jul [978.
Contract EPA=68-03=2215, 315p. NTIS PC Al6/
MF AO1.

The report presents a methodology for
optimizing design specifications of large,
mechanical=draft, dry cocling systems. A
multivariate, noniinear, constrained
optimjzation technique searches for the
combination of design variables to determine
the cooling system with the lowest annual cost.
Rigorous formulations are used in calculating
heat transfer and fluid flowe ARll thermal and
mechanical design varfables of the cooling
system components are analyzed. Thermal
variables fnclude ambient air temperature,
condenser terminal temperature difference,
cooling range, and initial temperature
difference. Module varjables are tube length,
number of rows and passes, and fan power. The
methodology employs a computer program with
major computational blocks written as
subroutiness The program optimfzes dry towers
with efther surface condensers or direct=
contact jet condensers. Results of detalled
parametric and sensitivity analyses are
presented. The relationships of design
variables, major components, sfte variables,
and utili{ty economic factors to incremental
annual costs are examined for 1000 MWe fossil
fuel plants at five U.S., sites. Results,
presented {n both graphs and tebles, show that
all design varfables affect cooling system
cost.

184 (PB==286364 ) MATHEMATICAL MODEL FOR
MULTIPLE COOLING TOWER PLUMES. FINAL REPORT.
Wuy FeHeYe; Kohy ReCe¥s (California Inst. of
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185 (PE==286629)

186 (PB-=2€6758)

187 (PE==2£6931)

Tech.y Pasadena (USA). W.K. Kellogg Radiation
Labe.)e. Jun 1978, 133p. NTIS FC AO07/MF
AQl.

A mathematical model {s developed for the
prediction of plume properties such as excess
plume temperature, humidity and liquid phase
moisture (water droplet), plume trajectory,
width, and dilution at the merging locations
and the begirning and ending points of the
visible part of the plumeses Detaliled printout
and contour rlots of excess temperature and
moisture distribution can also be obtained {f
desired. Based on comparison with laboratory
data this model gives gocod predictions for the
case of dry rlumes (no moisture {nvolved)e. It
should be noted that several empirfcal
coefficients are as yet not accurately knowne.
Verification of this model fcr the wet plume
(such as for prototype cooling tower plumes)
and the determination of the values for these
empirical coefficients to be used in prototype
applications must await detaliled comparison
with field data.

LARVAL FISH DISTRIBUTIONS
IN SOUTHWESTERN LAKE ERIE NEAR THE MONROE POWER
FLANT. REFCRT FOR 1 AFRIL 1976=1 APRIL 1978,
Coley Re.A. (Michigan State Univ., East
Lansing (USA)e Inst. of Water Kesearch). Jul
1978, 76¢. NTIS PC AQS/MF AOl.

This paper presents and discusses studies of
larval ffish distribution near a large power
rlant on western Lake Erfe using methods that
attempt to account for the confounding effect
of environrental variation on technique
effectiveness. Distributions in the coastal
zone were sanpled with daytime and nighttime
tows of 1=m rlankton nets. Density and
mortality were also sampled in the ccoling
system of the Monroce Power Plant. Certain
species of larvae secemed to be more vulnerable
to entrainment than others: glzzard shad were
more vulneratle than yellow perchy, white bass,
rainbow srelt, shiners (Nctropis) carp and
goldfish,.

CCOLING TOWER E£FFECTS ON
NATIVE PERENNIAL VEGETATICN. AUGUST 1972=APRIL
1675. VOLUME 1. SECTIONS I-IX. PREOFERATIONAL
REFCRT. Curti{s, CsR.; Lauver, T«l.; Francis,
Befe (Maryland Unive, College Park (USA).
Water Rescurces Research Center). Apr 1876,
64, NTIS FC AO4/MF ACGL.

This document represents a summery of
studies on perennial vegetation completed
during the perlicd August, 1972=April, 19875
which preceded the initi{ation of cooling tower
operations at Chalk Point, Maryland. The study
glves variatles in sofls, annual vegetation,
and perennial vegetation under condftions
prevalent prior to completion and operation of
the cocling towers. Alsc these variables are
given after the towers became operational.
Environmental impact of saline drift on the
surrounding area i{s reported with particular
attention to tobacco and cther agronoric crops,
on perennial vegetation, and on soils of the
vicinity. (Cclor §ljustrations reproduced in
black and white)

INFACTS OF TRANSMISSION
LINES ON BIRDS IN FLIGHT. PROCEEDINGS OF A
WORKSHOP HELD AT OAK RIDGE ASSOCIATED
UNIVERSITIES, OAK RIDGE, TENNESSEE ON 21
JANUARY==2 FEBRUARY 1578. Avery, M.L.
(Nationsl Plent Power Team, Ann Artor, MI
(uUsa)). Sep 1878. 1€0p. NTIS PC AQ8/NF
AQl.

The proceedings of this 3=day workshop
address the fmpacts to birds of the
graliferation of power lines, cocoling towers,

tall stacks, radfo and TV towers, and tall
buildings. The efght invited papers {ncluded {n
the proceedings examine the extent of the
problem, review avef{lable knowledge, discuss
specific examples, and f{dentify research needs
on the impacts of electric power transmission
lines on local and migratory movements of
birds. Reports from working groups on behavior,
habitat, migration, management options, and
research priorities, and an extensive
bibliography are {ncluded.

188 (PB==287834) APPENDIX TO ENTRAINMENT AT
A ONCE-THROUGH COOLING SYSTEM ON WESTERN LAKE
ERIE. VOLUME II. APPENDICES. FINAL REFORT 1
SEP ?2-31 DEC 75. Cole, RsA. (Michigan
State Unfiv., East Lansing (USA)). Aug 1978,
258p. NTIS PC Al12/MF ACl.

The report {s a compilatfon of data for
Entrainment at a Once=Through Cooling System on
Western Lake Erie.

i89 (PB==287862) FACTORS AFFECTING ACCURACY
OF ICHTHYOPLANKTON SAMPLES USED IN POWER PLANT
ENTRAINMENT STUDIES. TOPICAL BRIEFS REPORT.
Bowlesy RsRe; Merriner, JosV.; Boreman, Je
(Nationel Plant Pcwer Team, Ann Arbor, MI (USA);
Virginia Inst. of Marine Science, Gloucester
Point (USA)). Jun 1978, i9p. NTIS PC Ap2/
MF AO1.

Sampling programs designed to assess impact
of power plants on ichthyoplankton populations
are subject to multiple sources of error that
may affect reliability and applicability of the
data. Gear currently used to sample
{chthyoplankton are discussed, end abiotic and
bifotic factors that may prevent these gear from
attaining representative semples are
fdentifiedes A check list of items which should
be consfidered f{n evaluation of existing or
proposed programs to sample ichthyoplankton is
provided.

190 (PB==289163) CHALK POINT COOLING TIJWER
PROJECT NATIVE VEGETATION STUDY, FINAL
REPORT, 1 JULY 1977=-30 JUNE 1978. Patterson,
GeW.; Curtis, C.R.; Lauver, T.L.; Hosokews, G.
(Maryland Unfv., College Park (USA). Water
Resources Research Center). Jun 1978, 241p.
NTIS PC Ali/Mf AOl.

This program §s a monitoring study of folfiar
sodfum and chloride in four different netive
tree species growing in the vicinity of the
Chalk Point Power Plant. The sampling arcas are
composed of & total of 12 tree slites with ten
marked trees per site. The data reported cover
lesf chloride values determined for follage
which was sampled menthly from May 1977 to
September 1977. These Cl- data are presented in
a reduced graphic form showing monthly trends
and {in a more detailed tabular listing Cl-
values for the fndividual trees.

191 (PB==289271) CHALK POINT COOLING TOWER
PROJECT: COOLING TOWER EFFECTS ON CROPS AND
SOILS. POST CPERATIONAL REPORT NO. 3. FINAL
REPORT, 1 JULY 1977=30 JUNE 1978. Mulchi,
CoLle; Wolf, DeCo;: Armbruster, J.A. (Maryland
Univ.y College Park (USA). Water Resources
Research Center ). Jul 1978, 10%7p. NTIS P7
AD6/MF AO1.

This report contains a summary of dustfall,
rainfall, crops and sofls information ottained
from a network of 12 research sftes which are
located within a S+€ km radius of an
operational natural draft cooling tower at
Chalk Point, Md. during the period 4/77 = 4/78.
Results from previous years which included two
years of precoperaticnal (4/73 = 4/75) and two
years of postoperational (5/75 = 3/77) data
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were compared with the present inforrmation.
This report alsc contains summaries of
agronomic and chemical data obtained fronm
experisments {nvolving the effects of soil and
foliar applied salts on tobacco, corn, and
soybeans in plots located at the University of
Maryland's Tobacco Experimental Farme

182 (PE=-=285372) COMPUTING EVAPORATION FOR
INLAND WATER BODIES UNDER A VARIETY OF FETCH
AND ATMOSPHERIC ETABILITY CONDITIONS.

TECHNICAL CCMPLETION REPORT. Taylor, S.L.;
DeWalley DoRe (Pennsylvania State Univ,,
University Park (USA). Inst. for Research on
Land and Water Resources). Nev 1878,
Contract DI-14-34-0001~7128. 76p. NTIS PC
AOS/MF AQl.

An equaticn {s developed to predict
evaporation from inland water bodies which
accaunts for the effects of atmospheric
stability and fetch length. The equation
contains a term representing free convection,
forced convection, and the interaction of
fcrced and free convection. Data sets from lake
and cooling pond evaporation studfes, e.g. Lake
Hefner (Oklahomea)}, Smithers Lake (Texas), and
Hazelwcod (Australia) cooling ponds, uwere used
to derive ermpirical coefficlents and infitially
test the equation. The equations were also
conpeared using data fror a thermally=lcaded
reach of the West Branch Susquehanna River in
Pennsylvania. Although evaporation predictions
using both the FRyan and Harleman equation and
the propcsed equation were similar for
conditions fcr which they were derived, the
proposed equaticns proved to be more accurate
over a wider range of thermal loading and fetch
length conditions.

163 (PB~=2£5586) COMPARISCN OF SIMULATION
MODELS USED IN ASSESSING THE EFFECTS OF POWER=-
_PLANT=INDUCED MORTALITY ON FISH POPULATIONS.
TECHNICAL REFORT. Swartzman, GeLs; Deriso,
FeBe; Cowan, C. (Washington Univ., Seattle
(USA)e Center for Quantitative Sclence in
Forestry, Fisherles, and Wildlife). Oct 1578,
Contract NRC=04=-75-222. 169p. NTIS PC AO8/
MF AO1.

Eight models predicting the impact of power
plant operation upon economically important
fish species are compared. The paper focuses or
the effect differences between the models have
cn msodel predictions. Generalized model
sirulators were developed for the young=of=the=
year and life=cycle subrodels., Criteria used to
evaluate rodel predictions are percentage of
reduction in young=of=the-year and annual loss
in yield tc the fishery due to plant operation.
Majocr differences between the models include
the 1ife stage lengths, density=dependent or
density=inderendent young=ocf=the=year ff{sh to
age class 1. Majcr differences in parareter
values {include entrainrent factors, total egg
production, equilibrium population size, and
survival protabilities for the life=cycle
mcdels. Recommendatiors are made regarding our
preference fcr rocdel aprroaches.

154 (PB==25057€) QOFTIMUM COMBINATICONS OF
COOLING ALTEFNATIVES FCR STREAM = ELECTRIC
FOWER FLANTS. VOLUME II. FINAL REPORT,
Crcleyy T+.E.; Glaquinta, A.R.; Leey RoeMcH,;
Hsuye Te (Icwa Inst, of Hydraulic Research,
Icwa City (UsA)}). Jul 1978, Contract DI=14=
31-0001-5201. 18Spe NTIS PC AO0S/NMF AOl.

An overview of cooling alternatives and
detsiled system thermodynamics are presented.
Twec sets of computer models are developed for
the analysis of wet tower/cooling pond and wet
tower/once=through conbination cooling systems.
The models are used to study the thermal

characteristics, economics, and water
consumption of these combination cooling
systems. The effects of both meteorological
conditions and economic parameters such as
varfous unit costs, are examined in the
tdentification of optimum cooling system
configurations for several case studies. The
case studies fllustrate the most promising
cooling system configurations or types of
combined cooling systems, which are attractive
fn thefir economic or water conservation
aspects.s It is found that the parallel water
path conffiguratfon of the wet tower/cooling
pond combination cooling system is economically
superfor to the series water path
configurations. For the wet tower/once=through
combination cooling systemy, the type 3 cooling
system (which {s a series water=path
arrangement with a partially closed=cycle loop)
appears to be the most attractive one.
Comparison of the dry/wet tower system with the
wet tower/cooling pond system indicates that
the latter is economically superior but has
higher water consumption. Finally, it is
evident that combination wet tower/once=through
cooling systems are economical in comparison
with once=through cooling associated with low
river heat assimilation capacity.

195 (PB==250858) ASSESSING THZ IMPACT OF

NUCLEAR=-POWER PLANTS ON THE ENVIRONMENT.

ANNUAL PROGRESS REPORT NO. 2. Chapman, D.G.;
Lettenmafery DePe; Seymour, A.He; Swartzman,
G.Le; Lawson, H.E. (Washington Univ., Seattle
(USA). Center for Quantitative Science in
Forestry, Fisheries, and Wildlife). Feb 1979.
Contract NRC=04=75=222. 184p. NTIS PC A0S/
MF AQl.

The report assesses the wide=ranging effects
that nuclear=power plants can have on the
environment, which fnclude (1) mortality to
fish and other organisms resulting from
{fmpingement and entrainment in the cooling
systemy, (2) changes in behavioral and
physiological characteristics of aquatic
animals by higher temperatures present in the
di scharge plume and (3) toxic effects of
biocides, heavy metals and radionuclides
released In the aquatic or atmospheric
environment.

166 (PNL==2500(Pte3 ), pp 2.37=2.38) COOLING

TOWER DRIFT: EXPERIMENT DESIGN FOR
COMPREHENSIVE CASE STUDY. Laulainen, N.S.
Feb 1978.

Pacific Northwest Laboratory annual report
for 1977 to the DOE Assistant Secretary for
Environment. Part 3. Atmospheric sciences.

A comprehensive experimental study of drift
emissions and deposition from a mechanical
draft cooling tower is planned for early spring
1978. The field effort is to measure rates of
mineral mass and drift water emissions and
depositions downwind from a suitable power
plant. Measurements of drift droplet size
distributions, cooling tower temperature and
velocity profiles, and ambient meteorological
parameters are also to be made. From these
measurements, a data base can be developed
which can be used for vallidating models of
drift deposition from cooling towers.

197 (PNL==2500(Pt.3)) PACIFIC NORTHWEST

LABORATORY ANNUAL REPORT FOR 1977 TO THE DOE
ASSISTANT SECRETARY FOR ENVIRONMENT. PART 3.
ATMOSPHERIC SCIENCES. Simpsony Csle ‘
(Battelle Pacific Northwest Labs., Richland, WA
(USA))e. Feb 1978. Contract EY=-76=C=06=.830.
156p. Depe. NTIS, PC AO08/MF AOl.
Separate abstracts were prepared for the 54
papers included in the reporte (HLW)
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(PNL==2500(Ptel)y pp 235=2.40)

RAINFALL ENHANCEMENT DUE TO WASHQUT OF COOLING
TOWER CONDENSATE. Danay, MeTe; Wolf, M.A.

Fet 1978.

Pacific Ncrthwest Labcratory annual report
foer 1977 to the DOE Assistant Secretary for
Environment. Fart 3. Atmospheric sciences.

Thecretical calculations of the washout of
cecling tewer condensate drorlets by frontal
raindrcps shew that rainfall enhancement can be
significant end is measurable under typlcal
reteorclogficel and cocoling tower effluent
scurce conditions. For the case of moderate
rafinfall rates and a wind speed of § n/sec,
centerline rainfall enhancement was as ruch as
46%, cross=plume average enhancement as much as
7%, and distence to one=half depletion of the
scurce 1 tc 10 kr.

15§ (PNL==2500(Pt.3), pr 2.41=2.42)

LAEORATORY SIMULATIONS OF INTERACTIVE FLUMES
FRCM MECHANICAL LRAFT CCUOLING TOWERS.
Kennbergy, L.D. Feb 1578.

Facific Nerthwest Laboratory annual report
for 1977 tc the DOE Assistant Secretary for
Environment. Fart 3. Atmospheric sciences.

In connectfon with studies befng conducted
under the Meteorclogical Effects of Thermal
Energy Releases (METER) Prograrm, Pacific
Nerthwest Latoratory (FNL) has been simulating
discharges from physical models of mechanical
draft cooling towers to determine the impact of
various conditions in ccoling tower plume
mixing and trajectory. Analysis of the data
suggests that sfting ccoling towers shculd be
based cn arbient wind history, plume dynamics,
and tower operating conditions, and poesibly on
sfte terrain.

200 (PNL==2500(Pt.2), pp 2.42-2.43) FIRE

ANALOG: A CCMPARISON EETWEEN FIRE PLUMES AND
ENERGY CENTER CCOLING TOWER PFLUMES. Orgill,
MeMe Fet 15780

Pacific Northwest Laboratory annual report
for 1977 to the DOE Assistant Secretary for
Environment. Part 3. Atmospheric sciences.

Therwal plumes or convection columns
asscciated with large fires have been compared
to thermal plumes from cooling tcower systems to
evaluate the fire analog concepts Energy
release rate of wmass fires s generally larger
than that ¢f single or small groups of cooling
towers but may te comparable to proposed large
energy centers. However, siginficant physical
differences exist between cooling tower and
fire plumes. Cooling tower plumes are usually
derinated by ambjent wind and turbulence
conditions. Fire plumes, depending on fire
fntensity and area, can transform intc free
convection energy systems resulting in
convective columns, strong fnflow and updrafts,
turbulence and concentrated vortices. Since
these characteristics have not been observed’
with cooling tower plumes to date, the fire
analog concert is questionable at this time.
Additional research is needed on fire and
ccoling tower plumes.

201 (PNL==2653=1) REACTOR SAFETY RESEARCH

FRCGRAFS . QUARTERLY REPORT, 1 JANUARY==31
MARCH 1978. Hoopery Jole (Eattelle Pacific
Northwest Lats., Richland, WA (USA)). May
1978. Contract EY=76=C=06=1830. 13&p.
(NUREG/CR==0086 ). Depe. NTIS, PC AO7/NF AO1.
Frogress is summarized fn the following LWR
safety=related studies: (1) ultimate heat sink
performance measurements, (2) evaluation of
atwospheric empirical diffusion data, (3)
acoustic emission=flow relationship for in=

service monitoring of pressure vessels, (4)
steam generator tube integrity, (5)
experimental verification of steady state
codesy, (6) core thermal model developmert, and
(7) fuel subassembly procurement and
irradiation test program. (DG)

202 ( PNL==2661) COMPARATIVE COST STUDY OF

FOUR WET/DRY COOLING CONCEPTS THAT USE AMMONIA
AS THE INTERMEDIATE HEAT EXCHANGE FLUID.
Tokarzy, R.D.; Brauny D.J.; Johnson, B.M.;
Allemann, ReTs; Brauny, DeJe; Parry, Hel.:
Smithy G.C.; Zaloudek, F.R. (Battelle Pacific
Northwest Labse.y Richland, WA (USA)). Sep
1978. Contract EY=76=C~06=1830. 15ip.

Dep. NTIS, MF AOl.

Portions of document are illegible.

The projected costs of five alternative wet/
dry power plant heat rejection concepts were
studied under conditions {mposed by
hypothetical use in association with the San
Juan Unfit 3 plant, a fossil=fuel 550=MWe
facflity currently under construction near the
**Four Corners'' area of New Mexico. Four of
the cocling systems use ammonia as a heat
transfer medium between the steam condenser and
the heat rejection tower, while the fifth uses
the condenser cooling water for heat transport.
The four alternative concepts were: the HOTERV
plate fin with deluge augmented cooling
{(vertical round towers); the HOTERV plate fin
with deluge augmented cooling (horizontal
configuration); the separate channel augmented
tower (SCAT); a Curtiss=Wright extruded tube
with integral fins, augmented with water
flowing internally through separate channels,
and the augmenting ammonie condenser (AAC);
Curtiss=Wright tube augmented with a separate
water=-cooled condenser close=coupled to a
conventional wet tower. The state=of=the-wart
method was the integrated wet/dry tower
currently being constructed at the San Juan
Unit 3 station. The comparable capital cost of
each of the five concepts was calculated. Fuel
savings resulting from using each of the
advanced concepts vis—a=vis the reference
integrated wet=dry cooling towers, expressed in
barrels of ofl per year, were calculateds The
study fndicates that the ammonia system with
efther the deluge scheme for wet/dry cocling,
using the HOTERV plate fin heat exchange, or
the Curtiss=Wright chipped=fin surface, (using
either the SCAT arrangement or the separate
water=cooled ammonia condenser for
augmentation) are potentially more cost-
effective than the state—of=the—art system for
use In a power plant heat rejection system.
This has been shown specifically only under
conditions imposed by the site at the San Juan
plant.

203 (PNL==2674(Vol.l)) USER'S MANUAL FOR

THE BNW=II GQPTIMIZATION CODE FOR DRY/WET-COOLED
POWER PLANTS. Braun, D.J.; Bamberger, J.A.;
Braun, DeJs; Faletti, DeWe; Wiles, Le.E.
(Battelle Pacific Northwest Labs., Richland, WA
(USA))e. May 1978, Contract EY=76=C=0(6=1830.
231ip. Dep. NTIS, PC Al1/MF AOl.

The User's Manual describes how to operate
BNW=II, a computer code developed by the
Pacific Northwest Laboratory (PNL) as a part of
fts activities under the Department of Znergy
(DOE) Dry Cooling Enhancement Programe. The
computer program offers a comprehensive method
of evaluating the cost savings potential of dry/
wet=cooled heat rejection systems. Going beyond
simple '"'figure=of=-merit'' cooling tower
optimization, this method includes such ftems
as the cost of annual replacement capacity, and
the optimum split between plant scale=up and
replacement capacity, as well as the purchase
and operating costs of all major heat rejection
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204 (PNL==2715)

205 (PNL==2745)

cergonents. Hence the ENW=II ccde is a useful
tocl for determining potentfal cost savings of
new dry/wet surfaces, new piping, or other
corponents as part of an optimized system for a
dry/wet=coccled plant.

CONCEPTUAL DESIGN STUDY
ADVANCED CONCEPTS TEST (ACT) FACILITY.
Zelcudek, F.Fe. (Battelle Pacific Northwest
Labs., Richland, WA (USA)). Sep 1978,
Contract EY=76=C=0€~-1830. 126p. Dep. NTIS,
PC AQ07/MF AQ1.

The Advanced Concepts Test (ACT) Project {s
part of progrem for developing improved power
plant dry cccling systenrs in which ammcnie is
used as a heat transfer fluld between the power
rlant and the heat rejection tower. The test
facility will be designed to condense €0,000 1b/
hr of exhaust steam from the No. 1 turbine in
the Kern Power Plant at Bakersflield, CA,
transport the heat of condensation from the
condenser tc¢ the cooling tower by an armonia
phase=change heat transport system, and
dissipate this heat to the environs by a dry/
wet deluge tower. The design and construction
of the test facility will be the responsibility
of the Electric Power Research Institute. The
DOE, UCC/Linde, and the Pacific Northwest
Laboratories will be involved in other phases
of the projects The planned test facilities,
fts structures, mechanical and electrical
equipment, ccntrol systems, codes and
standards, decommissioning requirements, safety
and environmental aspects, and energy impact
are described. Six appendices of related
information are fncluded. (LCL)

ENGINEERING AND COST
ANALYSIS OF A DRY COOLING SYSTEM AUGMENTED WITH
A THERMAL STCORAGE POND. Drost, M.K.;
Allemanny, R.T. (Battelle Pacific Northwest
Labs., Richland, WA (USA)). Sep 1978.
Contract EY=76-C=06=1830. 93p. Depes NTIS,
PC AOS/MF AUi.

An engineering and cost study of the
capacitive thermal storage pond added to a
state=of=the=art dry cooling system is
describeds The purpose of the study was to
assess the potential for reducing the cost of
all=dry cooling for thermal electric power
plants using a dry cooling system that includes
a thermal storage pond. Using the modified BNW=
I computer code, the effect of varying
significant design parameters was fnvestigated,
The parametric study included studying the
effects of verying turbine type, pond size,
replacement energy costing, capacity penalty
methedology, pond location with respect to the
dry cooling tower, design temperature, and site
location (meteorclogy)s Incremental power
production costs for dry cooling (f.e., the
portion of the cost of bus=bar electricity from
the plant which {s attributable to the cost of
building and operating the heat rejection
system) with a thermal storage pond system were
determined for meteorologies of both Wyodak,
Wyoring and Fhoenix, Arizona. For Wyodak the
incremental cost of dry cooling with a thermal
storage pond was 2.81 mflls/kWh as compared to
2455 mills/kWh for a system without a thermal
storage pond. For Phoenix the incremental cost
of dry cooling with a thermal storage pond was
3466 mills/kWh as compared to 4.31 mills/kWh
for a system without a thermal storage pond. If
the use of a modified conventional turbine with
the dry=cooled system fs stipulated in order to
stay with proven technelogy for large turbines,
then results of thi{s study show that in
extremely hot climates the thermal storage pond
can reduce the cost of dry coolings If no cost
penalty 1s assigned to high back pressure
turbines and it can be used, then the thermal

209 (PNL==2931)

storage pond has no advantage in hot climates.
However,y collateral use of the pornd for makeup
or emergency cooling water storage may decreae
the cost. (LCL)

20€ (PNL==2850(Pt.3)y pp 2.26-2.29)
TOWER DRIFT: COMPREHENSIVE CASE STUDY.
Laulainen, N.S.; Ulanski, S.L. Feb 197S.

Pacific Northwest Laboratory annual report
for 1978 to the DOE Assistant Secretary for
Environment. Part 3. Atmospherfc scfences.

A comprehensive experiment to study drift
from mechanical drift cooling towers was
conducted during June 1978 at the PG and £
P{ttsburg Power Plant. The data from this study
will be used for validation of drift deposition
models. Preliminary results show the effects of
tower geometry and orientation with respect to
the wind and to single= or two=tower operation.
The effect of decreasing relative humidity
during a test run can also be seens

CUOLING

207 (PNL==2850(Pt.3)) PACIFIC NORTHWEST
LABORATORY ANNUAL REPORT FOR 1978 TO THE DOE
ASSISTANT SECRETARY FOR ENVIRONMENT. PART 3.
ATMOSPHERIC SCIENCES. Simpsor, C.L.

(Battelle Pacific Northwest Labse., Richland, WA
(USA)). Feb 1979. Contract EY=76=C={6=3830.
1i6p. Dep. NTIS, PC A06/MF A01l.

Separate abstracts were prepared for the 39
papers presented in the report. An author index
and lists of publications and presentatlons are
also includeds (HLW)

z08 (PNL==2850(Pte5)y, pp 2¢0=2452)

ENVIRONMENTAL CONTROL ENGINEERING. Feb 1979.

Pacific Northwest Laboratory annual report
for 1978 to the DOE Assistant Secretary for
Environment. Part 5. ZEnvironmental
assessment, control, health and safetye.

Progress is reported on the following
projects: assessment of environmental
technology for coal gas separation; energy
material transport, 1977 to 2000; dry/wet
cooling towers; liquefied natural gas safety
and control; burning of o1l spills; liquified
petroleum (LPG) reseerch assessment; treatment
of 0i1 shale; geothermal 1fquid waste disposal;
compressed alr energy storage; energy=
conserving industrial waste treatment; analysis
of nuclear fuel cycles; transportation safety
study; decommissioning of retired faciiities at
Hanford: planning; characterization of Hanford
300 Area burfal grounds; decontaminatior and
decommissioning of Hanford facilities:
technology; assistance for nationwide
decommi{ssioning planning for DOE nuclear
facilities; and, asphalt emulsion sealing of
uranium tailings. (JGB)

BIOCIDE BY=PRODUCTS IN
AQUATIC ENVIRONMENTS. QUARTERLY PROGRZISS
REPORT, OCTOBER 1=-DECEMBER 31, 1978.

Anderson, D.Rs; Bean, ReMs; Gibson, Cel.
(Battelle Pacific Northwest Labs., Richland, WA
(USA))e Mar 1979. Contract EY=76=C=06-1830.
45p. Dep. NTIS, PC AO3/MF ADL.

Analysis of water samples from several
locations across the U«sSe {9 underway. We have
completed analys{s using the Purge and Trap and
headspace techniques on several locations. In
the freshwater phase of the program we have
completed fifteen chloroform acute toxicity
bjoassays with rainbow trout (Salmo gairdneri),
bluegill (Lepomis macrochirus), and catffish
(Ictalurus punctatus)s Results indicate, in all
cases, the LC=50 {s well above that which could
be expected to be discharged due to power plant
chlorination. The LC=50's range from about 15
to 50 ppm chloroform depending on the species.
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Histologicel analysis is underway on clams from
long=term chlorination by=product exposures, If
the results of the histological analysis
indicate an effecty, further histoclogical
exerination cf samples from other
concentrations will be conducted.

210 (PNL==2588) BIQCIDE EY=PRODUCTS IN

AQUATIC ENVIFRONMENTS. QUARTERLY PROGRESS
REPORT, JANUARY 1==MARCH 31, 1S7S. Anderson,
DeFe; Bean, R.M.; Gibson, C.Il.; Reed, P«R.
(Battelle Pacific Northwest Labs., Richland, WA
(USA))e May 1979. Contract EY=76=-C=06=1830.
S5pe Dep. NTIS, PC AO4/MF AO1l.

Results of organohalogen analysis of samples
collected frecm marine and freshwater locations
fn the continental United States are presented.
Analysis of ether extracts of these samples for
the four major halogens, and for total organic
halogen has shown that while halogenated
component concentrations can vary widely from
station to station, the bulk of the organic
halogen i{s in the form of haloform.
Chromatography of the extracts has shown the
halogenated rnaterial to be less than 80€C
molecular weight. In the fresh water studies,
chleroform was shown to be less toxic to
largemouth bass (9€ hr LCgso of 45=£6 ppM), than
rainbow trout (15=22 pp¥), or bluegill (13 to
22 ppM)e These levels are about three orders of
magnitude higher then concentrations of
haloform found {n the chlorinated water
sarpling apparatus. Freliminary analysis of
t{ssues from chloroform—=exposed catfish
indicate that this compound i{s concentrated {n
the fatty tfssues and gut to levels of about an
order of magnitude higher than the surrounding
water. Analyses of tissues from the eastern
cyster, quahaug clam, lfttleneck clar,
renhaden, and shrimp exposed tc bromoform over
a 28-day perjod, have shown that browcform
uptake s ragid, with at least some
bioconcentration observed Iin most cases.
Depuration was alsc rapid, taking place within
48 hrs after terrination of exposures. Specimens
¢f 1ittleneck clams whichwere exposed to
seawater treated with up to 100 ppB chlorine
have been studfed with respect to growth and
histologye It was found that this clar adapts
poorly to being held in aquaria as evidenced ty
lack of grcwth for the first five months of the
study and by the generally poor condition of
their tissues during the initfal phases. Clanms
exposed to less than 12 ppP chlorine were
cbserved to reccver. However, at higher
ccncentratiorns, tissue damage was evident after
s{x months and nc growth was otserved after
efght months. (ERB)

211 (RFF==2€77; CHENMISTRY RESEARCH AND

DEVELOPMENT. FROGRESS REPORT, JUNE==NOVEMBER
167€. Miner, FolJs (Rockwell International
Corpey Goldeny CC (USA)e Rocky Flats Flant)e.

28 May 1579, Cecntract EY=7€=C=04=35C22, €4p.
Dere NTIS, PC AG4/NF AQ1,

Activities and preogress are reported in the
following srcas: component development, pilot
rlant develogment, and instrumentetion and
statistical systemse. (DLC)

212 (SERI/TP==53=114R) REVIEW OF THE

ENVIRONMENTAL EFFECTS AND EENEFITS OF SELECTED
SCLAR ENMERGY TECHNCLOGIES. Lawrence, K.A.
(Sclar Energy Research Inst., Golden, CO

(USA) ). Fay 179, Contract EG=77=C=01=40G42,
18r. Dep. NTIS, PC ACZ2/NMF AQ1.

Data are reviewed and sumrnarized on the
envircnrental effects ¢f three solar energy
technclogies: phcotcvecltaic cells, wind energy
conversion (WEC), and the sclar thermal central
recefver. Potential effects are {dentified for

each of the life cycle phases: resource
extraction and component manufacture, plant
construction, operation and decommission. The
solar energy technologies are assumed to be
deployed as centralized energy production
facilities. The technologies examfned are
materfals intensive compared to fossil fuel
plants with the same power rating. As a resuilt,
the life=cycle phase of resource extraction and
component production i{s the most
environmentally hazardous. Impacts of plant
construction will be somewhat site specific but
should approximate {impacts assocfated with any
large construction activity. The operation
phase 1s relatively environmentally benigne WEC
operation does produce low=level noise
pollution and presents minimal hazards to
flying species. Solar thermal facilities
equipped with wet cooling towers may affect
local afr quality via cooling tower drift. In
addjtion, large installations of each option
may alter local microclimate. Decommission of
WEC,y solar thermal, and Si=photovoltaic
facilities should present no environmental
hazards, although disposal of CdS or GaAs cells
will require care.

213 (SOLAR/2004-==79/50) SOLAR PROJECT

DESCRIPTION FOR TRINITY UNIVERSITY POWER PLANT
NG« 2« Hale, Heds (PRC Energy Analysis Co.,
McLean, VA (USA)). 8 Sep 1978, Contract EG=
?77=C=01=2522. S5€pe. Dep. NTIS, PC AO4/MF
AOQl.

This solar system fn San Antonio, Texas {s
used for space heating, cooling, and hot water
for six 500=student dormitorfes and an &sthletic
complex for a total floor space of about
285,000 ft2. The overall concentrating
collector area is about 16,080 ft2. Two 29,000
storage tanks are used for thermal storeage. A
solar=power 352 ton absorption chiller i{s used
for space coolings A three=cell ceramic cooling
tower rejects heat from the condenser wster.
The auxfiliary energy system consists of a 405
hp natural gas boiler, a 623 ton electric
centrifugal chiller, and the cooling tower. The
solar energy system has been fully instrumented
for thermal performance and integrated ‘nto the
National Solar Data network. The system has
been operational since June 1977. (MHR)

214 (STU==76=3279) LABORATORY TESTING OF

CORROSION INHIBITORS FOR RECIRCULATING COOLING
WATER SYSTEMS. Khullar, M.; Pattyranie, C.
(Styrelsen foer Teknisk Utveckling, Stockholm
(Sweden) ). Oct 1978, i8pe (In Swedish).
Dep. NTIS (US Sales Only), PC ROZ2/MF AQ'.

Cooling water corrosion inhibitors used in
Sweden are to a great extent imported from
other countries such as Great Britein, Germany
and the UsSeAe These Inhibitors have been
formulated as a result of experience gatned in
their respective countries and according to
their own water qualities. The performarce of
these {nhibitors {n Swedish waters and under
the working condftions here could hardly be
considered trouble frees Therefore, evaluation
of cooling water treatment effectiveness can
offer sfignificant savings to the industry. The
program for evaluating corrosion inhibitors was
started about two years a2go. The aims of this
study were to: fnvestigate different latoratory
methods for testfing corrosion inhfbftors;
verify previous findings under cooling water
condi tions normally found in Scandinavien
countries; evaluate some moclybdezte based
inhibitors; and develop economical nontoxic
formulations for use {n recirculeting cooling
water systems. In this investigation a testing
method (a rotor test) was constructed. This
test has proved to be a useful and reliable
weight loss determination method. Some
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fnhibitors used for the rotor test method were
alsa tried in pllot plant units. The
perforsance cf Inhibitors tested in the pilot
plant fall fn the same order of effectiveness
as shown in the results of the rotor test
zethod, but, as expected, welght loss values
are wuch lower as compared with the rotor test
sethod.

21¢€ (TID==2360(Suppl.d)) COOLING
EIELIOGRAPHY, JANUARY«=DECEMEER 1578, Galde,
D.0. (Department of Energy, OQak Ridge, TN
(USA)e Technical Information Center). Feb
157Se 102¢. Depre NTIS, PC AOE/NF ACl.

Included are 382 citations to references on

cocling tcwers for fossil=fuel or nuclear power
flantse A few citations are included on other
tyres of condenser cooling systems, eegey
cacling ponds and canals. The citations were
taken fros the DOE Energy Information Data Base
(EDE) covering the pericd January 1978 through
December 197€&. Corporate, Personal Author,
Subject, and Report Nurter Indexes are
grovided.

TOWERS.
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216 (TID==29084) SAFETY CONSIDERATIONS
REFORT: MONTANA COMPONENT DEVELOPMENT AND
INTEGRATICN FACILITY (CDIF). (Gilbert/
Coxronvwealth, Reading, FA (USA)). 2€ Jan
157€. Contract EX=~76-C~01-1236. 115p.

Depe NTIS, FC AO6/MF AOl.

The current efforts of atterpting to
{dentify the required safety considerations for
the CIIF coal=fired MHD generator are
gresented. Major hazards encounteded include
(1) primary explosions in processing equipment
followed by seccondary explosions in buildings
due to turbulent dust suspensions resulting
fron the primary expgleosion; (2) rupture of
cowbustor at 150 psi at 4800 F; (3) coal dust
spread from pipe rupture exploding in building;
and (4) rupturing of an air heater vessel or
piring at 15C ps{ at 2000 F. Such (potentfial)
explosions or ruptures can create shock waves
that knock dcwn building walls, and the sudden
rupture of vessels can also send projectiles
flying at high speeds. Coal dust explosions
have caused extensjve damage. They may be leas
violent than some gas explosions unless the
ccal {s volatilized by heat and/or gases are
also present, In this system, the coal will
move from crushed to pulverized to plasmae.
Arong other rmajor hazards are the high voltage
in the combustor=channel portions (3,000 -
20,000 vclts) presenting electric shock and
arcing protlens.

a2l
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217 (TREE==13€5) ANALYSIS OF BINARY
THERMODYNAMIC CYCLES FOR A MODERATELY LOW=-
TEMPERATURE CEOTHERMAL RESQOURCE. Deruthy OeJ.
(ldahc National Engineering Lat., Idaho Falls
(Usk)). Jul 15879, Contract EY~76=~C=07=-1570.
105p. Deps. NTIS, PC AQ6/MF AOl.

Analyses cf a number of geothermal binary=-
cycles were rade with the objective of finding
a cycle which can produce low=cost electrical
energy fror a moderately low=temperature
gecthermal resource., Cycles were screered which
included isotutane, pentane, cis=2=butene, and
several mixed~hydrocarbon working fluids. Dual-
and triple~boiling cycles were analyzed. Both
shell=and=tute and dfrect=contact boilers,
heaters, and condensers were assessed. A
geothermal fluid (geo=fluid), typical of Raft
River resource conditions was assumed, which
has a tempersture of 2900°F and 52 parts per
rillion dissclved nitrogene Special emphasis in
the analyses was directed toward investigation
of several methods for keeping the loss of
working fluid for the cycle at an acceptable
levele It was concluded that for the Raft River

geo=fluid, the direct-contact cycle has a
potential for net geofluid utilization
effectiveness values, (watt=hr/lbm geo=fluid)
equivalent to those of the shell=and=tube
cycles Therefore, because of the lower cost of
direct=contact components, a potential exists
for the direct=contact plant to produce lower
cost electrical energy than a comparable shell=
and-tube plant. Advanced cycles were assessed
which showed improvements fn net geo-fluid
utiljzation effectivness, relative to the first
Raft River 5=MW Pilot Plant (dual=boiling,
shell=and=tube {sobutane cycle)y, of up to i9%.

8 (UCID==18155=79~1) GEOTHERMAL
ENVIRONMENTAL CONTROL TECHNOLOGY. PROGRESS
REPORT, DECEMBER 1978==MARCH 1979. Phelps, P.;

Hill, Jo (California Univey Livermore (USA).
Lawrence Livermore Lab.). Apr 1979.
Contract W=7405-ENG=48. 141p. Dep. NTIS, PC

AO7/MF A01.

The following ftems are included: outline
for report on ECT (Environmental Control
Technology) workshop for The Geysers =
Calistoga KGRA; outline for report on ECT for
the Imperial Valley; a 1ist of documents
reviewed; an update on the Geothermal Loan
Guaranty Program; trip reports; an update on
LLL work to reabsorb H,S in spent brine dore at
Niland; meeting summaries; field task proposal;
a summary of a joint cooling tower effects
study; and a fiscal and manpower statement.
(MHR)

] (UCRL==15054) GEYSERS=CALISTOGA KGRA
GEOTHERMAL ENVIRUNMENTAL OVERVIEW: WATER
QUALITY. Moorey, SeFs; Pimentel, K.D.; Krone,
R.B. (Resource Management Associates,
Lafayette, CA (USA); California Univ.,
Livermore (USA)e Lawrence Livermore Lab.;
Califorrnia Univ., Davis (USA)). Feb 1578.
Contract W=7405~ENG=48. 79p. Depe NTIS, PC
AO0S5/MF AOl1.

Important weter—related issues of corcern
are identified and the avaflable information
regarding potential impacts on the quantity and
quality of water in an area is assesseds The
results of a study and a two=day workshop that
fncluded representatives of developers and of
concerned local, state, and federal agencles
are presented. An inventory of existing data is
fncluded in an appendixe. (MHR)

[ (UCRL==52496(Vol.5)) ENVIRONMENTAL
OVERVIEW OF GEOTHERMAL DEVELOPMENT: THE
GEYSERS==CALITOGA KGRA. VOLUME 5. ECOSYSTEM
QUALITY. Leitner, P. (California Unlv.,
Livermore (USA). Lawrence Livermore Lab. ).
Sep 1978. Contract W=7405-ENG=48. 63p.
Dep. NTIS, PC AO04/MF AO1.

Objectives of the Geothermal QOverview
Project for this KGRA were identification of
ecosystem §ssues, evaluation of the existing
data base, and recormendation of additional
research needed to resolve key 1ssuese. The
{ssue of highest priority is the lack of
complete and accurate data on the status and
distribution of rare or endangered plants and
animals within the KGRA. Several studies are
recommended to provide adequate information: &
KGRA=wide effort to fdentify rare plantes and
their habitats, a site=specific determination
of peregrine falcon foraging habitat, ard a
compilation of avajlable data on other wildlife
species of specfial concern. Medium=priority
{ssues Include the possible fmpacts of hydrogen
sulfide emissions on vineyard and orchard crops
and the ecological effects of boron and heavy
metals released fror geothermal poser plants in
cooling tower drift. The potential for adverse
effects {s uncertain and research should be

13
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fnftiated promptly to determine whether these

effluents pose serious problemss A third medium=

priority fssue concerns the potential for long-=
terns cumulative impacts of geothermal
development ¢n netural ecosystems. To detect
and evaluste such effects, It will be necessary
to carry out additional baseline studies of
terrestrial znd aquatic ecosystems and to
follow this with carefully desfgned monftoring
prcgrams, Several issues were given low
priority {n planning for additional research
needs. For example, further studies of the
bioclogical effects of accidental spills of
steam condensate and other potentially
hazardous wastes are not recommended at this
tire; emphasis should be placed on spilil
prevention. Geothermal noise effects on
wildlife have been studied within the KGRA;
because of methodological preblems, additional
work would probably not be productive. Water
vapar and aerosol emissions from cooling towers
ray affect agricultural operations by
increasing the frequency of fogging and icing
conditions.

221 (UCRL==524¢6(Veol.6)) ENVIRONMENTAL

OVERVIEW OF GEOTHERMAL DEVELOPMENT: THE
GEYSERS=CALISTOGA KGRA. VOLUME 6. WATER
QUALITY. Pimentel, K.D. (Califernia Unjv.,
Liversore (USA)s Lawrence Livermore lLab.). 12
Oct 1978. Contract W=7405-ENG=48. S4p.

Dep. NTISy PC AG4/MF ACl.

This report fdentifies key fssues, assesses
avajlable information, and recommends research
related to water quality degradation resulting
fros geothermal development in The Geysers-—
Calistoga Known Geothermal Resource Area. Data
necessary for making decisions to minimize
damage while allowing development is lacking in
three areas: For the whole KGRA, there is
fnsufficient information on the relation of
industry=related construction to erosion, with
fts resulting itncrease in sediment and silt in
area streams. The effects of cooling tower
drift on soils and vegetation near power plants
should be studied as precursors of potential
effects on water quality. For the hot=water
rescurce area in the eastern portion of the
KGRA, a long=range program of water quality
monitoring {e needed to establish a baseline.

222 MZETHOD OF CALCULATICN OF DYNAMICS AND

THERMICS OF COOLING RESERVOIRS. Raspopin,
GeAs; Kovalevy EsAe; Voronkovy GeVe
(Novosibirsk Eng Constr Inst, USSR). Izv,
Vysehs Uchebn. Zaved., Energ.; No. 11, 106=
113(Nov 1979 ). (In Russian).

Some specific features of currents and
distributfion of temperatures in cooling
reservoirs are noted. A mathematical model of
calculation of the dynamics and thermics of
cocling reservoirs {a presented taking account
of the temperature stratification of the
reservoir and the driving layer of the
atmospherees In this conjunction, Fourier=
Kirchhof equations of motfon and distribution
of heat are used. Calculation in accordance
with the prorosed method . is possible on a BESM=
€é=type computer.

223 HOW TO CONTROL BIC=SLIME IN CONDENSER

COCLING SYSTEM WATER. Freymark, Se Electr.
Light Power (Boston); 57: No. 8, 33=34(Aug
1975 ).

A number of oxidizing and non=oxidizing
bioccides are currently used for biccontrol.
However, yesterday's solution to slime=fouling
problems may not apply today in view of
tightening effluent restrictions on chlorine.
Thus, selection of biocontrol compounds can not
be made {ndfscriminately. In selecting

alternati{ve biocontrol compounds, consideration
should be given not only to costs but to
effectiveness of the biocide in each particular
application, taking into consideretion cooling
water quality, type of microbiological fouling
and discharge restrictions. Thoughtful
selection of the blocontrol compound(s), alone
or in combination with surface-active sgents,
{s essential for maintaining maximum
microbjiological control {in condenser cooling
water systems.

224 HEAT TRANSFER THROUGH THE THERMAL SKIN OF

A COOLING POND WITH WAVES. Weselyy M.Le
(Atmospheric Physics Section, Radiological and
Environmental Research Division, Argonne
Natfonal Laboratory, Argonne, Illinois €0439),
Je Geophys. Reso; 84: Nos C7, 3696=3700(20 Jul
1979).

The temperature drop measured across the
cool skin of a cooling pond is examined for 64
10=min data collection periods taken with wind
speeds of 3==8,5 m s-! (effectifvely at a helght
of 10 n) and surface temperatures of 180==
37.5%Ce The total heat transfer through the
skin {8 found with the use of bulk aerodynamic
estimates of the latent and sensible heat flux
densities and empirfcal expressions for the
long=wave radiatifon exchange at the surface.
Although {t {s guestionable to describe the
characteristics of a surface with waves by use
of formulae derfved partially on the assumption
that a rigid boundary exists at the alr-water
interface, the parameterizations that result
seem on the average to perform quite well. For
example, values of the numerical proportionally
coefficient lambde {Saunders, 19671, which
relates the total heat transfer to the
temperature drop, increase slightly from 6 to 7
as water temperature increases; these values
are near those reported previously. No
varfation of lambda with wind speed is
detecteds If lambda is replaced by a numerical
coefficient that also takes into account the
difference of the thicknesses of the thermal
and viscous sublayers, the new coefficlent
Aapprox. =lambdaPr/sup 1/3/, where Pr ie the
Prandtl number, does not vary significartly
with temperature of the surface skin.

225 CONTROL OF FOULING ORGANISMS IN ESTUARINE

COOLING WATER SYSTEMS BY CHLORINE AND BROMINE
CHLORIDE. Burton, DeTe; Margrey, So.L. (Acad
of Nat Sci of Philadelphia, Beredict, Md).
Environe Sci. Technole; 13: No. 6, 684 '683(Jun
1979).

The study described was Initifated to
evaluate the antifoulling effectiveness of
chlorine and bromine chloride fn low velocity
flow areas where estuarine waters are used for
cooling purposes. The relative antifouling
effectiveness of chlorine and bromine chloride
under intermittent and continuous modes of
application in low velocity flow areas was
evaluated at an estuarine power plant located
on the Chesapeake Baye

226 AEROSOL AND ICE NUCLEI MEASUREMENTS IN

THE PLUME OF THE HOMER CITY, PA., POWER PLANT.
Pueschely ReFos; Schnell, ReCo; Welckmann, HeKe;
Wellman, D.L. (NOAA, ERL, Atmospheric Physics
and Chemistry Laboratory, Boulder, CO 86303).
Geophys. Res. Lett.; 6: No. 5, 371=374(May
1979).

The power plant produces aeroscls that, in a
clean atmosphere, enhance the concentration of
particles of sizes smaller than 0.1 um by more
than two orders of magnitude, and of sizes
larger than 1.0 pm by about a factor of ten.
After two days of stagnant atmospheric
conditions, ambient aerosol concentrations
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reach plume proportions. The plume=related
aercscl has no effect orn the threshcld
tesperature of the freezing of supercooled
water.

227 MANAGING WASTE HEAT WITH THE WATER
COOLING TOWER. Dickeyy JoBe Jre (Marley
Ccol Tower Cc)e Combustion; 50: No. 11, i2=
18( May 1879).

Evaluations and optimizing procedures for
power plant condensing cycles incorporating
varjous cooling tower modes are explafned.
Actual mechanical draft installations are
tabulated with thermal conditions versus costs.
A commercial rating and selection system {s
precented {n graphics for mechanical draft and
natural dreft wet towers, Nomograms yield
effluent quantities and effluent wet bulb
condition for complete ranges of towers used in
power plants. Current application trends are
also examined.

228 (ANL=Trans-=1163) PROGRAMS FOGI1PLT AND
FOG2PLT FOR FLOTTING COOLING TOWER PLUMES
CALCULATED BY THE FOG1 PROGRAM. Rudin, F.
(Eidgenoessisches Inst. fuer Reaktorforschung,
Wuerenlingen (Switzerland)). Apr 1979,
Translation of pp 1-14 and 25, TM=ST==564 29p.
Depes NTIS, PC AO3/NF AQ1.

FOG1PLT {= an expansion of the FO0Gl progranm
and serves for plotting a vertical longitudinal
section of the moisture field of the calculated
cooling tower plume. Selected isolines of the
moisture elevation are plotted and condensation
zones are jdentified by dot—shadinge. FOG2PLT is
also an expansion of FGG1l and allows a
superposition of the plumes of up to five
cooling towers located at great distances from
each other (1 to several km) and to present the
results graphically in the same way as with
FOG1PLT. Up until now, cases with up te four
coocling towers were computed with spacings of 2
to 30 km between two conseecutive towers and a
total distance of €0 kr for plume diffusfon.
The results obtained under these conditions
were physically plausible.

22§ COOLING TOWER EFFICIENCY MORE THAN
DQUELED. Erandesky, Re; English, K. (Sun
Petroleur Products Co.y Corpus Christi, TX).
Chere Processe (Chicago); 42: No. 4, 30(Apr
1879).

The modiffcations meade to an industrial
cooeling tower, including an improved heat
distributicon system with PVC block medja and a
fan with fiberglass~reinforced epoxy resin
blades, ere describede These modificaticns
resulted i{n rore than doubling the operating
efficiency of the cooling tower. The system has
operated for more than a year with no
maintenance problems. (LCL)

230 AIR RADIATOR COOLING TOWER. Kazanovich,
E.B.; Santurian, G.R.; Fischenko, Pe.A. us
Patent 4,142,579, € Mar 1979. Filed date 16
May 1977. 8Fe

The fnvention discloses an air radiater
caeling tower comprising a piping system for
the supply and removal of water circulating In
ccoled tubulear elements jocined into groups by
reans of tubular girders, an exhaust tower for
the circuletion of cooling air, and a device
for the excitation of cscillations transmitted
through direct contact over the surface of the
tutular elements and/or the water being cooled.
The proposed air radiator cocling tower may be
employed in power engineering for coeling
condensers at steam power stations.

232 KNOW YOUR COOLING TOWER.

231 STUDY OF COOLING POND FOG GENERATION,

Leaheyy, DeM. (Western Research and
Development, Calgary, Alberta); Davies, MeJ.E.;
Parnek, Lehs Je Afr Pollut, Control Assoc.; 29:
No. 3, 257=259(Mar 1879).

From mid January to the first of April .677
Western Research and Development conducted
studies into the frequency, extent, and dersity
of fog resulting from the 1200 acre cooling
pond which services Calgary Power Ltd.'s
Sundance Thermal Power Ststion. This stzation {s
located in the western part of central Alberta.
The rectangular cooling pond fog model showed
apprecjable skill in predicting diurnal changes
in fog frequency as well as the occurrences of
fog episodes. It seems to present a realistic
general description of fog behavior. Results of
fog medel verffications {llustrate the
fmportance of vertical atmospheric potential
temperature gradients and sensible heat fluxes
to the formation of cooling pond foge Stable
atmospheres assocjated with positive potential
temperature gradients restrict the fog to
layers near the ground. Release of sensible
heat from the pond helps to determine the depth
of these layers and hence the fog densiiye The
model was not as successful in predicting the
detalls of fog occurrence as denoted by hourly
observations. This appears to be due mafnly to
uncerteinties Iin model parameters such z2s
evaporation and moisture deficits This rote has
concerned the use of the fog model to predict
fog occurrencese The model may also be used to
predict the downwind extent of cooling pond
foge This aspect of the model has yet to be
evaluated.

Burger, R.
(Robert Burger Assoc, New York, NY). Bower
(NeYe); 123: No. 3, 42=44(Mar 1979).

The basic principles of operation of
mechanical=draft and forced=draft towers and of
the counterflow and crossflow towers are
explained. Varfous subsystems are briefly
described, in particular: the air moving
equipment, the draft-elimination system, the
wet=decking surfaces, the water=distribution
system, the structural members or framework.

233 PRECIPITATION AS ATMOSPHERIC DISTURBANCE

IN THE OPERATION OF NATURAL-=DRAUGHT DRY COCULING
TOWERS. Herberholz, P.; Schulz, S. Brennst.~
Waerme=Kraft; 31: Noe. 3, 100=102(Mar 1S79).
(In German).

As a contribution {n the field of
atmospheric disturbing influences on dry
cooling towers, a method is presented which
allows the changes of the effective temperature
range of a dry cooling tower due to )
precipitation to be calculated, and thus the
change of 1ts cooling effect. Infitial
fnformation on cooling towers and meteorology
are used as a basis. The article is intended
mainly for the subjects of acceptance, desfign
and systematic parameter research on natural=-
draught dry cooling towers.

234 PIPELINE FROM SEWAGE PLANT FILLS A~

PLANT'S COOLING NEEDS.
No. 5, 20=21(1 Feb 1979).

Primary treated effluent from a Phoenix
sewage plant will be sent by pipeline to the
Palo Verde nuclear plant to be used as coolant.
Prestressed concrete cylindricel pipe will be
used. Fabricetjon and fnstallation of the
pipeline are described. (FS)

Enge. Mews=Rec.; 2062:

235 POTENTIAL WEATHER MODIFICATION CAUSED BY

WASTE HEAT RELEASE FROM LARGE DRY COGOLING
TOWERS. Lee, Jeo (Assistant Environmental




COOLING TOWER

41

Scientist, Energy and Environmental Systems
Division, Argenne National Laboratory, Argonne,
I1l. €0439). Jo Heat Transfer; 101: No. 1,
1€64=168(Feb 1§79 ).

A numerical model of a cooling tower plume
{3 employed to study the possible atmospheric
effects of thermal plumes from natural draft
dry cocling towerse. Calculations are performed
for both single and multiple towers, each of
which can dissipate the waste heat fror a
norinal 1000 MWe power generating unft, and the
results are compared with those for wet coclirg
towers assccfated with plants of the same
generating cepacity., Dry cooling tower plumes
are found tc have a higher potential fecr
fnducing convective clouds than wet cocoling
tcwer plures, under mcet surmertime
reteorologicel conditionse This {s due to the
fact that both the sensible heat and mwomentum
fluxes fraon & dry tower in summer are
aprroximately one crder of magnitude larger
than those from a wet cooling tower.

eze€ MICROFFOCESSORS CONTROL CHEMICAL ADDITION

ANLC COKINCG UNIT CQOLINC, Mitchell, JeW,
(Avrcco Tex Refin Co, Texas City). Hydrocarbon
Frccesss; 58: Nce 2, 137=140(Feb 1976).

This paper outlines scme guidelines for
evaluating wicrogrocesscr systems for ccntrol
arplicaticns, and examples of microprocesscrs
gpplied to acd chemjcals to cooling water and
to automate the cocl down cycle of a ceking
unite The twec microprocessor systers are among
several monftoring and controlling systems
which have teen develored and installed at
Ancco's Texas City refinery. By the end of 1578
there will te 12=14 microprocesscor applications
at the refinerye. Microprocessors will
undgubtedly continue to be used on srall and
nedfum=sized applications.

237 DEVELCFMENT OF NUCLEAR ENERGY IN WEST

GERMANY. Schulten, R. (Kernforschungsanlage
Juelich GemmeteHs (CGermany, FeRe)s Inet. fuer

keaktorentwicklung). Schwefssen Schnefden; 31:

Noe 2y 60=€4(Febt 187S). (In German).

For a leng time to come, nuclear energy will
be the main source of energy for many kestern
rations, and alsc for west Germany. Flanning
and future declsions in this fleld must
therefore be considered under the aspect of
long=term effectse High temperature reactors
will be supplfers of energy and can be emplcyed
to produce electricity and heat. New problems
1ike dry ccoling and the gasification cf coal
are capable cf being sclved. Moreover, high
terperature reactors cffer themselves for a
nurber of aprlications i{n the producticn of
gaseous and liquid fuels in the more distant
future, and they can make a significant
centributicn towards solving the problem of
cptimal utilization of fuels.

238 CHENMICALS COMBAT CURROSICN AT INDIANA

FLANT. Public Fower; 37: No. 1, 24, 2€(Jan
157S).

A new environmentally acceptable corrosion
inhibitor that allcocws a Kichmond, Indieana power
station tc cperate a cocling syster with a wide
fluctuaticn in water hardness and suspended
solids replaces a chrorate=based inhibitor {n
use for over 20 years. The new system uses the
multi=functicnal organic corrosion inhibftor
and sequesterant PclyMate 528 and the synthetic
orgenic anti=foulant Deartorn 72€, a
corbination which was selected after extensive
testings The corrosion fnhibitor uses no toxic
chremate or cther heavy metalse. Dearcide 713
and 717 are vsed alternately to prevent
rfcrobiocloglical foulinge The microticcides and
antifoulant keep the system clean sc that the

corrocsion inhibitor can deposit a continuous
film on the wet surfaces.

238 (ANL=Trans==1160) FLIGHT MEASUREMENTS

ON COOLING TOWER PLUMES: MEASUREMENT DATA FROM
THE NEURATH 11 MEASUREMENT PROGRAM ON WZT
NATURAL DRAFT COOLING TOWERS., Treppy JePe
(Efdgenoessisches Inst. fuer Reaktorforschung,
Wuerenlingen (Switzerland)). Jan 168789.
Translation of Report TM=ST==509 224p. Dep.
NTIS, PC Al10/MF AO%.

The present report is to be considered a
supplement to the EIR report '‘Results cof
Measurements on Cooling Tower Plumes'!' , to the
extent that this report represents the
foundetion for the evaluation of the flight
measurements and {s an indi{spensable reference
work for correct understanding of the results,
This report contains the raw deta measured with
the power glider ASK=16 during a measurement
program in Neurath (FRG) on wet natural draft
cooling towers, and contains the results of
processing of this data, which pertajins to
temperature, mofsture, and turbulence. The
measurement values are glven I{n their complete
extent end {n detail, in the form of graphs;
they are also described briefly, along with a
description of the processing method.

240 CLOSE STUDY OF COOLING=TOWER PUMP INTAKES

ADDS TO0 RELIABILITY OVER PERFORMANCE RANGE.
Dicmas, J«Lo; Fornesi{, R, (Johnston Pump Co).
Power (NeYe); 123: Nos 1, 94=96(Jan 1979).

The artficle considers: suctfon={ntake
design, suction=bell submergence, air=
entrajnment potentfal, and net positive suction
head of cooling towers. Ti{ps are given on
pcssible problems and ways to assure reliable
operation of cooling towers.

241 VGB=Richtlinien zum Anfragen und

Bestellen von Kuehltuermen. (VGB GUIDELINES
FOR INQUIRIES AND ORDERS OF COOLING TOWZRS ).
Essen, Germany, F.Re.; VGB=Kraftwerkstechnik
(1979). 112p. (In German).

The present 'VGE gufdelines for inquiries
and orders of cooling towers' are a common
basis for the handling of requests and orders
for all kinds of cooling towers. This willl help
to standardfze technical, economfc, and
competitive conditions for comparable offers
and to facflitate cooperation between all
parties concerned.

242 REVIEW OF POTENTIAL BIOLOGICAL IMPACTS OF

COOLING TOWER SALT DRIFT. Talboty Jede
Atmos., Environ.; 13: No. 3, 395=405(1979).
Salt drift generated by the operation of
closed=cycle cooling systems from electric
power generating stations {s reviewed. cmphasis
is placed on the Interpretation of
experimentally determined salt impacts
extrapolated to theoretical predictions of salt
concentrations from cooling towers, since there
are, at the most, two or three closed=cycle
cooling systems where potentlal impacts have
been addresseds Threshold concentrations at
which various floral species would be harmfully
affected by drift deposition and distances from
the coocling tower at which these levels are
attained or exceeded are discussed,

2423 (ANL=Trans-=1157) PLUME SIMULATION

MODEL FOG DESCRIPTICN OF THE PROGRAM AND INPUT.
Gassmany F. (Eidgenocessisches Inst. fuer
Reaktorforschung, Wuerenlingen (Switzerland)).
Dec 1S578. Translation of TM=§T==563, November
8y 1978 27p. Depe NTIS, PC AN3/MF Al: e

The mathematfical plume simulation model FOG
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fs suftable for the calculatfon of plumes with
cr without 1ift, emitted by cocling towers of
any given construction or by chimneys, into the
atwosphere toundary layer. The progranm was
developed, starting in 1573, at the request of
the Confederation Offfce for Energy Eccnomy
(Waste Heat Cowmmission, Cooling Tower
Cersission) snd later in the framework of the
HHT project (Microclimate Project). Since then,
{t has been used for diverse studies on the
influencing of the environment by cooling tower
pluses and is presently used in the project
CLINOD (Climate Study for the Rhine Valley
between Easel and Koblenz) for prediction of
pluwme lengthe in weather conditions which are
especially critical {n this connection. The
version of FCG described here is the tasic
version FOG 1. The versions FOGIPLT for
creating the moisture fsoline figures and
FOG2PLT for calculations of superfmpositions,
are described {n TM=ST=564. Sections 2 and 3 of
the present technical report thus are part of
the EIR Report No. 347,

DESCRIPTION OF THE
MODEL SMOKA FOR CALCULATING COOLING TOWER
EMISSIONS AND THEIR EFFECTS. Rudolf, B, Dec
1s78. Translation source fnformation not
avaflable 1Sp. Depe NTIS, PC AO2/MF AOl.

SMOKA (simulation model for cooling tower
effects) §s a thermodynamic, one~dimensional,
steady=state numerical rodel for calculating
the propagatiocn of heat and water fn the
atrosphere atove cooling towers. The fields of
the magnitudes describing the atmospheric
conditions are changed by the cooling tower
emissions, fncluding the visible plume, and
these changee can be represented three=
dirensionally fn their spatial position. SMOKA
{s thus a quasi-three~dimensional model.
Calculations can be performed for grougs with
several (also varying) sources (cooling towers/
‘chisneys ). A= a subprogram for calculating the
condition of the afir at the outlet of the
source, there are presently avajlable: NASS for
natural draft wet cooling towers, TROCKEN for
natural draft dry cooling towers, and HYBRID
for ventilator hybrld cecoling towers. These
subprogrars have to be adapted according to the
scope of the data supplied by the cooling tower
sanufacturer., This source data can alsc be
fnput directly when {t is known. In addition,
the condition of the undfsturbed atmosphere
(basic condition) must te given., This must be
horfzontally homogenecus, but any random
vertical stratification is permitteds (The
present program version provides for the input
of datea for refght or air pressure, afir
tenperature, dew point, or relative humidity,
and wind direction and velocity.)

248 DEFORMATION AND STABILITY OF WIND LOADED

HYPERBOLIC CCOLING TOWER SHELLS. Mang, He;
Torcickyy Pe (Technische Univ., Vienna
(Austrfa). Inst. fuer Elastiziteet- und
Festigkeitslehre); Gallagher, ReHs (Arizona
Univey Tucscn (USA). Coll. of Engineering);
Cedoling Lo (Politecnico di Milano (Italy).
Istituto di Scienza e Tecnica delle
Costruzioni). Inge=Arch.; 47: No. €, 391~
410(Dec 1978). (In German).

following the formulatfon of the deformation
and stability problem on the basis of
originally ncn=conforring triangular curved
finfte elements with the help of a varfatfonal
principle with subsidiary conditions, the
deformation rroblem §s solved numerfcally for
an existing cooling tower shell. The subsequent
statility anslysis of this cooling tower shell
shcws relatively gcod agreement of the buckling
safety corputed by means of the finite element
method and the minimum of buckling safety

obtained with the help of Mungan's stability
criterion.

246 MEASUREMENTS AND VEGETATIONAL IMPACT OF
CHEMICAL DRIFT FROM MECHANICAL DRAFT COOLING
TOWERS. Rochowy J.dJdoe (Consum Power Co,
Jackson, Mich). Environe S8ci. Technol.; 12:
No. 13, 1379=-1383(Dec 1978).

Collection and analyses of precipitation
prior to and after cooling tower operation at
the Palisades Plant {n southwestern Michigan
resulted in high deposition rates of sulfate
and calcfum up to 92 m from the towers. Sulfate
deposition rates during operation averaged up
to 9.0 g m$sup =2$ month$sup =1$ {n areas
within 50 m of the cooling towers and decreased
to 0.61 g m$sup =2% month$sup =1$% between 700
and 1609 m. Calcfum deposition rates during
operation averaged up to 4.5 g m$sup =24
month$sup =1¢ in areas within 50 m of the
cooling towers and decreased to 0.57 g m$sup =
2% month$sup =1$ between 700 and 1609 m« The
high sulfate deposition rates were assumed to
be responsible for severe vegetation damage
within 92 m of the cooling towers.

247 WET COOLING TOWERS AND RESERVOIRS, AN
ALTERNATIVE TO DRY COOLING TOWERS. Steckel,
He. (Bayerische Elektricitaets=Lieferungs-
Gesellschaft AsGe.,y Bayreuth (Germany, FeRe¢))e
VGB Kraftwerkstech.; 58: No. 12, 873=877(Dec
1978). (In German).

Arzberg Pouwer Station of the Bavarian
Electricity Supply Company AG (BELG), based 1n
Bayreuth, was extended in the period 1971 to
1974 with the installation of a 220 MW unit
coupled with a wet cooling tower. Since during
periods of dry weather the level of the river
Roeslauy, on which the power station is located,
could have fallen below the minimum permissible
because of the additional cooling water
required to make up for iosses due to
evaporation, the construction of a cooling
water reservoir was required by the
authorities. Consequently a dam with & capacity
of 143 x 106 m3 been built in geologically
sujtable terrain In an adjacent valley rot far
from the power station and this serves as a
reservoir for a tributary of the Roeslau, With
fuel prices being what they are, wet cooling
towers in connection with cooling ponds are
more economical than dry=cooling towers at
least where suitable grographical and
geological conditions are given. Rentability is
also influenced by the climatical conditions at
the process plant site as these influence the
amount of evaporation losses.

248 ENVIRONMENTAL ASPECTS OF COOLING TOWER
SELECTION. Kunesch, T. Process Eng.; 86=
91(Nov 1978).

Ways of improving the nolse, mist, and water
pollution arising from the use of cooling
towers in industrial and power generatirg
plants are considered.

249 INFLUENCE OF RADIATION UPON THE HEAT
TRANSFER AND LEWIS FACTOR IN EVAPORATION
COOLING. Speitkamp, L.; Hartmann, He
(Technische Hochschule Aachen (Germany, F.Re )e
Lehrstuhl fuer Verfahrenstechnik 2). Cheme=
Ing.=Techs; 56: No. 11, 866=8€7(Nov 4978).
(In German).

COOLING TOWERS;HEAT TRANSFER;VAPOR
CONDENSATION;EVAPORATION;EVAPORATIVE COOLING;
THERMODYNAMICS ;DIFFERENTIAL EQUATINONS;
PERFORMANCE

250 ESTIMATE COOLING TOWER REQUIREMENTS
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EASILY. Meytsar, Jo (Favra Int, Mllean,
Italy). Hydrocarbon Frocess.; 57: No. 11,
236=23G(Nov 1578).

This paper presents and discusses three
grephs which are the results of hundreds of
studies of ccoling towers. With these curves
one wwill be able to approximately determine
the following data related to a coocling tower:
power absorted by fans; dimensfons of cooling
tower; and quantity of air operated by fans.
The cooling towers considered in this study
have the fixed data showne Cell widths were
selected to make cooling tower dimensficns
easier to determines These assumptions are
accurate enough for the estimations presented.

251 TECHNICAL PROBLEMS CONCEENING NOISE IN

THE CASZ OF SUBSEQUENTLY EXTENDED POWER PLANTS.
Scharf, HeJe Braunkohle; 30: No. 11, 327=
333(Nov 1978). (In German).

The authcr first explains the basic
principles of sound emissfon, then goes on to
df{ scuss the technical noise prcblems ccncerning
the extension of the Wachtberg power plant. He
continues by describing the noise situation In
the power house and in the cooling tower. These
two buildings were the main sources of nolse.
After & description of the causes of ncise {n
the varicus types of water cooling towers
possible measures of soundprocofing cooling
towers are discussed and finally the measures
taken to scurdprcof the Wachtberg cooling tower
are described.

282 MODERN COOLING=TCOWER TECHNIQUES.

Henning, He (Balcke=Duerr A.G., Ratingen
(Germanyy FeRe))e Elektrizitaetswirtechaft;
77: No. 24, 829~834(Nov 1978). (In German)e
The article deals with modern cooling=tower
technique and its technical possibilities.
Qutput limfts and economic efficiency are
dfscussede Environmental questions are ralsed.

252 PLANT COMPRISING A POWER STATION AND A

COOLING TOMER. Heeren, He (to
Maschinenfatrik Augsburg=Nurnberg
Aktiengesellschaft). US Patent 4,120,162.
17 Cct 1978. Priority date 11 Nov 1975,
Gerwran, Federal Republic of (F.R. Gerwmany), 4p.
A plant fncluding a power statien with power
station buildings of a heavy construction and
with a cooling tower surrounding the power
station buildings, especially a steam fower
glant with natural draft=cooling tower for dry
cocling i{s discloseds The cooling tower is of
double mantle construction with an inner bowl
and an outer bowl surrounding the inner bowl in
spaced relationship thereto. The ocuter walls of
the power plant buildings form a portion of the
inner bowl or form the entire Iinner bowle The
reraining cocling tower portions and the outer
bowl are designed as light structures. Any
portion of the fnner bowl which might possibly
extend upwardly from the power plant bufldings
rest on the power plant bulldings while the
outer bowl on one hand rests on the ground by
way of a support structure, and on the other
hand by way ¢f wind bracing members rests on
the power plant buildfings.

254 ICE PCND COOLING OF A POWER PLANT.

Geisler, GeC.; Urbanski, JeA.; Witzig, W.F.
(Pennsylvanfia State Univ., University Park).
Nucle Technole; 40: Noe. 3, 240-247(0ct 1978).
The primary objective of the study was to
analyze the feasfbilfity of using a large fce
water heat sink for power plant cocling and to
predict the effect of the relatively ccol
condenser water, produced by this system, on
plant performance. For a chosen hypothetical

sfte, the study has shown that a large {ce mass
could be produced durirg winter in northern
regions and coupled with a 1600=MW(electric)
nuclear power plant to provide yeareround
cooling water as low as 4,52C (40°F), When
introduced into the plant, this water cculd
increase the thermal effficiency cof the
particular plant chosen from 34.1 to 35.4%.
Although the fnitial cost of this system is
above that of a cooling tower, the additional
revenue realized through increased plant
efficiency can, over the 1ife of the plsant,
help to offset this increased cost.

255 REDUCING COOLING TOWER ICING POTENTIAL.
Doran, W.Gs.; Rosenquist, W.A. (Sargent and
Lundy, Chicago). Electr. Light Power (Boston);
S6: Noe 10, 56=57(0ct 15878).

The authors describe some of the problems
assocliated with {cing conditions on cooling
towers and suggest ways to minimize freezirg
and reduce the chance of damages They
concentrate on the five areas where freezing is
most likely to occur: the cold water basin,
both the exterfor and interior surfaces of the
tower, arecas vulnerable to fce that thaws and
falls, and nearby structures. The advantages of
mechanical draft towers, besides low i{initfal
cost, are due to flexible water and air
control. After a tower design is selectedy, the
authors recommend following a set of gufdelines
based on a thorough knowledge of both the tower
and site characteristics.

256 HEAT COST IN A SWEDISH AGROTHERMAL PLANT.
Christensen, J. Nucle. Technole; 40: Noe. 3,
227=233(0ct 1978).

Low=grade heat {s of rapidly increasing
{mportance {n Sweden and, therefore, so is the
economic evaluation of such heat. The present
heat cost is based on a detailed feasibility
study of large—=scale heated horticulture
combined with electricity production from a
Swedfsh boiling water reactor power plant. To
estimate judiciously the cost of heat from a
dual=purpose plant==such as a large=sczle
horticultural installation combined with and
using low=grade waste heat from an electric
power plant~=i{s an almost classical problem: =2
measure of arbitrarity is unavofdable. The
opportunity cost approach shown has presumably
some New features. It results in an estimated
cost of heat delfvered from the turbine
condenser heater in the power plant of .4 $/GJ
(or 6.1 Swedish Crwn/GJ) in 1980, which {s less
than one=third of the cost of fuel only with
conventional ofl=fired heaters.

257 TEMPERATURE ADAPTATION IN THE FRE&HWATER
SNAIL, HELISOMA TRIVOLVIS (SAY), IN AN
ARTIFICALLY HEATED RESERVGIR IN THE
SQUTHEASTERN UNITED STATES. Wood, D.H.
(Savannah River Ecology Labe, Afken, SC). Je
Therm. Biol.; 3: No. 4, 187=194(0ct 1578).

Snails from a heated zone of Par Pond of the
UeSe Savannah River Plant were compared with
conspecifics from an unheated area of the same
reservoir. The heated area averaged 5°C warmer
and was thermally more varfable than the
control areca., This situation has existed for
about twenty years. Variation {n metabolic
response to temperature was observed according
to season and heated vs unheated area. A
laboratory rearing experiment indicated that
part of the observed varfation was
environmentally induced. Life cycle and growth
rates were similar fn the two collection areas.
Three generatfions were produced annually {n
both areas and spawning was synchronous except
that the summer spawning period was shorter in
the heated arca. Live weights expressed
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relative to shell sfze were also similer, and
decreased in both areas during summer. It
aprears from these results that metatolic
corpensation for temperature can serve as an
indicator cf general thermal adaptability, but
only if the degree of environmental plasticity
{s known for the species.

25¢e EFFECT OF WIND ON THE OPERATION OF DRY
COCLING TOWEFS FOR THE CIRCULATING WATER AT
THERMAL POWER PLANTS. Kuloyan, L.T.; Akopyan,
LeSe (Erevan Pclytech Inst, Arm SSR). Izv.
Vysshe Uchebn. Zavedes, Energe; Noe. 10, 14}1=
144(0ct 1878 ). (In Russian).

Felying on the results of natural=size
fnvestigations, the effect of the wind on the
efficlency of operation of dry cooling towers
for circulating water is considereds An
erpirical formula for quantitative evaluatfon
of the varifations in the efficiency of
operation of a cooling tower depending on wind
velocity is presented.

258 BACTERIAL AEROSOLS FROM COOLING TOWERS.
Adams,y A.P. (US Army, Dugway, UT); Garbett,
Me; Reesy HeEBs; Lewis, E.G. Jo Water Follut.
Control Fed.; 2362«2365(0ct 1978).

This study was fnfitiated to evaluate the
sfgnificance of tacterfal aerosol production
frcos cooling towers using waste-water effluent
as makeup water by examinatifon of types and
numter of microbfal aerosol partfcles that
emanate fror them.

260 AIR CONDENSATION PLANTS. Kelpy Fo;
Fohl, H.H. (to Kraftwerk Union A.G., Muelheim
an der Ruhr (Germany,y FeRe); Deutsches
Fatentamt, Muenchen (Germany, FeR.)).
German(FRG) Patent 1,962,061/B/. 14 Sep 1978,
4pe (In German).

In this plant the steam i{s distributed by a
venti{lator frem the bottom to symmetrically
fixed, inclined cooling elements with tubes.
The upper part of the current side of the
cocling elerents as well as the bottom part of
the ocutflow ecide can be covered by cover plates
via a control circuft. This way, part of the
air amcunt 1< deviated and {n case of
unfavourable atmospheric conditions (cold) the
air is heated. This heating is enough to
prevent freezing of the condensate on the
cooling tubes.

2€1 CYCLE CONTROL CUTS COOLING=TOWER COSTS.
Haugt, T. (Logfc Control Syst, Redondo Beach,
Calif). Cheme Enge (NeYse); 85: Noes 20, 161=
163(11 Sep 1578).

The effectiveness of pH or corrosion control
is critically dependent on blowdown controle.
S8cele inhibition {s most commonly achieved by
controlling pH or using threshold techniques
(or bath); corrosion is controlled by
maintaining an inhibitor at a given
concentration. Control of pH maintains calcfum
bicarbonate In equilibrium with some other more=
soluble and =stable calcium compound, depending
on the type of acid usede The purpose of the
blowdown is to ensure that the saturatiocin
point of the resulting compound is not reached.
The systems should always be run well below the
saturation point of any compound, and these
levels are guaranteed by analyzing the makeup
water to determine the maxfmum concentration
ratio allcwatles It is pointed out that the
blcwdown requirement of a cocling~tower system
will be afinirized {f the concentration ratio of
the syster fs maintained at a constant level.
Equations are derfved which help te achieve
this goal through necessary calculaticons.

262 BASIC DESIGN PRINCIPLES FOR A SEAWATER
NATURAL DRAUGHT COOLING TOWER. Roggenkamp,
HeE. VGB Kraftwerkstech.; 58: No. 9, 67G=

674(Sep 1978). (In German).

In connection with land development plans
for the industrial utilization of those regions
of the Federal Republic of Germany, which
border on the shallows, expert opinion s to be
produced, {inter alia, to answer questions about
possible sites for rower stations. In the
context of these fnvestigations the erection of
power stations on the coast of Germany in the
future i{is now becoming conceivable and
consequently closed=circuit cooling by means of
seawater is no longer a Utoplar scheme. GOf
course {t has to be said by way of
qualification that potential sites only on the
North Sea Coast can be taken into
consideration.

263 COMPARISON OF COOLING SYSTEMS FOR DRY
COOLING TOWERS. Renz, Us; Becker, N,
(Technische Hochschule Aachen (Germany, F.R.).
Lehrstuh]l fuer Waermeuebertragung und
Klimatechnik). Brennst.=Waerme=Kraft; 30:
No. 9, 368=370(Sep 1978). (In German).

The article compares cooling systems (gilled
tubes and cooling tubes) for dry cooling
towers, In respect of the resulting height of
the cooling tower for a given cooling output,
and in respect of the costs of the cooling
tower. It deals with the basic principles of
the system comparison, with the thermal - and
flufd=engineering comparison, as well as with
the cost comparison of the varfous systems.
Charts are added to fllustrate the results of
fterative calculaticns.

264 FOG FORMATION AT EVAPORATION CQOOLING.
Speitkamp, L.; Hartmann, He. (Technische
Hochschule Aachen (Germany, F.R.)s Inst. fuer
Verfahrenstechnik ). Brennste=Waerme=Kraft; 30:
No. 9, 375=376(Sep 1978). (Ir. German).

Temperature, wetness and velocity fields
were spot=measured {n an evaporation canal,
under conditions causing fog formation in the
air flowe The local condensate loadfng could be
measured qualititively, thereby. It was
possible to determine that the fog formation
occurs at minute local over=saturation. The
condensate loading increases also after
exceeding saturation.

265 CLEANING AIR=COOLED EQUIPMENT SAVES
MONEY. Blakey, ReTs (Metropolitan Refining
Coey Incey Long Island City, NY). Heate,
Piping Afr Conde; 50: No. 9, 105-106(Sep
1978 ).

For efficlent and energy=conserving
operation of &air conditioning chfllers and
condensers, it is essential to have clean heat
transfer surfacese. The effect of mud, dirt, and
biological microorganisms on water=cooled heat=
transfer surfaces has frequently been
demonstrated. However, the effect of insulating
deposits of mud, dirt, and dust on ajr=cooled
condensers and air heating on cooling ceils is
often overlooked. This article demonstrztes the
effects of deposits on heat=transfer surfaces
of afir cooled condensers and air heating and
cooling coils, and shows how erergy can be
saved by maintaining this equipment and keeping
these surfaces clean of deposits.

266 REFLECTIONS ON THE STATE OF THE ART OF
NATURAL=DRAUGHT COOLING TOWER DESIGN.
Kraetzig, W.Be. Baulngenfeur; 3: No. S, 341-
342(Sep 1978). (In German)e.

The paper documents the international state
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af the eart cf these constructions and compares
it with French constructional practicee. The
rafn fnfluencing factore, e.g. wind and solar
radiation and the resulting bending stresses
are discussec.

2€7 KEEP YCUR COOL WHEN SELECTIG THE RIGHT

TOWERS Kunesch, AsMe
1€67(Sep 1878 .

No two cocling towers perform exactly the
sare duty and special desfgns are necessary for
efticlent operation for various parareters.
These parameters are discussed and the latest
tower desfgns and developments are examined.

Process Enge; 1€4=165,

2€¢E " DRY=TYFE CCOLING TOWER WITH AT LEAST

AFFROXIMATELY HORIZONTALLY ARRANGED HEAT
EXCHANGER ELEMENTS. Heeren, H. (to
Maschinenfatrik Augsburg=Nuernterg (M.A.N.)
AsGey Nuernberg (Germany, FeRe); Deutsches
Patentamt, Muenchen (Germany, F.R.)).
Cerean(FRG) Fatent 2,708,1€3/A/. 31 Aug 1%78.
€pe. (In Cerman;.

With this additional application t¢c P 26 12
158+.4 the material consumption and cost for the
fnetallation of heat exchanger elements for dry=-
type cooling towers operated with overpressure
fs to be kert as low as possible, among cther
things by not using side walls for these
elemrents resistent to bending. A supporting
structure resfstant to bending, made, e.g., of
concretey, willy, in a herizontal fitting
pceltion contaln a larger number of heat
exchanger elements with vertical wall surfaces
nen=resistant to bending. The interspaces of
the elements betweer each other and between the
surrounding inner wall of the supporting
gtructure {s filled with a pressure=resisting
fillery eegey & plastic materials This filler
formrs a force=locking connection between the
sfde walls ¢f the heat exchangers respectively,
tetween the rost exterior side walls and the
{nner well cf the supporting siructure, thus
trensmitting the compressive forces produced in
thHe heat exchanger elemrents by the overpressure
to the surperting structure.

2€S DRY=TYFE CCOLING TOWER WITH AT LEAST

EXCHANECER ELEMENTS. Heeren, H. {tec
Maschinenfatrik Augsburg=Nuernberg (M«A.N.)
AeCey Nuernterg (Germany, FeRe); Deutsches
Fatentamt, Muenchen (Germany, F.R.}).
German(FPG) Fatent 2,708,1€2/A/. 31 Aug 1578.
€pe (In German)e.

With this supplement tc P 26 12 158.4 the
raterlal consumption and cost for the
installation of heat exchanger elements {n dry-=
type ccoling towers operated at reduced
pressure §s to be kept as low es possitle,
arong cther things by not using side walls for
these elements that are resistant to bending. A
surport structure resfstant toc bending in an
arrroxirately horizontel fitting position can
hold a larger number of heat exchanger elements
with vertical well surfaces non-=resistant to
tendings In the interspaces of the elements
tetuween each gther and tetween the outer
elemrents and the surrcunding inner wall of the
support structure there are mounted aleng the
totel height of the heat exchanger elements
vertical tenszion elements. These tensicn
elerents concisty, esegey of 2 interlocking U
sections passing on to the support structure
the tensions produced in the heat exchangers by
the subpressure. The U sections are welded to
the heat exchanger walls respectively screwed
to the wall c¢f the support structure.

270 PREVENTION OF FROST DAMAGE IN DRY COOLING

TOWERS . Crlatka, G. (Erown, Boveri and Co,

Zurich, Switz). Brown Bover{ Rev.; 65: No.
8y 555=564(Aug 1S578).

Theoretical fnvestigations have yielded the
information that damage to tubes of dry cooling
towers resulting from frost cam be avofded
without great expense and merely by observing a
rumber of cperating rules. The formation of ice
can be prevented or kept within tolerable, safe
1imits both during steady operation and during
transjent conditions. The investigations
carried out over the following cases: water at
rest in the tube (static case); steady flow
through & tube, and transient conditions,
especially filling the tubes. The last
mentioned case corresponds to putting a tower
(or section of a tower) into service during
freezing conditionse. 12 refs.

271 EVALUATION OF CONCENTRATION OF COUOOLING
MEDIUM IMPURITIES ON HEAT EXCHANGE SURFACES
DURING BOILING. Tevlin, S.A. (Moscow Power
Eng Inst, USSR). Teploenergetika (Moscow);
Noe 8, 71=74(hug 1978). {In Russian).

An attempt is made to obtain analytical
relations suftable for the calculation of the
amount of the solid phase formed on the heat
exchange surface when water is bofling end
fmpurities are concentrating in the wall=
adjacent layer. The calculation is based on
simple balance relations under the conditions
of surface and volumetric boilinge. An equation
{s presented for the rate of formation of
depositss Experimental data obtained on a
stafnless steel circulation setup are compared
with the calculation in fron oxide deposits on
a heat emitting tube. It is shown that
concentrations of chroride=containing compounds
in the wall=adjacent region may be many times
greater than their average content in the heat
carrier.

272 TYPZS OF DRY/WET COOLING TOWER CzLLS.
PRELIMINARY PLUME OBSERVATIONS WITH TEST CELLS
IN THE GEMEINSCHAFTSKERNKRAFTWERK NECKAR (GKN)Y.
Maeule, R. (Neckarwerke
Elektrizitaetsversorgungs=A.G., Esslingen
(Germany, FeRa))e VGB Kraftwerkstechs; 58:
No. 8, 565=570(Aug 1978). (Ir German).

The author reports preliminary experience
with two hybrid test cooling towers in cellular
design in the Gemeinschaftskernkraftwerk Neckar
(GKN) with a2 view to technology a&and influence
on the plumes. Depending on the occurrerce of
different plume=determining parameters,
remarkable plume reductions have been observed
as well as situations without roticeable
{mprovements The findings, which are amtiguous,
indicate the necessity of systematic arnalytical
investigations.

273 REVERSE (0SMOSIS 70 ACHIEVE WATER CONTROL
AND RECYCLE. Hefzer, R«.Te«; Plock, C.L.
NWSIA Jeo; S§: Noes 2y 21=26(Jul 1978).

A 648,000 gpd reverse osmosis (RO) fecflity
at ERDA's Rocky Flats Plant near Golden,
Colorado will convert tertiary sewage plant
effluent for recycle as cooling tower makeup to
reduce external water demand and achfeve ''zero
di scharge'' off=site of tertiary sewage
effluents Design parameters for the facility,
determined by three years of pilot plant
testing, include 38% feedwater recovery, 100
ppM T+DeS. product water, and minimum brine
productfon for evaporation to dryness.
Pretreatment consists of RO feed attenuation in
a large pond, chlorinsticn, sand filtrstion,
softening, diatomaceous earth filtration,
feedwater heating and pH adjustment. The RJ
plant will have three 350 gpm trains, each with
a combination of HFF modules producing about
90% of the permeate, fcllowed by SW modules
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preducing the final 10%. Permeate frowr the SW
modules can te combined with permeate from the
HFF wodules or returned to the RO feed stream.
Unfque design considerations include heating
the 40 to 709F fee to 779F by means of heat
recoevery froe the permeate and supplemental
steam heating, recycling eof pretreatment
backwagsh streams wherever possible to reduce
the volume of brine, and precautifons tg avoid
silica scaling of the modules.

274 JOURNAL QF THE MINE VENTILATION SOCIETY
OF SOUTH AFRICA. Preterius, E.C.B.
Gold Mine, Ltd). Je Mine Vent. Soce Se Afre;
31: No. 7, 121=12S(Jul 1878).

The develcpment of horizontal spray chambers
was prompted by the need to find an alternative
to conventional cooling cofls because of severe

corrosion problers which limited the 1life of
the cofls. After the fnstallation of the first
two stage cocling spray chamber, further spray
chamber, both for cooling and heat rejecticn,
were installeds Performance figures are stated
and compariscns are made with cooling tower
perforrance figurese. 1 ref.

275 OPERATIONAL EXPERIENCE WITH A BASF DRY/
WET COQGLING TCWER. PT. I1. THERMODYNAMIC
INVESTIGATICGNS. Kokott, De (BASF A.G.,
Ludwigshafen am Rhein (Germany, FeRe))e VGB

Kraftwerkstech.,; 58: No. 7, 492=-4SS5(Jul 1978).

(In German).

The experimental findings have shown that
steam condensatfion fn the cooling tower plume
can be suppressed at least in the direct
neighbgourhoocd of the plant by combining
{ndirect air cooling and evaporation coolinge.
Pluse formation could be prevented down to an

ambient temperature of «59C, If the temperature

dropped further for a short period of time,
pluse formation was sti{ll prevented but
reasurement was no longer possible.

Recondensaticn of the plumes in greater heights

wae not observed during the whcle observation
period from December 1577 to April 1978, where
marked temperature minfmum values were

measureds The mafin factor in the calculation of

dry/wet cooling towers f{s the water
supersaturetion in the waste air of the wet
part which has been determined fn experfiments.

276 FLOW IN CONTROL VALVES AS A SOURCE OF
NOISE. Nuding, W. Regelungstechs Praxe.; 20:
Nee 74 194~169(Jul 1578). (In German).

The main cause of noise during liquid flow
in valves is the cavitation which sets on when
the steam pressure of the liquid {s reached.

277 MEZTHOD OF WASTE HEAT TRANSPORTATION.
Alefeld, G. (to Deutsches Patentamt).
German(FRG) Fatent 2,655,688/4/. 18 Jun 1978.
3pe. (In German).

It is prorosed to use the high=pressure gas,
prcduced according to the method described in
application no. 26 45 726, for the following

purposes: (1) as heat transfer medium between a

power plant and a dry=type cooling tower, and

(2) for trensporting waste=heat from coal mines

to the consumer. It {s of advantage tc¢ use a
gas mixture consfisting of NH; and CO,; with a
mole ratfo cf 2:1.

278 EFFECT OF THE BROADLANDS GEOTHERMAL POWER

SCHEME ON THE WAIKATC RIVER. Willis, DeJs
(NeZs Electric Dept., Pcwer Station Siting
Secte ) Gectherme Energy Mage; 6: Noe 6, 25=
34(Jun 18978).

This paper briefly describes the power
praduction precess to be applied at Broadlands

(Lorafine

281 THERMAL EFFECTS.

and details geothermal wastes that could affect
the Waikato Rifver. It further outlines
alternative waste disposal methods as well as
some possfible consequences to the Waikato River
{f the said wastes are disposed of in an
uncontrolled manner. It fs concluded that if
cooling towers are used for closed cycle
condenser cooling and waste borewater is
disposed of by Injecting back into the
formation from which it came, then the effect
of the power scheme on the Waikato River would
be negligible. 6 refs.

279 DEVELOPMENT AND CONSTRUCTION
INVESTIGATION FOR A HIGH=-POWER COMBINED WET/DRY
COCLING TOMER. Maeule, R. (Neckarwerke
Elektrizi taetsversorgungs=A.Gsy Esslingen
(Germany, F«Re¢))e VGB kraftwerkstech.; 58:
No. 64 455=457(Jun 1978). (In German).

According to unverified information by
different producers, investment costs for
hybrid cooling towers are twice as high as
those for wet cooling towers or even higher.
The full effect of this system on plume
diffusion is as yet unknown. This point will
have to be solved before secondary problems of
{nterest, e.g. water saving, materials
selection, noise, etcs can be tackled.

280 NEW WAY IN COOLING. COOLING ELEMENTS =
REVERTING THE PRINCIPLE OF OPERATIDN IMPROVES
PERFORMANCE. Energy Deve. (Graefelfing); 2:
No. 2y 7=30(Jun 1978).

Highly praised as a sensation on the one
hand, labeled as a dubjous technique on the
other hand, a development of cooling towers by
MeAsNe (Maschinenfabrik Augsburg=Nuernberg)
evoked a keen discussion {r the branch of
constructors and operators of cooling teowers.
According to MeA«.Ns the 'LRT=element ( for
Luftrohr=Trockenkuehl=Element) §{s supposed to
produce an intensified efficiency for power
plants. The cooling medium fs afr; thus the
procedure is even more interesting for erid
countries than for the Federal Republic of
Germany.

Talmage, S.S.;
Coutant, C.C. (Oak Ridge Mational Lab., TN)e
Jo Water Pollut. Control Fede.; 1514=1553(Jun
1978).

A literature review of temperature effects
on the aquatic environment {s presentede. The
literature reviewed covers marine ecosystems in
rivers, lakes, cooling ponds, estuaries, and
marine sftes.s There are 8 tables summarizing
the effects of temperature on reproduction,
embryonic development, larval development,
distrfbution, tolerance, oxygen metabolism,
growth, and interaction of other stresses on a
wide varfety of aquatic organisms. There are
400 references cited.

282 DRY/WET WATER COOLING TOWER VENTILATED

FROM GROUND LEVEL. Houx, JePe Jr.; Landon,
ReDe; Lindahly Pele Jre (to Marley Coey
Mission). German(FRG) Patent 2,751,14i. /A/.
24 May 1878, 31p. (In German).

A cooling tower is described which gives off
air in such & manner that the inner, hot ard
moist afr {s at least partly enclosed {r hot
dry air so that moisture deposition on near=by
installations i{s kept at a minimum level.

283 PRESENT KNOWLEDGE OF PHYSICAL

RELATIONSHIPS IN DRIFT EMISSION FROM WET
COOLING TOWERS AND MEASURES TAKEN TO DATE FOR
DETERMINING DRIFT DIMENSIONS. Vodicka, V.
(Balcke=Duerr A«Gey Bochum (Germany, FeRe))e
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VGE Kraftwerkstech.; 58: No. &, 337=242( May 287 PERFORMANCE AND CAPITAL COSTS OF WET/DRY
1978). (In German). COOLING TOWERS IN POWER PLANT SERVICE.

Cooling towers of present day construction Larinoff, M.W. (Hudson Products Corps ).
are fitted with elimfnators. In addition te Combustion; 49: No. 1i, 9=19(May 13878).
knowledge of drift loss is also of fnterest. Dry and wet=peaking tower cooling systems in
The paper presents theoretical possibilities of power plant applications provide the means for
improving the collecting efficlency of drift saving evaporative cooling makeup water
elirinators, These theories are confirmed by suppliess A 1000 Mw LWR nuclear plant operating
measurements. In addition methaods of drift at rated load with an all=wet cooling tower
emission rates and of determining drirt requires about 20,000,000 gallons of makeup
dimensfons are presented. In conclusicn the water every 24 hours. A question frequently
drift spectre of varifous drift eliminator and asked {s, what is the capital cost of these
coaling tower designs are indicated. water=saving systems compared to all=wet or all=

dry cogling towers. There have been three
recently publi{shed reports, prepared urder the

284 CONTROL OF COOLING WATER TREATMENT: A sponsorship of ERDA and RPRI, that evaluate the
STATISTICAL STUDY. Schieber, J.R. (Betz total costs of these wet/dry tower cooling
Labey, Ince)e Combustion; 49: No. 11, 25= systems.s This paper extracts the capital costs
30(May 1578). of these cooling systems from these reports and

Results show that most industrial plants compares the findings of the three Consultants.
using menual methods of treatment control do In addition, the capital costs of the cooling
not mafntain satisfactory water balances. system equipment so derifved are presented in
Corrosfon and fouling rates are considerably tabular and plotted form for use as
higher than necessary. Automatic contrcl "'estimating tcols'' by the {ndustry. .° refs.

fmproves protection of the system and increases
operating efficiency. For this study, typical

reports were obtained at random from the 288 OPERATION OF STEAM TURBINES WITH DRY
records for several hundred plants. The only COOLING TOWERS. Schwarzenbach, A. ( BBC
selectivity was that each plant fncluded fn the Brown, Boveri and Co., Ltd.). Combustion; 49:
survey fed sulfuric acidy, did not employ No. 11, 33=35(May 1578).

automatic control and required blowdowr. The article describes the use of dry 'type

cooling towers in the operation of power plants
equipped with Brown, Boveri and Company, Ltd.

285 NOISE EMISSION CHARACTERISTICS OF (BBC)'s steam turbines. The use of dry cooling
CIRCULAR MECHANICAL NATURAL AND FAN=ASSIST towers in this application 1s especfally
NATURAL DRAFT COOLING TOWERS WITH SILENCERS. suitable in the arecas where water is in short
Carano, Ge.A. (8tcne and Webster). supply, or where environmental protection
Combustion; 4S: No. 11, 36=40(May 1978). measures are i{mposing limfts on the amount of

For power plants utilizing large, wet=style water that may be used for cooling purposess
cooling towers, increasing significance {s Experience gained in a Hungarian power plant
being attributed to the nocise control neasures proves that BBC steam turbines can be expected
needed tao counteract cocling tower impacts to to perform relfably in combination with dry
the adjacent community. Understanding the noise cooling towers. 8 refs.

emission and propagation characteristics at the
inlet and outlet of towers and defining the

level of nofse and {ts frequency content at any 289 PRESERVATIVE TREATMENT OF COOLING TOWER
distance from the tower are prerequisite to LUMBER. Hutton, D. (BAC=Pritchard, Ince,
initiating effective noise control measures. To Baltimore, MD). Heat., Piping Afr Cond.; 50:
provide this information nolse measurerents No. 5, 71=75(May 1978).

were taken at several plants in West Germany. The reasons for preservative treatment of
Circular mechenical draft, fan—assist, and cooling tower wood are reviewed along with a
hyperbolic natural draft towers used irn Europe summary of which types of treatment are

were found to be similar to United States® avallable, how they are appliedy, and a

style towers as to noise level at the {nlet (85= comparison of materfals and processes.

86 dBA on the average) but exhibited different Industries often specify minimum quality
outlet nolse emission characteristics than had preservatives for their cooling towers without
been simulated by model tests. understanding the loss of strength caused by

decay and the economic losses due to a2 cooling
tower failure and lost production. Wood {s

286 CROSS WIND AND INTERNAL FLCOW subject to both chemical (surface
CHARACTERISTICS OF DRY COOLING TOWERS. delignification and iron rot) and biological
Russell, C.M.Bs; McChesney, H.R.; Holder, D.W.; (soft rot) attacke A successful preservative
Jonesy, Te; Verlinden, M. (C=E Lummus, treatment that protects against both must have
Cowbustion Engineering Inc.). Combustion; 49: retention end penetration qualities. Research
No. 11, 20=24(May 1978), efforts are examining the toxicity and

In grder to investigate new concepts in the environmental impacts of preservatives and
design of natural draft dry cooling towers, the exploring the possibility of chemically
authors in associatlon with Oxford University, modi{fying wood. (DCK)

have undertaken a progras of research to
determine how the srrangement of heat exchanger

bundles at the base of a tower affects the 290 IN AQUA VERITAS = WATER TREATMENT IN
tower's internal flow and fts sensftivity to . CONVENTIONAL POWER PLANTS. PROCESS
cross winds. To learn more about these effects, ALTERNATIVES. Bursik, A. (Grosskraftwerk
experisents were conducted with model towers {n Mannheim A«.Ge (Germanyy, FeRe ))e Energie; 30:
which heat exchanger bundles were represented No. 4, 126=129(Apr 1978). (In German).
by gauze screens. Two types of tests were Different methods of water treatment in
performed. The first was a study of tower flow conventional power plants are described. Some
in the absence of cross winds which was made at techniques to treat fresh water, condensate,
high Reynolds numbers, and the second, a study cooling tower fresh water, and waste water are
of cross=wind effects made at much reduced di scussed.
Reynolds nupters {n a 4m*2m wind tunnel. 8
refs.

291 OPTIMIZATION OF LOW=POTENTIAL COMPLEX OF

NUCLEAR POWER PLANTS WITH A MIXED SYSTEM OF
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CIRCULATING WATER SUFPLY. Bermany LeDe;
Foryrin, L.S.; Zisman, S.L.; Mai, V.A.; Naumov,
YueVe (All=Unfon Heat Eng Inst, USER).
Terloenergetika (Moscow); No. 4, 38=42(Apr
1578). (In Russian).

The region of ratfonal utflizetion of mixed
circuleting systems of water supply with a
water cooling reservoir and ccoling towers in
arplication to nuclear power plants with 1000
Mw blocks {s investigated. The optimal
structure of such a system of water supply with
difterent dinmensions of the water cooling
reservoir, tte optimal load on the latter, and
ortimal parameters of the low=potential complex
of nuclear pcwer plants with a mixed
circulating water=supply system are determinede.

2 HEAT EXCHANGERS, Stephan, Ke; Mitrovic,
Jo Brennst.~Waerme~Kraft; 30: No. 4, 188-
183(Apr 1978 ). (In Germen).

The litereture survey lists mainly those
parers which give a contribution to the
mechanical, thermic, and flufid=dynamic design
of heat exchengers. The convective heat
transfer without phase transition is discussed
in constderation of free and forced convection
cn bodies ¢f different geometries.

3 OPTINMIZATICN OF LOW=POTENTIAL COMPLEX OF
NPF WITH MIXED CLOSED=CYCLE WATER COCLING
SYSTEN. Bermany L.Ds; Popyrin, LeS.; Zisman,
Seles l‘.al, VeAe; NBUII‘!OV, YueVe
Terloenergetika (Moscow); No. 4, JE€=42(Apr
1S7€). (In Russian).

The results of optinal design calculation of
e circulation water cooling system {n an NFP,
whose power 1s stepped up from 2000 to 4000 MW
ere presenteds It {s assumed that the NFP
conprises power rlant units with a WWER=1000
reactor and setureted €.,5 MPa steam turbine of
1000 MW capacitye For two climatic zones of the
European part of the USSR = the Center and the
South = the rossibility of reising the therral
load of the existing reservoir=cooler (R=C)
system or using Instead a combination of R=C
plus cooling tower system fs considered. It is
shecwn that wien the combination of R=C and
cooling towers {s used the low=potentfial
corplex parameters correspond to those of the
most expensfve part of the combined cocling
system = the cocling towers,

4 COOLING TOWER, ESPECIALLY FOR THERMAL
POWER PLANTS. Sonnenschefn, He. (to
Deutsches Fatentamt). German(FRG) FPatent
2,€40,177/4/. 16 Mar 1978. i9p. (In
Gernan )e

A novel method of construction {s proposed
for cooling towers exhjbiting especially large
capacities. Instead of conventional materfails,
the shell structure of the stack consist of
sore kind of airecarried hall fi{lled with a gas
which §s lighter than air (hellum or hot afir).
There wust te a flow duct, running through the
whcle structure, in order to be able tc
discharge the hot air. A flexible design
pernits adaption {n size and hefght to
operatiocnal es well as environmental
conditions, feveral desfign variants are
described.

§ COOLING TOMER. Kessler, E. (to Krupp
(Friedrs.) GemebeH.y, Essen (Germany, F.R.);
Deutsches Patentamt, Muenchen (Germanyy F.R.)).
Gerran(FRG) Fatent 2,105,174/C/. 2 Mar 1978.
4. (In German).

A rope~network cooling tower i{s presented,
where & rcpe structure, supported by a central
bearing pile by means of an upper spacer ring
and at least another ring and forming the shell

288 AIR FROM NEW FIPES.

of the cooling tower, 1s connected with the
foundation. Characteristic 1s here the run of
the ropes, having got the same radfal distance
from the middle axis between the upper and
lower spacer ring and showing the same straight
run towards the foundation.

296 OPTIMIZATION OF CLOSED CIRCUIT COOLING

SYSTEMS, WITH NATURAL DRAFT TOWER, FOR POWER
PLANT CONDENSERS. Gencoy Ge; Martelli, F.;
Senis, Re (ENEL==Cent Prog e Costr per gii
Impianti Nucl, Rome, Italy). Termotecnicea
(Milan); 32: No. 3, 134=145(Mar 1978). (In
Italfaa).

A calculation method to determine the
optimal characteristics of closed=circuit
cooling systems, with natural draft tower, for
power plant condensers is developed. After
having fdentiffed the essential parameters of a
cooling syster and established the equations
which define its behavior under non=rated
conditions the objective junction,
representative of the total system cost,
including operating costs, was determined as
well as the minimum of that function. In this
connection, a computer program {s preserted arnd
an application for nuclear power station is
gliven.

297 FORCED CONVECTION HEAT TRANSFER IN AN

ANNULUS AT LOW REYNOLDS NUMBZRS . Bislo, Ge;
Pisoni, C. (Univ degli Studi df Genova, ist
de Fi{is Tecn e Impfanti Termotec, Italy).
Termotecnica (Milan); 32: No. 3, 146=_53(Mar
1978). (In Italian).

Results are presented of an experimental
fnvestigation on heat transfer with air in
forced convection flow in an annulus with a
heated core at uniform temperature and an
fnsulated outer wall, at low Reynolds numbers
(Re=700/2200). Referring to analytical
fnvestigations on the subject, developed on the
basis of constant flufd properties, a
comparative analysis {s carried out between the
experimental and theoretical date on
temperature distributions and heat fluxes, at
the aim of evaluating the effect of fluld
properties variation on heat transfer problems.
12 Refs.

298 COCLING POWER TECHNOLOGY AT A TURNING

POINT. Hese, LeH. Waerme; 84: No. I, 50=
S1(Mar 1978). (In German).

From freshwater cooling and efflux condernser
cooling to wet recirculation cooling, hybrid
and dry cooling towers, cooling tower
technology has seen a development characterized
by higher cooling tower costs and reduced power
plant efficfencys Therefore, all research work
done at the moment concentrates on making up
for the economic losses connected with {mproved
environmental protection.

M.A.N. HAS
DEVELOPED A NEW DRY=COOLING SYSTEM. Energle;
30: No. 3, 74=75(Mar 1978). (In German).

The new dry=cooling system method LRT
(Luftrohr=Trockenkuehlturm) developed by MeA«Ne
is designed so that the surface touched by the
air 18 on the inner side of the pipes Air and
water=touched surfaces are hence practfcally
equal in area without using ribs. In order to
transfer an equally large amount of heat, one
requires a considerally smaller air—=side
resistance with the LRT element compared to the
outer ribbed pipe. The joining of the binary
turbine to the direct process of dry cooling
using the LRT element greatly increases the
useful heat gradient for the turbine. The
primary energy utilization is thus {mproved and
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303 HEAT REJECTION SYSTEM.

hence less turdening of the enviranment. The
working agent for the binary process fs MWA
(vethoxy prcpancl=water azeotreope) having high
heat transfer values, s non=toxic and
ticlcgically decomposable. Ccmpared tc common
censtruction materials in turbine building, it
is naot aggressive. MAN is planning a dry
ccoling tower according to the LRT systenm
Nuernberg's cwn gpower plant,

3ce PREDICTING SALT COMPOSITION OF WATER IN

CIFCULATCRY COOLING SYSTEMS.
Eodnart'y, Yu.F.; Gronskii, R.Ke (All=Union
Heat Eng Inst, USSR). Teploenergetika
(Moscow); No. 3, S8«=€0(NMar 1578). (In
Ruseian).

A method and formulas are presented for the
calculation cf the variation of the salt
cecrposition cf circulating water in circulatory
cocling systems., The succession of calculations
fs shown by examples. The method §n question
makes use of the following concepts: degree of
systenm equilibrfum S, wultiplicity of water
reuvse K, salinity factoer f.

Kot, A.A.;

301 NATURAL=DRAUGHT CCCLING TOWERS MADE OF

REINFORCED CONCRETE. STATE OF THE ART AND
DEVELOFFMENT FOSSIBILITIZS. Kraetzigy WeB.;
Petersy Hele; Zerna, W. Beton Stahltetonbau;
73: No. 3, €6=72(Mar 1978). (In German)e

Large power plant units and dry cocling
tower technology require larger dimensions for
natural=draught cooling towers. The rain
curvation radii Iin latitudinal and merlidfan
direction are thus increased, which results ir
a lewer three-di{mensional suppocrt strengthe
This developrent is an incentive for ccnstant
re=consideration of calculation methods, safety
philosophy,y, &nd dimensioning criterias In this
context, wind effects have been re~formulated
and glven a scientific fcundation.
Censetructicnal measures to {mprove the statfic
and dynamic tehaviour of the structure have
been presented and critfcally assessed. A cost
analysis, finally, gave the most ratforal
arpifcations of the new shell construction with
reinforcing elements. A ccoling tower now under
constructfon gave a realistic example.
Fundamental aspects concerning the foundatfons
of cooling tcwer shells and twc specfal tyres
of foundaticn are further points to clarify the
sut ject.

202 COOLING TOWER WITH MECHANICAL AND NATURAL

DRAUGHT. Kelpy Fo (to Kraftwerk Unicn A.Ge,
Muelheir an der Kuhr (Germany, FeR.))}.
German(FRG) Fatent 2,636,807/A/« 22 Feb 1S578.
7p. (In German).
£ cooling tower is described which can be

cperated with natural as well as with
mechanical draught, where the cooling power {s
not much reduced when the blowers are shut off.

Smith, G.Ce;
Tokarz, ReDe; Parry, HslL. Jr.; Braun, D.J.
(to Depsrtrent of Energy)e US Patent

Application £80,254. 22 Feb 1978, 12p.

A cooling system for rejecting waste heat {s
described. The system consists of a cocling
tower incorpcrating a plurality of ccolant
tubes prcovided with cocling fins and each
having a plurality of ccoling channels therein,
means for directing a heat exchange fluid from
the power plant through less than the total
nurber of cocling channels tc cocl the heat
exchange fluid under normal amtient temperature
conditions, reans for directing water through
the remaining cooling channels whenever the
ambient temperature rises above the terperature
at which dry cooling of the heat exchange fluid

is sufficlent and means for cooling the water.

304 COOLING TOWER. Kessler, E. (to Krupp
(Friedr.) Gemsbe.H.y Essen (Germany, F.R.);
Deutsches Patentamt, Muenchen (Germany, F.R.)).
German{FRG) Patent 2,142,49i/C/. 16 Feb 2978,
2p. (In German).

The invention {s concerned with mounting a
tense net of ropes carrying the cover forming
the shell of the cooling tower. According to
the fnvention the net of ropes is held near the
outlet opening by spacer rings being connected
with the mast of the cooling tower by means of
prestressed spokes which can be loaded {n
tension.

305 NATURAL=DRAFT COULING TOWERS MADE QOF
REINFORCED CONCRETE = CURRENT STATUS AND
POSSIBILITIES OF DEVELOPMENT. Kraetzig, WeBs;
Peters, H.L.; Zerna, W. Beton Stahlbetonbau;
73: No. 2, 37=42(Feb 1578). (In German).

For the construction of all kinds of cooling
towers all over the world, the design with
steel concrete has proved to be a problem=
adequate and economical technologye. Together
with the unit sizes of power stations, the
dimensfons of the coolers began to grow to
gigantic proportions. This process of growing
was not even interrupted by the collapse of
three cooling towers of a height of 1i4 m at
Ferrybrfdge and another tower at Ardeer. On the
contrary, the cases of damage led to more
intensfve fnternational research helping to
close many gaps {n the knowledge about the load
carrying behaviour of natural=draft cooling
towerse Alone in the Federal Republfic of
Germany, more than 50 large natural=draft
cooling towers, serving the power supply
without faults and cracks, give evidence of the
relfability of these structures.

306 COOLING WATER SYSTEMS: TREATMENT AWD
MATERIALS OF CONSTRUCTION. DeMonbrun, JsRe
(Unfon Carbide Corp., Oak Ridge, TN). Am.
Inste Plant Enge Jeo; 5: Noe 4, 35=43(Win
1978).

A cooling water system presents a
significant challenge to the plant englneer.
Materfals and masnpower costs continue to rise
higher and higher, but corrosion recognition
and control provides many cost=reducing
opportunities. To be effective, however
reliance must be made on the knowledge of
others in the fleld of chemistry, metallurgy,
electricity, blology, geclogy, and metrologys
to name a few. Several areas that need
considerable attention in a cooling water
system are discussed as well as potentizl
problems includfng fmpurfties in water; types
of chemicals for corrosion, scale and
microbiological control; cooling tower
materials of constructfon; drift; and blowdown.

307 ENVIRONMENTAL IMPACTS OF INDUSTRISL
ENERGY SYSTEZMS IN THE CUASTAL ZONZ. Hell,
CeAeSe (Cornell Unive, Ithaca, NY); Howarth,
R.; Moore, B. IlI; Voercesmarty, CeJ. Annu.
Reve Energy; 3: 395=475(1978).

Impects from energy=related industry
situated or opersting in coastel regfons are
reviewed. Aquatic ecosystems response to
primary and synergistic effects have been
assessed for petroleum fndustry wastes as well
as for clean=up and abatement efforts. Fower
plant impacts have been found to be extremely
site=dependent, and need for urfversal
environmental standards has not been shown. €73
notes and references. (PCS)
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208 DIFFERENCES IN ATMOSPHERIC CONVECTION

CAUSED BY WASTE ENERGY REJECTED IN THE FORMS OF 312 PIPELINE FROM OCEAN TO DESERT TO PROVIDE

SENSIBLE AND LATENT HEATS. Koenig, L.;
Murrayy FeWe; Tagy PeMe (Rand Corp)e Atmos.
Environ.; 12: No. 5, 1013=1019(1978).

The relative ability of continuous sensible
and latent heat perturbations to fnitiate
atrospheric convection is studifed using
numerical sfrulation. In three experiments a
given awmount of energy §is rejected as all
sensible heat, all latent heat, and half
sensible and half latent heat. With equal heat
flux desnity, sensible heat is much more likely
tc initfate convective circulatifons and
ancralous cloudiness than latent heat. These
findings indicate that to the extent that the
potential for cloud fnftfation {s a factor in
the choicey, wet cooling towers are preferable
to dry ones for the rejection of large
quantities of heat., 10 refs.

309 DRIFT MODELING AND MONITORING

COMPARISONS. Cheny NeColJe (Dak Ridge
National Lab., TN); Hanna, S.R. Atrmos.
Environe.; 12: 1725=1734(1978).

Ten drift deposfition models are cowpared
using a set cf standard input conditions for a
natural draft cooling tower. Most of the models
agree within a factor of threee However when
all ten models are compared, the predicted
maximum drift deposition differs by two orders
of sagnitude, and the downwind locations of the
maximum differ by one order of magnitude. The
discrepancies are attributed mainly to
different assumptions in the model regarding
the initfial effective hefght of the droplets.
Current programs measuring drift
characteristics at the tower mouth and drift
depcsition downwind of the tower are
surparized. At the present time, drift
depcsition measurements, sufffciently
comprehensive for model verifications, are
unavajlables Hopefully, the Chalk Point Program
will satisfy this need.

210 OBSERVATION OF CCOLING TOWER PLUME

EFFECTS CN TCTAL SOLAR RADIATICN. Ryznar, E.
(Univ of Mfch, Ann Arbor). Atmos. Environ,;
12: No. §, 1223=1224(1578).

Nessurerents cof total solar radiation were
made on 7 March 1977. The sky was cloudless but
a cocling tower plume occcasionally came between
the sun and the pyranometer that was used.
These weasurements resulted in values that were
greater than those expected with a cloudless
skye It Is likely that reflections from the
plure, whose average position was slightly
north of an imaginary sun=pyranometer line,
were responsibles S refs.

31 DIFFERENCES IN ATMOSPHERIC CONVECTION

CAUSED BY WASTE ENERGY REJECTED IN THE FORMS OF
SENSIBLE AND LATENT HEATS. Koenig, L.;
Murray,y FeWe; Tagy P.M. (Rand Corp). Atmos.
Environe; 12: Nce S5, 1013=1015(1978).

The relative ability of continuous sensible
and latent heat perturbations to initiate
atwcspheric convection {s studied using
nurerical sinulation. In three experiments a
given amount of energy is rejected as all
sensible heat, all latent heat, and half
sensfible and half latent heat. With equal heat
flux desnity, sensible heat fs much more likely
to inftiate convective circulations and
ancmalous clcudiness than latent heat. These
findings indicate that to the extent that the
potential for cloud finftfation §{s a factor {n
the cheice, wet cooling towers are preferable
to dry ones for the rejection of large
quantities of heat. 10 refs.

COOLING FOR SOLAR POWER PLANT COMPLEX.

Turner, ReHe. (Jet Propulsion Lab., Pasadena,
CA). pp 845-849 of Solar diversification.
Vole 2¢1. Boeer, KeWe; Franta, G.E. (eds.).
Newark, DE; American Section of the
International Solar Energy Society, Inc.
(1978).

From Meeting of the American Section of the
International Solar Energy Soclety; Denver, CD,
USA (28 Aug 1978).

A prime factor in large=scale development of
solar power plants i{s lack of water for
condenser cooling, since if the facility is
located in arid and low population density
areas to take advantage of high insolation
values and low land costs, then water will
likely be unavailables One possible way to
provide water for condenser cooling to Southern
California desert power plant sites {s to
construct a pipeline or aqueduct from the ocean
to the desert and pump sea water to the site.
Since such a project would necessarily be large=
scale, the site would probably be a complex of
power plants, and need not be restricted to
solar unfts. JPL has conducted a preliminary
study to assess the technical and economic
feasibility of such a scheme. Three possible
condenser cooling modes are considered,
including seawater makeup to (1) wet cooling
tower, (2) evaporation cooling ponds, ard (3)
fnverse salt gradient solar ponds where low
grade heat would also be collected. Pump power
requirements appear to be relatively small.
Several techniques are considered for the
di sposal of concentrated brine, includirg the
{introduction of anc{llary and complementary
industries tncluding salt and distfilled water
production and chemical production. A4 fallout
from such a project would be the {ntroduction
of evaporated water i{nto the desert biosphere.
Prelimfinary results are described and potential
advantages and disadvantages are listed.

313 REVIEW OF THE ENVIRONMENTAL EFFECTS OF

THREE SOLAR ENERGY TECHNOLOGIES. Lawrence,
K.A. (Solar Energy Research Inst., Golden,
C0O)e pp 592596 of Solar diversification.
Vole 2424 Boeery, K.W.; Frants, G.E. (eds.).
Newark, DE; Amerfican Section of the
International Solar Energy Soclety, Inc.
(1978).

From Meeting of the American Section of the
International Solar Energy Socfety; Denver, €O,
USA (28 Aug 1978).

No method of energy production i{s without
some environmental effects. Solar energy
technologies are no different. Data are
reviewed and summarfzed on the environmental
effects of three scolar energy technologles:
photovoltaic cells, wind energy conversion
(WEC)y and the solar thermal central receiver.
Potential effects are fdentified for each of
the 1ife cycle phases: resource extraction and
component manufacture, plant coanstruction,
operation, and decormission. The solar energy
technologfies are assumed to be deployed as a
centralized energy production facility. The
technologies examined are materjals intensive
compared to fossil fuel plants with the same
power rating. As a result, the life cycle phase
of resource extraction and component productfon
{s the most environmentally hazardous. Impacts
of plant construction will be somewhat site
specific but should approximate fmpacts
assocfated with any large construction
activity. The operation phase i{s relatively
environmentally benign. None of the options
emit afr or water pollutants. WEC operation
does produce low=level noise pollution and
present hazards to flying species. Soler
thermal facilities equipped with wet cooling
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towers may affect local air quality via cooling
tower drift. Decommission of WEC, solar
thermal, and Sfi-photovoltaic facilities should
present no envircnmental hazards, although
disposal of CdSGaAs cells will require care.

al4 COCOLING TOWER TECHNOLOGY=-=-COLD WATER

MAKES PROFITS. Burger, R. (Robert Eurger
Assocy New Ycrk, NY). Inde Water Enge.; 15:
Nc. 4, 14~18(1978).

The criterion of ccoling tower performance
{s cutlined in the design conditions described,
srecifled when the cooling tower {s purchased
and/or rebufilt to mean the cooling of a
specific quantity of circulating water from
entering the tower at a particular temperature
and leaving at a definite value. Enthalpy
Fressure diagram presented relates cold water
to energy required for refrigerant utilization.

2158 OBSERVATIONS AND FREDICTIONS OF NATURAL

DRAFT CUOOLING TOWER PLUMES AT PARADISE STEAM
PLANT. Slawson, P.R. (Univ of Waterloo,
Ont)e. Atmos. Environ.; 12: No. 8, 1713=
1724(1878).

Observaticns of the time=mean plumes from
the natural=draft cooling towers at the
Tennessee Valley Authority's Paradise Steam
Plant taken during the winter of 1973 are
comgared with a one~dirensional model for moist
plure behavicr. A bent=over plume model based
on the closed form solution to the integral
foru of the governing equations fer plume
behavior for an atmosphere of linear stable
stratificaticn was found to adequately describe
rost of the cbserved plume trajectories and
visible lengths. However, numerical integration
of the equations are required to account for
detatled effects of vertical wind shear and
elevated fnversions on plume trajectory. Plume
trajectory and visible length are greatly
fnfluenced by tower downwash. 21 refs.

31€ VELCCITY DISTRIBUTICNS AND TUREULENCE

INTENSITIES AT TUBESHEETS IN A TWO=PASS
CONDENSER NODEL. March, P.A. (Alden Res
Lat, Holden, Mass). Ame. Soce. Meche Enge,
(Pepe]; No. 78=JPGC=NE=6, 1=€6(1978).

A 1:7.8 scale hydraulic model was used to
determine flow patterns, velocity
distrfbutions, and turbulence fntensities
within the inlet/outlet waterbox and reversing
waterbox of a two—-pass condenser for a nuclear
generating station currently under
construction. A laser doppler anemometer with
an acousto=ortical frequency shifter was used
to weasure the velocity components
perpendicular to the tubesheets and the
turbulence intensities associfated with these
components. Test results were discussed in
ternss of their fmplications for tubesheet and
condenser tute ercsion. S§ refs.

317 WIND ENERGY GENERATION WITH HYPERBOLIC

COOLING TCOWERS. Rogers, P. (Calif State
Univy, Los Anceles). Ep vp of Greater Los
Angeles Area energy syrposiur. North
Hollywood, CA; West Period Co. (1978).

From 4. energy symposium; Los Angeles, CA,
USA (23 May 1978).

The method described in this article
prertains to the secondary utflizatfion cf the
exterfor of hyperbolic cooling tower shells fer
supporting wind=-rotors, and for producing
electric emergy directly and .at a very reduced
coste

318 FLOW LCSSES IN OBLIQUE HEAT=EXCHANGERS

FOR DRY COOLING TOWERS OF LARGE POWER PLANTS.

Pimputkar, S.M.
(i978). 132p.
No. 78<17,87S.

Thesis (Phe Do )e

Heat-exchangers of dry cooling towers for
large power plants have big frontal arees to
reduce the fan—=power (or equivalertly, the
draft hefght)e Such large frontal areas are
commonly accommodated by arranging the heat-—
exchangers in a *''folded'! or ''zfig=~zag"''
configurations Thus the flow upstream is not
perpendicular to any heat—exchanger face. These
heat=exchangers, yawed with respect to the
{fncoming flow, have total pressure losses which
exceed the static pressure drop for the unyawed
case, Additional losses which arise as a
consequence of oblique positioning are
{dentified and discusseds A stack of Hele=Shaw
cells between plates of parallelogram planform
is used to simulate a high drag heat=exchanger.
The flow within the plates is solved
analytically. It is then shown that vorticity
i{s generated a2t the corners during diffusion of
the parabolic profile to a uniform one
{mmedfiately behind the heat=exchanger. The
magnitude of this vorticity scales with the
transverse gradient of emerging velocity at the
rear of the heat—=exchanger. The upstream and
downstream flow fields are then computed
numerically. The downstream solution is urique
but a consequence of allowing only laminar,
unseparated flow {s that the usual boundary
condition of normal emergence from the rear of
a high drag heat=exchanger is not sati{sfied.
However the streamlines obtained give the
unique directions along which the flow should
be constrafined to leave the rear face of the
heat=exchanger by means of an appropriately
desfgned cescade in order to have no separation
downstream. Design suggetions for reducing
oblique flow losses are discussed,

Ithaca, NY; Cornell Univ.
Unfversity Microfilms Order

ais WASTE HEAT DISPUSAL TO AIR WITH FORCED

AND NATURAL DRAFT: SOME ANALYTICAL DESIGN
CONSIDERATIONS. Montakhab, A. Stanford, CA;
Stanford Univ. (1978). 227p. Unfversity
Microfilms Order No. 78=14,193.

Thesis (Ph- De )o

The main objective of this work s to
quantify the factors which reduce the overall
size and cost of the cooling tower and the
associated heat transfer system for thermal
power plants and to establish the conditions
which result in dry cooling tower cost
reductions. The fundamental design aspects of
large air=cooled power stations are discussed
and economic and technical considerations of
using dry and wet/dry cooling systems for
electric power stations are presentede. As a
first step, the design equations for forced=
and natural=draft dry cooling towers are
der{ved in closed form to give explicit
relations for salient design variables.
Subsequently, these equations are used to
establish a set of Influence coefficients for
the design, performance evaluation, and
optimization of dry cooling towers and for
quantifying the effects of various key design
variables on the design of forced= and natural=
draft dry cooling towers. The use of influence
coefficients in the sizing of a natural=draft
cooling tower for a nuclear gas turbine with a
1200 MW(e) output §s fllustrated. Optimization
conditions for dry cooling towers are
presented. These conditionsare applicable to
the design optimization of the dry=cooled steam
condenser and the dry=cooled precooler of a
closed=cycle gas turbine. It is concluded that
the optimum coupling liquid capacity rate and
the optimum heat transfer surfece area
distribution between the condenser and the dry
cooling tower are not criticale. The effects of
heat transfer surface geometry on the design of
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dry cooling towers 1s investigated, and
criteria for evaluation of heat transfer
gecretries are established which may be used {n
the selection of heat exchanger surface or in
directing recearch and developrment efforts
toward manufecturing of fmproved heat transfer
surfaces for the dry ccoling tower
arplications.

220 Kriterfen zur Uptimierung des Eaues von
Grcesnaturzugkuehltuerren {m Hinblick auf
Standsicherheit, Bavausfuehrung und
Wirtscheftlichkelt. (CRITERIA FOR STRUCTURAL
OPTIMIZATICN OF NATURAL=DRAUGHT COOLING TOWERS
WITH A VIEW T0 STABILITY, CONSTRUCTION, AND

RENTABILITY). 2erna, W.; Haj=Issa, S.;
Lehnkaempery Co; Mungany, I« (Bochum Unfve. 32
(Germanyy FeFRe)e Insts fuer Konstruktiven

Ingenfeurbau }. Opladen, Germany, F.R.;
Westdeutscher Verle (1578). €5pe (In
Gerwan).

There 2re & number of possible designs for
future natural=draught cocling towers. Apart
from the well=tried reinforced=concrete
censtructfon with variatle shell thickness,
constructions with bracings or cable net
constructions are possible. Eracing rings are
fndispensfble {n large cooling towers as they
have a favourable effect cn the buckling and
vibraticnal tehaviour ¢f the cooling tcwer.
This design {s alsc more economical tharn
cocling tower shells with varfable thickness.

321 ANALYSIS OF THE OFERATION OF ATMGSPHERIC
COGLANTS. Aussourd, F.; Bourillet, C.;
Caudrony Le; Mery, Pe Entrople; No. 83,
74(1978). (In French).

The operation of cocling towers is
discussed. Tle present state of knowledge of
the thermodynamics of cooling towers, the
dynamics of cendensation plumes and thelr
effects on the environment are described.
Finally, current problems in atmosrheric
coeling and the different means used tc improve
currently used techniques are discussed.

6l=
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322 COOLING TOWERS, DESIGN AND PLUME
BEHAVIOR. Ernst, G. (Univ., Karlsruhe,
Germany)e Ep 225-22€ of Therwmal effluent

disposal frcr power generation. Zaric, Z.P.
(ede). Washington, DC; Hemlsphere Publishing
Cecrporation (1978).

Fror Internaticnal advanced course on heat
disposal from power generation; Dubrovnik,
Yugcslavia (22 Aug 1S7€).

Advantages and disadvantages of varfations
on the twe basfic types of cooling towers, wet
and dry, are discussed. Resulte of studies on
plume behavior {n natural-draft wet ccoling
towers (with counter flow) are summarfzed. A
design of a rroposed combined wet=dry cocling
tower {e fncluded. (JGB) .

223 PREDICTION METHODS OF COOLING TOWER
PLUMES PAR1S I==II. Junod, A. (Swiss
Meteorcleogical Inst., Fayerne, Switzerland).
EP 237=2€2 of Thermal effluent disposal frem
power generation. Zarfcy ZePe (ede)s
Washington, DC; Hemisphere Publishing
Cerporation (1978).

From International advanced course on heat
disposal frow power generation; Dubrovnik,
Yugcslavia (23 Aug 1S7€).

After reviewing briefly the possible
meteorclogicel effects of large heat discharges
frow cooling towers into the atmosphere, a
systeratic agproach to modelling cooling tower
Flures {s presented, with particular emphasis
on the lipite and achievements of the different
kinds of models: physical, conceptual, and

hydrodynamic. Much attention fs devoted to the
proper definition of the meteorological data
required as fnput for these models. Moreover
the difficult problem of Interpreting cerrectly
models output with respect to the genersl
climatological frame {93 subjected to
discussion. The modelling and experimental
studies conducted to assess quantitatively the
meteorological effects of cooling towers showed
that these effects have mostly a local
character and that they are smell to negligible
when integrated over some longer periods of
time (month, year). However, further research
{s needed, both on modelling techniques and
experimental impact evaluation.

4 COOLING TOWER PLUME RESEARCH U.S.
ENVIRONMENTAL PROTECTION AGENCY. Shirezi,
M.A.; Tichenor, B.A. (Environmental Research
Laboratory, Corvallis, OR). pp 263=28z of
Thermal effluent disposal from power
generation. Zaricy Z«P. (ed.). Washington,
DC; Hemisphere Publishing Corporation (:878).

From International advanced course or. heat
disposel from power generation; Dubrovnik,
Yugoslavia (23 Aug 197€).

A comprehensive review of EPA's cooling
tower plume research program i{s provided with
particular attention to plume modeling. The
research began In 1969 with a modest effort to
define the prcblem and continued through a
multidisciplinary research project at a site
where a single cell salt water cooling tower
was fnstalled to assess {ts fmpact on the local
terrestrial ecosystems The evolutionary process
involving the analytical developments ard
advanced instrumentation techniques required
for such undertaking §is discussed. Plans for
continued efforts are presented.

5 CALCULATION OF COOLING TOWER PLUMES WITH
KUMULUS. Brog, P.E. (Motor=Columbus
Consulting Engineers Inc., Baden, Switzeriand).
pp 283=292 of Thermal effluent disposal from
power generation. Zarfic, Z.P. (ed.).
Washington, DC; Hemisphere Publishing
Corporation (1978).

From International advanced course on heat
disposazl from power generation; Dubrovnik,
Yugoslavia (23 Aug 187€).

The goal of the program KUMULUS {s the
evaluation of the primary nuisances due to
cooling tower plumes fn the power plant's
vicinity. Among them one shall notice the
visual impact, the loss of sunshine and
luminosity, the water and salt precipitation
downwind, the formation of fog, the danger of
fcing, the influence on the diffusion and
settling of emissfons from the chimneys of the
plante Up to 100 wet or drywet cooling towers
or chimneys or diffusors, arbitrary disposition
of the emissfions scurces and wind direction cean
be considerede The evaluation of the seasonal
mean nuisances at the site fs made usirng the
KUMULUS's results for a few hundred
meteorclogical (aerological) representative
cases, their frequencies, the windroses and
some others climatological wefghting's factorse.
The results of this statistical approach for
the meteorological influences at the egite are
f.e. a family of {solines for the seasonal
water and salt precipfation downwind the tower,
the seasonal loss of sunshine, the ground
fogging (eventually using data from windtunnel
measurements ). The seasonal frequency of given
discrete visual i{mpact, of penetration of
inversion layers, the duration and fregquency of
fcing danger can be also be derived from the
KUMULUS output and from the statistics. The
program KUMULUS and {ts predecessor SAUNA=S
have been used for preparing documents for
electrical firms and authorities {n
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Switzerland, Federal Republic of Germany, and
occcasionally in Belgfur., It was also needed to
evaluate the modification of the cloud cover
above a regicn with high concentration of power
plants equipped with wet cooling towers.

226 BASIC CONCEPT OF A PREDICTION MODEL FOR

THE CCOOLING TOWER FLUME. Egler, W.; Ernst, G.
(Unfvey Karlsruhe, Germany)e. pp 293=308 of
Thermal effluent dfsposal from power
generation. Zarfic, Z.Pe. (ed.)s Washington,
DC; Hemisphere Fublfishing Corporation (1978).

Fromw International advanced course cn heat
disposal from power generation; Dubrovnik,
Yugcslavia (23 Aug 1S7€).

A set of equations describing the physical
Frccesses {s presented. Modeling the three=
dirensional turbulent rotions of the plume {9
di scussed. Special attention is payed to the
preduction of turbulence by bucyarncy forces. A
sirple way fcr calculating the water content
distribution coupled with the enthalpy
di{etribution §s proposed. Finelly, the model of
the coecling tower plume {s represented by a
syster of 17 differential equations.

227 HYDRCTFERMAL MODELING TECHNIQUES

ASSCCIATED WITH WASTE HEAT DISPOSAL.

Harleran, D.FK.F.; Jirka, G.H.; Stolzenbach,
KeDo (MNessachusetts Inst. of Tech.,
Canbridge, MKA). Ep 3=iC of Thermal effluent
dfsgosal from power generation. Zaricy Z.P,
(ede )e Washington, DC; Hemisphere Fublishing
Corporaticn (1978).

From International advanced course on heat
disposal from power generati{on; Dubrovnik,
Yugoslavia (23 Aug 1S7€).

Techniques for estimating natural and
induced water temperature variations assoctated
with open cycle power plant condenser cocling
systems are discussed as to the waste heat
management and regulatory frameworks within
which these technriques have found applicatfion
fn the United States.

328 THREE=LIMENSIONAL NUMERICAL MODEL FOR

HYDROTHERMAL ANALYSIE& OF COGLING PONDS.
Vasiliev, C.F. (Institute of Hydrodynamics,
Novasibirsk, USER). Fp 115=132 of Thermal
effluent disrosal from power generation.

Zaricy ZePe (ede)e Washington, DC; Hemisphere
Putlishing Corporation (1878).

From International advanced course on heat
disposal frorm power generation; Dubrovnik,
Yugoslavia (23 Aug 1S7€).

A brief analysis i{s made of the modern state
of theoretical research of the hydrothermal
behaviour ¢f cooling ponds. Twoc matheratical
rodels are suggested of unsteady hydrothermal
processes in shallow water ponds taking intec
account the stratification in the Boussinesq
arproximation: one model with and the cther
without consf{dering horizontal turbulent
excharge. A rethod of numerical realization of
the latter model is briefly described and scme
results of practical cormputations are reported.

326 UTILIZATION OF GECTHERMAL COUOLINCG WATERS

FOR WASTE CCNTAINMENT. Morrison, ReDe. (SCs
Engineers, Lcng Beach,y, CA). Fp 469=470 of
Gecgtherral energy: a novelty becomes resources
Transactions. Volume 2, Section 2. Davis,
CA; Geothermal Kesources Councll (1978).

From Geothermal Rescurces Ccuncil wmeeting;
Hilc, HI, USA (25 Jul 1S878).

Geothermal power production utilizing a
tinary conversion process requires a
substantial guantity of water for the ccoling
of the secondary or working fluide. Once this
cooling water has left the condenser {n such a

systemy {t requires some form of process to
lower its temperature. Several process
alternatives are available: an evaporative dry
cooling tower, a wet cooling tower, or a
cooling lake. In those operations where a
cooling lake §s utilized or where large amounts
of makeup water are stored, certain design
parameters can be easily integrated fnto this
cooling loop for the purpose of isolating
geothermal or assocfated wastes. The necessary
physical conditions and benefits of this
arrangement are the subject of this paper.

330 COOLING WATER REQUIREMENTS FOR GZOTHERMAL

POWER PLANTS AND WATER AVAILABILITY IN THE
IMPERIAL VALLEY. Goldsmith, M. (Jet
Propulsion Lab., Pasadena, CA). pp 23£8=218 of
Geothermal energy: a novelty becomes resource.
Transactions. Volume 2, Section 1. Davi s,
California; Geothermal Resources Council

(1978 ).

From Geothermal Resources Council meeting;
Hiloy, HI, USA (25 Jul 1978).

The cooling water requirements for
geothermal power plants are calculated es a
function of reservoir temperature and power
plant type, and the avallability of cooling
water {n the Imperfal Valley of California is
examineds First consider the cooling
requirements for flash steam plants.
Approximately, the rejection lcad is
proportional to the steam rates. The first step
{s to determine steam rates for plents using
steam of various temperatures,

331 CLIMATIC CONTROL WITH SOLAR ENERGY.

Lessieur, P.D. (Compagnie Francaise des
Petroles, Paris, France); Durand, J.P. pp 567=
686 of Solar technology for bullding. Volume
2. Sessions 5 to S. Stambolisy Ce (eds).
London, England; RIEA Publications Ltd. (1978).

From Internatioral conference on solar
building technology; London, UK (25 Jul 1977).

It 1s the purpose of this paper to describe
the CFP-=SOFRETES program for solar air
conditioning in tropical climate. This
description will be presented with some
experimental date. This paper will examine the
influence of the geometric sftuation of
resfistive and capacitive layers on the datly
cooling lcad in air conditioned bulldirg. A
program for calculating these charactertistics
has been set up and applied to the same
building as an air conditioning example for hot=
wet and hot=dry climate zones. An analysis is
also made of the criteria used for selection of
subsytems as cooling tower, automatic and
storage tanke Then an experimental program was
carried out with a teat loop facility which was
constructed to test the absorptfon machines and
subsystems. Finally & special two temperature
varfable volume storage system, which limits
the enthalpy degradation, was designed.

332 CLOSED=CIRCUIT COOULING IN A NUCLEAR POWER

STATION WITH HIGH=-TEMPERATURE REACTOR AND
HELIUM TURBINE. Biele, B. BBC=Nachr.; 60:
No. 5, 182-186(1878). (In German).

One of the special features of nuclezr power
stations with high-temperature reactor and
helfum turbine (HHT) i{s that dry closed circuit
cooling can be employed economicallys. The
author presents the special features of the HHT=
closed=circuit cooling system, using the 1240
MW plant as an example, and briefly describes
the principle of operation and advantages of
this power station.

333 MATSUKAWA GEOTHERMAL POWER PLANT=-

ENCOUNTER WITH ENERGY SAVING AGZ. Shiga, 5.
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Seffutei Daj jesuto; 24:
(In Japanese ).

At the Matsukawa geothermal field where a
20,000 kW geothermal plant is in operation, six
steam wells have been drilled so far at a total
drilling cost of 1.2 hundred million yen. The
electrficity generated with the steam {e sent to
the Wakagawa factory of the Japan Metals and
Chexicals Co.y where the electrical smelting of
manganese and ferrosilicon {s carried out. The
power is sold at a rate of 2.08 yen/kW, much
cheaper than the power rate of 3.80 yen/kW of
the Tohoku Electric Power Co. The operation of
the plant i{s detailed. Steam coming from
boreholes aprroximately 1000 n» deep is sent to
a separator provided with a pit head device,
where clast, hot water and so forth are
separated. The clean steam §s then sent through
a 2000 a major steam pipe to a steam storage
area where ft {s again cleaned by a separator.
It §s then sent to a turbine at a pressure of
JeS kg/cm2, where the steam turns the
22,000 kW turbine to generate electricity by
driving generatorse. The electricity thus
generated fs sent to a substation at a voltage
of 11,000 V where the electricity Is tranformed
intc & higher voltage of 154,000 V, and then
transmitted to the Hachinohe main line of the
Tohoku Electric Power Co. The steam heat which
drove the turbine enters from the exhaust pipe
ontc a condenser where the steam 1s mixed with
water. The hot water (approx. 450C) produced at
the condenser {s sent to & large cooling tower
46 5 high and 45 m in diameter, where the water
{s atomized and cocled weter {s returned to the
condenser. Five figures and one table are
prcvided.

No. 7, 241-245(1978).

4 OTHER IMPACTS. pp VI.1=VI.29 of Power
plant curulative environmental i{mpact report.
Annapolis, MD; Maryland Department of Natural
Resources (1$78).

Cooling towers can be an environmentally=-
acceptable alternative to once=through cooling.
Basfically, a cooling tower exchanges
consumptive water use and possible terrestrial
effects for effects fn the aquatic environment.
There also {s a loss in energy production.
Eecause the talance of these effects {s site-
specific, each plant location should be
exarined to determine the appropriate cooling
system. Studies at Chalk Point indicate that
salt deposition from the natural draft ccoling
tower would not exceed 8 kg/ha/month (7 lb/acre/
month) at the maximum point. Experiments to
determine the sensitivity of corn, soybeans, or
tobecco indicated that no significant effects
occurred at deposition rates below 20 kg/ha/
month (18 lb/acre/month). The routing of
transnission lines deals with effects that may
have aesthetic, ecological, health and physical
implications. The aesthetic effects generally
fnclude trade-=offs between visibility and
environmental protection. Ecological effects
can be both posftive and negative and wust be
evaluated on a case=by=case basis, The
electrical effects are now well understcod and
are potentially significant only for locaticns
within, or extremely close to the right of way.
The health effects remain an area of
controversy, mainly due to differing medical
results from U.S. and Soviet studies.

5 STUDY CF CUOLING POND FOG GENERATION.
Leaheyy, DeVMs; Daviesy, M,JesEs; Panek, L.A.
(West Res and Dev, Calgary, Alberta). Proc.
Aflr Pollut. Control Assoc.; 3: 1=13(1§78).

The purpose of the study described was to
evaluate the frequency which which fog might be
expected to cccur, the raximum distance over
which the fog might create a visibility hazard
and the rapidity with which the fog might be

337 AQUATIC IMPACT.

expected to dissipate. A time lapse camera was
used to obtain a continuous observational
record related to fog occurrence. Associated
information was also collected concerning wind,
potential temperature gradients, atmoshperic
turbulence levls, and moisture deficits for
purposes of testing & fog pluwe model. 4 refs.

336 EFFECTS OF EVAPORATIVE SALT WATER COOLING
TOWERS ON SALT SPRAY AND SALT DEPOSITION ON
SURROUNDING SOILS. Wiedenfeld, R.P. College
Station, TX; Texas A and M Univ. (1978). 94p.
University Microfilms Order Noe. 78=17,230.

Thesi{s (Phe D.).

Five salt water cooling towers recently
constructed near Galveston Bay, Texas were
found to contribute to salt deposition in the
surrounding area. Levels as high as 1200 kg
salt/ha/yr were encountered within 10 m of the
tovwers. Deposition rates decreased fn a
logarithmic fashion with distance to less than
300 kg salt/ha/yr at 434 m with only 16%
attributable to the cooling towers. The
remaining deposition was caused by natural sea
spray which varys widely but averages about 250
kg salt/ha/yr in the study area. Changes in
composition of air=borne salts with di stance
were noted, primarily as a narrowing of the Na:
Ca ratio. The soils In the area adjacent to the
salt water cooling towers had safe exchangeable
Na and total salt levels. Changes in soil
salinity due to the cooling towers after their
first two years of operation were found only in
the closest study plot at 104 m from the
towers. A leaching study indicated that the
various fons removed from the soil profile were
fn the same relative proportions as in the soil
solution. Continued operation of the salt water
cooling towers will eventually lead to relative
cation concentrations fn the soil solution
equal to those in salts deposited from the
cooling towers. Therefore, predictions tased on
cation=exchange equilibria {ndicate that
exchangeable Na levels greater than 15% will be
encountered as far away as 200 m from the
cooling towers. This could lead to
deterioration of soil physical structure,
causing further reduction of the already siow
fnternal drainage, thus enhancing salt
accumulation problems. Because of the decrease
fn the Na:Ca rati{o and the total amount of salt
deposited with distance from the coolirg
towers, problems at greater distances will be
lower and will require longer to develop.

pp IIXe1=11I1.36 of
Power plant cumulatfive environmental impact
reporte. Annapolis, MD; Maryland Department of
Natural Resources (1S78).

Because of the high reproduction rates of
the plankton and good tidal mixing at existing
plants, depletion of plankton populatiors has
not occurred. Spawning occurs throughout the
Bay for the species of fish present here, so
local depleticns are insufficient to decrease
Bey populations. Impingement totals are small
compared to mortality due to other sources. In
addition, efforts to reduce these totals are
now underway at all three existing plants,
Calvert Cliffs, Morgantown, and Chalk Point.
Habftat modification effects, usually more
subtle in nature, have minor, localized
fmpacts. Coupled together, the power plant
monitoring studies show & low cumulative impact
on the mesohaline environment. The major area
of concern within this region i{s the impact of
cocling water withdrawals upon the nursery and
spawning areas of striped bass and other
anadromous species. Possum Point end V{enna
have the highest potential for impact. New
facilities planned for this region (Douglas
Point, Summit, and Vienna) would increase




COOLING TOWER 55

withdrawals. The overall f{mpact upon striped
tass due to entrainment drops from an estimated
6+€% entrainment (upper bound) of the eggs and
larvae spawned in the Maryland portion of the
Eay at present to an estimated 3.4X% (upper
bound) after 1987. The addition of Douglas
Point and Summit {s more than off=set ty the
retirements ¢cf the once=through cooling units
at Vienna. N¢ impingement data are available at
any of the rresent plants; however, degraded
water quality at the Baltimore and Washington
plants sppears to have severely restricted fish
ropulations in these waters. The proposed
flents are expected to have no major irpacts in
the areas of impingerent or hatitat
modification due tc the small amount of water
withdrawne

238 PRIMER ON THE REJECTION OF WASTE HEAT

FRCM PCWER FLANTS. CONSULTANT REFORT.
Mitchell, R.D.; Horsak, R.D. Sacramento, CA;
California Energy Resources Conservation and
Developrent Commission (1978). 47p. (NP==
23814).

Easic information s presented on why waste
heat 18 rejectd from thermal power plants, the
cperation, ortimization and evaluation of heat
rejection systems, including cooling ponds and
cceling towers, and the economic and
environmental aspects of different cooling
systesss (LCL)

33s EXAMINATION OF SCME AMEIENT PARTICULATE

FONITORING TECHNIQUES USED FOR SITING AND
ENVIRONMENTAL IMFACT ASSESSMENT OF BRACKISH
WATER COCULING TCWERS,. Wilber, K.Re; Moore,
ReD. (Environ 8yst Corp, Knoxville, Tenn).
Froce. Afir Pollut. Control Assoc.; 4: 1-
22(1978).

The considerations associated with selectior
¢f proper instruwentation for assesswment of
taseline levels are discussed. Additionally
discussed are the results of data from various
sites acquired with varfous instrumentation
under varying metecrological conditions. 16
refse

240 DEVELOFMENT AND VERIFICATION OF A WET

COOLING TOWER DRIFT DEFOSITION MODEL. Miksad,
ReWe.; Ratcliff, M.A. (Univ of Tex, Austin).
Proce Afr Fcocllut. Contrcl Assoc.; 4: 1=
15(1978). .

This paper presents the preliminary results
c¢f a model which §s designed tc predict drift
depcsition drop size distributions as well as
nurter flux. The influence of evaporation and
the drop breskaway process {s investigated by
using both a bulk breakaway criterfa and a
distributed partial breakaway criteria for each
drop size. Ccmparisons are made at several
downuwind receptor sites for drop size
distribution and number flux. 13 refs.

341 EXFLOITATION OF SOLAR ENERGY VIA MODULAR

POWER PLANTS AND MULTIFLE UTILIZATION OF WASTE
HEAT. Feustel, J.E.; Kraft, M. (MeAeN.
Corpey Munich, West Germany). pp 168€=1700 of
S8un: wmankinc's future source of energye.

Valuse Three. de Winter, F.; Cox, M. (eds.).
Elwsford, NY; Pergamon Press Ince. (1878).

Froms International Solar Energy Congress;
New Delhi, India (16 Jan 1978).

Described is the development of a solar farm
plant desfgned on the modular system and having
ratings of 1% to approximately 1000 kW. Such
plants lend themselves particularly to
decentralized supply of power in countries with
high rates of direct insolation = roughly up to
400N and 8 of the equator. An {nitial plant of
50 kW peak rating and 20 kW nominal rating alsc

utilizing waste heat is presently being planned
and built for a site in Almeria, southern
Spain. Sections of the plant will be put into
operation in 1978 and the plant will be in full
operation by 1973, First tests and
optimalization have been carried out at
M.A.N.'s solar test center {n Munf{ch sirce
1976,

342 INTEGRATED OPTIMIZATION OF DRY

VENTILATION COOLING TOWERS OF GAS TURBINE POWER
PLANTS TAKING ACCOUNT OF OPERATING MODEL
FACTORS. Ponyatov, V.A.; Firsin, Yu.h.
(Saratov Polytech Inst, USSR).
Energomashinostroenie; No. 12, 41=-43(1978).
(In Russian).

An analytical method {s considered
permitting determination of the cptimal
flowrate of air and the number of columns {n
the dry cooling tower, taking account of
operating mode factors. Results of calculation
of the characteristics of a dry ventilation
cooling tower for a gas turbine power plant
with the capacity of 600 MW are presented.

343 SEISMIC RESPONSE OF A COLUMN=SUPPORTED

COOLING TOWER. Gran, C.S. Lafayette, IN;
Purdue Univ. (1978). 142p. University
Microfilms Order No. 79-14,501.

Thesis (Pho De )c

Hyperboloidal reinforced=concrete shells are
modeled using orthotropic quadrilateral flat
plate finite elements. The supporting columns
and top ring beam are modeled by beam finite
elements. Natural frequencles and corresponding
mode shapes are found for several differepnt
tower configurations., Results for fixed-base
shells are {n close agreement with those
determined using alternate methods of analysis.
A cocling tower in the 1200 MW Fossil Fuel
Steam Generating Power Plant at Paradise,
Kentucky (Tennessee Valley Authority), s
studfeds Time=history responses of 30 seconds
to the North=South acceleration component of
the May 18, 1940, E1 Centro earthquake are
computed by the technique of modal
superposition. Only the modes with one
circumferential wave are excitable by
horfizontal earthquake motion. A response
spectrum analysis {s used to ascertair the
maximum response of the first three eccentric
modes. From a RMS estimate of the total maximum
response, forces and stresses in the shell and
columns are obtained. The contribution of
gravity loading i{s includeds The effect of
viscous damping is also considered. A high=
order, doubly=curved membrane shell finite
element §s developed for application to the
study of column=supported cooling towers.
Element geometry, defined by lines of principal
curvature, is restricted to shells of
revolution but allows a third-order
representation of the meridian. Element
displacement assumptions are bicubic for the in-
plane displacements and bilinear for the
transverse displacement. The element stiffness
matrix is partitioned by writing the mixed
partial derivatives {n terms of the rest of the
degrees of freedom, thus forming an element
with 28 degrees of freedome Three rigid body
modes are fmplicitly included in the
formulation. Convergence characteristics are
excellent as demonstrated by several examples,
both static and dynamice

344 SIMPLIFIED ANALYSIS OF SURFACE ENERGY

EXCHANGE FROM HEATED BODIES OF WATER.

Lorenzi, D.; Porter, Re.W. (Illinois Inst. of
Techey Chicago)e pp 93=101 of Advances in
heat and mass transfer at air-water fnterfaces,
Sengupta, S. New York, NY; Amerfican Society
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cf Mechanical Engineers (1978).

The ncnlinear relatfionships of surface
energy exchange coefficient and natural
equilibrium temperature in terms of atrospheric
condi{tions and water surface temperature are
developed using the method of Ryan and Harlemar
but with adjusted aerodynamic coefficients for
sensible and evaporative convection based on
more recent studies. In a subsequent linearized
aprroximate epproach, following Ryan and
Harleman, sensible and evaporative flux are
corputed seperately using dry=tulb and dew=
point temperatures as respective driving
potentials. Atmospheric radfation is linearfzed
about that of a fixed reference temperature. In
the present simplified approximate approach,
sensible and evaporative flux are combined
using the well=known analogy of heat and mass

transfer which {s quite valid for air and water=

vapor mixturess In this case, the wet=bulb
terperature is the net driving potential for
corbined convective transport, and the formulas
are scomewhat simpliffed. A more exact treatment
of atrospheric radiation is incorporated
without additional complexity. Self=consfistent
computations were compared fcr a number of
seascnal retecrological conditione and surface
terperatures using the ncnlinear and the two
aprroximate methodse. It is shown that the
precent sinrplified methcd generally gives a
sgaller and rore consistent error than the
previous linearized cne, and for most purposes
adequately represents the nonlinear case.

348 THIRD FARTIAL CONSTRUCTICON PERMIT FOR
FHILIPPSBURG NUCLEAR POWER PLANT UNIT 2 CF OCT.
19, 1978. GRS Kurz=Inf., Relhe C; 44: No.
45, 1=2(1978 ). (In German).

The pernit covers the erection of the
cooling tower structure fncluding the cooling
tower basis, the water intake canal with
clisbing shafts and distribution troughs, the
supporting panels for the cooling=tower fills,
all construction=dependent detachable
accesscries llke reeds and tie plates as well
as the ground drainage systems. Issuing this
Third Partial Construction Permit will
establish no right on the issuance of further
pernits or licenses,

346 DRY CCOCLING FOR POWER STATIONS.
L. pp vp of Joint power generation
conferencee. New Yorky NY; Inst. of Electrical
and Electronics Engineers (1578).

Frow ASME conference on power generation;
Dallas, TX, LUSA (10 Ser 1978).

As growing Interest {s shown in {ndirect dry
cocling plants for power stations, experiences
gained in such plants having been {n operation
for €~17 years are summarized. Only a few
{mportant questfons are dealt with, such as
materials and corrosion of heat exchangers,
mechanical and natural draft, wind effect and
ccoler arreangement, direct contact and surface
condensers.

Forgo,

347 OPTIMAL DESIGN OF WET COOLING TOWER/ONCE=
THROUGH HYERID CCOLING SYSTENMS. Hsu, T.D.
Iowa City, IA; Unive. of Iowa (1978). 167p.
Unfversity Microfilms Crder No. 79-12,858.

Thesis (Fhe De )o

A comprehensive computer model has been
develcoped for the analysis of water
consumption, thermodynamics, and optimum design
of wet cccling tower/once=through hybrid
cooling systems. The main idea of this study is
to use permissible river heat assimilation
capacity as much as possible. Wet cooling
towers are used as helper systems with once-
through ¢cooling at sfites which have extensive
but stil]l inadequate once~through cooling

capacity. The computer model allows studying
the once=through, closed=cycle, and three types
of hybrid cooling systems. The model gives all
the required information for selection of a
system such as optimum tower size, design
cocling range, design turbine back pressure,
condenser temperature rise, capacity and energy
loss, evaporation water loss, capital cost,
cperating ccst, and total cost. Simulation
studies have been made for three sites zlong
the Missouri{ River. For the conditions studied,
the results fdentify that the hybrid coocling
system arranged {n a serfes water—=path with a
partially closed=cycle loop (referred to as
Type 3) appears to be the most attractive.
Comparison of once=through cooling with all
hybrid cooling systems indicates that the
latter are economically superior but have
higher water consumption. Finally, it was found
that combination wet tower/once=through cooling
systems are economical and have less
evaporative water loss than closed=cycle wet
tower cooling systems.

348 OPTIMUM COMBINATION OF SELECTED COOLING
ALTERNATIVES FOR ELECTRIC POWER PLANTS. Lee,
ReMe.He lowa City, IA; Univ. of Iowa (.978).
158p. University Microfflms Order No. ?79=
12,876,

Thesis (Phs D)o

An overview of cooling alternatives for
power plants, qualitative aspects of
environmental {mpacts of these systems, and
detailed thermodynamic and economic analyses of
varfous cooling systems are presented. Major
emphasis §s placed en the examination of
several wet tower/cooling pond combination
cooling systems with computer models. The
models are used to study the thermal
characteristics, economics, and water
consumption aspects of these cooling systems.
The economic analysi{s fdentifies the optimum
(minimum cost) cooling system which is based on
considerations of capital costs and anrnual
operating costs amortized over a realistic
operation horizon. The effects of both
configuration and economic parameters, such es
various unit costs, on the economic and
thermodynamic performance of the cooling system
are examineds Los Angeles, California, i{s used
in case studies to {llustrate the most
promising cooling system configuration with
regard to {ts economic or water conservetion
aspectss It is found that the parallel water
path configurations of the wet tower/cooling
pond combination coocling system are
economically superior to the serifes water path
configurations. Considering the temperature
distribution in the pond, the thermodynamic and
economic performance of the combination system
with a slug=flow pond 1s much better than that
of the combination with a fully=mixed pond.
Varfations of the unit costs of water (as well
as fuel) obviously affect total cost but heve
only secondary effects on the determination of
the optimum mode of operatione. Comparison of
the dry/wet tower system with the wet tower/
cooling pond system Indicates that the latter
{s economically superior but has higher water
consumption.

349 BRACKISH GROUNDWATER FOR POWER PLANT
COOLING IN CALIFORNIA. Scott, V.Hs;
Scalmaniniy JeCe; Popko, KeA. Sacramento, CA;
Califernia Energy Resources Corservation and
Development Commissfon (1978). 116p. (NP==
23928). Unfversity of California, Dept. of
Land, Air and Water KResources, Davis, Ca.

An investigation which assessed the
potential use of brackish groundwater in
California as cooling water for thermal power
plants is reported. Information i{s included on
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Californiea groundwater resources; the
cccurrence of brackish groundwater basins;
characteristics of these basins; technical,
economic, legal, and environmental aspects of
propesed use of trackish groundwater; how to
confirm the groundwater supplies; and
assessment ¢f brackfsh groundwater near a Yuba
County power plant site. (LCL)

350 STUDY OF HEAT TRANSFER PROCESSES ABOVE A

COQLING POND. Hicksy E.Bs; Wesley,y, M.L.;
Shefhy C.M. (Argonne National Lab., IL).
Water Resour. Res.; 13: No. 6, S01=908(Dec
1877).

Repid=resronse instrumentation mounted cn a
fixed tower located centrally in a strongly
heated cooling pond at a nuclear power facility
has enabled evaluation of the turbulent fluxes
of wromentum, mofsture, and sensible heat. The
recults agree well with evaluations based on
stabjlity=corrected bulk serodynamic
forwulatione, provided all atmospheric
neasurements are made close to the water
surface and in a location with adequate upwind
fetche The bulk formulae are those that have
teen verified recently cver more extensive
water surfeces, with a rinor modification based
on the finding that the surface of the cooling
pond appears to be significantly smoother than
that of open ocean.

381 TRICKLE PLATE FOF COOLING TOWERS.

Henningy H.; Kliemann, S. (to Balcke=Duerr
AeCey Ratingen (Germanyy FeRe))e German( FRG)
Patent 2,€615,407/A/. 17 Nov 1977. 15p.
(In German)e

It 19 prorosed that the trickle plate for
cooling towers should be modified so that ft is
made at both sides at the lower edge as a water
collecting gutter. Such a trickle plate is
sujtable for counter flow and for transverse
flow construction. Variations of shape and of
the collecting gutter are described.

CONTRIEUTICN T0 THE CALCULATION OF DIRECT
WATER=TO=AIR HEAT EXCHANGERS, I1.E. WITHOUT
FARTITIONS. Merfgouxy J. (Centre Technique
des Industries Aeraulfques et Thermiques
(CETIAT)y €9 = Lyon (France)). Klima Kaelte
Ing.: 5: No. 11, 385~388(Neov 1977). (In
Germwan Je

Two methods are presented, how to determine
the heat and mass transfer coefficlents in air=
water heat exchangers: iterative {ntegration cf
the heat transfer rate, use of the log mean
enthalpy difference.

383 COOLANT CIRCUIT FOR A FOWER STATION AND

PRCCESS FOR CFERATING COCULANT CIRCUIT. Morse,
D.C.; Vrable, D.L.; Fotthoff, R.E.; Fay, H.P.
(tc General Atomic Co., San Diego, Calif.
(USA)). German(FRG) Patent 2,711,287/4/. 22
Sep 1877, z5pe (In German)e

This is ccncerned with the compensation of
the cooling capacity which is reduced by day
compared tc night operation, e.g. a dry cocling
tower, with the aim of better overall use and a
day cooling capacity which can be increased,
fees power station output delivered can also be
increased. This is achieved by storage cf
excessive cooling capacity at night in a water
stcrey, which §{s switched into the normal
cooling circuft in the form of a large basin.
The night excess of cocling capacity ie applied
to the water in the store fn the form of lower
cocling water temperatures. While with fully
used capacity of the cocling tower during the
day, cocling water at higher temperature than
at night is fed into the store, sub=coocled
water can te taken fror the store. The higher

cooling performance means higher power statfon
output.

354 (DOE=tr==189) WASTE HEAT PROJECT =
UPPER RHINE AREA. FIRST SEMIANNUAL REFORT,
1977. (Kernforschungszentrum Karlsruhe
GemebeHe (Germanyy, FeRe )s Labe fuer
Aerosolphysf{k und Filtertechnik 1). Aug 1977,
Translation source information not avajilable
97p. Dep. NTIS, PC A0OS/MF AO01.

The waste heat project for the Upper Rhine
area was inftiated in order to analyze the
relationships between weather phenomena and
heat emissionsy, and {n order to draw
conclusfions from this for planning purposes, It
consists of the following component projects:
Component Project 1 « setting up a waste heat
register for the Upper Rhine area; Component
Project 2 = climatological and small=scale
aerological studies {n the Upper Rhine area;
Component Project 3 = analysis of
climatological fluctuations for the Upper Rhire
area; Component Project 4 = meteorological
simulation models; and Component Project 5 =
estimate of consequences of waste heat emissfon
fn the Upper Rhine area. Special emphasis {s
placed on the methcds of analysis, measurement,
model theory, and estimation of consequences,
some of which are already being applied and
some still to be developed.

355 COOLING TOWER. Jasch,y E.; Schardt, Re.
(to Krupp (Friedr.) GemebsHsy Essen (Germany,
FeRe ))e German(FRG) Patent 2,60Z,058/4/. 28
Jul 1877. 1ip. (In German).

In a dry cooling tower, the main surfaces of
the large upwards channel are formed by a
flexible cover, which {s tensfoned over a cable
net in the form of a hyperbolofd. The cable net
hangs from an upper ring supported by cables
from the top of the mast, has a distance ring
of somewhat smaller difameter at about half {ts
height and ends {n a lower ring of somewhat
greater diameter (than the higher one). From
this closing ring at the lower end of the
actual cooling tower, the surfaces of the
cooling elements extend with a slight
inclination to the fnsfde and downwards. They
end at a lower circle on the central mast. The
cooling elements, according to the invention,
are connected via bellows and mechanfcally
solidly to the closing ring. Damaging outside
afir cannot flow in there. With a conically
spread foot of the mast and suitable shaping of
the cooling elements, these can be positioned
freely between the foot of the mast and the
clcsing ring, and expensive support frames and
vertical suppcrts can be saved. Also, cables
acting as spokes between the closing ring and
the foot of the mast take load from the coolfing
elements and stabllise the closing ring. As the
cable net with the flexible cover {s
pretensioned by the weight of the closing ring,
some cables of the cable net extended downwards
with light floor anchoring are sufficlient for
further load relief. The foundations of the
mast have a lower vertical load due to these
relatively low load relfef forces and the lcad
reduction from the closing ring to the foot of
the mast.

356 EVAPORATION HEAT EXCHANGER.
German(FRG) Patent 2,558,969/A/.
1ip. (In German).

This principle of a heat exchanger should
combine the advantages of the dry cooling tower
(closed circuit) with the advantages of the wet
cooling tower (intensive heat removal by
evaporation) by the fnterposition of a third
medium between the coolant circuit and the
cooling afre For this purpose, the heat

Niemens, W.
7 Jul 1977.
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exchanger tutes which have cooling water
flowing through them as the primary medium are
equipped with annular discs as cooling ribs at
equal spacfng. The intermedfate spaces between
these ribs are filled with porous, heat
conducting rings, so that the heat exchanger
tube with the ribs and rings form a full
cylinder. These rings are fed uwith water, as an
intersediate medium to be evaporated via a pipe
1ine of low diameter taken along the internal
wall of the heat exchanger tube or outsfde. A
1iquid/gas interface is formed in the ring or
evaporation body under the influence of the
cocling air flowing past (as the second
medfum), from which the water intermediate
medium is eveporated, taking away the heat. The
heat exchanger according to the invention
should be considered specfally for cooling
plant and shcould save investment and running
ccats. The ccoling tower circuit as liquifier
of 8 refrigeration plant can be omitted. For
operatfon in parallel or In series with a
refrigeration plant, its cperating time should
be restricted or (in special cases) the
refrigeration plant cen be dispensed with
altcgether.

3s? EQUIPMENT TO SEPARATE LIQUID DROPLETS

FROM THE COOLING AIR STREAM OF A LIQUID COOLING
TOWER. Thompson, S«E.; Schwinn, J.M. (to
Ecodyne Corpey Lincolnshire, Ill. (USA)).
German(FRG) Fatent 2,658,550/A/. 7 Jul 1977.
13pe. (In German).

In order to separate off liquid droplets
frce the air stream of & cooling tower, cne
uses separator blades that are secured tc the
supporting construction. An {mprovement on this
{s proposed to meke the repafrs easfer.
According to the invention, the separator
blades should be fabricated from springy
material with self=supporting strength and cen
be fiftted onto the supporting construction by
means of slits and notches.

ase VALVES FOR CONDENSER=COOLING=WATER

CIRCULATING PIPING IN THERMAL POWER STATION AND
NUCLEAR POWEE STATION. Kondo, 8. (Nippon
Valve Mfge. Cce Ltdey, Tokyo)e. Karyoku
Genshiryoku Hatsuden; 28: No. 7, €63=€72(Jul
1677). (In Japanese). ’

Sea water is mostly used as condenser
ceoling water {n thermal and nuclear power
stations in Japan. The quantity of cooling
water i{s 6 to 7 t/sec per 100,000 kW output in
nuclear power stations, and 3 to 4 t/sec in
thermal power stations. The pipe diameter {is
$00 to 2,700 mm for the power cutput of 75,000
tc 1,100,000 kWe The valves used are mostly
butterfly valves, and the reliability, economy
end maintainability must be examined
sufficiently because of their important role.
The construction, number and arrengement of the
valves around a condenser are different
according tc the types of a turbine and the
condenser and reverse flow washing method.
Three types are §llustrated. The valves for sea
water are sutjected to the electrochermical
corrosion due to sea water, the local corrcsion
due to stagnent water, the fouling by marine
crganisme, the cavitation due to valve
operation, and the erosion by earth and sande.
The fundarental construction, use and features
¢f butterfly valves are describedes The cases of
the feflure end repair of the valves after
their delivery are shown, and they are the
corrosion of valve bodies and valve seats, and
the separaticn of coating and lining. The newly
developed tutterfly valve with overall water-~
tight rubtber lining is introduced.

35¢ METHCD AND DEVICE FOR CLEANING SYNTHESIS

GAS. Vollhardt, F. (to SAG Siegener A.Ge)e
German(FRG) Patent 2,556,370/A/. 23 Jun 1977,
11p. (In German)e

The slag=containing hot synthesis gas
produced during coal gasification i{s purified
by coolant fnjection into the pipe axis in
parallel flow or counterflow. The constructive
feature of the unit, which consists of slag
collector tank, heat exchanger, and gas lines,
fs the variable posfition of the coolant supply
lines.

360 EFFICIENCY AND UTILIZATION OF COOLING
TOWERS. Rogers, P. US Patent 4,031,:73.
21 Jun 1977. Filed date 25 Mar 1976. €p.

The invention relates to cooling towers of
the type currently in use for cooling water and/
or condensing exhaust steam as for example {n
association with nuclear or fossil fuel type
power plants. Typically towers are very large
and very highe The invention embodies en
original concept for utilization of such
towers, for example hyperbolic towers, for the
generation of energy from wind and also for
{mproving the efficiency of the cooling tower.
In the exemplary form of the invention a large
wind driven rotor is provided to be carried by
the tower and to rotate around fts axis at the
position of the narrowed throat of the tower.
Pressure §{s generated by the rotor and
discharged through nozzles arrayed on the
inside of the walls of the tower to augment and
enhance the draft within the tower.

a6l METHOD TO REMOVE THE WASTE HEAT FFOM THE
COOLING CIRCUIT OF INDUSTRIAL PLANTS. Wieser,
R. (to Hochtemperatur=Reaktorbau Ge.meb.He,
Koeln (Germanyy; FeRe))e German(FRG) Patent
29550,908/A/. 18 May 1977. 9pe (In
German ).

Improving present cooling methods in order
to lower the temperature in the cooling circuit
of an fndustrial plant and thus to fncrease the
efficiency of the plant are described. This s
achieved by removing part of the heat with the
ald of fresh water led through a heat exchanger
on the secondary side which is connected in
series with the dry cooling tower in the
cooling circuits The fresh water is cooled in a
wet cooling tower.

362 NATURAL=DRAUGHT DRY COOLING TOWER FOR
STEAM POWER PLANTS. Nassery GeEeD. (to
Linde A.G., Wiesbaden (Germany, F«R.)).
German(FRG) Petent 2,454,055/C/. 21 Apr 1977.
Spe (In German).

The problem of making natural=draught
cooling towers for large steam power plants as
sfmple, compact, and economical as possible can
be solved by a combination of well=known
structural festures: The condenser elements,
which are designed as stacks of plates with
corrugated surfaces, are arranged in the form
of a truncated pyramid enlarged at the top. In
the cooling air flow, there are openings for
feeding in superheated gas from the lower part
of the cupola.

363 COOLING TOWER WITH FORCED CONVECTION.
Kelpy Feo (to Kraftwerk Union A+Ge, Muelheim
an der Ruhr (Germaryy FeRs))e. German( FRG)
Patent 2,250,071/C/. 31 Mar 1977. 4pe (Iin
German ).

Using air or magnetic cushions and linear
motor drives, frictional losses as well as
nofse and wear are reduced, so that a blower of
large mass can rotate economically and with
high efficiency at the point where the cooling
tower diameter i{s largest. This blower &t the
basis of the cooling tower consists of an
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3€4 (ANL=Trans==114€, pp 1=15)

368 HEAT EXCHANGERS.

endless blade row between two rotating ring
elerents of cooling tower diameter.

CONCERNING
THE THERMAL LOAD ON THE ATMOSPHERE ESPECIALLY
FRCM POWER STATICN PARKE. Fortak, H. Mar
1577, Translation of Colloguium on location
groblews fn the planning of power staticns,
Dusseldorf, 1S7€, Paper 1.

From Colloqufium on lccation problemrs in the
planning of power stations; Dusseldorf, F.Re.
Gerwany (1 Cct 1S7€).

¥inister for work, health, and soclal
questions of the North Rhein=Westphalen
District: removel of cooling tower heat from
rower statiaons. A contribution to the
diecussion of location problems in the planning
c¢f power statfons and power station parks.

A disgrar is developed and described which
relates the Influence of power station clusters
to atmospheric phenomena Iin terms of energy,
and, to a certain extent, also dynamically.
Since, at present, no power station clusters
exfst, no erpirfical kncwledge is available
about meteorclogical and climatological effects
to be expected from such clusters, and
erpirically verified theoretical predictions of
the effects 2re also nct possible. A diagram is
shown that gives the eritted thermal capacity,
the basic erission area for natural and
anthropogenic thermal sources, and the
assgcjated specific vertical energy flowe.
Characterfistic values for the thermal bucyancy
and the assgciated vertical velocity at
regresentative altitudes above the emission
areas are calculateds With respect to the
arrangement of ccoling towers over an area, it
appears that from the standpecint of
environmental protection, it is more favorable
tc avoid clusterings of cooling towers Iin srall
areasy and fnstead of this, to aim at a design
fn which smaller power stations are spread over
the area.

Roetzel, W
(Hecchschule der Eundeswehr, Hamburg (Germany,
FeRe)e Inst. fuer Mechanik und Thermodynamik ).
Fortschr. Verfahrenstech.; No. 15, 1€l=
174(1977 ). (In German).

More than 110 publications of the years 1575
and 1976 on the subject of 'Heat exchangers!'
are reviewed. The following has been included:
books and reviews, calculation methods for heat
exchangers without phase changes,
investigations of fin=tube heat exchangers and
specfal constructions, calculation methods for
condensers and evaporators, cooling towers and
direct heat exchangers.

2€6 STUDY CF A FLUIDIZED TUREULENT BED

CONTACTOR WITH AFPLICATION TG COOLING TOWERS.
Dengler, Jole. Lafayette, IN; Purdue Univ,
(1577). 27Sp. Unfiversity Microfilms Order
Noe. 78-03,21°%.

Thesis (Fh. D.).

A turbulent bed cooling tower was studied in
which hot water enters the top of the column
and falls by gravity while countercurrently
contacting an upward flowing air stream which
causes evaporative cocoling of the water. Low
densfity fill material {s fluidized by the
passing streams and is maintained {n a state of
agitation. This turbulence produces transfer
rates wuch higher than {n conventional fixed=
bed towers thereby reducing capital cost by
reducing equipment size and reducing the cost
required for air moving. The turbulent bed
centactor §s versatile fn that the 111 type or
depth {s easi{ly eltered to change performance
and operating coste. Operating variables were
studfed and experimental fnnovations made in

order to maximize cooling performance. The
operating varfables studied were 1iquid flow
rate, liquid to gas flow ratio, static fi1l1l
depth, hot water temperature, and ambient wet
bulb temperature. Eleven fill materfals were
tested with respect to fluidization, and seven
were further evaluated {n cooling tests.
Staging the fill in layers was attempted to
overcome the i{inherent disadvantage of axial
mixinge

367 FAN ENERGY COSTS IN COOLING TOWERS.
Schnelly He (Sulzer=Escher Wyss GemebeHey
Lindau (Germany, FeRe))e Techs Bau; Noe 34
285=287(1977). (In German).

In cooling water circuits with optimum
dimensions, mechanical=draught cooling towers
are the only way to reduce energy costs.
Rational cooling tower design depends on an
exact knowledge of the climatic conditions at
the sfte. As the cold=water temperature varies
with the ambient air, a bypass line is
necessary, or pole~changing motors are used, so
that the temperature will not fall below a
certain 1imit. For a careful selection of the
necessary technfcal data, 6 calculation
examples are given with variable operating
conditions, climatic conditions, and different
utilisation of the operating behavlour.

368 DISCHARGES FROM NUCLEAR POWER STATIONS.
ENERGY VALUE OF LOW=TEMPERATURE WATER.
Dumont, Me (CEA Centre d'Etudes Nucleaires de
Grenoble, 38 (France). Dept. de Transfert et
Conversion d'Energie). pp 191=196 of Urban
district heating using nuclear heat. Vienna;
International Atomic Energy Agency (1977).
(In French)

From IAEA committee on use of nuclear heat
for urban heating:; Vienna, Austria (15 Mar
1976).

Nuclear power stations discharge vast
quantities of water at temperatures of 2K or
23K above that of the intake, depending on
whether they are of the open=circuit type or
use cooling towers. By choosing the energy
value of the discharged water as parameter, {t
is possible to determine quickly whether a
project offers economic possibilities for
‘district heating or for supplying heat to
agricultural zones. The author presents a
preliminary study which could be used as a
basis for a model optimizing the distance, the
requirements and the applications. The {nitial
conclusions show that there is little economic
advantage to be gained from utilizing the heat
contained in the water from open=circuit power
stations with a temperature 12K higher than the
intake. For power stations operating with
cooling towers (water 23K above intake
temperature) district heating is feasible If
the town {s less than 30km from the power
stations Otherwise it is only economic to use
the heat for agricultural purposes, provided
that the area to be supplied is less than iOkm
from the power station. No account is taken
here of ecological conditions which could
affect these results.

369 PROBLEMS OF DESIGNING COOLING CIRCUITS.

Rossini, Re (Ente Nazionale per 1'Energia
Elettrica, Milan (Italy)). Bull., Dir. Etude.
Rech., Ser. A; No. 2, 313=334(i877). (In
Italian).

From 3. Meeting on water column separation;
Royaumont, France (23 = 26 May 1976).

The study of the phenomena related to 1iquid
column separation becomes more and more
interesting with regard to the design of the
large hydraulic cooling circuits of thermal and
nuclear power statifons: {t {s necessary, on the
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one hand, tc reach an ever better understanding
of the phencrena themselves, and, cn the other,
to develop a mathematical model which can
sirulate the transient regime of the plant
during the deslgn phase, In order to clarify
jte possible drawbacks and help In the
elaboration c¢f the most adequate contrel
system.

270 INDUSTRIAL BUILDINGS ENERGY MANAGEMENT.
Gilson, Pe. (US ERDA). SME Tech. Papey Ser.
EM; No. EN77=291, 1=10(1977).

This paper discusses measures for achieving
savings in erergy demand for building operation
which are possible within the present state~of=
the=art with accepted principles and
cormercially avajlable devices. These measures
are not the usual conservation practices
already adopted for operation of most
cornercial fndustrial facilities. Rather, the
recommendaticns involve improvements In the
desfgn and cperation of air conditioning,
heating and venti{lation and materials handling
equipment.

371 ECOLOGICAL INVESTIGATION OF HUDSON RIVER
MACROZOGPLANKTON IN THE VICINITY OF A NUCLEAR
POWER PLANT. Ginn, T.C. New York; New York
Unive (1977). 292p. University Microfilms
Order No. 78=03,091.

Thesis (Ph. D.)e

Studfes were conducted on selected Hudson
River macrczcoplankten species to determine
temporal and spatial distributions and
responses to power plant operation.
Distinguishing mcrphological and habjitat
characteristics were determined for the three
garwarid amphipods (Gammarus daiberi, G.
tigrinus, and G. fasciatus) occurring In the
Hudson River. The ocedicerotid amphipod
Monoculodes edwardsi and the mysid Neomysis
arerfcana, in addition to the gammarid
amphipods, displayed characteristic diel and
seasonal abundances which affect their
potential availability for power plant
entrainments The selected macrczooplankton
species were utilized in temperature and
chlorine bicassays {n order to predfct
responses to cocling water entrainment.
Although amphipods (Geamrmarus spp. and M.
edwardsi) survived typical Indian Foint cooling
water temperatures, N. americana had high
mortalities during a 30-minute, 8.39C AT at
259C ambient temperatures The tloassay results
were substantiated by gererally high survivals
of entrained amphipods at the Indian Point
rlant. Neomysis americana were more heat
sensitive, as Indicated fn bicassays, with
average entrainment mortalities ranging from 3¢
to €0 percent during the summer. All species
exarined had higher fmmediate and latent
mortalities during plant cendenser
chlorination. The ability of Gammarus to
survive condenser passage and exposure to the
Indian Point thermal discharge plume indicates
that power plant operation on the lower Hudson
River Estuary has no adverse {mpact on local
gasearid amphipod populations. Entrafned N.
arericana exrerience considerable mortalities;
howevery the impact on Atlantic Coast
populations {s minimized by the limited
exposure of the population fringe to the Indien
Point power plant.

372 PREVIEW CONTROL APPLIED TO COOLING
SYSTEMS GF PCWER PLANTS. Gunewardana, D.R.
Berkeleyy, CA; Univ. of California (1577).
113p. University Microfilms Order No. 78=
12,582,

Thesis (Fhe Do )e
The applicaticn of dynamic control to

cooling systems of power plants, with
particular reference to preview control, is
studieds The cooling systems considered are of
the combined type that have more than ore form
of coolinge From & control viewpoint such
systems can be considered to be multi=mode
dynamical systems whose dynamics change
depending upon the mode of operatione The
performance of all cooling systems deperds
mainly upon the ambient conditions and the heat
load applied. The nonlinear nature of the
problem sets it apart from the preview control
problems dealt with in the literature thus far.
The problem i{s no longer analytically
tractable. An algorithm based on a preview
control model that makes use of the fterated
determination of optimal trajectories is
developed. The feedback control problem for the
cooling system is considered to be a special
case of the preview control problem, fe.ee, with
zero preview, since this jdea provides,
perhaps, the most convenient and best sclution.
The preview controcl algorithm {s applied teo two
cooling systems; one consisting of a wet
cooling tower and a fixed pipe spray pond and
the other consisting of a dry cooling tower and
a fixed plpe spray ponds. The evaporative
portions of the cooling systems are modelled
using information from the Rancho Seco rower
plant at Sacramento and experimental data from
the Unfversity of Californfa, Richmond Field
Station. Significant savings fn cooling cost
are indicated with the use of dynamic control.

373 THERMAL REGIMES OF UPPER MISSISSIPPI AND

MISSQURI RIVERS AND HYBRID ONCE=THROUGH 'WET
TOWER COOLING SYSTEMS FOR POWER PLANTS. Su,
TeYe Iowa City, IA; Univ. of Iowa (1977).
342pe Unfversity Microfilms Order No. 77=
21,175.

Thesis (Phe De)e

A steady=state version of the Iowa Thermal
Regime Model (ITRM), hereinafter referred to as
the SSM, i{s developed for use in predicting
river=temperature distributions for steady
hydrological, meteorological, &nd thermal=input
conditionse In addition, a Linear Steady=State
Model (LSSM) {s formuleted to yleld, by
superposition, sclutions for river=temperature
distribution. The results of the temperature
distributions obtained from the SSM and LSSM
are in very good agreement with those given by
the ITRMs Therefore, the comparatively simple
SSM or LSSM should be used to predict the river
thermal regimes {f transient sclutions are not
of interest. Hybrid once=through==wet tower
cooling systems are recommended for use {n
power plants at sites where the remaining river
heat=assimilation capacity fs extensive but not
adequate during certain perfods. Two
configurations are fnvestigated extensively'
the open=cycle parallel arrangement (0OC Model),
and the partially closed=cycle parallel
arrangement (PCC Model )« The total cooling
related costs of unit energy production for the
hybrid once=through==wet tower and simply once=
through cooling modes are calculated and
compared,

374 COOLING TOWER MONEY MAKING SUPERSTAR.

Burger, R. (Robert Burger Assoc Inc, New
York, NY). pp 165=182 of 6th proceeding of
the environmental science conference.
Louisville, KY; Univ. of Louisville (1977).
From 6. environmental engineering sclence
conference; Louisville, KY, USA (28 Feb 1977).
The paper discusses upgrading cooling towers
for greater energy efficiency, and maintenance
of the most prevalent types of modern cooling
towers in use today. It is concerned primarily
with the counter=flow cooling towers, and cross=
flow cooling towers, but hyperbolic towers are
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noted., Two examples are presented. On one, an
cwner saved $125,000 by expanding an existing
fnstallation by 3000 gpm rather than adding new
towers; other savings amounted to $11,914.15 in
electrical costs plus and energy conservatfon
of 1675.7 KWH/yre. The other example invelved
energy saving of 837.8 KWH/yr and $40,000.00 of
new constructfon costs which were not required.

378§ FINITE ELEMENT INSTABILITY ANALYSIS CF

HYPERBOLIC CCOLING TOMWERS. Mang, He
(Unfversity of Vienna, Austria); Gallagher,
ReHe; Cedeoliny, L.; Schwinden, W.D. pp 246-24S
of Advances fn civil engineering through
engineering mechanfcs. New York, NY; American
Soclety of Civil Engineers (1977).

From ASCE engineering mechanics division
specfalty conference; Ralefgh, NC, USA (25 May
1577 ).

Hypertolic cooling towers are among the most
drenetic of men=made structures on account of
thelr consfderable sfize. The structural
desfgner views these structures with some
caution due to the faflures which have taken
placey such as those which occurred under the
action of wind at Ferrybridge, England {n 1965
and at Ardeer, Scotland, in 1973. Althcugh the
precise made of faflure {in these cases {s
unknown, many belfeve {t was due to elastic
fnstabilfity under wind action. Thus, an
estimation of structural fntegrity with respect
to elastic instability under wind loade must be
an integral part of any hyperbolic ccoling
tower design exerci{se. An approach and related
comguter programs that have been developed for
this purpose are described.

376 CNE CCCLING TOWEF INSTEAD OF THREE.

Rcwey FeDe (SKF Ltd., Luton (UK)). Kugellager=
2.3 51: No. 190, 23=28(1977). (In German).

Large pcwer plants normally need several
ccoling towers which are more than 100 m hfgh.
In order to keep the environmental {nfluence as
low as pocssitle, a new=kind cooling tower was
developed Iin England the efficfency of which
equals to that of 2 conventional ccoling
towers. The 114 m high cooling tower with a
foot diareter of 91,4 r has, around the tower
footy, @ 'ccocling zone' consisting of 3&
fndividual cells each of which is equfpped with
an axial ventilator. The air sucked in by the
ventilator ccols the water perculating in the
cell and flows then out through the tower. Thus
the back=cocling does not take place in the
tcwer.

377 COCLINC WATER SYSTEMS = ENERCY

CONSERVATICN THRQUGH SELECTIVE INHIBITOR
FRGCRANMS AND OPERATING TECHNIQUES. Puckorius,
PeRo (Pe Ko Puckorfus and Asscciates,
Cleveland, OH)e pp 10p, Paper €9 of Corrosion/
77, The International Corrosfon Forum devcted
exclusively to the protection and rerfermance
of raterfals. Houston, TX; National
Association of Corrosicn Engineers (1977 ).

From Corrcsion/?77 NACE meeting; Sen
Frarciscc, CA, USA (14 Mar i977).

Cooling water systers cffer opportunities tc
provide considerable energy savings. Some of
these possitilities, how they can be
instituted, and the savings that can be
cbteined are reviewed.

378 DIFFERENT TYPES CF CQOLING TOWERS

INFLUENCE THE DESIGN AND THE CONDITIONS OF THE
INLET QF COCLING WATER FUMPS. Migod, A.;
Siekmann, H. K8B Teches Bers; Nos 17, 25=
45(1977). (In CGerman.

Possible s=olutions of performance and number
cf cooling water pumps to be installed for 300

mw conventional to 2000 mw nuclear unit powers
are showne As four influencing parameters
greatly very, each pump 1s individually
manufactured. The specific fast=running pumps
are sensitive to disturbances on the suction
side. 1i examples for the useful shape of
chambers and arched beams of the inlet bullding
are given according to their importance.
Characteristic and proved inlet chamber types
were determined by electron~analog tests and
model tests. What one understands by nor=
destructive flow to the pumps, is determined by
means of four criterfa, e.g. cavitation and
NPSH velue (net positive suction head) or
according to DIN *Haltedruckhoehe'. As &1l four
criteria cannot be fulfilled to a maximum, one
must be able to decide between theme The
constructions of cooling water pumps, pipe and
spiral casing with variation sre treated in
nine examples. Finally, the types of control
are discussed. Construction and fabrication of
a single cooling pump for a 1300 mw unit would
be possible today; pressure joints diameter
4500 mm.

379 EFFECT OF CIVIL ENGINEERING AND ACCESS
CONDITICONS ON THE COOLING WATER PUMPS AND THE
VARIOUS TYPES OF COOLING WATER PUMPS FOR
COCGLING TOWERE. Holzhueter, E.; Migod, A.;
Siekmann, He (Klein, Schanzifn und Becker neG.,
Frankenthal (Germanyys FeRs))e Kaelte
Klimatech.; 30: YNo. 7, 258=264(1977). (In
German)e.

Starting with the pump {nlet cornstruction
one can see that the designer must declde early
on between the acceleration berd and the fnlet
chamber. To achieve smooth flow, four main
conditions must be largely fulfilled. The rotor
of cooling tower pumps is usually of the
semiaxial type, where one must distinguish
between non=adjusteble, setteble and adjustable
rotors. The cooling tower pumps for drain and
recirculation cooling are preferably m&ede as
spiral casing pumps. For nominal sizes cf .600
and larger, the pump casings are made of
concrete, for economic reasons. For combined
cooling, the type of plpe casirg is dec?’ded for
the same reasons. The above nominal size limit
again decides a conrete desfgn. Of the well=
known control processes, the pre=rotor and
rotor blade adjustment are at present the most
economical. Both types of control are compared.

380 WATER REUSE STUDIZS. Washington, DC;
American Petroleum Instftute (1877). L27p.
$3o°°.

Methodology for the reduction or elimination
of refinery wastewater discharges were
developed and key processes demonstrated {n
pilot plantse. The approaches developed &re
primarily directed toward use in grass roots
refineries. Segregation of wastewater streams
was limjited to (1) high=quallity streams
sujtable with minimum treatmert for use In
steam generation; (2) relatively low TDS
streams which, with minor treatment, are
sultable for use in cooling; and (3) high TDS
streams to be treated for the removal of
characterfestic refinery contaminants and
reduced in volume or reduced to solid form for
ultimate disposal. Because the preponderance of
the water used in the model 15¢,000 barrels per
day Integrated refinery was for utflities (that
{sy cooling and steam generation), major
emphasi{s was given to water management
practices In these areas of use. As a result of
the utilities water management practices and
the reuse of varfocus waters in processes, such
as stripped sour water for desalting, the total
effluent requiring final treatment was reduced
primarily to the contribution of desalting
effluent, ballast water, water treatment plant
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regenerants, snd some process wastewater. The
combined flow of these streams amounted to 22%
of the normal wastewater volume. The final
methodology for treating the reduced volume of
high TDS effluent was & sequence of ofl
removal, equalization, solids removal and blo=-
oxidation, fcllowed by a coil shed cooling
tower which accomplished further reductions {n
wastewater volume utilizing waste heat. The
blowdown from the cooling tower flowed to a
brine concentrator where a final reduction in
volume produced an effluent slurry for disposal
and high=quality distillate water for use as
tofler feeduwater.

3e1 CONSIDERATIONS AND CALCULATIONS CN THE
NECESSITY OF MAKE=UP WATER IN THE COOLING TOWER
OF A GEOTHERNAL ELECTRIC POWER PLANT.
Zancani, C. (Electrocensult, Milan, Italy).
Fp €97=71S of Internatiocnal sywposfur on
geothermal energy fn Latin America. Fowme,
It#ly; Instituto Italo-Latinocamericanoc (1977).
(In Spanish)

From Geothermel conference; Guatemala City,
Guatemala (18 Oct 197€).

After an fllustration of the method of
graphic calculation to establish the state of
the atwosphere at the output of the coocling
tower and consequently the loss of water by
evaporation, {t ts concluded that thecretically
there 1Is nc necessity for make=up water other
than the condensed geothermal steam. Some
discussion §{s given on the chemical=physical
Fhenomena accompanying the cocoling process.

3] COOLING TOWER ENVIRONMENTAL IMPACT
FRELICTION IN THE CASE OF NUCLEAR POWER PLANT
MIXED COCLING SYSTENM. Vehauc, A.; Zarfcy, Z.
(Institut zs Nuklearne Nauke Boris Kkidric,
Eelgrade (Yugoslavia)). pp 1€3=189 of
Mechanical engineering energetice. Froceedings
of symposium papers. Beograd; Masinski
Fakultet Unlverziteta v Beogradu (1977). (In
Sertian)

From Sympcsium of mechanical engineering
epergetic; Beograd, Yugoslavia (1 Dec 1877).

This paper deals with nuclear power plant
mixed cooling system and problem of
environmental Iimpact predictions. Comparation
{s rade with environmental {mpact of ccoling
towers working i{n recirculaticn cooling system.

383 HYPERTEERMAL EFFLUENT EFFECTS ON
HELEOPLANKTCNIC CLADOCERA AND THE INFLUENCE OF
SUBMERGED MACROFHYTES. Vigerstad, ToJo (Unive.
of Rhode Island, Kingston); Tilly, L.J.
Hydrobiologie ; 55: No. 1, 81~85(1977).

In July and August 1974, measurements were
rade af the standing crops of Cladocera in the
l{ttoral zcne of Par Pond (Savannah River
Flant, Alken, Scuth Carolina, USA), which
recelves hyperthermal effluent from a nuclear
reactor. Crogrs of Ceriodaphnia spp. and
Diagheanosoma brachyurum were greater in the
heated than in the ambient area, while Eosmina
longirastris rmainteained higher standing crops
fn the ambient area than in the area receiving
hypertherral effluents In August 1574,
exclosures were placed i{n the effluent=-affected
area to test the hypothesis that the high
density of rcoted aquatic macrophytes in the
effluent=affected area fnfluences the standing
crop of these Cladocera. The effects of changes
in reactor effluent temperature were alsc
deterwined in the exclosure experimente. The
results of thke exclosure study support two
generali{zaticns: (1) the presence of dense
roated vegetation allows higher standing crops

of Cerfodaphnia spp. and D. brachyurum; and (2)'

lower temperatures than those usually found at
the heated station would favor B. longirostris

standing crops, while the higher effluent

temperatures favor Cerijodaphnia spp. and D.
brachyurume .
384 STATISTICAL COMPARISON AND CHOICES OF

SAMPLING DESIGNS FOR ESTIMATING FISH
IMPINGEMENT AT COOLING WATER INTAKES.
Murarka, I.P.; Spigarelll, S.A.;: Bodeau, D.J.
Argonne, IL; Argonne National Laboratory
(1977). Vpe

In the preceding discussions we have
compared six sampling schemes from the
viewpoint of statistical efficliency and
appropriateness for estimating fish impingement
at cooling water intakes. On the basis of the
theory and applications to simulated and actual
data sets, at least three sampling schemes are
sujtable for use in fish impingement studies.
The design considerations depend to a great
extent on the end use postulated. Therefore, {t
{s necessary to address the purposes of
{fmpingement sampling from a biological
standpoint before determining the nature of
sampling designs.

388 STRESS CORROSION CRACKING OF ADMIRALTY

BRASS IN AQUEOUS COPPER SULFATE. Pinchback,
TeRe; Cloughy SePe; Heldt, L.A. (Michigan
Technological Unfiv., Houghton). Corrosion; 32:
Noe 12, 469-471(Dec 1976).

Admiralty brass (Cu==Zn==8n) {s shown to be
susceptible to stress corrosion cracking (SCC)
in copper sulfate solutions. Fracture surfaces
of the resultant transgranular cracks are
characterized by cleavage like features.
Surface analysis by scanning Auger microprobe
revealed a high concentration of tin at the
leading edge of the propagating stress
corrosion cracke The fractographic features and
the presence of tin suggest that hydrogen
embrittlement may be involved in the cracking
mechanism.

386 EQUIPMENT FOR COOLING DOWN LARGE VOLUMINA

OF HEATED WATER, E«Ge INDUSTRIAL SEWAGE.
Frohwerk, P.A. (tc Ceramfic Cooling Tower Co.,
Fort Worth, Texe (USA)). German( FRG) Patent
2,104,631/C/. 18 Nov 1976, 8pe. (In
German ).

The invention deals with a sort of
substitute for a cooling tower which seams to
be particularly suitable where heated
fndustrial sewage water = provided that all
other purity conditions are met = {s to be
cooled down to an admissible temperature before
being conducted into waters, in order to avoid
so=called 'thermal prollution'. According to the
fnvention, the construction on the unit
construction system, whose final assembly can
easily be executed in=situ, is regarded as
being an advantage allowing a subsequent, quick
adaptation to the performance actually
required, which cannot always be calculated
preciselye A ‘combined pump and spray device!
represents the building block. Such a device
contains, eegey 4 spray units and 1 pump unit
consisting in each case of one floating body
and one spray respe pump head on top of it.
Being the smallest unit, this device {s to
float generally in a relatirely narrow working
duct, therefore these five units are arranged
in series alongside the current flow. The four
spray units have a distance of 12 m from each
other and cover this distance with their fan=
shaped spray jets directed upwards. The pump
unit i{s arranged in the centre of the inner
spray unit. The pipes arranged under the five
units connect them rigidly. The water taken in
and pressurized by the pump Is conducted into
the spray units by these pifpes. The system is
anchored on the canal floor and on the bank in
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3es HEAT EXCHANGER.

a sultable renner. As an arrangement cross to
the current flow may be suitable for broader
canals, several fpossible combinations of such
devices are explained. A cooling capacity of
3.8 million liters per minute or more with a
tengerature reduction by 11 to 149C {s given
while apprcaching the ambjent wet temperature
of about & to 69C.

287 EFFLUENT GUIDELINES AND STANDARDS: STEAM

ELECTRIC PCOWER GENERATING POINT SOURCE
CATEGORY. ENVIRONMENTAL PROTECTION AGENCY,
WASHINGTON, IC. Feds Reglste. (Washey DeCe);
41: No. €0, 126S4~12€S7(2€ Mar 1976).

The Environmental Protection Agency (EPA)
has promulgated the Steam Electric Power
Generating Foint Source Category regulatfons.
The regulaticns provide that new sources may
not discharge heat to navigable waters unless
such discharge is from cooling towers or off=-
stream cooling ponds. The EPA now belfeves that
ccoling lakes mayy, In some cases, be preferable
tc cther methods of providing control of
thermal disctarges. Man=made lakes for thermal
cooling will be permftted where such lakes are
deemed the best available demonstrated
technologye The regulations impose a three
criteria test to be aprplfed by the regional
adrinistrator in order to make this
determinetion, First, e study must be made to
assure that toth the construction and operation
af the impoundment or bedy of water will not
adversely aftect municipal water supplies,
shellfish teds, fishery areas, wildlife, or
recreational areas. Seccndly, a determination
rust be made that the discharge from the water
tody contalne no more than 2% of the waste
condensor heat passed to the ccoling water
bodye. Finally, a recirculation requirement will
be imposed establishing a flow restriction
limiting the total discharges from the water
bodyy on a lcng~term average annual basis, to
no more than 100 cubic feet per second per
thousand megewatt generating capacity of the
facility.

Molina, C.; Brisseaux,
A, French Fatent 2,238,473/A/. 19 Jan 1876,
6pe. (In French).

This invention concerns a heat exchanger
between a fluid flowing through a tube and a
gase Such an exchanger can be used, {nter alfa,
for removing calories that cannot be used for
generating electricity in a thermal or nuclear
pover statione This exchanger can wi{thstand any
pressure surges in the system and even the use
of -a high vagour pressure coclant such as
asgonia, since the flufd flows in a round tube
with low pressure drops (both with respect to
the fluld to be cooled and the cooling air)e It
is rigid encugh to stand up to being roved and
handled as well as to gusts of wind. It {s
formed of units that can be handled without
difficulty and that are easily dismantable and
interchangeatle, even in service, and {t is
easily maintained. The exchange area s high
for a minfmur frontal area and this enables the
size of the supporting frame to be reduced and
makes it easy to hide it behind a screen of
trees should this prove necessary. Finally, {t
{fe composed of a small number of standard units
thus reducing the industrial production cost.
These units are rectangular plates, each one
being a flat tubular cecil fitted between two
flat parallel sheet metal plates having on
their outer sides flat top rafsed bosses. These
units are assembled together by the tops of the
bosses so as to form an exchanger bank, each
bank comprising two collectors to which the
bank coils are tightly connected.

389 NUMERICAL SIMULATION OF COOLING TCWER
DRIFT ELIMINATOR PERFORMANCE. Chan, J.;
Golayy MeWe (Massachusetts Inst., of Techs,
Cambridge). pp 225=241 of Numerical/
laboratory computer methods in fluid mechanics.
Pouring, A.A.; Shah, Vele (edse). New York,
NY; American Society of Mechanical Engireers
(1976).

From Winter meeting of the ASME; New York,
NY, USA (5 Dec 1976). .

An analysis of the performance of standard
industrial cooling tower drift eliminators
using numerfcal simulation experiments have
been performede. These simulations make use of
the code SOLA (i) which calculates two=
dimensional laminar flow in a drift eliminator
geometrys This information {s then used to
obtain the eliminator collection efficiency by
performing trajectory calculations for droplets
of a given sfize by a fourth order Runge==Kutta
numerical method. These calculations are
performed for varjious types of eliminators
including some commcnly used industrial
eliminators.

390 ENVIRONMENTAL EVALUATION OF A NUCLEAR
POWER PLANT ON LAKE ERIE: SOME AQUATIC
IMPACTS. Reutter, JoeM. Columbus, OH; Qhio
State Unfve. (1976). 4S9p. University
Microfilms Order No. 77=2758.

Thesis (Phe Do e

The Toledo Edison Company and The Cleveland
Electric Illuminating Company are currently
building the ffrst unit of the Davis==Besse
Nuclear Power Station on the south shore of
Lake Erie at Locust Point. This plant will
utilize water from Lake Erie for cooling
purposes and to replenish the cooling tower
blowdown which will be returned to the lake at
the maximum of 11.1°9C above ambient. Laboratory
experiments were conducted on Lake Erfe fish to
determine thei{r seasonal final temperature
preferenda and the effects of sudden
temperature changes. These results were
correlated with the existing fish community at
Locust Point to predict the effects of the
thermal discharge from the Davis~=Besse Nuclear
Power Station on the surrounding fish community
and to predict the effects of thermal
discharges, in general, on the Lake Erfe
fishery resource. Phytoplankton populations,
zooplankton populations and several water
quality parameters were measured at Locust
Point in 1974 and 1975. Correlation
coefficients and multiple regressjions were
computed using these plankton populations and
the water quality parameters to determine the
extent to which the existing plankton
populations are effected by the water quality.
Qver 2000 fish representing 24 species were
tested to determine their final temperature
preferenda.

391 SEASONAL DISTRIBUTION AND SUCCESSIONAL
TRENDS OF FISH IN A NEW COOLING RESERVOIR.
Triplett, J«R. Kansas City, KS; Unfv. of
Kansas (1976). i53p. University Microfilms
Order No. 77=2290.

Thesis (Ph. D.).

The fish populations {n La Cygne Lake, a
1052 hectare reservoir in eastern Kansas, were
studifed from November 1971 through October
1974, The reservoir, impounded in 1970, was
constructed as a cooling pond for an 840
megawatt power plant. Three locations in the
lake were sampled monthly by overnight sets of
modified fyke traps in order to characterize
changes In the fish populations as the
reservoir aged and the power plant began
operation. Characterfistic of new fmpoundments,
large populations of fish developed during the
first two years (1970 and 1971) of fmpoundment.
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Severe corpetition for resources resulted in
poor growth of those populations and cropping
of the young=of=year in 1972 and 1573,
Attrition of the dominant 1970 and 1971 year=
clesses reduced competition and resulted {n
fncreased growth and production during 1974.
The 1871 yesr=class of white cragpie (Fomoxis
annularis), dominated the fish populations and
maintained a competitive advantage by
oppoertunistically partitioning the rescurces
among its adult members. The {nitiation of
power plant cperation in 1973 resulted in a
nearly continuous congregation of fish in the
outfall area. Large plscivores dominated the
area in the winter and smaller fish were
grevalent in the summer.

3s2 SOLAR EUILDING ENERGY USE ANALYSIS.

Ucar, M.
221p.
24,410,

Thesis (Fhe De)e

A generalized algorithmic computer program
has been developed for the mathematical
sfrulation of the therral behavior of solar
buildings. The system wodelled employe a series
of water=tc~afir heat purps connected in a
closed lcor; flat plate water cooled solar
collectors; a water storage tank; and a cooling
tower. This combination §s very well suited to
fnstitutional buildings. The solar collectors
have seasonal efficiencies of the order of 60X
at the low scurce temperatures needed for heat
purpse Unfitary heat pumps have the advantage of
reating the perimeter of the building by
purping the keat generated §n the interior. The
computer program, SYRSOL, performs a complete
analysf{s of the buiiding and the HVAC systen
without the use of any auxiliary programs. It
grcvides a realistic and economical method of
calculating the heat loads, and the energy
consumption of the buildinge The system
components are medelled after commercially
avajilable equipment. A multi=zone hour=by=hour
calculation approach is taken. Every hour a
cowplete heat and mass balance {s performed on
each zone. Weather data are represented by
sinusoids. This saves considerable amounts of
prograrming and computing time. It {s concluded
that the mathematical model describes the
physical system realistically and that the
computer program performs a sufficiently
detailed and accurate sfmulaticn for
engineering rurposes using relatively little
computer time and computer memory.

Syracuse, NY; Syracuse Unive (1976).
Unfversity Microfilms Order No. 77=

3s3 SEISMIC ANALYSIS OF HYPERBOLIC CCOLING

TOWERS BY THE RESPONSE SPECTRUM METHOD.

Gouldy P.ls; Ser, 8.K.; Surycutomo, H.
(Weshinton Urnfiv., St. Louis, MO). pp 987=1005
of Internaticnal symposium on earthquake
structural engineering. Vol. II. Cheng,
FeYe (€de)e Rolla, MO; Univ. of Missourd
(1976).

Frow Internati{onal symposfum on earthquake
structural engineering; St Louis, MO, USA (1S
Aug 1876).

A free vitration finite element analysis for
rotational shells {s developed and applled to
the sefsmic analysis of hyperbeolic cooling
towers. In the numerical studies, particular
attention is drawn to the influence of the
system of supporting columns on the dynamic
stresses and deformations.

3584 COOLING TOWER PLUME MEASUREMENTS.

Winfarski, Le; Frick, We; Tichenor, B.
(Environmental Protection Agency, Corvallis,
dR ). pp 335.1=33.5.4 of 1975 environmental
sensing and assessment. New York, NY;
Institute of Electrical and Electronics

Englneers, Inc. (1976).

From IEEE international conference on
environmental sensing and assessment; Las
Vegas, NV, USA (15 Sep 1575).

A novel plume sampling technique was devised
in order to measure the distribution of
temperature and humidity fn the fnvisible
portion of a cooling tower plumes These
measurements, together with simultaneous
measurements of the local meteorology &nd the
exft plume conditions, are particulariy useful
in moist plume modeling work. The data were
reduced to a series of plots to show the
temperature and mixing ratio (grams of water
per kilogram of air) as a function of the
height above the ground. Data on the tower
effluent includfng veloc{ty, temperature, znd
particle size distribution were also collecteds
These coupled with the onsite wind speed as
well as the temperature and humidity data taken
abocve and below the plume, gave a complete data
set of the pertinent facters governing molst
plume behavior.

395 THERMAL EFFLUENT AND THE EPIZOOTIOLOGY OF
THE CILIATE EPISTYLIS AND THE BACTERIUM
AEROMONAS IN ASSOCIATION WITH CENTRARCHID FISH.
Eschy GeWe; Hazeny TeCe; Dimocky, ReVe Jr;
Gibbons, JeWe (Wake Forest Univ., Winston=
Salem, NC). Trans. Am. Microsc. Soc.; 95:

No« 4, 687=693(1676).

Epistylis sp. (Caliophora: Perfitricha) {s a
facultative ectosymbiont of fresh-water fishes
in streams and lakes throughout the
southeastern UsSe In combination with the gram=
negative bacteria Aeromonas hydrophila,
epizootic cutbreaks of Epistylis have been
fmplicated in the death of many thousands of
game fish, primarily striped bass and several
species of Centrarchidae (sunfish), in several
reservoirs {n North Carolina. While these
epizootics have been correlated with high
levels of organic loading, recent studies
suggest that thermal loading from a nuclear
production faciliity may {influence the level of

infection by A. hydrophila and Epistylis sp. (A=

E complex) on centrarchid sunfish in Par Pond,
Savannah River Plant, Atken, S.C. Utilizing
electro=fishing techniques, §in excess of 11,500
sunfish, representing six different species,
were collected and examined for external
lesions associated with the A=E complex.
Largemouth bass (Micropterus salmoides) were
most heavily infected, followed in fncidence of
infection by bluegill (Lepomis macrochirus),
warmouth (Lepomis gulosus) and redbreast
sunfish (Lepomis aurftus); lesions were not
observed on the surface c¢f black crappie
(Pomoxis nigromaculatus). The body conditiors
(or K=factor) of more than 2,000 largemouth
bass were calculated; direct correlatiorns were
found between thermal loading, body condition,
and incidence of infection. These data are
discussed in terms of thermal effluent and the
eplzootiology of Epistylis sp. and Aeromonas
hydrophila.

396 ENVIRONMENTAL IMPACTS OF BLOWDOWN FROM
SALTWATER COOLING TOWERS AS COMPARED TO
FRESHWATER COOLING TOWERS. Roffman, H.;
Roffman, A. (Westinghouse Environmental
Systems Dept., Pittsburgh, PA). pp 253=276 of
Materifals: dispose or recycle. Rolsten, R.F.
(edes)e Dayton, OH; The Wright Company (1976).

From 2. international conference on
environmental problems of the extractive
{ndustries; Dayton, OH, USA (15 Jun 1975).

To maintain a high number of cycles of
concentrations fn the cooling tower, scaling
must be kept at a minimum. The most common
scale=forming minerals contain calcium,
magnesfum, and silica. In fresh=water cooling
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systems, it §{s common practice to add
sufftfcient sulfuric acid and to lower the pH to
the point where the water has a negative
Langelier Index and the scale=forming salts are
kept in solution. The solubility of such salts
{fs usually also f{ncreased in the presence of
other fons in the same solution. Thus, the
higher 1onic strength of brackish or sea waters
may Teduce the required acidiffcation.
Elisination cr reduction of acidification
reduces corrosion rates of metals that are
higher when salt water i{s used rather than
fresh water. Corrosion problems associated with
salt waters usually require the utilization of
noncorrosive metals as extensively as {is
economically possibles Cooling tower waters
must also be treated for biological fouling. In
fresh water cooling towers, bilological fouling
{s usually prevented by continuous or
intermittent chlorination, both being
environmentally undesirables Salinity in high
concentrations has been proven to be quite
toxic to marine organisms, and chlorination of
circulating salt waters may not always be
required.

3s7 COOLING PROCESS AND DEVICE FOR LIQUID CR

VAFCRIZED FLUIDS. (tc Usines Chausson, 92 =
Asnieres (France]). French Patent 2,319,098/A4/
. 21 Jul 16575, i0p. (In French)e

The process described in the invention
concerns the condensation of steam from the low
pressure stages of the turbines driving the
electricity generators in thermel or nuclear
power stations. It enables much smaller cocling
units to be tuilt than the cooling towers used
30 far. In this process the atmospheric air is
charged with only a small amount of extra
steam. Also, when the air temperature is low,
the outside alr is no lcnger overloaded with
stear, therety making it possible to avoid
creating harmful micro=climates and alsoc saving
appreciable amounts of water. An exchanger
foras one circuit for the fluid to be cooled,
separated by a partiyien from a second circuit
swept by atmcspherfc air. Eah one of the two
cfrcufts §s composed of tubes with a hydraulic
diareter not exceeding 4 wme In the second
cfrcuit on tre air swept side a quantity of
water is brought {n smounting tc between 0 and
§0g/kg of dry afr crossing it.

358 PROCESS AND DEVICE FOR COOLING LIQUID QR

VAPORISED FLUIDS. (to Usines Chausson, 92 =
Asnleres (France}). French Patent 2,215,058/A/
. 21 Jul 1¢75. 10p. (In French).

The invention relates tc a process for the
artient air ccoling of liquid flufids or those
vapcrised under low pressure. An exchanger
corposing a first circuit for the fluid to be
cccled {s set up and {s separated by a
gartition frecm a second circuit swept bty the
atmospheric &ir. Each one of these two circuits
{s made up of pires of not more than 4 rmm
hydraulic diemeter and on the side of the
second circuit swept by the afir a quantity of
water is brought to the extent of 0 to 50 g/kg
cf dry air crossing it. The water is sprayed
fnto the secend circuit. The tubes of the
second circuit are set up so that the water
sprayed on, runs down the partition separating
the two circuitse The water is sprayed counter=
current with respect to the direction of the
cocling ajr. A quantity cof water {9 projected
fnto the seccnd circuit depending on the
thermal flow to be exchanged and the desired
cogling terperature, the amount of water being
1imited so that the ocutgoing air, returned to
the atrosphere, conteins an amount of water per
kilogrem of dry air corresponding to the
absolute mofsture of the saturated air for the
dry ambient temperature at the time. The

process affords all the advantages of a wet
coocling tower, great efficiency and low
temperatures

389 HEAT DISTRIBUTION COMPENSATING CIRCUIT
INTENDED FOR COOLING THERMAL AND NUCLEAR POWER

PLANTS., Coufllaud, P. French Patent
2,308,060/A/ 18 Apr 1975. 8p. (In
French)e

In long distance heat transmission and
distribution systems, as designed so far, when
the temperature of the ‘air rises, the amount of
heat distributed diminishes and the amount of
heat lost through the walls of the pipe
diminishing too, these systems absorb much less
heat in summer than in winter and this is a
serjfous drawback when they contribute {r
cooling a nuclear power station or other
thermal power station. In the compensating
system descrivbed in this fnvention, although
the amount of heat distributed diminishes with
the rise in afir temperature, the amount of heat
lost through the walls of the return line
rises. This can enable such a system to be made
to absorb as much heat in the eummer as In
winter, and should the need arise {n certain
casesy more heat in summer than in winter, when
these lines are long enoughs Contrary to normal
heat transmission and distribution line systems
where the pipes are insulated throughout their
entire length, {n the type of system described
in this invention, only the 'outward' pipe is
fnsulated the larger section '‘return' pipe is
not i{nsulated and works as a heat diffuser,
efther into the air when there is no frost risk
or into the ground to a shallow depth.

400 (ANL=Trans==12155) WKTER VAPOR
IMMISSIONS IN THE REGION OF A CONVENTIONAL
THERMAL POWER STATION. Bergey He; Kingy Ee;
Lorenz, D. Translated from Fortsche=Eer. VDI
Z. Reihe; 15: No. €, 128(1975). 86p. Dep.
NTIS, PC AQS/MF AO1. '

The effects on cultivated plants of
operating thermal power plants with cooling
towers were studfed. The two principal areas of
interest were the effects of cooling tower
plumes on local meteorological conditions and
hydrogen fluorine emissfions from cooling
towers. The effects of cooling tower plumes on
the following variables were measured: solar
radiation recefved at soil surface; air
temperature; humidity; precipitation; leaf=
wetting duration; moisture in ears of grain;
plume configuration; fluorine emissions and
fluorine content in air, scil, and crops.
Results from investigating the area within a
650 m radiue of the cocling tower complex led
to the following conclusions. Direct irnfluences
of cooling tower emissions on the ground, and
hence on the vegetetion, principally come from
the effect of the shadow of the cooling tower
plume. Light losses within a 500 m circle can
amount to 5 to 25%. Beyond 1000 m the effect {s
imperceptibles The cooling tower plume, in 1its
{mmediate neighborhocd, can in additior,
occasionally lead to an intensification of the
precipitation. Reliable quantitative data
cannot be published on the basis of the
precipitation measurements available. The waste
heat of the power station and probably of the
boiler house, in particular, leads to an
fncrease of the air temperature on the leeward
side and to a decrease in the relative humidity;
these values are dependent upon the exchange
conditions. (LCL)

401 OPERATIONAL RESULTS OF ONUMA GEOTHERMAL
POWER PLANT, Furuto, Ke (Geothermal Energy
Development Dept., Mitsubishi Metal
Corporation, Japan), Miyazaki, A. Jes JpPne
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Gecthern, Energy Asscce.; 12:
23(197%). (In Japanese).

The develcpment and operation of the Onuma
gecthermal power plant {s reviewede. Sfince 1965,
six investigative wells, three producticn
wells, and three reinjection wells have been
drilled. A 10,000 kW power plant was comrpleted
in 1973 in the Hachimantai area. Test operation
was begun at €000 kW fn November 1§72 and
during the next 11 months, 36,577 MWh were
generated, Facflities fnclude a single cylinder
pulse-type ccndensatfon turbine with a rated
power output of 10,000 kW, a barometric
condenser, twc horizontal=motor reciprocating
vacuum pumpy & forced=ventfllatfon, double=
suction cocling tower, a cylindrical rotating
fleld=-synchrcnous generator and a three-phase
12,000 kVA/12,000kVA/150GkVA transformere
Cperatfonal difficulties have been encountered
with the condenser and cooling water. At cne
point, sediments deposited on the condenser and
water spray plate reduced power output from
6000 to 5200 kWe. The pH of the cooling water
had to be regulated to a pH of 6.8 te 7.0 by
addition of NaOH. There was also a problem with
snow accumulation and water and air polluticn.
A 50,000 kW rlant is being plannede Three
tables are provided.

Noe. 1' 21-

402 CONSTRUCTION OF THE ONIKOBE GEQOTHERMAL

POWER PLANT. Karubey Jo (Onfkobe Power Plant,
Electric Power Developrent Co., Japan). Je
Jpne. Geotherw. Energy Assoc.; 12: No. 1, 24-
26(1975). (In Japanese).

The Onikote geotherral power plant is
located in tle Kurikome Natfonal Park abcut 20
km from the Naruo hot springs in Tamatsukuri-
guny Miyagl Frefecture. Following geothermal
exploratfion in 1872, construction began in
1673, and conmercial operation is planned for
April 1975. Trial operation of the plant Is
beginning. Tte ftnstallatiorn includes single-
cylinder condensing turtines, horizontal shaft,
revelving=field, enclosed, self=ventilating
generators, and cooling towers with a capacity
af 74670 t/h. Tuelve production wells 200 m
deep produce good quality stear which shculd
generate 25,000 kW power.

403 ENVIRONMENTAL AND ECONOMIC IMPACTS OF

OPEN=CYCLE AND CLOSED=CYCLE CONDENSER COOLING
SYSTEMS FOR LARGE ELECTRIC GENERATING STATIONS.
Heddeny DeTe (Northeast Utilities, Hartford,
CT)e pp 159=1€2 of WateReuse: water's
interface with energy, air, and solids. New
Yorky, NY; Arerican Institute of Chemical
Engineers (1975).

From 2. national conference on complete
water use; Chicago, IL, USA (4 May 1S7f).

THERMAL FCWER PLANTS;OPEN=CYCLE COOLING
SYSTEMS;CLOSED=CYCLE COOLING SYSTEMS;
COMPARATIVE EVALUATICONS;ENVIRONMENTAL IMPACTS;
ECONOMIC INMFACT

404 DESIGN CONSIDERATIONS FOR A MECHANICAL

DRAFT COOLING TOMWER. Moy, He
Edison of New Ycrk, NY).
WateReuse: water's Interface with energy, air,
and solids. New York, NY; American Institute
cf Chemical Engineers (1975).

From 2. national conference on complete
water use; Chicago, IL, USA (4 May 1S7%).

A methodology is presented for selecting
optimus design parameters for wet mechanical
draft cooling towers augmented with heat
exchangers fcr dry cooling. Detalls of this
approach are illustrated by evaluating a2
hypothetical 1,000 MW steam=clectric plant in
the northeastern US where water resources are
abundant but cooling=tcwer=induced fog 1s
undersirables. It is concluded that to design a

(Consclidated
pp 495-500 of

cooling tower based on fog abatement, natural
fog frequency must be identified {n order to
establish criterfa on cocling=tower=induced
foge. An optimum designed cooling tower is one
whose dry section is capable of dissipating a
minimum amount of heat and yet can control fts
induced fog within a predetermined criterion.
Mathematical models, together with
meteorological data, are used to predict the
distrlbutlon of cooling=tower=induced fog.
(LcL)

405 SEISMIC DESIGN OF HYPERBOLIC COOLING
TOWERS. Gould, P.lL. (Washington Univ., St.
Louis, MO). pp 1075-1084 of Structural design
of nuclear plant facilities. Volume I-B.

New York, NY; American Socfety of Civil
Engineers (1875).

From ASCE specialty conference; New Orleans,
LA, USA (8 Dec 1975).

Hyperbolic cocling towers have been
constructed to heights approaching 500 ft. and
are basically thin shells of revolution
supported atop a system of closely spaced
columns which border the air intake spaces The
ring of columns forms a rather abrupt
discontinuity between the shell and the
foundation and plays an {mportant role in the
response of the structure to seismic
excitation. The effect of wind forces or
hyperbolic cooling towers is rather severe as
compared with a rectangular building structure
of similar proportions. This occurs because of
the geometric form and the surface
characteristics. As a result, cooling towers
designed for extreme wind conditions can often
meet earthquake design criteria as well.
However, in some sftuations the sefsmic
conditions may control and the problem merits
careful attention.

406 LIQUEFACTION CONSIDERATIONS FOR TWO
SUMMERGED ESSENTIAL SERVICE COOLING PONDS.
Holishy L.L. (Sargent and Lundy Engineers,
Chicago, IL); Hendron, D.H. pp 887=93. of
Structural design of nuclear plant facilities.
Volume I~B. New York, NY; American Soclety of
Civil Engineers (1975).

From ASCE specialty conference; New (rleans,
LA, USA (8 Dec 1975).

Prediction of the response of soils to
earthquake motion is limited by the present
state of the art techniques for the behavior of
soils when dynamically loadede. The limitations
occur normally in two areas first, knowledge of
techniques for testing soils to establish
reliable dynamic characteristics economically;
and second, the ability to emperically predict
the results after liquefaction, that is extent
and duration of movement. Two cases are
presented where known techniques have been
incorporated to extend the knowledge of testing
and behavior of a liquefied mass.

407 ENERGY COPTIMIZATION OF COOLING TJWER
BLOWDOWN RECOVERY. Ahlgren, R.M. (Agqua=
Chem, Incey Milwaukee, WI). pp 515=5i€ of
WateReuse: water's fnterface with energy, air,
and solidse. New York, NY; American Institute
of Chemical Engineers (1975).

From 2. national conference on complete
water use; Chicago, IL, USA (4 May 1975).

ENERGY CONSERVATION;OPTIMIZATION;COOLING
TOWERS ; BLOWDOWN ; RECOVERY ;COOLANTS ;EVAPORATION

408 COOLING TOWER OPERATIONS WITH AIR/WATER
INTERFACE AND ENERGY CONSIDERATIONS. Burger,
Re (Robert Burger Associates, Ince., New York,
NY ). pp 520=527 of WateReuse: water's
interface with energy, air, and solids. New
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York, NY; Amerfcan Institute of Chemical
Engineers (1€75).

From 2. natfcnal conference on complete
water use; Chicago, IL, USA (4 May 197%).

Afr and water interface {s the basic premise
ef cooling tower operation. The heat rejection
fundamentals of & cooling tower are based upon
two mechniszs: loss of sensible heat by the
colder air picking up the heat of the water;
and evaporative condensation generated by the
afr and water latent heat of vaporization
process. The paper discusses the upgrading for
greater efficliency, using less horsepower and
{investment dcllars, plus meintenance of the
most prevalent types of modern cooling towers
in use today.

406 RECYCLE OF POWER FLANT COOLING TOWER

BLOWDOWN BY VERTICAL TUEE EVAPORATION WITH
INTERFACE ENEANCEMENT UTILIZING WASTE HEAT.
Sephton, HeH. (Unive of California,
Fichmeond ). pp 5§564=571 of WateReuse: water's
fnterface with energy, air, and solids. New
Yorke NY; American Institute of Chemical
Engineers (1575).

From 2. national conference on complete
water use; Chicago, IL, USA (4 May 157%).

COOLING TCWERS;POWER PLANTS;BLOWDOWN;
RECYCLING;WATER;AIR;INTERFACES ;WASTE HEAT;
RECCVERY

410 REUSE CF WASTEWATER EFFLUENT AS COOLING

TOWER MAKEUP WATER. Fleischman, M. (Univ,
of Louisville, KY). Fp 501=514 of WateReuse:
water's interface with energy, air, and solids.
New York, NY; American Institute of Chemical
Engineers (1575).

From 2. national conference on complete
water use; Chicego, IL, USA (4 May 167%).

A state of the art survey was made to
{dentify prcblems due to various wastewater
components and associated concentrations,
further rossible external treatment of
wastewater effluent and cooling tower internal
treatment, ccnsiderations in materials of
construction, blowdown disposal considerations,
and tradecffs and interactions between further
treatment, additives, cleaning procedures, etc.
The highlights of this study are sumrarized.
Date indicate that unless the effluent §s
blended with clarified rfver water, further
effluent treatment for reductiom of TOD, NHam
and suspended sclids would be necessary for
reuse as cooling tower makeup. Reuse of
cherical plant advanced waste treatment
effluent as cooling tower makeup looks feasible
and two apprcaches are possible for
fmplementaticn: preparation of a design basis
by means of complete wastestream
characterfzation and materfal balances, and
laboratory and pilet testing to get necessary
performance evaluation and design data. Pilot
tests are recommendeds. (JGB)

411 FINITE ELEMENT LAKE CIRCULATION AND

THERMAL ANALYSIS.
Unfvey Ithaca, NY).

Gallagher, R.H. (Cornell

pp i19-131 of Finfte
elewents in fluids. Volume I. Viscous flow
and hydrodynemics. Gallagher, Re.He; Oden,
JeTes; Taylory Ce; Zienkiewiczy, O.C. (edse.).
New York, NY; Wiley and Sons (1975).

From International symposfum on finite
elements methods {n flow problems; Swansea, UK
(7 Jan 1974).

The finite element procedures available for
calculetfon of the temperature distributions
due to dissfipation of heat from operation of a
nuclear power plant are reviewed. The use of
fresh water lakes, cooling towers, and ccoling
wells are considered. The fundamental physical
probler with which this review is concerned {s

the flow, as defined by the distribution of
velocities. The steady state portion of this
flow is caused by the action of the wind on the
surface of the lake. Basic methods of finite
element analysis of the wind=driven circulatior
of lekes are therefore first reviewed; a number
of alternative finite element representatiors
are also identiffed. Various features of
practical importance are neglected fn the basfc
representations of wind=driven lake
circulation. These include the presence of
islands, the existence of thermal
stratification and the three=dimensional
character of the real lake, A section {s
devoted to examination of finite element
developments which seek to account for these
factors. For special circumstances it {s
possible to employ the simplest finite element
representations of heat transport in a body of
watere The velocities are calculated by mearns
of the flow analysis procedures cited above and
are used {n the discretized form of the heat
transport equations. A brief outline s given
of published results in this type of analysis.
The chapter concludes with comments regerding
the sources of i{nformation about the physical
conditions at the outfalls of heated effluents.

412 EFFZCT OF TEMPERATURE ON THEZ SZASCNAL
POPULATION DYNAMICS AND FECUNDITY OF LEZFTODORA
KINDTI (FOCKE) (CLADOCERA) IN THE VICINITY OF
POINT OF DISCHARGE OF WARM EFFLUENT OF 1HE
KONOKGVA POWER PLANT. Kuzichkin, A.P.

(Inst. of Biology of Inland Waters, Borck,
USSR ). Hydrobiol. J. (USSR) (Engl. Transl.);
Noe. 2, 53=56(1975).

There is an extensive lfiterature on the
effect of heat on aquatic organisms, especially
the common cladoceran species. Hot effluent in
cooling ponds produces stretches in which a
high temperature persists throughout the year.
A high water temperature prolongs the growing
season and causes quite perceptible charges {n
the zooplankton. For example, in the spring
cladocerans start intensive reproduction a
month earlier {in the cooling pond of the
Kurakhovka Power Plant and in fall they
di sappear from the plankton much later. In the
Ivan'kovo Reservolir, {n the zone of effluent
from the Konokova Power Plant, the zooplankton
in spring and fall s 5 to 10 times more
abundant than in the unheated reservolir,
whereas in summer, in the warmest time of the
year, the sfituation is reversed and the
population diminishes sharply in the heezted
zones A summer population decrease {is
characteristic of many cladocerans in the
temperate latitudes not only in the heated zone
but also in waters where the temperatures are
natural. According to some fnvestigators, this
{s due to a halt of crustacean reproduction,
manifested chiefly by a reduction in the number
of eggs In a clutch.

413 COOLING TOWER AND MAKEUP WATER TREATMENT
ELIMINATE CONDENSER DEPOSITS. Thompson, ReBs
(Duke Power Co., Charlotte, NC). pp 25=28 of
Proceedings of the 35th internationali water
conference. Pittsburgh; Engineers' Society of
Western Pennsylvania (1874).

From 35. internatjonal water conference;
P{ttsburgh, PA, USA (29 Oct 1974).

Steps taken by the Duke Power Co. to control
condenser tube deposits and thereby improve
cooling tower operatfon at fts 770 MV coal-
fired Cliffside Steam Station are described.
These steps included control over the alum feed
for water clarification, adding aminomethylene
phosphonate to the cooling water to prevent
precipitation of aluminum silicate, and siit
‘controls After trial runs a cationic
polyelectrolyte and clay coagulant ajd were
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414 (ANL=Trans==1145)

415 STEAM FLANT OPERATION.

416 COQLING TOWER DRIFT MODEL.

417 HEAT TEANSFER SURVEY 1974.

used fn the clarifier. The results achieved
were: fmproved and lower cost water
clarification; makeup demineralizer runs have
doutled which reduced regenerant and rinse
water requirements by almost 50%; and ccoling
tower concentrations can now be maintained with
reduced bleed=off, makeup water, and treatment
chericals, (LCL)

CONVECTION AEQVE
COCLING TOWERS. Rudolfy Be; Fraedrich, K.
Translated from Ann. Meteorol.; No. S, 65=
68(1974). l4p. Deps NTIS, FC AOZ2/MF AO1.

Cooling tcwers are local sources of heat and
moi{sture. The convection 2bove such a source is
here computed by a simple one=dimensional model
based upon the equation of motion in the
vertical, the first law cf thermodynamics, and
the continuity equation. The following
assumptions &re introduced: quasi=hydrecstatic
equfilibrfum, steady state conditions, and a top=
hat profile. Temperature, vertical velccity,
and water content of the ascending air above
the cooling tower are calculated for given
environmental conditions (wind, temperature,
moisture)s Thte net fluxes of sensible and
latent heat and the rate of condensaticn are
derivede The processes inside the cooling tower
are corputed by a separate model to obtain the
boundary conditions at the base of the plume
(feece the taor of the cooling tower). The
behavior of the ascending air is classified as
follows: (1) No cloud generatfon, (2)
vertically li{mited cloud generation, and (3) a
cloud which rises to an unlirfted height.
Thrcugh computation {t is determined which of
the above classes can be expected under
different environmental conditions. The results
are represented bty stabflity=moisture diagranms
for & dry and a wet cooling tower of the same
heat generating magnitudes.

Lendon, Eng.;
Institution of Mechanical Engineers (1574).
282p. (In German and English). ( CONF=
7305135==). $32.30.

From Conference on steam pilant cperation;
London, UK (2 May 1872).

Thirty parers on the design, operation, and
performance of fossi{l=fueled and nuclear steam
pover plants and marine propulsion steam
engines are presenteds Information §s fncluded
on power plant emissions, components such as
coecling systems, control systems, boilers,
turbines, and on combined=cycle power plants,
Subject and author indexes are provided. (LCL)

Tesaly Yed.;
Johnson, De.H. (Stone and Webster Engineering
Corpe, Bostar, MA). pp 143 of Modeling and
sfrulation. Volume &, Part 1. Vogty WeGe;
Mickley, M.H, (eds. ). Fittsburgh, PA;
Instrument Socfety of Arerica (1974).

Frorm 5. ccnference on modeling and
sfwulatifon; Fittsburgh, PA, USA (24 Apr 1974).
A computer model was developed to predict

the distribution of drift from brackish or
saltwater cocling towers for power plant
condensate ccoling. Drift from mechanical or
natural draft towers can be evaluated, taking
into account tower characteristics, drift rate,
droplet size distributicn, total dissclved
solids in cccling water, rise of droplets in
the plume, evaporation and trajectory of
falling droplets, and ambient weather data.

Butler, P.
(ede)e London, England; Morgan=Grampian Ltde.
(1S74). €8¢, poundz.

A separate abstract was prepared for 3

P T

papers for the energy data base,

418 WINTER OPERATION JOF MECHANICAL=DRAUGHT
COOLING TOWERS. Cabral, B.F.A. (Carter
Industrial Products Ltde ). pp 45, 47 of Heet
transfer survey 1974. Butler, P. (ed. ).
London, England; Morgan=Grampian Ltde (7974).

How low ambient temperatures affect the
performance of mechanical=draft cooling towers
and the precautions necessary to prevent icing
are discussed.

419 SOME EXTRA=HIGH CAPACITY HEAT EXCHANGERS
OF SPECIAL DESIGN. Forgo, L. (HOETZRV,
Design Bureau for Industrial Power and Heat
Supplyy Budapest, Hungary)e pp 101=126 of
Heat exchangers: design and theory sourcebook.
Afgany NeHe; Schluender, E.U. (eds.).
Washfington, DC; Scripta Book Company (1574 ).

Advances in the design of high—~capacity heat
exchangers such as are needed for cooling
towers In thermal power plants and for multiple
reheating of steam for steam turbines are
discussed.

420 SCALING UP OF A DIRECT CONTACT HEAT
EXCHANGER., Perrut, Me.; Paules, B. (Centre
de Cinetique et Physique Chimique, Nancy,
France ). pp 817=830 of Heat exchangers:
desfgn and theory sourcebook. Afgan, NeHe;
Schluender, E.U. (eds.). Washington, DC;
Scripts Book Company (1874).

Spray tower hydrodynamics are analyzed, with
calculations of mean drop slize, and hezt or
mass transfer coefficients. Optimal design {s
arrfved at using 3 parameters,

421 (PB==282561=T/SL) TRANSACTIONS OF THE
VEDENEEV ALL=UNION SCIENTIFIC AND RESEARCH
INSTITUTE OF HYDRAULIC ENGINEERING., VOLUME 99,
1972. Translated from Izv. Vses. Nauchno=
Issled. Inst. Gidrotekh.; 99: 3=293(1972).
562pe (TT==75=55086 ). NTIS PC A24/MF AUl.

No abstract avajilable.

422 ATTENDANCE AT THE INTERNATIONAL
GEOTHERMAL SYMPOSIUM=OUTLINES OF SECTION VIII,.
Takahashi, Y. (Mitsubishi Heavy Industries,
Ltde, Japan)e. Je Jpne Geotherme Energy Assoce;
No. 29, 68=74(1971). (In Japeanese).

Discussion of pepers presented at the UN
Symposium on Development and Utilization of
Geothermal Resources, Pisa, Italy, 197C..

Section VIII of an international geothermal
symposium held in Pisa, Italy, in 1970,
included 13 papers concerning the collection
and transmission of geothermal flufdse. Uchiyama
concluded that the corrosion of concrete in a
cooling tower in the Matsukawa geothermal field
was less than that for Larderello geothermal
field in Italy. Yanagase presented a study on
the solutfon of the scaling problem in hot
water feeding pipes in the Otake geothermal
field. Rumi presented a report on a calculation
of the relationship between wellhead diameter
and the discharge of steam at Larderello. James
et ale. fnvestigated the conditions for pressure
drop and stability by experimental studies with
12 in. pipes having horfzontal and vertical
test sections. Results were similar to those
obtajned by Takahas) usfng 8 in. pipe, and
results agreed with calculated values
determined by the LochHart=Martinellf{ method
for pressure drop. Also, the stability of flow
{s sufffcient i1f the atomizing flow and annulus
flow renges are on the Baker flow pattern
curves
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423 WELL NC. 3 AT HATCHOBARU GECTHERMAL

FIELD. Je Jpne Geotherme. Energy Asscce; NoOeo
2€, 3=5(1s70;. (In Japanese).

Lrilling cn the Hatchotara No. 3 well began
cn March 23, 1570, and at depths of i0€SE m and
1085 m premising water was encountered. The
fingl depth was 108S n because further
excavation wes considered fmpossible, Swabbing
attempted to determine exhalations. The steam
and hol water contents of exhalations at a well
head pressure of 5.0 kg/cm2g were 38 t/h and
11€ t/hy resgectively. Exhalations are still
increasinge Irfll bits used were 3¥S, 3MH, 3H,
and R=1 types, including hard cpeners. The
drilling nud used was rmainly bentonite but
chreme was used in cases where the drilling mud
wes affected by high temperatures. The density
of drilling nmud during drilling was 1.04 to
1.2 and pH was 8.€ tc S.4. The temperature of
the drilling mud roce rapidly from about 770 m
belew the surface to reach 980C at a depth of
€S8 me Thus, further drilling was cocled by a
cooling tower, where the cooling effect was
atcut 20¢C. Cne map, two graphs and twc tables
are provided.

424 CLEANING OF CASES FROM THE INCINZRATION

OF WASTE MATERIALS. Wwhitehead, C.; Darby, K.
Fr 191<122 of Incineration of municipal and
industrial weste. Vol. 1. Cartery G.T.
(ede)e Lecndon; Institute of Fuel (1S€9).

From Ccnference on the incineraticen of
municipal and industrial waste; Brighton, UK
(2% Necv 18€S).

The cleaning of waste gases from incineratcr
grates and tte problemrs which can arise from
the corpasition of the gas and the physical
preperties of the dust entrained in the gas are
dfscussed. Reference {s made tec the varlcus
methods adepted for coceclirg the gas before
final cleanfng, and their effect on the sfze of
the gas=cleaning plant. Special emphasis {s
laid on the evaporative cooling tower, and &
trief resume is given of the results of an
investigatior Into the flow characteristics of
different tower designs. The application of
four basid methods cf gas cleaning to
{ncinerators is discussed. Finally, 2 complete
gas=cleaning plant }s described based cn an
evaporative spray cocling tower, followed by an
electrostatic precipitater, which indications
shew to be becoming the preferred methed for
incinerator gases in this country.

425 GEOTHERMAL PLANTS IN ITALY.

0livero,
FeJe (Unfversity of Cordoba, Spafn)e Reve
Electrotec. ; 50: No. 24 54=58(1964). (In
Spanish).

A hicstorical review of the uses of
geothermal energy in Italy is presented with
emphasis on the Larderello area. Authore in the
Middle Ages referred to the natural vapor
exhalations ir the Tuscany region. At the
beginning of the 16th century & Frenchman,
Larderel, buflt an fndustry around the leagoons
containing borfc acifd. A map of the Larderello
area is presented, and borehole characteri{stics
(depthy pressure, temperature, load) are given
as well as costs and average life. The use of
geothermal energy to generate electricity begen
ifn 1905. Varfous methods of vapor utilization
are describedes The power plants at Larderelle
are characterized by the large number of
cooling towers, cooling {s a problem because of
limfted cold water resources in the area.
Gecthermal electrical production {n Italy {s
compared with production in Cordoba, Sp&ine. The
national raflroad authorfty is the main owner
of the Larderello plants and the principal
user, The boric acid and borax industry aiso
use the electricity. Three photographs &nd a
detafled map of the industrial and recsidential
center of Larderello are provided.

426 A 12.5 MW GEOTHERMAL PLANT IN CALIFORNIA.

Electre Timesg; 138: No. 64 199=200(Aug 15960},
The first Us Se geothermal power station is
describeds A i2.5 MW turbogenerator with steam
condftions of 100 1b/ir.2 at 348°F went into
operation a8t the Geysers in 1960. Snthalphy of
three wells was determined to be about 200 BTU/
1b with steam flows, corresponding to & well
pressure of 115 1b/in.2, between 26 and 11i klb/
he Pressure fell quite sharply when flow rete
was fncreased, For example, on the Magme o« 1
well, a pressure of 180 1b/in.2 at zero flow,
fell to 100 Ib/fne2 at a flow of %125 klb/he
Entrafrned gases In the steam ranged from CJ,
averaging 70% to NH; at 1.5%. Corrosior studies
by Corrosometer are reviewed and the lay out of
the power station consiesting of power h:cuse,
barometric condenser, pipe to hot well,
fncomi{ng steam main, and three cooling *“owers,
{s detsiled. The generator, rated at 12.5 MW 6y
c/8y 1545 kV {8 connected through a a5¢ MV4
metalclad alr circult=breaker to the station
step=up transformer, rated 12.5 MVA, 3..5/60( kV
arnd also to an auxiliary station transfurmer.
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BRADLEY UNIV., PEORIA, IL (USA)
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power plant ponds, 161 (PB==279¢32)

BROOKHAVEN NATIONAL LAB., UPTON, NY (USA). HATIONAL CENTER
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BUNDESANSTALT FUSER GEWAESSERKUNDE, KOBLENZ (GERMANY, F.R.)
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Transactions of the Vedeneev All=Union Sclentific and
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CALIFORNIA UNIV., DAVIS (USA)
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Geysers=Cal{stoga KGRA geothermal envirormental overview:
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CAMERON ENGINEERS, INC., DENVER, C0D (USA)

Water consumption and costs for various steam electric
power plant cooling systems. Final report, OJctober
1977==Janruary 1978, 182 (PB==285397)

COLORADO UNiV,, BOULDER (USA)e DEPTe OF CHEMICAL
ENGINZERING

Field investigation of cooling tower and cooling pend

plumes. Final report, 164 (PB==282953)
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CURTISS=~WRIGHT CCRP., WOOD=RIDGE, NJ (USA)
Conceptual design and cost evaluation of a high
performance dry cooling system, 47 (CU0=-=4218-1)
CURTISS=WRIGHT CORP., WOOD=-RIDGE, NJ (USA). NUCLEAR DIV.
Conceptual desfigns and cost estimates of mechanical draft
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ENVIRONMENTAL SYSTEMS CORP., KNOXVILLE, TN (USA)

Chalk Pcint Cooling Tower Project. Volume 2., Cooling
tower drift dye tracer experiment, FY77. Final
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on crcps and scils. Post operational report No. 2.
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Environrental Research Laboratorfes 19?7 annual report,
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Cooling tower drift study at Oak Ridge Gaseous Diffusion
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0639)

Environsente]l assessment of cooling reservoirs, 128
(NURECG/CR~=0514)

Incorpaoration of sublethal effects and indirect mortality
in wodeling populationr—level {mpacts of a stress, with
an exawple involving pcwer=plant entraineent and
striped bass, 132 (NUREG/CR==0638)

3 INDEX

TENNESSEE VALLEY AUTHORITY, CHATTANGOGA

Meteorological effects of heat and moisture releases from
large power stations (precipitation mod’fication), 33
(CONF=781106==31)

Meteorcloglical Zffects of Thermal Znergy Releases (METER)
Programs. Anrnual progress report, October 3976~=-
September 1977, 143 (ORNL/TM=:=6248)

Meteorologicel Iffects of Thermal Erergy Releases (METER)
Programs. Annual progress report, October 1977~
September 1978, 158 (ORNL/TM=~6867)

METER=ORNL precipitation network: from design to data
analysis, i56 (ORNL/TM==6523)

Numerical modeling of entrainment and far field thermal
dispersion for NZP 1 and 2, Charlestown, Rhode Island,
136 (NUREG/CR==0815)

Offshore heat dissipztion for nuclear energy centers, 155
(ORNL /TM==6435)

Oxidant effects on complex mixtures of nonvolatile
organfcs in polluted waters: examinatfon by HPLC and
bioscreening, 43 (CONF=7811,08=-=1)

Ozone in zquatic systems: a selected, anrotated
bibliography, 141 (QRNL/EIS==145)

Storms over the METER==0RNL Precipitation Hetwork: the
first six months, 159 (ORNL/TM-=6883)

Threadfin shad impingement: effect of cold stress on a
reservoir community. Environmental Sclences Division
Publication No. 1198, 131 (NUREG/CR==9637)

Userts guide to an environmental {nformation resource for
thermal power station cooling systems, 7?5 (EPRI-EA=-
901)

Waste heat rejection from geothermal power stations, 157
(ORNL /TM==6533)

Waste heat rejection from geothermal power stations, 39
(CONF=790808==1€)

OHIO STATE UNIV., COLUMBUS (USA)

Znvironmental evaluati{on of a rnuclear power plant on Lake

Erie: some aquatic impacts, 390

PENNSYLVANIA STATE UNIV., UNIVERSITY PARK (USA)e. INST. FOR
RESZARCH ON LAND AND WATER RCSOURCES
Computing evaporatfon for inland water bodies under a

variety of fetch and atmospheric stablility conditions.
Technical completion report, 192 (PB=~2€9372)

PRC ENERGY ANALYSIS CO., MCLEAN, VA (USA)

Solar project description for Trinity University Power

Plant No. 2, 213 (SOLAR/2004==79/50)

PURDUZ UNIV., LAFAYETTE, IN (USR)

Study of a flufdized turbulent bed contactor with

application to cooling towers, 366

RESOURCE MANAGEMENT ASSUCIATES, LAFAYETTE, CA (USA)
Geysers=Calistoge KGRA geothermal environmental overview:
water quality, 219 (UCRL==15054)
ROCKWELL INTERNATIONAL CORP., GOLDEN, CO (USA). ROCKY FLATS
PLANT
Chemistry research and development.
June==November 1978, 2il (RFP=-2877)

Progress report,

SCHMIDT (KENNETH D.), FRESNO, CA (USA)

Evaluation of proposed TG and E (Tucson Gas and clectric
Company ) wastewater discharge on groundwater in the
Tucson Basin. Final report, 160 (PB=:277058)

SOULAR ENERGY RESEARCH INST., GOLDEN, CO (USA)

Review of the environmental effects and benefits of
selected solar energy technologlies, 2lc (SERI/TP==53=
114R)

STANFORD UNIV., CA (USA)

Modification of local weather by power plant operation.

Fina! report, 74 (EPRI-EA-=886=SR)
STATE UNIV. COLL., BUFFALO, NY (USA)

Continuation of studies on thermoregulation of fish and
turtles in thermally stressed habitats. Annual
progress report, 1 October 1978=30 September 1579, 45
(C00=--2502=16)

Thermoregulation of fish and turtles in thermally
stressed habitats. Annual progress report, October 1,
1977==September 30, 1978, 44 (C00=-=2502 '15)

STYRELSEN FOER TEKNISK UTVECKLING, STOCKHOLM (SWEDEN)

Laboratory testing of corrosion inhibitors for
recirculating cooling water systems, 2i4 (STU=-=76-3279)

TECHNISCHE UNIV. BRAUNSCHWEIG (GERMANY, F.R.). FAKULTAET
FUER MASCHINENBAU UND ELEKTROTECHNIK
Standardized calculation of cooling towers, 102 (NP==
23707)
TENNESSEE VALLEY AUTHORITY, CHATTANOOGA (USA)
.State-of-the=art waste heat utilization for agriculture
and aquaculture. Technjcal planning studies ?7=-700 and



TENNESSEE VALLEY AUTHORITY, CHATTANCOGA INDEX

77=734. Finel report, 76 (EPRI~Ep==922)

UNION CAREIDE CORP., OAK RIDGE, TN (USA). NUCLEAR DIV.
Cooling tower recirculation as iInfluenced by the local
atwospheric flow field, a numerical model, 98
(K/CSL/INF==75/6)
UNITED ENCINEERS AND CONSTRUCTORS, INC., PHILADELPHIA, PA
(USA)
Cooling systems addendum: capital and total generating
cost studies, 107 (NUREG==0247)

VIRGINIA INST. OF MARINE SCIENCE, GLOUCESTER POINT (USA)
Factors affecting accuracy of {chthyoplankton samples
used {n pcwer plant entrafnment studies. Topical
briefs repert, 189 (PR==287862)

WAKE FOREST UNIV,, WINSTCN=~SALEM, NC (USA). DEPT. OF
BICLOGY
Impact c¢f therxal loading and cther water quality
rarezeters on the epfizcotfclogy of Aeromonas hydrophila

infections of centrarchids, 63 aDUE/£V£u0909=-5R
WASHINGTON UNIVe., SEATTLE (USAS. CENTER FOR QUANTITATIVE

SCIENCE IN FORESTRY, FISHERIES, AND WILDLIFE

Assessing the impact of nuclear=power plaats on the
environment. Annual progress report Nc. &, 195 (PB==
290858)

Comparison of simulation models used in assessing the
effects of power-plant-induced mortality or fish
populations,. Technical report, 193 (PE==:89586)

WATER PURIFICATION ASSOCIATES, CAMBRIDGE, MA (USA)

Conceptual designs for water treatment in demonstration
plants, II. Appendix = design procedures, 99 (FZ=-=
2635=T2)

ZENTRALSTELLE FUER ATOMKERNENERGIE=DOKUMENTATION ( ZAED),
EGGENSTEIN-LEOPOLDSHAFEN (GERMANY, F.R.)

Construction and plume observation or a dry/wet test cell
in the Marbach III power plant, 4 (AED-Conf==77=561-
004)

Constructional types of hybrid tower cellss First plume
observations on experimental cells in the
Gemeinschaftskernkraftwerk Neckar (GKN), 3 (AED=Cornf=-=
77-561-003)

Investigations concerning the development of design
parameters for a large—capacity hybrid cooling tower by
a group of operators, 2 (AED=Conf==77=5€1=0(2)

Present knowledge on physicel relations {r drift ejection
from wet cooling towers and hitherto aprlied measuring
methods to determine the droplet size, 5 (AED=Conf==77=
561=-005)




Authcrs® surnases are indexed {n the
form appearing in the abstracted
publication; given names ere reduced
to inftiels. Each author entry gives
the publication title and the citation
nunber. Feport numbers, §{f applicadble,
are given in parentheses at the end cf

the entry. Fer publications with multfiple

authors, an author entry is provided
for each. Entries for the second and
succeeding authors give references to
the first auvther.

Because of probless invelved in the
mechaniceal preparation of this fndex,
a1l accent marks are omitted. Changes
in gpelling introduced as a result of
accent cnissfon follow standard
conventicns.

AEBOTT,y D.y Kaw Valley sclar bank, S2
(HCP/M4131==01, pp 15=~17)

ACKERFMAN, G.R., See START, G.E., 126

ADAMS, A.P., Bacterial seroscls frorm
cocling towers, 259

Envirormental and Scology Eranch
progress report, 1574 through
1§7€. Volure 1II. Final report, 1
January 1574~31 December 1976, 1
(AD=A==CE1684)

ADAMS, E.E., See HARLEMAN, D.R.F., €1

ADAMS, S.M., Ozone in aquatic systers:
a selected, annotated
bibliogrephy, 141 (ORAL/EIS==14E)

AHLGREN, ReMsy Energy ortimization of
cocoling tower blowdown recovery,
407

AKOFYAN, LeSs, See KULOYAN, L.T.,y 252

ALEFELD, G.y Method of waste heat
transportation, 277

ALLEMANN, R.T., Study of the
conparative costs of five wet/dry
cocoling tower concepts, 21 (BNWL=-
8A==€1€5)

See DRLST, Me.Ke, 205

8ee JCHNSCN, B.M., S4

See TOXARZ, R.D., 202

ANANTH, KePey Overview of H,S control
technoleogy far geothermal energy
sources,y, 58 (DOE/EV=={046(Vol.3),
pp €=16)

ANDEREON, D.R., Bfocide by=products {n
aquatic environments, Annual
repcrt, October 1, 1977==September
30, 1978, 127 (NUREG/CR==0504)

Biocide by=fraducts {n equatic
environmenta. Quarterly progress
report, October 1==December 31,
1578, 20§ (PNL==2931)

Biocide by=prcducts {n aquatic
environrents. Quarterly progress
repcrt, January l==Farch 31, 197§,
210 (PNL=-=2988)

ANDERSCN, J.A., 8ee WOFFINDEN, GeJe,
162

ARMERUSTER, JeAey See FULCHI, Cels,
170, 171, 172, 173, 174, 191, 25

AUSSOQURD, Pe,y Anelysts of the
operation of atrospheric coolants,
a1

AVERY, MelLe, Irpects of transmission
lines on birds in flight.
Proceedings of a workshop held at
Oak Ridge Associated Unfversities,
Oak Fidge, Tennessee cn 31 January-
=2 February 1978, 187 (PB=-=-286S831)

AUTHOR INDEX

BAIR, W.Jey Environmental control
engineering, 208 (PNL==2850(Pt.5),
Pp 2.0=2.52)

BAKER, K.f., See BECKER, CeD., 78, 79

BAMBERGER, J.A., See BRAUN, D.J., 203

BARBERA, ReJesy See HARLEMAN, D.ReFs,
€1

BARNTHQUSE, LeW., Empirical model of
fmpingement impact.

Environmental Sciences Division
publication No. 1289, 133
(NUREG/CR==0639)

BARTZ, J.A., Status report on the
ammonia, phase=change dry cooling
systenr research project, 55
(DOE/ET==007€, pp 1i7p, Appe A
Paper 7)

BASON, W.H., See HANSON, BeN., 119

BASS, J«y See SCHUSTER, JeRe, 91

BAUMAN, H.F., Offshcre heat
dissipation for nuclear energy
centers, 155 (ORNL/TM==6435)

BAURE, H.E«., Salt water cooling ponds
with partial tidal interchange, 24
(CONF=741270==P2, pp 406-412)

BEADLE, KeJoy Nofse control
engineering at the Mobil
Lubricating 0i1 Refinery, Port
Stanvac, South Australia, 40 (CONF=
7608122==, pp 5i~56)

BEANy, R.M., See ANDERSON, D.R., 127,
205, 210

BECKER, B.R.y Cooling tower
recirculation as i{influenced by the
lgcal atmospheric flow field, a
numerical model, 98 (K/CSD/INF==
75/€)

BECKER, C.D., Synthesis and analysis
of ecological information from
cooling impoundments. Final
report, 78 (EPRI=EA~=1054(Vol.l))

Synthesis and analysis of ecological
information from cooling
{mpoundments. Volume 2.

Appendix A, study site histories
and data synopsis, 79 (EPRI=-EA==
1054(Vol.2))

BECKER, N., See RENZ, V., 263

BEISING, R., Construction and plume
observation on a dry/wet test cell
in the Marbach III power plant, 4
(AED=Conf==77=56i=-004)

BEITZ, B.E., See HANSON, B.Ne, 119

BENNETT, T.W., See MIKELS, F.C., 108

BENTZy JeCey See HABERSKI, Redey 47,
48

See HELMS, I., €2

BERGE, He, Water vapor immissfons in
the region of a conventional
thermal power station, 400 (ANL=-
Trans==1155)

BERMAN, L.De.y Optimization of low=
potential complex of nuclear power
plants with a mixed system of
circulating water supply, 291

Optimization of low=potential
complex of NPP with mixed closed=
cycle water cooling system, 293

BESKIDy N.J., Hydrologic engineering
considerations for Ranney
Collector Well! Intake Systems, 122
(NUREG/CP==0002, pp 27=36)

BIELE, B., Closed=circuit cooling in a
nuclear power station with high=
temperature reactor and helium
turbine, 332

BISIO, G., Forced convection heat
transfer in an annulus &t low
Reynolds numbers , 297

BLAKE, ReTey Cleaning air=cooled
equipment saves money, 265

BLAYLOCK, JeWe, See GIBSON, C.I., 137

BODEAU, DeJey See MURARKA, I.P., 384

BODNAR', YU.F., See KOT, A.A., 300

BOEGEL, W., Physical parameters in

connection with the cooling tower
measurement campaigns, 10i (N==78-
14764)

Physical quantities related to
measurement campaigns for cooling
towers, 50 (DFVLR=IB==553=75/15)

BOREMAN, J., See BOWLEE, RsRe, 189

BOURILLOT, C., See AUSSOURD, P., 321

BOWLES, ReR., Factors affecting
accuracy of fchthyoplankton
samples used in power plant
entrainment studies, Topical
briefs report, 189 (PB-=-287862)

BRANDESKY, Re., Cooling tower
efficiency more than doubled, 225

BRAUNy DeJey User's manual for the BNW=
Il optimization code for dry/wet=
cooled power plants, 203 (PNL==
2674(Volel))

See BRAUN, D.J., 203

See JOHNSON, BeM., 54

See SMITH, GeCey 303

See TOKARZ, R.D., 2GZ, 202

BRISSEAUX, A., See MOLINA, C., 388
BROCK, W.R., Single=cell cooling tower
performance studies. Part I:

the effect of reduced tip
clearance on fan performance.
Part II: the effect of reduced
tip clearance on ccoling tower
performance, 100 (K/GD~=-1967)
BROG, PeE., Calculation of cooling
tower plumes with KUMULUS, 325
BROWNELL, D.L., See GUYER, E.C., 85
BURGERy Rey Cooling tower money making
superstar, 374

Cooling tower operations with
air/water interface and energy
considerations, 4(8

Cooling tower technology==cold water
makes profits, 314

Know your cooling tower, 232

BURSIKy A«y In aqua veritas - water
treatment in conventional power
plants. Process alternatives,
290

BURTON,y DeT.y Control of fouling
organisms in estuarine cooling
water systems by chlorine and
bromine chloride, 225

BUTLER, P., Heat transfer survey 1974,
417

CABRAL, BeF.A., Winter operation of
mechanical=draught cooling towers,
418

CADA, G«F., Biological eveluation of
devices used for reducing
entrainment and {mpingement losses
at thermal power plants, 42 (CONF=-
7809109==%)

CAPANO, GeA.y Noise emfssion
characteristics of circular
mechanical natural and fen-assist
natural draft cooling towers with
silencers, 285

CAREY, KeL., Ice blockage of water
intakes, 130 (NUREG/CR==0548)

CATE, JeHey See START, Geiey .26

CAUDRON, L., See AUSSOURD, P., 321

CEDOLIN, L., See MANG, H., 245, 375

CHANy Joy Numerical simulation of
cooling tower drift elfminator
performance, 389

CHAPMAN, D«G., Assessing the impact of
nuclear=power plants on the
environment. Annual progress
report No. 2, 195 (PB==250858)

CHARLES, KeE., See HANSON, BeNe, 119

See MILLER, J.Cey 1.8
CHATURVEDI, S., Envirormental effects

INDEX 5



CHATURVELI INDEX 6

of heat and solisture release from
atrospheric spray cooling systenms,
31 (CONF=780520-=7)

CHENy NeCeJey Drift modeling and
monjtoring comparisons, 3089

Drift-vrodeling and monitoring
conpariscne, 14 (ATDL==77/23, pp
§97=€27)

Mathematical model of drift
derosition from a bifurcated
cocling tower plume, 150 (ORNL/TM==
6248, pp 184-210)

Seq PATRINCS, A.A.N., 144

CHEUNG, Ao, See OLIVER, TeKe, 30

CHOULES, Go.l., See ADAMS, AePey 1

CHRISTENSEN, J., Heat cost i{n a
Swedish agrothermal plant, 256

CHRISTENSEN, Se.W.y Analysis cf the
validity of the utilities stock=
recruitment curve=fitting
exercise, €5 (DOE/TIC--IOISG)

See BAFNTHOUSE, LeW., 133

8ee VAN WINKLE, We, 132

CLOUGHy £.P.y See PINCHBACK, T.R., 385

COLE, RsAey Appendix to Entrainment at
a Once=Through Cooling System on
Western Lake Erie. Volume II.
Appendices. Final report 1 Sep
72=31 Dec 75, 188 (PB==287834)

Larval tish distributicns in
soutbtwestern Lake Erie near the
Monrce Pcouwer Plant. Report for 1
April 1S76=1 April 1978, 185 (PB==
286629 )

CO0Ky L+sEsy Johnson screen for cocling
water intakes, 117 (NUREG/CP==
0002, pp 145-157)

COUILLAUD, Fe, Heat distribution
cecepensating circuit intended for
cooling thermal and nuclear power
plants, 39§

COUTANT, C.C., See TALMAGE, S.S8., 281

COWAN, C., See SWARTZMAN, GsLe, 193

CRANE, G.T., See ADAMS, A.P., 1

CFOCKET, L.y See HOAGLAND, KeE., 139

CROLEY, 1+E.y Optimum continations of
ccoling alternatives for stream =
electric power plants. Volume II.
Finel regort, 194 (FE-=290576)

CUMMINGy R.B.y See JOLLEY, RelL., 43

CUMMINGE, TeF., See MATHIS, BeJs, 161

CURTIS, C.R.y Cocling tower effects on
native perennfal vegetation.
Auguet 1672=April 1975. Volume I.
Sections I=IX. Precperational
report, 186 (PB==2867£8)

See MULCHI, C.L., 25

See PATTERSON, GeWe, 150

CUSRING, C+Ees, See BECKER, CeDe, 78,
?s

DYANGELO, LeJsy See HANNON, EeHae, 38

DANAy M.T., Rainfall enhancement due
to scavenging of coeling tower
condensate, 154 (ORNL/TM=<6248, pp
273-297)

Reinfall enhancement due to washout
cf ccoling tower condensate, 198
(PNL==2E00(Ft.3), pp 2.39=2.40)

DARBY, Key See WHITEHEAD, C., 424

DAVIES, F.J.E., See LEAHEY, D.M., 231,
33s

DEANGELIS, Deley See BARNTHOUSE, LeWe,
1233

DEMONBRUN, JeRey Coo0ling water
systems: treatment and materials
af censtruction, 30€

DEMUTH, UeJe, Analysis of binary
therrodynamic cycles for a
moderately low=temperature
geotherral rescurce, 217 (TREE=-=
13€¢5;

DENGLER,y Jeley Study ef a fluidized
turbulent bed contactor with
applicaticon to cooling towers, 366

DERISO, FeBe, See SWARTZFMAN, G.L., 183

DEWALLE, D.R., See TAYLOR, S.L., 192

DICKEY, JeBe JRey Managing waste heat
with the water cooling tower, 227

DICKSON, C.R., See START, G.E., 126

DICMAS, Jele,y Close study of cooling=
tower pump intakes adds to
relfability cver perfcrmance
range, 240

DIMOCK, ReVe JR, See ESCH, GeW., 39E

DIPIPFC,y Rey Geothermal pcwer plants
of Jepan: a technical survey of
existing and plenned
instellations. Report No.

CATMEC/9, 46 (C00==4051-=16
DITMARS, JeDey See PADDOCK, RsA., 34
DORAN, WeGey Reducing coollng tower

fcing potential, 255
DROST, MeKey Engineering and cost

analysis of a dry cooling systenm

augmented with a thermal storage
pond, 205 (PNL==2745)

DUMONT, M., Discharges from nuclear
power stations. Energy value of
low=temperature water, 368

DURAND, J+P., See LESSIEUR, P.D., 331

EGLER, Wey Basic concept of a
prediction model for the cocling
tower plume, 326

EISSENBERG, D., See RUBIN, A.M., 59

EISSENBERG, D.M., See PATRINCS,
AsA.N.y, 33, 56

ENGLESSON, G.A., Technical and
economic feasibilities of wet/dry
tower systems for water
conservation, 53 (DOE/ET-=0076, pp
29py Appe.A Paper 2)

See HU, M.C., 182

ENGLISH, K.y See BRANDESKY, R., 229

ERNSTy Ge, Cooling towers, design and
plume behavior, 322

See EGLER, We., 326

ESCHy GeWe, Impact of thermal loading
and other water quality parameters
on the epizooticlogy of Aeromonas
hydrophila infections of
centrarchids, 63 (DOE/EV/00900==5)

Thermal effluent and the
epizootiology of the ciliate
epistylis and the bacterium
aeromonas in association with
centrarchid fish, 395

FABJAN, L., See GASFERSIC, B., 94

FAKE, J«M., See ROZENMAN, T., 183

FALETTI, DeWe, See ERAUN, DeJ., 203

FAULKNER, F., See ADAMS, A.Psy 1

FAYy H.P.y See MORSE, D.C., 353

FELETTI, DeWey See ALLEMANN, R.T., 21

FEUSTEL, J.E.y Exploitation of solar
energy via modular power plants
and multiple utilization of waste
heat, 341

FIRSIN, YUsAs, See PONYATOV, VeA., 342

FISCHENKO, P.A., See KAZANOVICH, B.B.,
230

FLEISCHMAN, M., Reuse of wastewater
effluent as cooling tower makeup
water, 410

FLIERMANS, C.Be., See KASWECK, KeLle,
€6, 72

FORGO, Ley Dry cooling for power
stations, 346

Some extra=hfgh capacity heat

exchangers of special design, 419
FORNESI, R.y, See DICMAS, J.L., 240
FORTAK, Hey Concerning the thermal

load on the atmosphere especially

from power station parks, 364 (ANL=

Trans==1146)

Thermal pollution of the atmosphere,
in particular due to power plant
parks, 96 (INIS=mf==4097, pp 9=14)

FOSSy JeEey See MULCHI, C.L., 170,

171, 172, 173, 174, 25
FRAEDRICH, K., See RUDOLF, Be., 4i4
FRANCIS, Ee¢hAey Chalk point cooling

tower project: effects of
simulated saline cooling tower
drift on woody species. Master's
thesis, 178 (PB==284214)

See CURTIS, CeR., 186

FREYMARK, S., How to control bio=slime
in condenser cocling system water,

223
FRICK, W., See WINIARSKI, L., 384
FROHWERK, P.A.y Equipment for cooling

down large volumina of heated

water, e.g. {ndustrial sewage, 386
FROSTy We, See BECKER, Be.R., 98
FURUTO, K. , MIYAZAKI, A., Operational

results of Onuma geothermal power

plant, 401

GALDE, D.0O., Cooling towers.
Bibliegraphy, January==December
15768, 215 (TID==3360(Suppl.3))

GALLAGHER +Hey Finite element lake
ci rcuiation and thermal analysis,
411
See MANG, H., 245, 375
GARBETT, M., See ADAMS, A.P., 1, 259
GAREY, J«F., Biofouling control
fnvestigations: 18=month summary
report, 81 (ZPRI=EA=-=1(082)
GASPERSIC, Be.y Cooling methods for
power plants, 94 (1JS==106/5019=
77
GASSMAN,y F.y Plume sfimulatfon model
FOG description of the program and
input, 243 (ANL=Trsns==1157)
GEISLER, G«Cesy Ice pond cooling of a
power plant, 254
GENCO, G., Optimization of closed
circuit cooling systems, with
natural draft tower, for power
plant condensers, 296
GIAQUINTA, A+R., See CROLEY, T+E., 194
GIBBONS, J.W., See ESCH, Ge.W., 395
GIBSONy CeIey Toxicity and effects of
bromoform on five marine species,
137 (NUREG/CR==0835)
See ANDERSON, D.R., 127, 209, 210
GILSONy Pey Irdustrial buildings
energy meanagement, 370
GINN, T.C., Ecological investigation
of Hudson River macrozooplankton
in the vicinity of a nuclear power
plant, 371
GLICKSMAN, L«.Rsy See HARLEMAN, DeReF.,
61
GOLAY, M.W., See CHAN, J., 389
GOLDSMITH, Me, Cooling water
requirements for geothermal power
plants and water availabiliity in
the Imperial Valley, 330
GOLDSTEINy D.J.y See SEUFERT, F.B., 90
GOODYEAR, CePey Mathematical methods
to evaluate entrainment of aguatic
organisms by power plants, i66 (PB=
=283465)
See CHRISTENSEN, S.W., 65
GORE, KeLs, See BECKER, CeD.y 78, 79
GOULD, Pele, Sefsmic analysis of
hyperbolic cooling towers by the
response spectrum method, 393
Selsmic design of hyperbolic cooling
towers, 405
GOWER, M., See MATHIS, B.Js, a6l
GRACE, J«B.y Elemental gradients in
macrophytes from a reactor
effluent gradient, 68 (DP==1489,
pp 99=103)
GRAN, C.Se, Selsmic response of a
column=supported cooling tower,
343
GRIFFITH, Je«Se., See MCLEAN, R.B., 13.
GRONSKII, R.K., See KOT, A+A., 300
GROVES, WeNey See OLIVER, TeKs, 30
GRUBERy C.Ley, See OLIVIR, T.Ke.y 30
GUNEWARDANA, D.Rsy Preview control
applied to cooling systems of
power plants, 372
GUYERy EeCey Optimization=simulation
methodology for wet/dry cooling.
Final report, 85 (ZPRI=FP==1096)

HABERSKI, ReJe, Conceptual design and
cost evaluation of a high
performance dry cooling system, 47
(C00==42.8=1)

Conceptual designs and cost
estimates of mechanical draft
wet/dry and natural draft dry
cooling systems using Curtiss=
Wright {ntegral fin=tube heat
exchangers, 48 (C00==4218-2)

See HELMS, I., 62

HAJ=ISSA, S., See ZZRNA, W., 320

HALE, HeJe, Solar project description
for Trinfity University Power Plant
No. 2, 213 (SOLAR/2004==79/50)

HALL, C.A«S., Environmentsl {mpacts of
{industrial energy systems {n the
coastal zome, 307

HANNA, S.Rey Atmospheric effects of
energy gereratfon, 17 (ATDL=-
?78/3i9, pp 133=233)

Dally observations of visible plume
length at TVA's Paradise Cooling
Towers, 8 (ATDL==77/23, pp 5il=
522)

First annual report on weather
modification effects of cooling
towers, 13 (ATDL=-77/23, pp 35i-
457 )

Hydrometeorolegical =zspects of
electric power production, 13
(ATDL==77/23, pp 5€3=585)



Observations of vortices in cooling
ower plumes, 15 (ATDL=-=78/19, pp
326=232)

Observed and predicted cooling tower
plure rise at the John E. Amos
Power Plant, West Virginia, 10
(ATDL==77/23, pp 239=244)

Predicted climatology of cocling
tower plumes from energy centers,
S (ATDL=~77/23, pp 531=555)

Report on ATDL resecarch on
metecrolcgicel effects of thermal
energy releases, August 1, 1976==
8eptember 31, 1877, 148 (CRNL/TM==
6248, pp 65=132)

Report on ATDL research on
metecrological effects of thermal
energy releases, 18 (ATDL==78/15,
pp 420-469)

Secondary motions {n a cooling tower
plune, 12 (ATDL==77/223, pp 523=
530)

See CHENy N.Co.dey 14, 3CS

See TAYLOR, FeGey 3142, 37

HANNON, E«H., Creation of an i{ndustry
information resource to catalogue
power plant cooling system impacts
and rftigation measures affecting
aquatic and terrestrial
eccsystems, 38 (CONF=790737=~1)

User's guide to an environmentatl
information resource for thermal
power station cooling systems, 73
(EPRI=EA==501)

See CPFRESKG, D.M., 80

HANSON, E.N., Practicality of profile-
wire screen in reducing
entrainrent and ifrpingement, ilS
(NUREG/CF==0002, pp 165=223)

HARLE¥AN, D.F«Fos, Hydrothermal
modeling techniques associated
with waste heat disposal, 327

Waste heat management {n the
electric power industry: {ssues
of energy conservation and station
operation under envircnmental
constraints, 61 (DOE/EV=-
004€(Vo1.2), pp 412-429)

HARMS, J., See HOAGLAND, K.E., 139

HARRIS, GeEesy See RUSEBRCCK, DeDe, 72

HARRISON, P.R., See WOFFINDEN, Ge.J.,
162

HARTING, P.E., Standardized
calculation cf cocling towers, 102
(NP==23707)

HARTMANN, H., See SPEITKAMP, L., 24S,
264

HARVEY, F.8., Ten-month recolonization
of the kwarea cocling water syster
by the Asiatic clam Cerbjcula
fluminea, €S (DP==146S, pp 115~

11¢)
HAUFT, Te, Cycle control cuts cooling=-
tower costs, 26€1
HAZEN, 7eCe, See ESCH, GeWe, 395, €2
HEDDEN, [.T., Environmental and
econcric impacts of cpen=cycle and
closed=cycle condenser cocling
systems for large electric
generating stations, 403
HEEREN, H., Dry=type ccoling tower
with at least approximately
horizontally arranged heat
exchanger elements, 2€8
Dry=tyre cooling tower with at least
exchenger elements, 269
Plant cosprising a power station and
a cooling tower, 253
HEIZERy F«T., Reverse osmosis to
achieve water control and recycle,
273
HELDT, L.A., See PINCHBACK, T.R., 385
HELMS, 1., Supporting studies in heat
dissipation, 62 (DOE/EV==
004€(Vola3)y pp 430-4%1)
HENDRICKEON, Pele, Overview of fssues
affecting the demand for dry and
wet/dry cooling for thermal power
plants, 20 (BNWL-==2268(Rev.))
HENDRON, D.Hsy See HOLISH, L.l., 406
HENNING, He, Maodern ccoling=tower
techniques, 252
Trickle plate for cocling towers,

351

HEREERHOLZ, F., Precipitation as
atwxospheric disturbance in the
opersticn of natural=draught dry
coaling towers, 233

HERGOTT, 8., Fower plant ccoling water
chlorination in rorthern
California. Extranrural report,
31 Cctober 1975==30 December 1576,
163 (PB==281602)

HESE, L.F., Cooling power techneclogy
at & turning point, 298

BEUER, JeHe, Study on the protection

of fish larvae at water intakes
using wedge=wire screening, 1290

(NUREG/CP==0002, pp 169=194)
See MAGLIENTE, S.H., 124
See TOMLJANOVICH, D.A., 115
HICKS, BsBesy Cooling pond fog studies,
147 (ORNL/TM==6248, pp 59=66)

Prediction of local effects of
proposed cooling ponds, 36 (CONF=
781213==5)

Study of heat transfer processes
above a caooling pond, 350

HICKS, R.E., See SEUFERT, F.B., 90

HILL, GeRey Critical paths to coal
utilization, 27 (CONF=770509==, pp
1-12)

HILL, J., See PHELPS, P., 218

HOAGLAND, K.E., Analysis of
populations of boring end fouling
organisms in the vicinity of the
Oyster Creek Nuclear Generating
Station. Quarterly progress
report, March=May 1979, 139
(NUREG/CR=~=1055)

HOFFMAN, H.W., See PATRINOS, A.A., 143

See PATRINOS, A.A.N., 158

HOFMANN, P., See MUSSALLI, YeGe, 114

HOLDER, D.W., See RUSSELL, C.M.B., 286

HOLISHy Leley Liquefaction
considerations for two summerged
essentiel service cooling ponds,
406

HOLZHUETER, E+.y Effect of civil
engineering and access conditions
on the cooling water pumps and the
various types of ccoling water
pumps for cooling towers, 379

HOOQPER, J.L., Reactor safety research
programse Guarterly report,
April l==June 30, 1978, 125
(NUREG/CR=~=034%)

Reactor safety research programs.
Quarterly report, July i==-
Septenrber 30, 1578, 129 (NUREG/CR==
0546)

Reactor safety research programs.
Quarterly report, Uctober i==
December 31, 1978, i34 (NUREG/CR==
0681 )

Reactor safety research programs.
Guarterly report, January l==March
31, 1979, 138 (NUREG/CR==0855)

Reactor safety research programs,
Quarterly report, i January==31
March 19878, 20i (PNL==2653=1)

HORSAK, R.D., Waste heat rejection
from geothermal power plants, 88
(EPRI=W§==78=97, pp 53=56)

See MITCHELL, R.D., 338

See ROSSIE, JeP., 86

HOSKER, R.P., See HANNA, S.R., 148, 18

HOSKERy RePs JR.y, See HANNA, S.R., 11

HOSOKAWA, Gey See PATTERSON, GeWe, 190

HOUXy JeR. JR., Dry/wet water cooling
tower ventilated from ground
level, 282

HOWARTH, R., See HALL, C.A.S., 307

HSU, Te, See CROLEY, T.E., 194

HSU, T.D.y Optimal design of wet
cooling tower/once=through hybrid
cooling systems, 347

HUy M.C., Water consumption and costs
for various steam electric power
plant cooling systenms. Final
report, October 1977==January
1978, 182 (PB=-285397)

See ENGLESSON, G.A., 53

HUBERT, WsAsy State—of=the—art waste
heat utilization for agriculture
and aquaculture. Technical
planning studies 77700 and 77-
734. Final report, 76 (EPRI=EA==

922)

HUNDEMANN, A+S., Cooling towers
(citations from the NTIS data
base). Report for 1964=August
1878, 104 (NTIS/PS==78/0888)

Cooling towers: design and
performance (cltations from the
Engineering Index Data Base).
Report for 1970-August 1978, i05
(NTIS/P8==78/0859)

Cooling towers: environmental
studies (citations from the
engineering index data base).
Report for 1970-August 1978, 106
(NTIS/PS==78/0900)

HUTTON, D., Preservative treatment of
cooling tower lumber, 289

ISAJI, T., Numerical modeling of
entrainment and far field thermal

7 INDEX KOENIG

dispersfon for NEP 1 and 2,
Charlestown, Rhode Island, 136
(NUREG/CR==0819)

ISRAEZL, G.y See MULCHI, Cel., 25

JASCH, E., Cooling tower, 355

JENKINS, D., See HERG(OTT,y Sey 163

JENKINS, W.R.y, See MEYZR, J.H., 175,
177

JINNETTE, TeSey See MUFRAY, LsSe, 1i2

JIRKA, G.H.,, See HARLEMAN, D.R.F., 327

JOHNSON, BeMe, Accomplishments in the
Department of Energy program on
advanced concepts for dry and
dry/wet cooling, 60 (DOE/EV==
0046(Vol.3), pp 380=4ii)

Comparative cost study of various
wet/dry cooling coricepts that use
ammonia &s the intermediate heat
exchange fluid, 54 (DOE/ET==0076,
pp 32py App.A Paper 3)

Dry cooling for power plants:
incentives, problems, and R and D
activities, 22 (BNWL-SA==6290)

See ALLEMANN, R.T., 21

See TOKARZ, R.D., 222

JOHNSON, D.H., See TSAl, Y.J.y 456

JOLLEY, Rels, Oxidant effects on
complex mixtures of nonvolatile
organics in polluted waters:
examination by HPLC and
bloscreening, 43 (CONF-=78i1108==1)

See ADAMS, SeM., 142

JONES, T., See RUSSELL, C.M.B., 286

JUNG, L., See CHEN, N«CeJe, 150

JUNOD, A., Prediction methods of
cooling tower plumes: Parts I==-
Ir, 323

KACH, R.A., See GUYER, E.C., 85

KANNBERG, L.D., Laborztory simulations
of interactive plumes from
mechanical draft cooling towers,
199 (PNL==2500(Pte3), pp 2.4%i=
2.42)

Plumes from one and two cooling
towers, 151 (ORNL/TM=-6248, pp 2i3-
238)

KARUBE, J., Construction of the
Onikobe geothermal power plant,
402

KASWECK, Kele, Bacterial pathogens in
a reactor cooling reservoir, 72
(DP=-=1489, pp 129-132)

Genetic variability of E. coll in
southeastern reservoirs, 66 (DP==
1489, pp 105-109)

KAZANOVICH, B.B., Air radiator cooling
tower, 230
KELP, Fey Alr condensation plants, 260

Cooli{ng tower with mechanical and
natural draught, 392

Cooling tower with forced
convection, 363

KESSLER, E., Cooling tower, 295

Cooling tower, 304

KETSCHKE, BeAes See SCHRADER, BePe,
112

KEY, T.H., S8ee MILLER, J.C., 118

KHULLAR, M., Laboratory testing of
corrosion {nhibitors for
recirculating cooling water
systems, 214 (STU=-76=3279)

KING, C., See MATHIS, B.J., 161

KING, E., See BERGE, H., 400

KIRK, Bel., See CHRISTENSEN, S.W., 65

KISERy D.L.y, See VIGERSTAD, T.J., 67

KLIEMANN, S., See HENNING, H., 351

KBENIG, L., Differences in atmospheric
convection caused by waste energy
rejected in the forms of sensible
and latent heats, 308

Difterences in atmospheric
convection caused by waste energy
rejected in the forms of sensible
and latent heats, 311

KOENIG, Le«Re.y Differences in
atmospheric convection caused by
waste energy rejected in the forms
of sensible and latent heats, 149
(ORNL /TM==6248, pp 168=183)

Local precipitation increases caused
by scavenging of cooling tower
plumes, 153 (ORNL/TM==6248, pp 263=
272)



KOH INDEX 8

KOHy ReCeYey See WU,y FoHeYey 184

KOKOTT,y D., Cperational experfence
with a EASF dry/wet ccoling tower.
Pt. II. Thersodynaric
investigations, 275

KONDO, Se.y Valves for condenser=
cocling=water circulating piping
in thermsal power station and
nuclear power station, 358

KOTy A+Aey Fredicting salt compositfon
of water in circulatory cooling
systems, 300

KOVALEV, E.A., See RASPOPIN, G.A., 222

KRAETZ1Gy %WeEey Natural=draft cooling
towers nade of reinforced concrete
= current status and possibilities
of develorrent, 305

Natural=draught ccoling towers made
of reinforced concrete. State of
the art and developrent
possibflities, 301
Reflections on the state of the art

of natural=draught cocling tower
design, 26€

KRAFT, M., See FEUSTEL, Je.E., 341

KRAVETS, V.1I., System of teat removal
for an electric pawer station
located in a dry subtropical
cliwate, 52 (DOE/ET==0076, pp 17p,
Apr<E Pagper §)

KRONE, R.B., See MOORE, S.F., 21§

KULOYAN, LeT.y Effect of wind on the
operetion af dry cceling towers
for the circulating water at
therral power plants, 258

KUNESCH, A.M., Keep your cool when
selectig the right tower, 267

KUNESCHy T., Environmental aspects of
cecling tower selecticn, 248

KUZICHKIN, AsPuy Effect of temperature
on the seasconal population
dynanics and fecundity qf
Leptcdcra kindti (Focke)
(Cledocera) in the vicinity of
point of discharge of warm
effluent of the Konckova Power
Plent, 412

LANDON, FeDe., See HOUX, JsRe JR., 282

LARINOFF, M.W., Performance and
capital costs of wet/dry cooling
towers in poser plant service, 287

LAULAINEK, N.8., Cooling tower drift:
experiment design for
canprehensive case study, 146
(ORNL /TM==6248, pp 4€-=58)

Cocoling tower drift: experiment
desfgn for comprehensive case
study, 156 (PNL==2500(Pt.3), pp
2.37=2.38)

Cooling tower drift: comprehensive
case study, 206 (PNL==2850(Pt.3),
pp 2.26=2.25)

LAURMAKN, Jeo, Modification of lacal
weather by power plant operation.
Final report, 74 (EFRI-EA=-£86=SR)

LAUVER, Tele, See CURTIS, CeRey 186

See FATTERSON, G.W., 1S0

LAVAN, Z., See PORTER, ReWe, 165

LAWRENCE, K.A., Review of the
environwental effects and benefits
of selected solar energy
techrologies, 212 (SERI/TP==~53-
114R}

Review of the environmental effects
of three solar energy
technologles, 313 .

LAWEON, HeE., See CHAPNAN, DeGe, 195

LEAHEY, D.M., Study of cocoling pond
fog generation, 231

Study ¢f cocling pond fog
generation, 335

LEE, J.y Potential weather
sodi{fication caused by waste heat
release from large dry cooling
towers, 235

LEE, ReMeHey Optimum combination of
selected cooling alternatives for
electric power plants, 348

See CROLEY, TeEey 194

LEHMKAENPER, Q., See ZERNA, W., 320

LEIDNER, A., See ROSSIE, J.P., 86

LEITNER, P., Environmental overview of
gecgthermal developmwent: the
Geysers==Calitoga KGRA. Volume
5. Ecosystes quality, 220 (UCRL=~
£249€(Vola.5))

LESSIEUR, FeDe, Climatic control with
solar energy, 331

LETTEggAIER, D.P., See CHAPMAN, D.G.,

LEWIS, B.A.G.y, Asbestos {n cooling=
tower waters. Final report, 135
(NUREG/CR==0770)

LEWIS, B.G., Airborne transmission of
pathogenic organisms in cooling
tower drift, 23 (CONF=740107==2)

See ADAMS, A.P., 259

LIDDLE, CeJesy Non—jdeal flow model for
the design of spray towers for the
recovery of low grade heat, 26
(CONF=760588==P3, pp 303=311)

LINDAHL, P.A. JR., See HOUX, JeRe JRoy
282

LORENZ, D., See BERGE, H., 400

LORENZI, Doy Simplified analysis of
surface energy exchange from
heated bodies of water, 344

MADEWELL, C+Eey See HUBERT, WeAs, 76

MAEULE, R., Constructional types of
hybrid tower cells. First pliume
observations on experimental cells
{n the Gemeinschaftskernkraftwerk
Neckar (GKN)y 3 (AED=Conf==77=561=
003)

Developrent and construction
fnvestigation for a high=power
combined wet/dry cooling tower,
279

Investigations concerning the
development cf desfign parameters
for a large=capacity hybrid
ccoling tower by a group of
operators, 2 (AED=Conf==77=561=
002)

Types of dry/wet ccoling tower
cells, Preliminary plume
observations with test cells in
the Gemeinschaftskernkraftwerk
Neckar (GKN), 272

MAGLIENTE, S.H., Investigatfons on the
protection of fish larvae at water
Intakes using fine-mesh screening
fmpingement=release concept:
laboratory study of a single=
entrance, double-exit, vertical
traveling screen concept, 124
(NUREG/CP==~0002, pp 69=77)

MAI, V.A., See BERMAN, L.D., 291, 293
MANG,y, He, Deformation and stabflity of
wind loaded hyperbolic coecling

tower shells, 245

Finite element instability analysis
of hyperbelic cecoling towers, 375

MANNING, JeAe, See WILSON, J.S., 29

MARCH, P.A., Velocity distributions
and turbulence fntensities at
tubesheets in a two-pass condenser
model, 316

MARCUS, A.H.y Heat shock threshold
estimation for fish eggs and
larvae fn power plant cooling
systems, 28 (CONF=?771042--, pp 69-
75)

MARGETTS, MeJey Chalk Point Cooling
Tower Project. Volume I, phase V.
Analysis and archiving program,
FY?7. Final reporty, 1 July 1976==
31 August 1977, 179 (PB--=284826)

Chalk Point Cooling Tower Project.
Volume 2. Cooling tower drift dye
tracer experiment, FY?77. Final
reporty, 1 July i976=-=31 August
1877, 180 (PB==284827)

MARGREY, S.L., 8ee BURTON, D.T., 225

MARSH, W.D., Requirements assessment
of photovoltaic power plants {n
electric utility systems, 82 (EPRI=
ER=«685(Vole«3)(Appe))

MARTELLI, F., See GENCO, G., 296

MATHIS, BeJey Dynamics of manganese,
cadrium, and lead fn experimental
power plant ponds, 161 (PB==
279032)

MATTICE, J.S., See ADAMS, S.M., 141

MAULBETSCHy; JeSey See BARTZ, JeAe, 55

See JOHNSON, BeMe, 22 .

MCCHESNEY, H.R.y See RUSSELL, C.M.B.,
286 .

MCFARLANE, R.W., Entrainment of
fchthyoplankton and larval fishes
during cooling water withdrawal,
71 (DP==1489, pp 123=124)

Impingement of juvenile and adult
fishes during cooling water
withdrawal, 70 (DP==1489, pp 121~
122)

MCGEE, M.V., See MCLEAN, R.B., 131

MCKENZIE, D.H., See BECKER, C.D., 78,
7s

MCLAIN, H.A., See PARKHURST, B.R., 128

MCLEAN, ReBey, Threadfin shad
impingement: effect of cold
stress on a reserveir community.
Znvironmental Sciences Division
Publfcation No. 1.58, 131
(NUREG/CR==0637)

MERIGOUX, Je, Contrifbution t> the
calculation of direct water=to=air
heat exchangers, {.e. without
partitions, 352

MERRINER, J.V., See BOWLES, R.R., 189

MERY, P., See AUSSOURD, P., 321

MEYER, J.H., Chalk Point cooling tower
project: chalk point surface
weather and ambient atmospheric
profile data, September==December
1975, 175 (PB==g8421.)

Chalk Point cooling tower project:
Chalk Point surface weather and
ambient atmospheric profile data;
first i{ntensive test peried,
December 15=i9, 1975, revision,
176 (PB~=284212)

Chalk Point cooling tower project:
Chalk Point surface weather and
ambjent atmospheric profile data;
second {ntensive test period, June
14=-24, 1976, 177 (FB—-284213)

MEYTSAR, J., Estimate cooling tower
requirements easily, 250

MIGOD, A., Different types of cooling
towers influence the design and
the conditions of the i{nlet of
cooling water pumps, 378

See HOLZHUETER, E., 379

MIKELS, F.Csy Cooling water intakes
utilizing Ranney Collectors or
Ranney Intakes, 108 (NUREG/CP==
0002, pp 15=25)

MIKSADy ReWsy Development and
verification of a wet cooling
tower drift deposition model, 340

MILLERy JeCey In=situ testing of
profile wire screens for long=term
engineering feasibility, 118
(NUREG/CP==0002, pr 159=167)

MILLER, Re.L., METER=ORNL precipitatfon
network: from design to data
analysis, 156 (ORNL/TM==6523)

Storms over the METER==0RNL
Precipitation Network: the first
six months, 159 (ORNL/TM==6883)

See PATRINOS, AsAcN., 144

MINER, F.J., Chemistry research and
development, Progress report,
June==November 1978, 2ii (RFP==
2877)

MITCHELL,y JeWe, Microprocessors
control chemical addition ard
coking unit cooling, 236

MITCHELL, ReDey Primer on the
rejection of waste heat from power
plants, Consultant report, 338

See ROSSIE, J.P., 86

MITROVIC, J., See STEPHAN, K., 292

MOLINA, Ce., Heat exchanger, 388

MONTAKHAB, A.y, Waste heat disposal to
air with forced and natural draft:
some anelytical design
consjderations, 315

MOORE, B, III, See HALL, CeAsSey 307

MOCRE, F., See HELMS, I., 62

See ZAKARIA, J., 19

MOORE, ReD., See WILBER, KeR., 339

MOORE, S.F., Geysers=Czlistoga KGRA
geothermal environmental overview:
water quality, 219 (UCRL==15054)

MORRISON, ReD., Utflizztion of
geothermal cooling waters for
waste containment, 329

MORSEy DeCey Coolant circuit for a
power station and process for
operating coolant circuit, 353

MOSES, Hey, See RUBINy, AeMey 59

MOY, H., Design consjiderations for a
mechanical draft cooling tower,
404

MULCHI, C.L«y, Chalk point cooling
tovwer project: cooling tower
effects on crops and sofls.
preoperational report. Report
for Aprii 1973=-=April 1975, 170
(PB==284075)

Chalk point coocling tower project:
cooling tower effects on crops and
sofls. Preoperatfional report,
appendi x. Report for April 1973==
April 1975, 171 (PE==284076)

Chalk point coaling tower project:
cooling tower effects on crops and
soils. Postoperatioral report
No. i, Volume 1. Final report,
May 1975==April 1976, 172 (PB==
284077) .

Chalk point cooling tower project:



co gllng tower effects on crogs and
ls. postoperaticonal report no.

1, vclume 2. Final report May
1575-Apr1) 1676, 173 (PB==264078)

Chalk point cooling tower project:
cooling tower effects on crops and
soils. post cperational report no.
2e Final report FY 1977, 174 (PB=
-284054)

Chalk Feint Cocling Tower Project:
cooling tower effects on crops and
sofls. Post cperational report No.
3. Final report, 1 July 1977-30
June 1878, 151 (PB==-289271)

Potential environmental effects
assoclated with brackish water
cooling towers at Chalk Point,
Maryland, 2% (CONF=760429==, pp
325=-346)

MUNGAN, I., See ZERNA, W., 320

MURARKA, I.Fe, Statistical comparison
and chcices of sampling designs
for estimating fish {mpingement at
cocling water {ntakes, 384

MURRAY, F.W., See KOENIG, L., 308, 311

See KCENIG, LeRe, 149

MURRAY, L.8., Survival of dominant
estuarine organisas impinged on
fine=mesh traveling screens at the
Barney M. Davis Power Station, 112
(NUREG/CP==0002, pp 75=87)

MUSBALLI, Y.G., Eiological and
engireering considerations in the
fine=screening of swall organisrms
fros cooling water intakes, 114
(NUREG/CP==0002, pp 107=-123)

NASSER, GeEeDe, Natural=draught dry
cooling tower for steam power
plants, 3€2

NAUMOV, YU.V., See BLRMAN, L.D., 291,
293

NEAL, J.W., Razdan (Rasdan) Thermal
Power Station, 51 (DCE/ET--0076,
pp 11py App.C)

NEILL, J«M., See SCHUSTER, J.R., S1

NEWTON, A«B., Applications of solar
energy for heating and ccoling of
buildings: solar cooling, 6
( ASHRAE /GRP==170, pp XIIIl.1~
XII1.7)

NIEMENS, W., Evaporation leat
exchanger, 356

NUDING, W.y Flow in contrcl valves as
a saqurce of noise, 27%

CETIKERy NeKey Corrosion groblems in
cocling towers: their prevention
in practice, 41 (CONF=7611116~=F2,
pp 1€p, Ecok 2, Paper 23)

GLIVER,y T.Key Clean energy from humid
airy 30 (CONF=771203~=, pp 577~
§7¢)

OLIVEROQ,y FeJey Geothermal plants in
Italy, 425

ONISHI, Y.y See KANNBERG, L.D., 151

OPLATKA, Gey Prevention of frost
darage Iin dry ccoling towers, 270

OPRESKO, DeMsey Chemical effects of
power plant cooling waters: an
annctated biblicgraphy, 80 (EPRI-
EA==1072)

URGILL, M.M., Fire analecg: a
corpariscn between fire plumes and
energy center cooling tower
plumes, 152 (ORNL/TM==€248, pp 241-
2589)

Fire analcog: a compariscn between
fire plures and energy center
cooling tower plumes, 200 (FNL==~
2500(Pt.3), pp 2.42-2.43)

ORLOWSKI, He, See RUBIN, VM., 32

FADDOCKy ReAesy Asscssment of once
threcugh coocling water control
technelegy, 34 (CONF=781109==14)

PALMER, J.B., See SHARMA, R.K., 121

PANEK, L.A., See LEAHEY, D.M,, 231,
33s

FARK, 8.F., Cocling tcwer drift study
at Oek Ridge Gaseous Diffusion
Plant, SS (K/GD==1917)

PARKHURST, E.R.y Environmental
assessment af ccoling reservoirs,

12& SNUREG/CR--OSIQ)

PARR, P YLOR, FeG., 142, 37

PARRY, H-L., See ALLEMANN, ReT., 21

See TOKARZ, R.D., 202

PARRY, Hel. JRe, See SMITH, GeCe, 303

PASCHy Re, See MCLEAN, ReBe., 131

PATRINOS, A.A., Meteorological Effects
of Thermal Energy Releases (METER)
Programe Annual progress report,
October 1976==September 1977, 143
(ORNL/TM==6248)

FATRINOS, A.A.N., Meteorological
Effects of Thermal Energy Releases
(METER) Program. Annual progress
report, October 1977=-September
1878, 158 (ORNL/TM==6867)

Meteoroclogical effects of heat and
moi sture releases from large power
stations (precipitation
medification), 33 (CONF=781106~=1)

Meteorological effects of heat and
moisture releases from large power
stations (precipitation
modification), 56 (DOE/ET--0076,
pp 31p, App.A Paper 6)

Precipitation studies around Plant
Bowen, 144 (ORNL/TM==6248, pp 9=
40)

See MILLER, ReLe., 156, 159

PATTERSON, G.W., Chalk Point Cocling
Tower Project natfve vegetation
study. Final report, 1 July 1977=
30 June 1978, 150 (PB==289163)

PATTYRANIE, Cey See KHULLAR, M., 214

PAULES, B., See PERRUT, M., 420

PAVLENCO, GeFsy See HU, MeCo.y 182

PERRUT, M., Scaling up of a direct
contact heat exchanger, 420

PESLYAK, Vele«, Specific features of
using various types of coolers {n
NFP with the N 04 coolant, 97
(INIS=nf==4316, pp 15=23)

PETELIN, S., See GASPERSIC, B., 94

PETERS, HeLe.y See KRAETZIG, W.B., 301,
39S

PFUDERER, H.A., See HANNON, E.H., 75

PHELPS, Pe+y Geothermal environmental
contral technolcgy. Progress
report, December 1978==March 1979,
218 (UCID==18155=79=1)

PIKE, M., See HANNA, S.R., 12, 15, 8
PIMENTEL, KsDsy Environmental overview

of geothermal development: The
Geysers=Calistoga KGRA. Volume
6. Water quality, 222 (UCRL==
52496(Vel.6))

See MOORE, SeF., 2i9

PIMPUTKAR, S.M., Flow losses {n
cblique heat=exchangers for dry
cooling towers of large power
plants, 318

PINCHBACK,y TeRe, Stress corrosion
cracking of admiralty brass in
aqueous copper sulfate, 385

PISONI, C.y See BISIO, Ge,y 297

PLOCKy C.E., See HEIZER, R.T., 273

POHLy HeHey See KELPy Foy 260

PONYATOV, V.A., Integrated
optirization of dry ventilation
ccoling towers of gas turbine
power plants taking account of
operating mode factors, 342

POPKOy KeAey See SCOTT, VeHe, 349

POPYRIN, L.S., Sece EERMAN, L.D., 291,
293

PORTER, R«Mey, See HORSAK, ReD., 88

See ROSSIE, J.P., 86

PORTER, R.W.y Progress on research on
open circulating water cooling
systers for large electric power
plants. Progress report No. 1,
165 (Fp=-=-2832218)

See CHATURVEDI, Sey 3i

See LORENZI, D., 244

See RAQ, D.Ke, 49

POTTHOFF, ReEe«, See MORSE, D+C., 353

PRETORIUS, B.C.B., Journal of the mine
ventilation soclety of South
Africa, 274

PUCKORIUS, P«Rey Cooling water systems
= energy conservation through
selective {nhibitor programs ard
operating techniques, 377

PUESCHEL, R.F., Aercscl and fce nuclei
measurements in the plume of the
Homer City, PA., power plant, 226

PUNDYK, J.M., See ROZENMAN, T., 183

RADIONOV, N.I., See KRAVETS, V.I., 52
RAO, DeKey Effect of alternate cooling
systers and beneficfial use of

waste heat on power plant

9 INDEX SAGENDORF

performance, 49 (C00==4531-3)

RAO, K.S., See HANNA, S.R., 148, 18

RASPOPIN, Ge&ey Method of calculation
of dynamics and thermics of
cooling reservoirs, 222

RATCLIFF, M.A., See MIKSAD, ReW., 340

REED, P.R., See ANDERSON, D.R., 210

REES, HeBe, See ADAMS, A.P., 259

REID, M.B., See OETIKER, N.K., 4i

RENZ, U., Comparison of cooling
systems for dry cooling towers,
263

REUTTER, JeM., Environmental
evaluation of a nuclear power
plant on Lake Erfe: some aquatic
{mpacts, 390

RICHARDS, R.T., Zngineering and
hydraulics of the modified
perforated=pipe {ntake, 1.6
(NUREG/CP==0002, pp 141=147)

Engineering considerztions in the
use of artificial filter beds, 109
(NUREG/CP==0002, pp 5=12)

RICKS, NeR., See START, G.E., 126

ROBERGE, J+C., Engineering evaluation
of porous=dike intake screening
systems, 110 (NUREG/CP==0002, pp
37=50)

ROBERTSON, R.Ce., Waste heat rejection
from geothermal power stations,
157 (ORNL/TM==6533)

Waste heat rejection from geothermal
power stati{ons, 39 (CONF=790808==
16)

ROCHOW, J.J., Measurements and
vegetational impact of chemical
drift from mechanical draft
cooling towers, 24€

ROETZEL, We, Heat exchangers, 365

ROFFMAN, A., See ROFFMAN, H., 396

ROFFMAN, He, Environmental impacts of
blowdown from saltwater cooling
towers as compared to freshwater
cooling towers, 39€

ROGERSy Pey Efficiency and utilization
of cooling towers, 3690

Wind energy generaticn with
hyperbolic cooling towers, 3.7

ROGGENKAMP, He.E., Basic design
principles for a seawater naturail
draught cooling tower, 262

ROSEBROOK, DeDuy Assessment of
atmospheric emissions from
petroleum refining, 73 (EPA==6003/7-=
78=168, pp 147=152)

ROSENQUIST, W.A., See DORAN, W.G., 255

ROSSIE, JePey Economics of conserving
water by use of alterrative
cooling methods for large nuclear,
fossil, and combined cycle power
plants, 8€ (EZPRI=KP==927-1)

ROSSINI, Rey Problems of designing
cooling circults, 369

ROWE, F.Ds, One cooling tower instead
of three, 376

ROZENMAN, T., Optimization of design
specifications for large dry
cooling systems. Final report,
June 1975==June 1978, 183 (PB==
285924)

RUBINy A«¢Mey, Overview of the
Department of Energy's
Meteorological Effects of Thermal
Energy Releases (METER) Program,
59 (DOE/EV-=0046(Vol.3), pp 332=
349)

RUBINy M., Solar assisted heat pumps
for motel applications in La
Quinta Motor Inn, Salt Lake City,
Utah, 32 (CONF=78070.==(Reve)s PP
137=146)

RUDIN, F., Programs FOGIPLT arnd
FOGZ2PLT for plotting cooling tower
plumes celculated by the FOGI
program, 228 (ANL=Trarns==-1163)

RUDOLF, Be, Convection above cooling
towers, 414 (ANL=Trans==1.45)

Description of the Model SMOKA for
calculating cooling tower
emissions and their effects, 244
(ANL=Trans==1154)

RUSSELLy CeMeBs, Cross wind and
internal flow characteristics of
dry cooling towers, 286

RYZHAR,y E+y Observation of cooling
tower plume effects on total solar
radiation, 310

SAGENDORF, J«F., See START, GeEey 126



SANTURIAN INDEX 10

SANTURIAN, GeR., See KAZANOVICH, BeB.,
3

230

SAVAGE, W.F.y Computerized syatem for
estirating weter availability and
requiresents for power plant
cooling, 5?7 (DOE/ET==0078, pp 14p,
App«.A Paper 10)

See ENCLESSON, GeA., 53
S8ee NEAL, J.¥W., S1

SAYLOR, R.E., See MILLER, R.L., 156,
159

SCALMANINI, J.C.y 8ee SCOTT, V.H., 349

SCHARDT, Re, See JASCHy E., 355

SCHARF, HeJey Technical problems
concerning ncise in the case of
subsequently extended power
plants, 251

SCHIEBERy J.R.y Control of cooling
water treatment: a statfstical
study, 264

SCHIKARSKI, W., Investigations of
effects of therwmal dfscharges in
Rhine river waters. Part of a
coordinated programme on the
physical and biological effects of
cocling systews and thermal
discharges at nuclear power
plants. Final report for the
pericd 1 January 1574 = 30 April
1977, 93 (IAEA~R==145€~F)

SCHMIDT, KuDsy Evaluation of proposed
TG and E (Tucson Gas and Electric
Company ) wastewater discharge on
groundwater in the Tucson Basin.
Final report, 160 (PB==277058)

SCHNELL, Hs, Fan energy ccsts in
cooling towers, 367

SCHNELL, R.C., 8ee PUESCHEL, R.F., 226

SCHRADER, EB.P., Biologlical aspects of
porcus=dike intake structures, 1il
(NUREG/CP==0002, pp 51-63)

SCHULTEN, Rey Development of nuclear
energy in West Germany, 237

SCHULZ, &.,, See HERBERHOLZ, P., 233

SCHUSTER, JeRe, Fixed mirror solar
concentrator for application to a
100 MW(e) electric generating
plant, S1 (GA=A==15340)

SCHWARZENEACH, A., QOperation of steenm
turbines with dry cooling towers,
288

SCHWINDEN, WeDey, See MANG, He, 375

SCHWINN, J.¥., See THOMFS(N, S.E., 357

8€07Ty V.H., Brackish groundwater for
power plant cooling in California,
348

SE2TTER, Ko, See HANNA, S«Re, 15

8ENy S.K., See GOULD, Pele., 393

SENIS, R., See GENCO, G., 296

SEPHTON, HsHey Recycle cof power plant
ccoling tower blowdewn by vertical
tube evaroration with interface
enhancement utilizing waste heat,
408

SEUFERT, F.E., Conceptual designs for
water treatment in demonstration
plants, Il. Appendix = design
procedures, 90 (FE==2€35=T2)

SEYMOUR, A.He, See CHAPMAN, D.G., 155

SHARMA, R.K.y Larval exclusfion systems
for power plant cooling water
intakes, 121 (NUREG/CF==0002)

See SIDDLE, KoRey 323

SHEIH, C.M., See HICKS, E.B., 350

SHIGA, 8., Matsukawa geotlrermal power
plant= Encounter with energy
savirg age, 333

SHIRAZI, MsAe,y Ccoling tower flume
research U.8. Envircneental
Prctection Agency, 224

SIDDLE, KeRey Engineering aspects of
Passavant screening, 123 (NUREG/CP~
«-0002, pr 65-68)

SIEKMANN, H., See HCLZHUETER, E., 379

See MICOD, A., 378

SINMPSON, Cele, Pacific Northwest
Laboratory annval repcrt for 1977
to the DOE Assistent Secretary for
Environzent. Part 3.

Atzcspheric sciences, 197 (PNL=-=
2500(Ft.3})

Paciffc Nerthwest Laboratory annual
repart for 1978 tc¢ the DOE
Assistant Secretary for
Environment. Part 2.

Atnospheric sciences, 207 (FNL=-
2850(Pt.3))

SLAWSON, PeRey Observations and
prédictions of natural draft
cocling tower plumes et Faradise
Stear Plant, 315

SHITgéaG-C-, heat rejection system,

See ALLEMANN, R.T., 21
See TOKARZ, ReD., 202

SMITH, M.N., See MAGLIENTE, 8.H., 124

SOBOLEVSK1J, ReGe, See PESLYAK, V.I.,
9?7

SONNENSCHEIN, H., Cooling tower,
especially for thermal power
plants, 294

SONNICHSENy JeCe JRey See SAVAGE,
WeFay 57

SONNICHSEN, JeL., S8ee HELMS, I., 62

SPAULDING, Mey, See ISAJI, Te, 136

SPEITKAMP, L., Fog formation at
evaporation cooling, 264

Influence of radiation upon the heat
transfer and Lewls factor in
evaporation cooling, 249

SPIGARELLI, 8.A., See MURARKA, I.P.,
384

SPOTILA, JeRey Continuation of studies
on thermoregulation of fish and
turtles In thermally stressed
habitats. Annuel progress
reporty, 1 October 1978~30
September 1575, 45 (C00==2502-16)

Thermoregulation of fish and turtles
fn thermally stressed habjtats.
Annual progreas report, October 1,
1977==September 30, 1978, 44 (COO-=
2502=15)

SPRENGy D«T.y On time, information,
and energy conservation, 140
(CRAU/IEA==78=22(R))

8TART, G+.E., Rancho Seco bullding wake
effects on atmospheric diffusion,
126 (NUREG/CR==0456)

STECKEL, H.y Wet cocling towers and
reservoirs, an alternative to dry
cooling towers, 247

STEPHAN, K.y Heat exchangers, 292

STOLZENBACH, KeDe, See HARLEMAN,
DeR.F.y 327, 61

SUy TsYey Thermal regimes of upper
Missfasippl end M{issour{ Rivers
and hybrid once=through=wet tower
ccoling systems for power plants,
373

SUFFERN, J«Sey See VAN WINKLE, We, 132

SURYOUTOMO, H.y See GOULD, P.L., 393

SWART2MAN, G.L., Comparison of
simulation models used {n
assessing the effects of power-
plant=induced mortality on fish
populations. Technical report,
153 (PB==289586)

See CHAPMAN, DeG,, 195

8ZLUHA, A.T., See CADA, GusF., 42

TAFT, E.P.y See MUSSALLI, Y.G., 114

TAGy PeMe, See KOENIG, L., 308, 311

See KOENIG, L.R., 149

TAKAHASHI, Y., Attendance at the
Internatfional Geothermal Symposium=
outlines of sectior VIII, 422

TALBOT, JeJey Review of potential
biclogical impacts of cooling
tower salt drift, 242

TALMAGE, S., See HANNON, E.H., 38

TALMAGE, £.5., Thermal effects, 2821

TAYLOR, F.Gey Cooling tower drift
studfes at the Paducah, Kentucky
Gaseous Diffusion Plant, 142
(ORNL /TM==€131)

Cooling tower drift studies at the
Paducahy Kentucky Gaseous
Diffusfon Flant, 37 (CONF=790109==
1}

TAYLORy M., See MATHIS, BeJe, 161

TAYLOR, S.L., Computing evaporatior
for inland water bodies under a
variety of fetch and atmospheric
stability conditions. Technical
completion report, 192 (PB==
289372)

TEVLIN, S.A., Evaluation of
concentration of cooling medium
impurities on heat exchange
surfaces durfng boiling, 271

THOMAS, J.F., See HERGOTT, S., 163

THOMPSON, R.B., Cooling tower and
makeup water treatment eliminate
condenser deposits, 413

THOMPSON, S<E., Equipment to separate
1iquid droplets from the cooling
air stream of a liquid cooling
tower, 357

THOMSON, D.W., Studies of the
environmental impact of

evaporative cooling tower plume-.
145 (ORNL/TM=~6248, pp 41-47)
TICHENOR, B., See WINIARSKI, L., 394
TICHENORy BeAey See SHIRAZI, MeAs, 324
TILLY, LeJey See GRACE, JoBe., 68
See VIGERSTAD, T.J., 383
TOKARZ, ReDey Comparative cost study
of four wet/dry cooling concepts
thet use ammonia as the
intermedfate heat exchange fluid,
202 (PNL=-=2661)
See ALLEMANN, R.T., 21
See JOHNSON, B.M., S4
See SMITH, GeCsy 303
TOMLJANOVICHy D.Aey Investigations on
the protection of fish larvae at
water intakes using fine~mesh
screening, 115 (NUREG/CP~-=0002, pp
125-139)
8ee HEUER, JoHe, i20
See MAGLIENTE, S8.H., 124
TONE, FeCey See GIBSON, Col., 137
TORCICKY, P., See MANG, H., 245
TRABALKA, JeRe, See ADAMS, S.M., 141
TREPP, JePey Flight meesurements on
cooling tower plumes: measurement
data from the NEURATH II
Measurement Program on wet natural
draft cooling towers, 239 (ANL-
Trans=-=1160)
TRIPLETT, J.R., Seasonal distribution
and successjonal trends of fish in
a new cooling reservoir, 391
TSAI, Y.Je, Cooling tower drift model,
416
TURNER; ReH., Pilpeline from ocean to
desert to provide cooling for
solar power plant complex, 312

UCAR, M., Solar bullding energy use
analysis, 392
ULANSKI, Sel.y See LAULAINEN, N.S.,

UNDERWOOD, P.CeWsy See BEADLE, KeJe,
4

0
URBANSKI, JeA., See GEISLER, G.C., 254

VAN WINKLE, We., Incorporation of
sublethal effects and {ndirect
mortality fin modeling population-
level f{mpacts of a stress, with an
example {nvelving power=plant
entrainment and striped bess, 132
(NUREG/CR==0638)

VANCE, J.M., See PARK, S.H.y 99

VASILIEV, O¢Fey Three=dimensional
numerical model for hydrothermal
analysis of coeling ponds, 328

VEHAUC, A., Cooling tower
environmental i{mpact prediction {n
the cease of nuclear power plant
mixed cooling system, 382

VERLINDEN, M., See RUSSELL, C.
286

VIGANDER, S., Current TVA work on the
fluid mechanics of screens with
very smsll openings for the
exclusion of larvae at power plant
cooling=water intakes, 113
(NUREG/CP==0002, pr 9.-105)

See MAGLIENTE, SeH., 124

VIGERSTAD, T.J., Hyperthermal effluent
effects on heleoplanktonic
Cladocera and the influence of
submerged macrophytes, 383

Par pond circulation patterns and
planktor sampling, 67 (DP==1489,
pp 93=96)

VODICKA, Ve, Present knowledge of
physical relationships {n drift
emission from wet cooling towers
and measures taken to date for
determining drift dimensions, 283

Present knowledge on physical
relations {in drift ejection from
wet cooling towers and hitherto
applied measuring methods to
determine the droplet size, 5 (AED=

MeBe,

Conf==77=561-005)

VOERQESMARTY, C.J.y See HALLy CeAeSse,
307

VOIGTLANDER, CeW., See TOMLJANOVICH,
D.A., 115

VOLLHARDT, Fey Method and device for
cleaning synthesis gas, 359
VORONKOV, G.V., See RASPOPIN, G.A.,

222
VKABLE, D.L., See MORSt, D.C., 353




WEI, I.%., See SEUFERT, F.B., 90

WEICKMANN, HeKey See PUESCHEL, ReFe,
22€

WEINBEERG, CeJey Ceysers environmental
cencerns ¢r risks, 87 (EFRI=WS==78=-
87y rp 124=126)

WEINSTEIN, He., See PORTER, ReWey 16%

WELLMAN, D.L., See PUESCHEL, R.F., 22€

WESELY, ¥eL., Behavior of the thermal
skin of ccoling pond waters
subjected te moderate wind speeds,
35 (CCNF=781213==3)

Heat transfer through the thermal

skin of & cooling pend with waves,
224

WESLEY, ¥.L., See HICKS, E.B., 350

WEST, ReE., Field fnvestigation of
cocling tower and cacling pond
plumes. Final reporty, 164 (PB==
282993)

WETHERCLL, R.Ge.y See RGSEEROUOK, D.D.,

73 -

WHITEHEAL, C., Cleaning cf gases from
the Incineration cf waste
materials, 424

WIEDENFELD, F«F.y Effects cof
evepcrative salt water cooling
towers on salt spray and salt
depositfon on surrounding soils,
33€

WIESER, F., Methcd to remcve the waste
heat frcr the cooling circuit of

industrial plants, 361

WILBER, KeRe, Examination of some
ambjent particulate monftoring
techniques used for siting arnd
environmental {mpact assessment of
brackish water cooling towers, 338

Examination of specific aspects of

cooling tower testing methodology.
Final report, 84 (EPRI=FP==953)

WILES, L.E., See BRAUN,; DeJs, 203

WILKINSON, P., See GIBSON, C.I., 13?7

WILLIS, D.J.y Effect of the Brocadlands
geothermal power scheme on the
wWajkato river, 278

WILSONy JeSey Environmental assessment
of the projected uses for
geopressured waters, 29 (CONF=
771153==P2, pp E.83=E.i07)

WINIARSKI4 L., Cooling tower plume
measurements, 394

WITZIG, W.F., See GEISLER, GeCs, 254

WOFFINDEN, Gs«J., Afrborne monitoring
of cooling tower effluents. Volume
I. Technical summary. Firal
report, 162 (PB==279076)

WOLF, D.C., See MULCHI, Csl.y 170,
172, 172, 173, i74, 191, 25

WOLF, M.Ae, See DANA, M.T., 154, 198

wioD, D.H.y Temperature adaptation in
the freshwater snail, Hellsoma
trivolvis (Sey), in an artifically
heated reservoir in the
southeastern United States, 257

WOODARD, J.S., See BROCK, W.R., 100

WU, FeH.Y.y, Mathematical model for

13  INDEX ZISMAN

multiple cooling tower plumes,
Final report, 184 (PB=-=286364)
WUNDERLICH, M., Study of the influence
of cooling water additives on
surface waters, 103 (NP==23880)

ZAKARIA, J., Noise radiation from
energy center cooling towers, 19
( BNL==505€4) .
ZALOUDEK, F.R., Conceptual design
study advanced concepts test (ACT)
facility, 204 (PNL==271i5)
See ALLEMANN, R.T., 21
See TOKARZ, ReDe, 202
ZANCANI, C., Considerations and
calculations on the necessity of
make=up water {n the cooling tower
of a geothermal electric power
plant, 381
ZARIC, Z., See VEHAUC, A., 382
ZERNA, W., Criteria for structural
optimization of natural=draught
cooling towers with a view to
stability, construction, and
rentabllity, 320
See KRAETZIG, W.B., 301, 305
ZISMAN, S.L., See BERMAN, L.D., 291,
293



SUBJECT INDEX

The subject Index is tased on the use of subject
descriptore selected from & contrclled thesaurus of terms.
Sub ject descriptors and qualifiers (subheadings) are
selected and presented in the follawing format:

SUBJECT DESCRIPTOR/QUALIFIER

Title, (supplementary information), citation
number, (report number)

The title may be supplemented with addftional wcrds, cr
a phrasey, §if it appears acdditional information would be
helpful. In cases for which the title contains little or no
information related to the sutject entry, {t may be
replaced entirely by the supplementary information. A
qualifier {s not always required, and in such cases the
title will follow the unqualified subject descriptor.

The descriptcrs selected for use as subject terms are
generally the neses of specific materials, things, or
processes. Te the extent rossible, a qualifier {s selected
to describe the properties of, or processes applied to,
the subject terr.

Index entries are selected to {ndicate the important
fdeas and concepts presented in the report, rather than
words that may appesr in the text. Within the available
thesaurus terms, the nmost probable or logical place to look
for typical information {s selecteds. ''See references''

are included tec gulde users from synonymous terms or phrases

to the descriptor selected as a subject heading for the
concept. (esge. Fipeline Guality Gae see HIGH BTU GAS).
"'9ee also references'' are used to indicate where to

find references to subject concepts that are narrower,
broader, or related tc a rparticular subject heading. to
complete an exhaustive search of a given subject, all such
headings sheuld be reviewed.

ACCLIMATICN
See BICLUGICAL ADAPTATION
ACTIVATED SLUDGE PROCESS

Conceptual designs for water treatment in demonstration
plants. II. Appendix = design procedures, 90 (FE-
2636=12)

AEROSCL RWASTES/BACTERIA
Bacteriel ameroscls from cooling towers, 259
AEROSOLS/DEPOSITION

Chalk pcint ceoling tcwer project: cooling tower effects
en creps and soils. precperational report. Report
for Agril 1973=April 1575, 170 (FE-284075)

Chalk point cooling tower project: cooling tower effects
an crcpe and seils, Freoperational report, appendix.
Repert for April 1973=April 1975, 171 (PB=28407€)

AEROSOLS/ENVIRONMENTAL EFFECTS

Potential environmental effects associated with brackish
water cocling towers at Chalk Point, Maryland, 2§
(CONF=7€0429~)

AEROSCLS/FONITCRING

Potential envireonmental effects asscciated with brackish
water cooling towers at Chalk Point, Maryland, 2§
(CONF=760429=)

AEROSOLS/FARTICLE SIZE

flercscl and fce nuclei measurements in the plume of the

Homer City, PAe, power plant, 226
AEROSOLS/EALINITY

Review cf potential biological fmpacts of cooling tower

salt dreift, 242
AGRICULTURE/WASTE HEAT UTILIZATION

State~of=the=art waste heat utilization for agriculture
and squaculture. Technical planning studies 77-700
and 77-734. Final rerort, 7?6 (EPRI-EA=-922)

AIR CONDITIONERS
See also SOLAR AIR CONDITIONERS
AIR CONDITIONERS/CLEANING
Cleaning air-cooled equipment saves money, 265
AIR POLLUTION/DATA COMPILATION

Cooling tower drift: exgeriment design for

comprehensive case study, 196 (PNL=-2500(Pt.3))
AIR POLLUTION/ENVIRONMENTAL TRANSPGRT
Chalk Peint Coeling Tower Project. Volume 2. Cooling

12 INDEX

tower drift dye tracer experiment, FY77. Final
report, 1 July 197€=31 August 1977, 180 (PB~284827)

Cooling tower drift: comprehensive case study, 206 (PNL-
2850(Pt.3))

Pacific Northwest Laboratory annual report for 1978 te
the DOE Assistant Secretary for Cnvironment. Part 3.
Atmospheric sciences, 207 (PNL=2850(Pt.3))

AIR POLLUTION/MATHEMATICAL MODELS

Pacific Northwest Laboratory annual report for 1978 to
the DOE Assistant Secretary for Environment. Part 3.
Atmospher{c sciences, 207 (PNL=2850(Pt.3))

AIR POLLUTION/MONITGRING

Chalk Point Cooling Tower Project. Volume I, phase V.
Analysis and archiving program, FY77. Final report,
1 July 197€=31 August 1977, 179 (PB=284826)

Chalk Point Cooling Tower Project. Volume 2. Cooling
tower drift dye tracer experiment, FY77. Firal
report, 1 July 1976=31 August 1977, i8L (PB-284827)

Chalk Point Cooling Tower Project: cooling tower effects
on crops and sofls. Post operational report No. 3.
Final report, i July 1977=30 June 1978, 19i (PB=28927%)

Environmental and Ecology Branch progress report, 1974
through 1976. Velume II. Final report, 1 January
1974=31 December 1976, 1 (AD=A=06i684)

Pacific Northwest Laboratory annual report for 1977 to
the DOE Assistant Secretary for Environment. Part 3.
Atmospheric sciences, 197 (PNL=2500(Pt.3))

AIR POLLUTION/POLLUTION CONTROL

Assessment of atmospheric emissions from petroleum

refining, 73 (EPA=600,/7-78-168)
AIR POLLUTION/SALTS

Chalk point cooling tower project. Volume 1. salt
loading, modeling, and aircraft hazard studies.

Final report i July 1976=30 Jure 1977, .67 (PB-284058)
AIR SAMPLERS/COMPARATIVE EVALUATIONS

Examination of some ambient particulate monitoring
technfques used for siting and environmental {mpact
assessment of brackish water cooling towers, 339

ALGAE
See also PHYTOPLANKTON
ALGAE/POPULATION DENSITY

Appendix to Entrainment at a Once=Through Cooling System
on Western Lake Erie. Volume II. Appendices. Final
report i Sep 72=-31 Dec 75, 188 (PB=287834)

ALGAE/POPULATION DYNAMICS

Analysis of populations of boring and fouling organisms
in the vicinity of the Oyster Creek Nuclear Generating
Station. Quarterly progress report, March=May i979,
139 (NUREG/CR=1015)

ALLIGATORS/THERMOREGULATION

Continuation of studies on thermoregulaticn of fish and
turtles in thermally stressed habitats. Annual
progress report, 1 Uctober 1i978=-30 September 1979, 45
(C00=2502=16)

AMBIENT TEMPERATURE/DATA ACQUISITION

Afrborne monftoring of cooling tower effluents. Volume I.

Technical summary. Final report, 162 (PB=279076)
AMBIENT TEMPERATURE/DATA COMPILATION

Chalk Point cooling tower project: Chalk Foint surface
weather and ambient atmospheric profile data; first
intensive test period, December 15-19, 29?5, revision,
176 (pPB=284212)

AMBIENT TEMPERATURE/DATA PROCESSING

Flight measurements on cooling tower plumes: measurement
data from the NEURATH II Measurement Program on wet
natural draft cooling towers, 239 (ANL=Trans=1.60)

AMMONIA/RECOVERY

Conceptual designs for water treatment in demonstration
plants. II. Appendix = design procedures, 90 (FE=-
2635=T2)

AMMGNIA/REMOVAL

Conceptual designs for water treatment in demonstration
plantse 1I. Appendix = design procedures, 90 (FE=
2635=T2)

ANIMAL GROWTH/TEMPERATURE EFFECTS

Temperature adaptation in the freshwater snail, Helisoma
trivolvis (Say), {n an artifically heated reservoir in
the southeastern United States (Effects of thermal
effluents from nuclear production reactor at Savannah
River Plant on Par Pond), 257

ANNELIDS/POPULATION DYNAMICS




Analysis of populations of boring and fouling organisms
in the vicinity of the Oyster Creek Nuclear Generating
Staticn. Quarterly progress report, March=May 1979,
139 (NUREG/CR=1015)

ANTIFOULANTS/BIOLOGICAL EFFECTS

Chemfcal effects of power plant cooling waters: an
annotated bibliography, 80 (EPRI-EA-1072)

Study of the influence of cocling water addftives on
surface waters, 103 (NF=-23880)

ANTIFOQULANTS/ENVIRONMENTAL EFFECTS

Biocide by=products In squatic environments. Quarterly
progress report, October 1=-December 31, 1978 (Toxicity
of chloreform to fishes and clams following exposure
to pewer plant effluents containing antifoulant by-
preducts), 205 (PNL=2871)

Chemical effects of power plant cooling waters: an
annotated bibliography, 80 (EPRI-EA=1072)

ANTIFOQULANTS /0ZONE

Ozone in aquatic systema: a selected, annotated

biblicgrearhy, 141 (CRNL/EIS~145)
ANTIFOULANTS/PERFORMANCE TESTING

Efofouling control investigations:

report, 81 (EPRI=-EA-1082)
ANTIFOULANTS/TOXICITY

Biofouling control investigations:
report, 81 (EPRI-ZA-1082)

Chemical effects of power plant cocling waters: anm
annctated bibliography, 80 (EPRI=-£A~1072)

ANTIMONY/FETALLURGICAL EFFECTS

Stress corrcsion cracking of admiralty brass {n aqueous

copper sulfate, 385
AQUACULTURE/WASTE HEAT UTILIZATION

Environrentsl assesswment of cooling reservoirs
(Assccfated with nuclear power plants; comparison to
fmpacts of cooling towers), 128 (NUREG/CR=0514)

State=of=the~art waste heat utilization for agriculture
and aquaculture. Technical planning studies 77=-700
and 77=734. Final report, 76 (EFRI=EA=-G22)

AQUATIC ECOSYSTEMS/CONTAMINATION

Elocide by=products in aquatic environments.
progress report, January l=March 31, 1§57¢
(Concentration and fate of haloforms in natural waters),
210 (FNL-2G88)

AQUATIC ECOSYSTENMS/DATA ANALYSIS

Synthesis and analysis of ecoclogical information from
cocling impoundoents. Final report, 78 (EPRI-EA-
1054(Vvol.l))

AQUATIC ECOSYSTEMS/TEMPERATURE EFFECTS

Therzal effects, 281

AQUATIC ECOSYSTEMS/THERMAL POLLUTION

Hypertherral effluent effects on helecplanktonic
Cladocera and the influence of submerged macrophytes,
383

Synthesis and analysis of ecological fnformatfon from
cooling impoundments. Volume 2. Appendix A, study
site historfes and data synopsis, 7?9 (EPRI=-EA=1054(Vol.2

18=-month summary

18=month summary

Quarterly

))
AQUATIC ECOSYSTENS/WATER QUALITY
Chemical effects of power plant cooling waters: an
annctated biblfography, 80 (EPRI=EA=1072)
AQUATIC ORGANISNMS
(Unspecified biota characteristic of aquatic
ecosystems.)
See also EENTHOS
CRUSTACEANS
FISHES
MOLLUSCS
PLANKTON
ACUATIC ORGANISMS/ANIMAL GRCWTH
Bicfouling control fnvestigaticons:
repert, 81 (EPRI=EA=1082)
AQUATIC CRCGANISMS/BEHAVIQR
Practicelity of profile-wire screen in reducing
entrainment and ixpingement (Laboratory and in=situ
studies of performance and bfofouling characteristics),
115 (NUREG/CF=0002)
AQUATIC CRGANISMS/CADMIUN
Dynamics ¢f manganese, cadmjum, and lead {n experimental
povwer plant ponds, 1€1 (PE=279032)
AQUATIC ORGANISMS/CONTAMINATION
Bilocide by=preducts in aquatic environments. Annual
repart, Cctober 1, 1977=September 30, 1578 (Analysis
and texiclty of by=products frem chlorine used in
nuclear power plant cccling systems), 127 (NUREG/CR=
0504)
Far pond cfrculaticn petterns and plankton sampling, €7
(DP=348%)
AQUATIC ORGANISMS/ENTRAINMENT
Arpendix to Entrainment st a Once=Through Coocling System
on kestern Lake Erie. Vclume II. Appendices. Final
report 1 Sep 72=-3i Dec 75, 188 (FE=287834)
Mathenatical methods to evaluste entrainment of squatic
crganfsms by power plants, 1€6 (FE=283465)
AQUATIC CFRGANISMS/FILTRATICN
Cooling water intakes utilizing Ranney Collectors or
Fanney Intakes (Ranney Collector=subsurface intake
using natural sand and gravel to transmit water;
Ranney Intake=subrmerged, horizontal perforated=pipe
intake), 108 (NUREG/CP=0002)
AQUATIC CRCANISMS/IMPINGEMENT
Biclcgical and engineering considerations in the fine-
screening of small organisrs from cooling water
intakes (Comrarsion of effectiveness of impingement or
deterrent concept in screen design and performance),

18=month summary
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114 (NUREG/CP-0002)

Engineering and hydraulics of the modified perforated=
pipe intake (Modified to give uniform inflow
velocities), 116 (NUREG/CP=0002)

In=situ testing of profile wire screens for long=term
engineering feasibility (Determination of operating
and maintenance requirements for reliability In power
plant usage), 118 (NUREG/CP=0032)

Johnson screen for cooling water {rntakes (Hydraulic
studies applicable to exclusion of biota and debris),
117 (NUREG/CP=0002)

AQUATIC ORGANISMS/LEAD

Dynamics of manganese, cadmium, end lead in experimentai

power plant ponds, 161 (PB=279032)
AQUATIC ORGANISMS/MANGANESE

Dynamics of manganese, cadmium, and lead in experimental

power plant ponds, 161 (PB=279032)
AQUATIC ORGANISMS/POPULATION DYNAMICS

Chemical effects of power plant cooling waters: an
annotated bibliography, 83 (EPRI=EA-1072)

AQUATIC ORGANISMS/REPRODUCTION

Biofouling control {nvestigations:
report, 81 (EPRI-EA=1082)

AQUATIC ORGANISMS/SCREENING

Biclogical aspects of porous=dike intake structures
(Comparison of exclusion capabilities and fouling
rates of several dike materials), 111 (NUREG/CP=0032)

Biclogical and engineering considerations §n the fine=-
screening of small organisms from cooling water
intakes (Comparsjon of effectiveness of impingement or
deterrent concept in screen design and performance),
114 (NUREG/CP=0002)

Cooling water intakes utilizing Ranney Collectors or
Ranney Intakes (Ranney Collector=subsurface intake
using natural sand and gravel to transmit water;
Ranney Intake=submerged, horizontal perforated=pipe
intake), 108 (NUREG/CP=0G02)

Engineering consfderations in the use of artificfal
filter beds (Screening method for intake structures of
cooling systems {n thermal power plants), i09%
(NUREG/CP=0002 )

Engineering evaluation of porous=dike {nteke screening
systems (Design studies to determine hydraulic losses
through varfously sized and located systems), 110
(NUREG/CP=0002)

Engineering and hydraulics of the modiffed perforated=
pipe intake (Modified to give uniform irflow
velocities), 116 (NUREG/CP=0002)

Engineering aspects of Passavant screening (Passavant
screens=sprocket=driven vertical traveling screen
employing semicircular screening baskets), 123
(NUREG/CP=0002)

In=9itu testing of profile wire screens for long=term
engineering feasibfility (Determination of operatirng
and maintenance requirements for reliablility in power
plant usage), 118 (NUREG/CP=0002)

Johnson screen for cooling water fntakes (Hydraulic
studies applicable to exclusion of blota and debris),
117 (NUREG/CP=0002)

Practicality of profile=wire screen in reducing
entrainment and fmpingement (Laboratory and {n~situ
studies of performance and biofoulfing characteristics),
119 (NUREG/CP=0002)

ARSENIC/METALLURGICAL EFFECTS

Stress corrosfon cracking of admiralty brass in aqueous

copper sulfate, 385
ASBESTOS/HEALTH HAZARDS

Asbestos {n cooling=tower waters, Final report (Source,
hazards, and recommendations at nuclear power plants),
135 (NUREG/CR=0770)

ASHES/REMOVAL

Method &nd device for cleaning synthesis gas (Patent),

359
ATMOSPHERIC PRECIPITATIONS
See also FOG

18=month summary

RAIN
ATMOSPHERIC PRECIPITATIONS/ANNUAL VARIATIONS
Precipitation studfes around Plant Bowen (Fossil=fuel
power plant natural draft cooling towers), i44
(ORNL/TM=6248)
ATMOSPHERIC PRECIPITATIONS/DATA ACQUISITION
Meteorological effects of heat and moisture releases
from large power stations (precipitetion modification),
56 (DOE/ET=0076)
ATMOSPHERIC PRECIPITATIONS/DATA ACQUISITION SYETEMS
METER=0RNL precipitation network: from design to data
analysis (For measurement of preclpitation responses
to cooling tower plumes at Bowen Zlectric Generating
Piant in Georgla), 156 (ORNL/TM=6523)
ATMOSPHERIC PRECIPITATIONS/DATA COMPILATION
Meteorologlical effects of heat and moisture releases
from large power statifons (precipitation modification),
33 (CONF=781106=1)
ATMOSPHERIC PRECIPITATIONS/MONITORING
METER=ORNL precipitation network: from design to data
analysis (For measurement of precipitation responses
to cooling tower plumes at Bowen &lectric Generating
Plant in Georgia), 156 (ORNL/TM=6523)
ATMOSPHERIC PRECIPITATIONS/VARIATIONS
Meteorological Effects of Thermal Energy FReleases (MITER:
Programe. Annual progress report, October 1§76=
September 1977, 143 (ORNL/TM=6248)
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Fainfall enhancement due to scavenging of cooling tower
condensate, 154 (ORNL/TM=6248)

EACTERIA
8ee alsc ESCHERICHIA COLIX
BACTERIA/IMMUNOLOGY
Impact ¢f therwmal loading and other water quality
paraweters on the epizocotfology of Aeromonas
hydrophila infections of centrarchids (Eticlogy and
host=pathogen relaticns in red=sore disease of
largescuth bass), €3 (DOE/EV/00900=5)
BEHAVIOR
(Lisfted to living systems.)
BEHAVIOR/TEMPERATURE DEPENDENCE
Continuetion of studies cn thermoregulation of fish and
turtles in thermally stressed habitats, Annual
progress report, 1 Octcober 1978=30 September 1575, 45
(CC0-2502-1€)
BEHAVIOR/TEMPERATURE EFFECIS
Incorporatiocn of sublethal effects and {ndirect
mortality in modeling population-level impacts of a
stress, with an example {nvolving power=plant
entrainment and striped bass, 132 (NUREG/CR=0638)
Therwmoregulation of fish and turtles in thermally
stressed habitats. Arnual progress report, October 1,
1977=September 30, 1578, 44 (C00-2502=15)
BENTHOS /ENTRAINMENT
Envirconrental asseasment of cocling reservairs
(Associated with nuclear power plants; comparison to
impacts of cooling tewers), 128 (NUREG/CR-0514)
EENTHOS/FCPULATION DYNAMICS
Environrental assessment of cocling reservoirs
(Asscclated with nuclear power plants; comparison to
fmpacts ¢f cocling towers), 128 (NUREG/CR=0514)
EIELIOGRAPHIES
Chemical effects of power plant cocling waters: an
anncteted bibliography, 80 (EPRI=EA=1072)
Ozone 1Ir aquatic systems: a selected, annotated
biblicgrarhy, 141 (ORNL/EIS=145)
BINARY=FLUID SYSTEMS/CALCULATICN METHODS
Analysis of binary thermcdynamic cycles for a moderately
low=temperature geothermal rescurce, 217 (TREE~1265)
BINARY-FLUID SYSTEMS/COULING
Utilization ¢f geothermal cooling waters for waste
containment, 329
BINARY=FLUID SYSTEMS/THERMCDYNAMIC CYCLES
Analysis {1 binary therscdynamic cycles for a moderately
low=temperature geothermal resource, 217 (TREE=1365)
BINARY=FLUID SYSTEMS/WASTE DISPOSAL
Utflizaticn of geotherral cooling waters for waste
containment, 329
PIOLOGICAL ADAFTATION/TEMPERATURE EFFECTS
Therral effects, 28.
BICLOGICAL FCULING/CCNTROL
How to ccntrol bio=slime In condenser cooling systerm
water, 223
BIOLOGICAL FOULING/TEMPERATURE DEPENDENCE
Biofouling control investigations: 18-month summary
repert, 81 (EFPRI-EA-=1082)
BIRDS/BEHAVIOR
Inpacts of transmission lines on birds §in flight.
Proceedings of a workshop held at Gak Ridge Associated
Universities, Oak Ridge, Tennessee on 31 January=2
February 1578, 187 (PE-=286931)
EIRDS/MCRTALITY
Iznpacts of transmission lines on birds in flight.
Proceedings of a workshop held at Oak Ridge Associated
Universities, Oak Fidge, Tennessee on 31 January=2
Februsry 157€, 187 (FE-286831)
BLOOD FLOW/TE¥PERATURE DEPENDENCE
Continuation of studies cn thermoregulation of fish and
turtles in thermally stressed habitats. Annual
progress report, i QOctcber 1§78=30 September 1579, 45
(CO0=2502~1€)
ELCWDOWN /RECOVERY
Energy cptirization of ccoling tower blowdewn recaovery,
407
BLOWDEWN /FECYCLINC
Recycle ¢f power plant ccoling tower blowdewn by
vertical tube evaporation with Interfece enhancement
utilizing waste heat, 409
EQDY TEMPERATURE/MATHENATICAL MODELS
Therworegulation of fish and turtles in thermally
stressed habitats, Arnnual prcgress repart, QOctober 1,
1977=September 30, 1978, 44 (CO00=-2502-15)
EODY TEVPERATURE/TENPERATURE DEPENDENCE
Continuation of studies cn thermoregulation of ff{sh and
turtles in thermally stressed habitats, Annual
grogress report, 1 Octcber 1978=30 September 197¢, 45
(CCC=2502-16}
BOILING/CORROSION
Evaluvation of concentration ¢f coecling medium fmpurities
cn heet exchange surfaces during beiling, 271
BOILING/MATHEMATICAL MODELS
Evalustion of concentration of cooling mediur impurities
on heat exchange surfaces during beiling, 271
BOILING WATER REACTORS
See EWR TYPE REACTORS

BRASS/CORROSION

Corrosion problems in cooling towers: their prevention

in practice, 41 (CONF=-7611116=P2)
BRASS/SCALING

Corrosion problems in cooling towers: their prevention
in practice, 41 (CONF=7611116=P2)

BROADLANDS GEOTHERMAL FIELD/ENVIRONMENTAL IMPACTS

Effect of the Broadlands geothermal power scheme on the
Waikato rfiver, 278

BROMATES/BIOLOGICAL EFFECTS

Blofouling control investigations: 18-month summary

report, 81 (EPRI-EA-1082)
BROMOFORM/BIOLOGICAL ACCUMULATION

Biocide by=products in aquatic environments. Annual
report, October 1, 1977=September 30, 1578 (Analysis
and toxicity of by=products from chlorine used in
nuclear power plant cooling systems), 127 (NUREG/CR~-
0504)

Toxicity and effects of bromoform on five marine specles,
137 (NUREG/CR=0835)

BROMOFORM/ECOLOGICAL CONCENTRATION

Biocide by=products in aquatic environments. Annual
report, October 1, 1977=September 30, 1678 (Analysis
and toxicity of by=products from chlorine used in
suclear power plant coollng systems), 127 (NUREG/CR=

504)

Biocide by=products in aquatic environments.
progress report, January l=March 31, 197§
(Concentration and fate of haloforms {n natural waters)
210 (PNL=2988)

BROMOFORM/TOXICITY

Biocide by=products in aquatic environments. Annual
report, October i, 1977=-September 30, 1978 (Analysis
and toxicity of by=products from chlorine used in
nuclear power plant cooling systems), 1z7 (NUREG/CR=
0504 )

Biocide by=products in aquatic environmerts.
progress report, January l=March 31, 1979
(Concentration and fate of haloforms in natural waters)
210 (PNL=-2988)

Toxicity and effects of bromoform on five mearine species,
137 (NUREG/CR=-0835)

BUILDINGS
See also COMMERCIAL BUILDINGS
PUBLIC BUILDINGS
RESIDENTIAL BUILDINGS
BUILDINGS/ENERGY CONSUMPTION
Solar building energy use analysis, 392
BUILDINGS/ENVIRONMENTAL IMPACTS

Impacts of transmission lines on birds in flight.
Proceedings of a workshop held at Oak Ridge Associated
Universities, Oak Ridge, Tennessee on 3. January=2
February 1578, 187 (PB-286931)

BUILDINGS/HEATING LOAD

S8olar building energy use analysis, 392
BUILDINGS/SOLAR SPACE HEATING

Solar building energy use analysis, 392
BWR TYPE REACTORS

See also PHILIPPSBURG=2 REACTOR

BWR TYPE REACTORS/CONDENSER COOLING SYSTEMS

Heat cost in a Swedish agrothermal plant, 256
BWR TYPE REACTORS/REACTOR SAFETY

Reactor safety research programs. Quarterly report, 1
January=31 March 1$78, 201 (PNL=2653=1)

Reactor safety research programs. Quarterly report,
April 1=June 30, 1578, 125 (NUREG/CR=0341)

Reactor safety research programs. Quarterly report,
July i=September 30, 1978, 129 (NUREG/CR=954€)

Reactor safety research programs. Quarterly report,
October 1=December 31, 1978, 134 (NUREG/CR=068.)

Reactor safety research programs, Quarterly repori,
January l=March 31, 1979, 138 (NUREG/CR'6855)

Quarterly

Quarterly

CADMIUM/ECOLOGICAL CONCENTRATION
Dynamics of manganese, cadmium, and lead in experimental
power plant ponds, 161 (PB=279032)
CALCIUM/ENVIRONMENTAL EFFECTS
Measurements and vegetatfonal {mpact of chemical drift
from mechanical draft cooling towers (Palfsades
Nuclear Plant, southwestern Michigan.), 246
CALIFORNIA/GROUND WATER
Brackish groundwater for power plant cooling in
Celifornia, 349
CALVERT CLIFFS=i REACTOR
Control of fouling organiams in estuarine cooling water
systems by chlorine and bromine chloride, 225
CALVERT CLIFFS=2 REACTOR
Control of fouling organisms in estuarine cooling water
systems by chlorine and bromine chloride, 225
CELLS (BACTERIAL)
See BACTERIA
CHEMICAL EFFLUSNTS/AIR POLLUTION
Chalk point cooling tower project. Volume 1. salt
loading, modeling, and aircraft hazard studies.
Final report i July 1976=30¢ June 1977, .67 (PB-~284058)
CHEMICAL EFFLUENTS/ANTIFOULANTS
Biocide by=products in aquatic environments.
progress report, January l=March 3i, 2979
(Concentration and fate of haloforms {n natural waters)
210 (PNL=2988)

Quarterly




Study of the influence of cocling water additives on

surface waters, 103 (NF=-23880)
‘"CHEMICAL EFFLUENTS/ASBESTQS

Asbestos in cooling=tower waters, Final report (Source,
hazards, and recommendations at nuclear power plants),
135 (NUREG/CR=0770)

CHEMICAL EFFLUENTS/CHEMICAL COMPOSITION

Chalk Peint Cecling Tower Project. Volume 2. Coolirg
tower drift dye tracer experiment, FY?7. Final
report, 1 July 1976=31 August 1677, 180 (PB=-284827)

CHEMICAL EFFLUENTS/COARROSICN INHIBITORS

Study of the Influence of coocling water addftives on

surface waters, 103 (NF=-23880)
CHEMICAL EFFLUENTE/ENVIRONMENTAL IMPACTS

Cocling tower effects on native perennial vegetation.
August 1572=April 1975, Volume l. Sections I-IX.
Precperational report (Data from Chalk Point Power
Plant fn Maryland), 18€ (PB=28€758)

CHEMICAL EFFLUENTS/ENVIRONMNENTAL TRANSPORT

Envircngental Research lLaboratories 1976 annual report,

? (ATDL=77/23)
CHEMICAL EFFLUENTS/PLUMES

Flume simuletion model FOG description of the program
and fnput (Atmospheric transport of plumes fronm
cooling touwers), 242 (ANL=Trans=-1157)

CHEMICAL EFFLUENTS/WATER PCLLUTION

Power plant coeling water chlorination in northern
Califcrnia. Extrarural report, 31 Octoter 1975-=30
Decemter 157€, 1€3 (PE=281€02)

CHEMICAL EFFLUENTS/WATER VAPOR

Present knowledge on physical relations {n drift
ejectien from wet ccoling towers and hitherte applied
measuring methods to determine the droplet size, 5
(AED=Conf=77=-561=005)

CHESAPEAKE EAY/FCLLUTION

Aquetic fmpact, 337

CHLORIDES/CORRQSIVE EFFECTS

Evaluaticn of concentration of ccoling medium fmpurities

on heat exchange surfaces during bofling, 271
CHLORIDEE /ENVIRCNMENTAL EFFECTS

Measurenents and vegetational fmpact of chemical drift
fror mechanical draft ccoling towers (Palisades
Nuclesr Plant, scuthwestern Michigan.), 246

CHLORINATION/BIOLGGICAL EFFECTS

Biofouling control finvestigations:

report, 81 (EPRI-£A-1082)
CHLORINATICN/CHEMICAL EFFLUENTS

Power plant cocling water chlorination in northern
Califernia. Extramural report, 31 October 1975=30
Decerxter 1976, 163 (PB=-281602)

CHLORINE /DECOMPOSITION

Poser plant cooling water chlorination in northern
California. Extramural report, 31 October 1975-30
Decewber 1576, 163 (PE=281€02)

CHLORINE/TOXICITY

Ecclegical investfgation of Hudson River
macrozooplankton in the vicinity of a2 nuclear power
plant (Indian Point Nuclear Power Plant), 371

CHLOROFORYM/BIGLOGICAL ACCUMULATICN

Blocide by=products in aquatic environments. Annual
report, October 1, 1977=September 30, 1978 (Analysis
and toxicf{ty of by=products from chlorine used {n
nuclear power plant cocling systems), 127 (NUREG/CR=-
0504)

CHLOROFGORY/ECCLOGICAL CONCZNTRATION

Plocide by=products in aquatic environments, Annual
report, October 1, 1977=September 30, 1978 (Analysis
and toxiclity of by=-products from chlorine used in
nuclear power plant cooling systems), 127 (NUREG/CR-
0504)

Blocide by=prroducts in aquatic environments.
progress report, January l-March 31, 1979
(Concentration and fate of haloforms in natural waters),
210 (FNL-2988)

CHLORCFORY/TOXICITY

Biocide by=products {n aquatic environments. Annual
report, October 1, 1977-September 30, 1978 (Analysis
and tcxfcity of by-products from chlorine used in
nuclear power plant cocling systems), 127 (NUREG/CR=-
0504 )

Biocide by=products in aquatic environments. Quarterly
progress repcrt, Octcber l1-December 31, 1978 (Toxicity
of chloroform to fishes and clams following exposure
to power plant effluents containing antifoulant by-
products), 205 (PNL=-2521)

Biocide by=products in aquatic environments.
progreas report, January l-March 31, 157S
(Concentration and fate of haloforms in natural waters),
210 (PNL=-2588)

CHROMIUM/ECOLOGICAL CONCENTRATION

Cooling tower drift studies at the Paducah, Kentucky
Gasecus Diffusion Plant, 142 (ORNL/TM=-6131)

Cooling touwer drift studies at the Paducah, Kentucky
Gasecus Diffusion Plant (Transport of drift-derfved
chroosius in terrestrial ecosystems), 37 (CONF=750109-1)

CHROMIUNM/ENVIRONMENTAL TRANSPORT

Cocling tower drift studies at the Paducah, Kentucky
Gaseous Diffusion Plant (Transport of drift-derived
chromium {n terrestrial ecosysters), 37 (CONF=750109-1)

CLAMS
8ee MOLLUSCS
CLIMATES/DATA COMPILATION

Meteorological effects of heat and moisture releases

from large power staticns (precipitation modiffcation),

i18-month summary

Quarterly

Quarterly
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33 (CONF=781106=1)
CLOSED=CYCLE COOLING SYSTEMS -

Jptimization of low-potential complex of NPP with mixed
closed=cycle water cooling system, 263

CLOSED=CYCLE COOLING SYSTEMS/AEROSOL MONITORING

Examination of some ambient particulate monitoring
techniques used for siting and environmental {mpact
assessment of brackish water cooling towers, 339

CLOSED=CYCLE COOLING SYSTSMS/COOLING TOWERS

Dry cooling for power statfons, 346

New way {n cooling. Coocling elements = revertirng the
principle of operatfon improves performance, 280

CLOSED=CYCLE COOLING SYSTEMS/ECONOMIC IMPACT

Environmental and economic {mpacts of open=cycle and
closed=cycle condenser cooling systems for large
electric generating stations, 403

CLOSED=CYCLE COOLING SYSTEMS/ENVIRONMENTAL IMPACTS

Environmental and economic impacts of oper=cycle and
closed=cycle condenser cooling systems for large
electric generating stations, 403

Review of potential biological impacts of cooling tower
salt drift, 242

CLOSED=CYCLE COOLING SYSTEMS/FOKRCED CONVECTION

Forced convection heat transfer in an annulus at low

Reynolds numbers , 297
CLOSED~CYCLE COOLING SYSTEMS/LIFE=CYCLE COST

Effect of alternate cooling systems and beneficial use
of waste heat on power plant performance, 49 (C00-453i-
3)

CLOSED=CYCLE COOLING SYSTEMS/PERFORMANCE

Effect of alternate cooling systems and beneficial use
of waste heat on power plant performance, 48 (C00~4533i=
3)

CLOUDS
(Limited to clouds {n the earth atmosphere; for
interstellar clouds see COSMIC DUST or CJUSMIC GASES.)
CLOUDS/FORMATION HEAT

Differences in atmospheric convection caused by waste
energy rejected in the forms of sensible and latent
heats (Comparison of environmental effects of dry and
wet cooling towers), 149 (ORNL/TM=6248)

CNIDARIA/POPULATION DYNAMICS

Analysis of populations of boring and fouling organisms
in the vicinity of the Oyster Creek Nuclear Generating
Statione. Quarterly progress report, March=May 1979,
139 (NUREG/CR=1015)

COAL
Critical paths to coal utilization, 27 (CONF=770509~)
COAL GASIFICATION/ASHES

Method and device for cleaning synthesis gas (Patent),

359
COAL GASIFICATION/DEMONSTRATION PLANTS

Conceptual designs for water treatment in demonstration
plants. II. Appendix = design procedures, S0 (FE=
2635«T2)

COAL GASIFICATION/WASTES

Pacific Northwest Laboratory annual repor* for 1978 to
the DOE Assistant Secretary for Environment. Part 3.
Atmospheric sciences, 207 (PNL-2850(Pt.2))

COAL LIQUEFACTION/DEMONSTRATION PLANTS

Conceptual designs for water treatment in demonstration
plants. II. Appendix = design procedures, 90 (FZ=
2635=T2)

COAL LIQUEFACTION/WASTES .

Pacific Northwest Laboratory annual report for 1978 to
the DOE Assistant Secretary for Environment. Part 3.
Atmospheric sciences, 207 (PNL=2850(Ft.3))

COAL MINES/WASTE HEAT
Method of waste heat transportation (Patent), 277
COASTAL REGIONS/ECOSYSTEMS

Environmental impacts of industrial energy systems in

the coastal zone (Review), 307
COELENTERATA

See CNIDARIA
COLLIERIES

See COAL MINES
COMBINED=CYCLE POWER PLANTS

See also MHD GENERATOR ETF
COMBINED=CYCLE POWER PLANTS/COOLING SYSTEMS

Economics of conserving water by use of zlternative
cooling methods for large nuclear, fossi{l, and
combined cycle power plants, 86 (EZPRI=-RP=527=1)

COMBINED=CYCLE POWER PLANTS/WATER REQUIREMENTS

Economics of conserving water by use of alternative
cooling methods for large nuclear, fossil, and
combined cycle power plants, 86 (EPRI=-RF=927-1)

COMMERCIAL BUILDINGS/SOLAR COOLING SYSTEMS
Kaw Valley solar bank, $2 (HCP/M4131=01)

COMMERCIAL BUILDINGS/SOLAR HEATING SYSTEMS
Kaw Valley solar bank, 92 (HCP/M4131-0%1)

COMMERCIAL BUILDINGS/SOLAR WATER HEATERS

Kew Valley solar bank, 92 (HCP/M413i=01)

COMPARATIVE EVALUATIONS/CLOSED=CYCLE COOLING SYSTEMS
Environmental and economic impacts of open=cycle and
closed=cycle condenser cooling systems for large

electric generating stations, 403
COMPARATIVE EVALUATIONS /OPEN=CYCLE COOLING SYSTEMS

Environmental and economic impacts of open=cycle and
closed=cycle condenser cooling systems for large
electric generating stations, 403

COMPUTER CODES/B CODES
User's manual for the BNW=II optimizatior code for
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dry/vwet=cooled power plants, 203 (PNL=2674(Vol.l)})
CCMPUTER CODES/F CODES

Plume simulation mocdel FCG description of the program
and Input (Atmospheric transport of plumes from
cooling towers), 243 (ANL=Trans=1157)

Prograss FOG1PLT and FOG2PLT for plotting cooling tower
plumes calculated by the FO0G1 program, 228 (ANL=Trans-
1163)

COMPUTER CODES/H CODES

Description of the Model SMOKA for calculating cooling

tower emissions and their effects, 244 (ANL=Trans=1154)
COMPUTER CODES/N CODES

Description of the Model SMOKA for calculating cooling *

tower emissions end their effects, 244 (ANL-Trans=1154)
COMPUTER CODES/S CODES

Description of the Model SMOKA for calculating cooling
tower emfssions and their effects, 244 (ANL=Trans=1154)

Numerical simuletion of cooling tower drift eliminator
perfcrwance, 389

Solar btuilding energy use analysis (SYRSOL code), 392

CCMPUTER CODES/T CODES

Descripticn of the Model SMUKA for calculating ccoling

tower emissions and their effects, 244 (ANL=-Trans=1154)
COMPUTER CODES/W CODES

Cptimization=sirulation methodology for wet/dry coecling.

Final report (WDCSIM), 85 (EPRI=FF=1096)
CONDENSATES/WASHOUT
Rainfall enhancement due to washout of cooling tower
condersate, 198 (PNL=2£0G0(Pt.3))
CONDENSER COOLING SYSTEMS
See alsc CCOLING SYSTEYMS
Ice pond cooling of a power plant, 254
CONDENSER COOLING SYSTEMS/ANTIFOULANTS

Efocide by=products {n equatic environments. Annual
report, October 1, 1977=September 30, 1978 (Analysis
and texicity ¢f by=products from chlorine used {n
nuclear pcwer plant cocling systerms), 127 (NUREG/CR=
0504

Biccide by=products §in aquatic environments. Quarterly
progress report, October l=December 31, 1978 (Toxicity
of chloroforr tc fishes and clams following exposure
to power plant effluents containing antifoulant by~
prcducts ), 209 (PNL=2S21)

Control of fouling organisms in estuarine cooling water
systexs by chlorine and broamine chloride, 225

CONDENSER CQOLING SYSTEMS/EIGCLOGICAL FOULING

How to contrecl bio=slime in condenser cooling system

water, 223
CONDENSER COOLING SYSTEMS/CHEMICAL EFFLUENTS

Bfocide by=~products in aquatic environments.
progress repart, January l=March 31, 1979
(Concentration and fate of haloforms in natural waters),
210 (PNL=2588)

Chemical effects of power plant cocling waters: an
annctated bibliography, 80 (EPRI-EA-1072)

CONDENSER COCLING SYSTEMS/CHLORINATIGN

Fower plant cooling water chlorfnation in northern
Califcrnia. Extramural report, 31 October 1975-30
December 1976, 163 (PB=281602)

CONDENSER COOLING SYSTEMS8/CLEANING
Cleaning air=cooled equipzment saves money, 265
CCONDENSER COOLING SYSTEMS/ENVIRONMENTAL EFFECTS

Comparicon of sfmulation models used fn assessing the
effects of pewer=plant=induced mortality on fish
populaticns. Technical report, 153 (PB=289586)

Larval fish distributions fn southwestern Lake Erie near
the Mcnroe Fouer Plante. Report for 1 April 157¢€=1
April 1978, 185 (PB=28€629)

Fatheratical methods to evaluate entrainment of aquatic
crganisas by power plants, 166 (PB=283465)

Numerical modeling of entrainment and far field thermal
dispersion for NEP 1 and 2, Charlestown, Rhode Island,
136 (NUREG/CR=0819)

CONDENSER COOLING SYSTEMS/HEAT EXCHANGERS
Heat exchanger (Nuclear power plants; patent), 388
CONDENSER COOLING SYSTEMS/HYDRAULICS

Velocity distritutions and turbulence intensfties at

tubesheets in a two-pass condenser model, 316
CONDENSER COOLING SYSTEMS/HYDRODYNAMICS

Numerical modeling of entrainment and far field therwmsal
dispersion for NEP 1 and 2, Charlestown, Rhode Island,
136 (NUREG/CR=0819)

CONDENSER COOLING SYSTEMS/INTAKE STRUCTURES

Bfological evaluation of devices used for reducing
entrainment and fmpingewent losses at thermal power
plants, 42 (CONF=7809109-1)

CONDENSER CCOLING SYSTEMS/FIPELINES

Pipeline fror sewage plant fills A=-plant's cooling needs,

234
CONDENSER COOLING SYSTEMS/THERMAL EFFLUENTS

Nuwerical wmodeling of entrainment and far fleld thermal
dispersfon for NEP 1 and 2, Charlestown, Rhode Island,
13€ (NUREG/CR=0819)

CONDENSER COOLING SYSTEMS/TURBULENT FLOW
Velocity distributions and turbulence intensities at
tubesheets in a two-pass condenser model, 316
CONDENSER COOLING SYSTEMS/WASTE HEAT UTILIZATION
Heat cost {n a Swedish agrothermal plant (BWR), 25¢
CONDENSERS
See alsoc STEAM CONDENSERS
CONDENSERS /OPERATION
Waste heat rejection from geothermal power stations, 157

Quarterly

(ORNL /TM=6533)
CONSTRUCTION

Cooling tower, 355

Cooling tower, especially for thermal power plants, 294

Cooling tower money making superstar, 374

Cooling tower, 295

Cocling tower, 304

Cooling water systems:
construction, 306

Development and construction investigation for a high=
power combined wet/dry cooling tower, 279

Dry=type cooling tower with at least approximately
horizontally arranged heat exchanger elements, 268

Dry=type cooling tower with at least exchanger elements,
269

Dry/wet water cooling tower ventilated from ground level,
282

Geothermal power plants of Japan: a technical survey of
existing and planned installstions. Report No.
CATMEC/9, 46 (C00-4051-16)

Natural=draft cooling towers made of reinforced concrete
= current status and possibllities of development, 305

Natural=draught cooling towers made of reinforced
concrete. State of the art and development
possibilities, 301

Review of the environmental effects of three solar
energy technologles, 313

Review of the environmental effects and benefits of
selected solar energy technologies, 212 (SIRI/TP=53~
114R)

Third partial construction permit for Philippsburg
Nuclear Power Plant unit 2 of Oct. 19, :.978, 345

Trickle plate for cooling towers, 351

Types of dry/wet cooling tower cells. Preliminery
plume observations with test cells in the
Gemei{nschaftskernkraftwerk Neckar (GKN), 272

CONSUMERS MICHIGAN PALISADES REACTOR
See PALISADES=1 REACTOR
CONVECTION
(Heat transfer by convection.)
See also FORCED CONVECTION
CONVECTION/MATHEMATICAL MODELS
Convection above cooling towers, 4i4 (ANL-Trans=31145)
COOLANTS
(See also specific coolant materials.)
COOLANTS/COOLING TOWERS

Coolant circuit for a power station and process for

operating ccolant circult (Patent), 353
COOLANTS/REACTOR COOLING SYSTEMS
Coolant circuit for a power station and process for
operating coolant circuit (Patent), 353
CUOLERS
See HEAT EXCHANGERS
COOLING PONDS
Thermal effects, 281
COOLING PONDS/BIOLOGICAL EFFECTS

Genetic varfability of E« coli in southeastern

reservoirs, 66 (DP-3489)
COOLING PONDS/CONTAMINATION

Par pond circulation patterns and plankton sampling, 67

(DP=1489)
COOLING PONDS/COST

Environmental assessment of cooling reserveirs
{Associated with nuclear power plants; comparison to
{mpacts of cooling towers), 128 (NUREG/CR=05i4)

COOLING PONDS/EFFICIENCY .

Environmental assessment of cooling reservoirs
(Associated with nuclear power plants; comparison to
impacts of cooling towers), i28 (NUREG/CR=9514)

COOLING PONDS/ENVIRONMENTAL EFFECTS

Atmospheric effects of energy generation, 17 (ATDL=78/19)

Cooling pond fog studies, 147 (ORNL/TM=6248)

Environmental effects of heat and moisture release fronm
atmospheric spray cooling systems, 3i (CONF=780520-7)

Environmental assessment of cooling reservoirs
(Associated with nuclear power plants; comparison to
{mpacts of cooling towers), i28 (NUREG/CR=05i4)

Hydrometeorological aspects of electric power production,
13 (ATDL=7?7/23)

Meteorological Effects of Thermal Energy Releases (METER)
Program. Annual progress report, October 1977=
September 1978, 158 (ORNL/TM=-6867)

Overview of the Department of Energy's Meteorological
Effects of Thermal Energy Releases (METER) Program, 59
(DOE/EV=0046(Vol.3))

Prediction of local effects of proposed cooling ponds,
36 (CONF=781213=5)

Seasonal distribution and successional trends of fish in
a new cooling reservoir, 391

Study of cooling pond fog generation, 231

COOLING PONDS/ENVIRONMENTAL IMPACTS

Atmospheric effects of energy generation, 17 (ATDL=78/19)

Synthesis and analysis of ecological information from
cooling f{mpoundwents. Volume 2. Apperdix A, study
sfte histories and data synopsis, 79 (EPRI=EA~1054(Vol.

treatment and materials of

))
COOLING PONDS/EVAPORATION
Computing evaporation for inland water bodies under a
varfety of fetch and atmospheric stability conditions.
Technical coampletion report, 192 (PB=288372)
COOLING PONDS/FISHES
Impingement of juvenile and adult f{shes during cooling
water withdrawal, 70 (DP=1489)
COOLING PONDS/HEAT STORAGE




Engineering and cost analysis of a dry cooling system

augwented with a therwal storage pond, 205 (PNL=2745)
COOLING PCNDS/HEAT TRANSFER

Behavior of the thermal skin of cooling pond waters
subjected to moderate wind speeds, 35 (CONF=7812313-3)

Heat transfer through the thermal skin of a cooling pond
with waves, 224

Simplified analysis of surface energy exchange from
heated bodies of water, 344

Study of heat transfer processes abocve a cooling pond,
350

COCLING FCNDS/MASS TRANSFER

Simplified analysis of surface energy exchange fror

heated bgdies of water, 344
COOLING PONDS/MOLLUSCS

Ten=month recolonization of the k—area cooling water
syster by the Asjatic clam Corbicula fluminea, 69 (DP=
1485)

COOLING PCNDS/GPERATION

Salt water cooling ponds with partial tidal interchange,

24 (CCNF~741270=P2)
COOLING PCNDS/OPTIMIZATICN

Optimization of low-potential complex of nuclear power
plants with a mixed system of circulating water supply,
291

COOLING PCNDS/FLUMES

Field fnvestigation of ccoling tower and cooling pond
plumes. Final report, 164 (PB=-282993)

S8tudy ¢f cocoling pond fog generation, 335

COOLING PCNDS/RECREATIONAL AREAS

Environrental assessment of cooling reservoirs
(Associated with nuclesr power plants; comparison to
impacts of cceling towers), 128 (NUREG/CR-0514)

COOLING PCNDS/RESEARCH PROGRAMS

Meteorclogical Effects of Thermal Energy Releases (METER)
Progrem. Annual progress report, October 1577-
Septenber 1578, 158 (OFNL/TM=6867)

COOLING FCNDS/SAMPLING

Bacterial rathogens in a reactor cooling reservoir, 72
(DP=1489)

COOLING FCNDS/SAVANNAH RIVER PLANT

Entrainsent of ichthyoplenkton and larval fishes during
cooling water withdrawal, 71 (DP=1489)

COOLING PONDS/SEISMIC EFFECTS

Liquefaction consideratfcns for two summerged essentieal

service cooling ponds, 406
COOLING FCONDS/TEMFERATURE LISTRIBUTION

Salt water ccoling ponds with partial ti{dal interchange,
24 (CONF=?741270-P2)

CCOLING FCNDS/TEMPERATURE CRADIENTS

Eehavior of the thermal skin of cooling pond waters
subjected to moderate wind speeds, 35 (CONF=781213=3)

Elementel gradients in meacrophytes from a reactor
effluent gradient, €8 (DP=1489)

COCLING PCNDS/THERMAL PCLLUTION

Dynamics of manganese, cadmium, and lead in experimental
power plant ponds, 1€1 (PE=279032)

Environmental assessment of cocling reservoirs
(Associated with nuclear power plants; comparison to
impacts of ccoling towers), 128 (NUREG/CR=0514)

Genetic varfability of E. coli in southeastern
reservoirs, €6 (DF=-148%)

Synthesis and snalysis c¢f ecological information from
cooling {mpoundments. Final report, 78 (EPRI-EA=-
1054(Velel))

COCLING PCNDS/THERMODYNAMIC PROPERTIES

Fethod cf calculation of dynamics and thermics of

coclirg reservoirs, 222
CCCOLING FCNDS/THERMODYNAMICS
Three=dfmensional numerical model for hydrcthermal
analysis of cooling pcrnds, 328
COCLING FCNDS/VAPOR CONDENSATION
Cocling pond fog studies, 147 (ORNL/TM=6248)
COCLING FCNDS/WATER POLLUTION

Environmental assessment of cooling reservoirs
(Asscciated with nuclear power plants; comparison to
frpacts of cocling towers), 128 (NUREG/CR=0514)

COOLING PCNDS/WATER POLLUTION CONTROL

Cxidant effects on complex mixtures of nonvolatile
organics in pclluted waters: exarination by HFLC and
tioscreening, 43 (CONF=76811108~1)

COOLING PCNDS/WATER RZQUIREMENTS

Environrentsl assessrent of coocling reservoirs
(Associated with nuclear power plants; comparison to
fmpacts of cocling towers), 128 (NUREG/CR=0514)

COCLING SYSTEM (KEACTCR)
See REACTOR COOLING SYSTEMS
COOLING SYSTENMS
8ee also CLOSED=CYCLE COOLING SYSTEMS
CONDENSER CCCLING SYSTEY¥S
ONCE=-THROUGH COOLING SYSTEMS
OPEN=CYCLE CGCLING SYSTENS
REACTOR CCOLING SYSTEMS

Ten=menth recolcnization of the k—area cocling water
syater by the Aslatic clam Corbicula fluminea, 65 (DP=
148%)

CCOLING SYSTEMS/CLEANING
Cleaning afr-cccled equipgment seves money, 265
COOLING SYSTEMS/CCMPARATIVE EVALUATIONS

Cowparative cost study of four wet/dry cooling concepts
that vse anmonia as the intermediate heat exchange
fluid, 202 (FNL=2€61)

Differerces in stmospheric convecticn caused by waste
energy rejected in the forrs of sensible and latent

17 INDEX COOLING SYSTEMS/MATHEMATICAL MODELS

heats (Comparison of environmental effects of dry and
wet cooling towers), 149 (ORNL/TM=6248)
COOLING SYSTEMS/CONTROL

Preview control applied to cooling systems of power

plants, 372
COOLING SYSTEMS/CORRAGSION

Cooling water systems:

construction, 306
COOLING SYSTEMS/CORROSION INHIBITORS

Laboratory testing of corrosion inhibitors for

recirculating cooling water systems, 214 (STU=76=3279)
COOLING SYSTEMS/CORROSION PROTECTION

Cooling water systems - energy conservation through
selective inhibitor programs and operating techniques,
377

Laboratory testing of corrosion inhibitors for
recirculating cooling water systems, 214 (STU=76=3279)

COOLING SYSTEMS/COST

Comparative cost study of four wet/dry cooling concepts
that use ammonia as the intermediate heat exchange
fluid, 202 (PNL=2661)

Comparative cost study of various wet/dry cooling
concepts that use ammonia as the intermediate heat
exchange fluid, 54 (DOE/ET=0076)

Engineering and cost analysis of a dry coocling system
augmented with a thermal storage pond, 205 (PNL=2745)

Waste heat management in the electric power {ndustry:
f{ssues of energy conservation and station operation
under environmental constraints, 61 (DUT/EV=0046(Vol.3)

COOLING SYSTEMS/DEMONSTRATION PROGRAMS

Accomplishments §n the Department of Energy program on
advanced concepts for dry and dry/wet cooling, 60
(DJE/EV=0046(Vol.3))

COOLING SYSTEMS/DESIGN

Conceptual designs and cost estimates of mechanical
draft wet/dry and natural draft dry cooling systems
using Curtiss=Wright integral fin=tube heat exchangers,
48 (CO0=4218=2)

Problems of designing cooling circuits, 3€$

Progress on research on open circulating water cooling
systems for large electric power plants. Progress
report No. 1, 165 (PB=283218)

COOLING SYSTEMS/ECONOMIC ANALYSIS

Optimum combinations of cooling alternatives for stream -
electric power plants. Volume II. Final report, 194
(PB=290576)

Primer on the rejecticn of waste heat from power plants.
Consultant report, 338

COOLING SYSTEMS/ECONOMICS

Conceptual designs and cost estimates of mechanical
draft wet/dry and natural draft dry cooling systems
using Curtiss=Wright integral fin=-tube heat excharngers,
48 (C00=4218=2)

Dry cooling for power plants: {ncentives, problems, and
R and D activities, 22 (BNWL=5A=6290)

Economics of conserving water by use of aslternative
cooling methods for large nuclear, fossil, and
combined cycle power plants, 86 (EPRI=RP=927=1)

Optimization=simulation methodology for wet/dry cooling.
Final report (WDCSIM), 85 (EPRI=FP=1096)

Optimum combination of selected cooling alternatives for
electric power plants, 348

COOLING SYSTEMS/ENERGY CONSERVATION

Ccoling water systems = energy conservation through
selective inhibitor programs and operating techniques,
377

COOLING SYSTEMS/ENVIRONMENTAL EFFECTS

Creation of an industry information resource to
catalogue power plant cooling system fmpacts and
mitigation measures affecting aquatic and terrestrial
ecosystems (Cooling Systems Effects Datz Base), 38
(CONF=790737=1)

Primer on the rejection ¢f waste heat from power plants.
Consul tant report, 338

User's guide to an environmental informatfon resource
for thermal power statfon cooling systems, 75 (EPRI=EA-

treatment and materials of

COOLING SYSTEMS/ENVIRONMENTAL IMPACTS
Waste heat management in the electric power industry:
{ssues of energy conservation and staticn cperation
under environmental constraints, 61 (DOE/EV=0046(Vol.3)
COOLING SYSTEMS/EVALUATION
Cooling systems addendum: capital and total generating
cost studies, 107 (NUREG=0247)
CCOLING SYSTEMS/FEASIBILITY STUDIES
Pipeline from ocean to desert to provide cooling for
solar power plant complex, 3i2
CCOLING SYSTEMS/INFORMATION SYSTEMS
User's guide to an environmental information resource
for thermal power station cooling systems, 75 (EPRI-gA-

)
COOLING SYSTEMS/INTAKE STRUCTURES
Different types of cooling towers influence the design
and the conditions of the inlet of cooling water pumps,
378
COOLING SYSTEMS/LEGAL ASPECTS
Dry cooling for power plants: ({incentives, problems, and
R and D activities, 22 (BNWL=SA=€290)

COOLING SYSTEMS/MATERIALS
Cooling water systems:
construction, 396
COOLING SYSTEMS/MATHEMATICAL MODELS

treatment and materials of
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Problers of designing cocling circuits, 36§
CCOLING SYSTEMS/UPERATION

Syster of heat resoval for an electric power station
located in a dry subtrcpical clivate, 52 (DOE/ET=0076)

Waste heat rejection from gecthermal power stations, 157
(ORNL /TM=6533)

COOLING SYSTEMS/CPTIMIZATICN

Previeu control applied to cooling systems of power

plants, 372
COOLING SYSTEMS/FERFORMANCE

Conceptual designs and cost estimetes of mechanical
draft wet/dry and natural draft dry cooling systems
using Curtiss=Wright fntegral fin=tube heat exchangers,
48 (CCO-4218-2)

Optirization=sirulation nethcdology for wet/dry cooling.
Final report (WDCSIM), 85 (EPRI=-FP=1086)

Optisux cembination of selected cocling alternatives for
electric power plants, 348

Progress an research on open circulating water cooling
systems for large electric power plants. Progress
report No. 1, 165 (FB=283218)

Waste heat menagement §in the electric power industry:
{ssues of energy conservation and station operation
under environmental constraints, 61 (DOE/EV=~0046(Vol.3))

COOLING SYSTEMS/PERFORMANCE TESTING

Conceptual design study advanced concepts test (ACT)

facflity, 204 (PNL=271€%)
COCLING SYSTENMS/PIPES

Heat distribution compensating circuit intended for

cooling therral and nuclear power plants (Patent), 399
COOLING SYSTEMS/RESEARCH FFOGRAMS

Conseptual design study advenced concepts test (ACT)
facility, 204 (PNL=2715)

Dry cccling for pcwer plents: {ncentives, problems, and
R and D activities, 22 (BNWL=SA=€290)

Steatus report on the ammenifa, phase=change dry cocling
syster research project, 5§ (DOE/ET=0076)

COCLING SYSTEMS/SALINITY

Predicting seslt cosposition of water in circulatory

cacling systens, 300
COOLING SYSYEMS/THERMAL EFFLUENTS

Equiprert for ccoling down large volumina of heated
water, g¢.ge. industrial sewage, 38€

Heat shcck threshold estimaticn for fish eggs and larvae
in power planrt ccoling systems, 28 (CONF=~771042-)

COOLING SYSYEMS/WATER CHEMISTRY

Cocling water systems: treatment and materiais of

construction, 20€
COOLING SYSTEMS/WATER REQUIREMENTS

Brackish igrcundwater for pouwer plant cooling in
Califcrnia, 249

Syster ¢f heat rewmoval for an electric power station
located fn a dry subtrcpical climate, 52 (LOE/ET=0076)

COOLING TCWERS
See 8lsc MECHANICAL DRAFT COCLING TOWERS
NATURAL DRAFT COOLING TOMWERS

Afr condensation plants (Patent), 260

Coclant circuit for a power station and process for
operating ccolant circuit (Patent), 352

Cocling tower plume research U.S. Environmental
Protection Agency, 324

Cocling tower (Fatent), 285

Operation cf steam turbines with dry cecoling tcwers, 288

Transactions of the Vedenecev All=Union Scientific and
Research Institute of Hydraulic Engineering. Volume 89,
1972, 421 (PBE=2825€1=T/SL)

Wind energy generation with hyperbolic cooling towers,
217

CCCLING TCWERS/AERODYNANICS
Supperting studies {n heat dissipation, €2 (DOE/EV-
004€(Vels3})
CCOLING TCWEFS/AEROSOL WASTES
Eacterial aerceols fror ccoling towers, 259
COCLING TCWERS/AIRF PCLLUTICN
Afrberne menitoring of ccoling tower effluents. Velume I.
Technical susmary. Final report, 162 (FB=27507€)
COCLING TCWERS/AIR POLLUTICN CONTROL
Environmentel aspects of cooling tower selection, 248
CCGOLING TCWERS/AFMONIA
Accomplishments in the Department of Energy progranm on
advanced concepts for dry and dry/wet cooling, €0
(DOE/EV=004€(Vecl.3))
CCCLING TCWERS/EIELICGRAFHIES
Cocling towers (citations frem the NTIS data base).
Repert fer 15€4=August 1978, 104 (NTIS/PS=78/08%¢8)
Cecling towers: environmental studies (citations from
the engineering index data base). Report for 1570=
August 1578, 106 (NTIS/FS=78/0500)
Ccooling tecwers. Biblicgraphy, January=December 1578,
215 (TID=3360(Suppled))
CCCLING TCOWERS/ELOWDCWN
Environrental fmpacts of blowdown from saltwater cceling
towers as corpared to freshwater cocoling towers, 396
Recycle of power plant ccoling tower blowdown by
vertical tube evaporation with interface enhancement
utflizing waste heat, 409
CCOLING TCWERS/ELUWERS
Cacling tower with forced convection (Patent), 3€2
COOLING TCWERS/CHEMICAL EFFLUENTS
Afrberne trensmission of pathogenic organisms in cooling
tower drift, 23 (CONF=740107=2)

Astestaos in cocling=tower waters. Final report (Source,

hazards, and recommendations at nuclear power plants),
135 (NUREG/CR=0770)

Chalk Point Cooling Tower Project. Volume I, phase V.
Analysis and archiving program, FY?7. Final report,
1 July 1976=31 August 1977, 179 (PB=-284826)

Chalk Point Cooling Tower Project. Volume 2. Cooling
tower drift dye tracer experiment, FY77. Final
report, 1 July 1976=31 August 1977, 180 (PB=-284827)

Cooling tower effects on native perennjal vegetation.
August 1972=April 1975. Volume I. Sections I-IX.
Preoperational report (Data from Chalk Point Power
Plant in Maryland), 186 (PB=-286758)

Plume simulation model FOG description of the program
and input (Atmospheric transport of plumes from
cooling towers), 243 (ANL=Trans=1157)

Present knowledge on physical relations in drift
ejection from wet cooling towers and hitherto applied
measuring methods to determine the droplet size, 5
(AED=Conf=77=561-005 )

Programs FOGIPLT and FOG2PLT for plotting cooling tower
plumes calculated by the FOGi1I program, 228 (ANL=Trans-—
1163)

Rainfall enhancement due to washout of cooling tower
condensate, 198 (PNL=2500(Pt.3))

COOLING TOWERS/COMPARATIVE EVALUATIONS

Performance and capital costs of wet/dry cooling towers

in power plant service, 287
COOLING TOWERS/CONSTRUCTION

Cooling tower, especially for thermal power plants
(Patent), 294

Coecling tower (Patent), 304

Natural=draught cooling towers made of reinforced
concrete. State of the art and development
possibilfities, 301

COOLING TOWERS/CONTROL SYSTEMS
Cycle control cuts cocling=tower costs, 2€1
COOLING TOWERS/CORROSION

Chemistry research and development.
June=November 1978, 211 (RFP=2877)

Corrosion problems in cooling towers:
in practice, 41 (CONF=7611116~=P2)

COOLING TOWERS/CCRROSION INHIBITORS

Chemicals combat corrosion at Indiana plant, 238

COOLING TOWERS/COST

Comparison of cooling systems for dry cooling towers, 263

Natural=draught cooling towers made of reinforced
concrete. State of the art and development
possibilities, 301

Study of the comparative costs of five wet/dry coeling
tower concepts, 21 (BNWL=SA-6165)

Supporting studies in heat dissipation, 62 (DUOE/EV=
0046(Vole3))

COOLING TOWERS/DAMAGE
Prevention of frost damage in dry cooling towers, 270
COOLING TOWERS/DESIGN

Afr from new pipes.
cooling system, 299

Alr radiator cooling tower (Patent), 230

Cooling tower (Patent), 355

Cooling tower, especially for thermal power plants
(Patent), 294

Efffciency and utilization of cooling towers (Patent),
360

Estimate cooling tower requirements easfly, 250

Investigations concerning the development of design
parameters for a large=capacity hybrid cooling tower
by a group of operators, 2 (AED=Conf=77-561=002)

Know your cooling tower, 232

Managing waste heat with the water cooling tower, 227

MHD=ETF Program finel report, Jaruary 4, 7877=March 4,
1978. Valume 4E« Appendices A26=A28, 89 (FE=2613=
6(Vol.4E))

Non=ideal flow model for the design of spray towers for
the recovery of low grade heat, 26 (CONF=760588=P3)

One cooling tower instead of three, 376

Optimal design of wet cooling tower/once=through hybrid
cooling systems, 347

Study of the comparative costs of five wet/dry cooling
tower concepts, 21 ( BNWL=SA=6i65)

Trickle plate for cooling towers (Patent), 351

Waste heat disposal to alr with forced and natural
draft: some analytical design considerations, 3i9

COOLING TOWERS/DISPERSICNS

Development and verification of a wet cooling tower

drift deposition model, 340
COOLING TOWERS/DROPLETS

Equipment to separate liquid droplets from the cooling

air stream of a liquid cooling tower (Patent), 357
COOLING TOWERS/DYNAMIC LOADS

Finfte element fnstablility analysis of hyperbolic

cooling towers, 375
COOLING TOWERS/ECONOMIC ANALYSIS

Optimum combinations of cooling alternatives for stream =
electric power plants. Volume II. Firal report, 154
(PB=290576)

User's manual for the BNW=II optimization code for
dry/wet=cooled power plants, 203 (PNL=z674(Vol.1))

COOLING TOWERS/ECONOMICS

Cooling tower money making superstar, 374

Keep your cool when selectig the right tower, 267

Overview of {ssues affecting the demand for dry and
wet/dry cooling for thermal power plants, 20 (BNWL-
2268(Rev.))

Technical and economic fesasibilities of wet/dry tower

Progress report,

their prevention

MeAeNe has developed a new dry=




systens for weter conservation, £3 (DOE/ET=007€)
COOLING TCWERS/EFFICIENCY

Cooling tower creraticns with air/water interface and
energy censideraticns, 408

Cocling tower efficfency more than doubled, 229

Investigations concerning the development of design
paracseters for a large-capacity hybrid cooling tower
ty @ ¢group of operatore, 2 (AED=~Conf=77=561~002)

Process and device for ccoling liquid or vaporised
fluids (Nuclear power plants; patent), 358

Specific features of using various types of ccolers in
NPP with the N,0, ccolant, $7 (INIS=mf=4316€)

COCLING TCWERR/EMISSION

Cocling tower drift: experiment design for
corprehensive case study, 196 (PNL=2500(Pt.3))

Cocling tower drift: conprehensi{ve case study, 20€ (PNL~=
2850(Ft.2))

CQCLING TCHERS/ENERGY CONSERVATION

Cocling tower technology==cold water makes profits, 314

Cooling tower cperaticns with afir/water interface and
energy consideratjons, 408

Energy optinization of ccoling tower blowdown recovery,
407

COOLING TCWERS/ENVIRCNMENTAL EFFECTS

Analysis of the operaticn of atmospheric coolants (In
French), 321

Basic ccncert of & prediction model for the cooling
tower plume, 32€

Chalk Point cocling tower prcject: chalk point surface
weather and awbient etomospherfc profile data,
Septewber=December 197%, 175 (PP~284211)

Chalk Fcint cocling tower project: Chalk Point surface
weather end esrbient atmospheric profile data; second
fntensive test period, June 14=24, 1976, 177 ( PB-
284217)

Chalk Pcint Cocling Tcwer Project native vegetation
study. Firal report, 1 July 1977=30 June 1578, 150
(PE=28S1€3)

Cocling towey drift studies 2t the Paducah, Kentucky
Gasecus Diffusion Plent, 142 (ORNL/TM=-€131)

Effqcts of evaporative sslt water cooling towers on salt
spray end selt deposition en surrcunding seoils, 2236
Envircnrental Research Laboratories 1976 annual repert,

7 (ATDL=-77/23}

Envirecnzental effects of heat and rmoisture release from
atwosrheric spray ccoling systems, 31 (CONF~780520-7)

First annual report on weather modification effects of
cocling towers, 11 (ATDL=77/23)

Fog formaticn at evapocration cooling, 264

Hydroneteorclogical aspects of electric power production,
13 (ATDL=?7/23)

Heteorclogical Effects of Thermal Energy Releases (METER)
Programe Annual progress report, October 1576=
Sqptenber 1977, 143 (OFRNL/TM=6248)

Meteorclogical Effects of Thermal Energy Releases (METER)
Programe Annual progress report, October 1977=
Septenber 1978, 158 (GFNL/TN=-€867)

Cbservation of cooling tower plume effects on total
solar radieticn, 310

Observed and predicted ccoling tower plume rise at the
John E. Awcs Power Plant, West Virginie, 10 (ATDL-
?7/23)

Other fupacts, 334

Cverview of the Department of Energy's Meteorological
Effects of Thermal Energy Releases (METER) Program, 5%
(DOE/EV=004€(Vol.3})

Potentizl environmental effects asscciated with brackish
water cocling towers at Chalk Pofint, Maryland, 2£
(CONF=-7€0425~)

Prediction methads of cocling tower plumeu. Parts I-II,
~2\-

Water veror imeissfons in the region of a conventicnal
thernel power staticn, 400 (ANL-Trana=1155)

COOLING TCWERS/ENVIRONMENTAL IMPACTS

Cacling tower environrental impact prediction in the
case c¢f nuclear power plant mixed cooling system, 382

Environrental iwpacts of blowdown from saltwater cooling
towers as ccmpared to freshwater cocling towers, 396

Evalustion of proposed TG and E (Tucson Gas and Electric
Cowpany ) wastewater discharge on groundwater in the
Tucsen Basin. Final report, 160 (PB=2770568)

Examination of some arbient particulate monitoring
techniques used for siting and environmental impact
assessment of brackish water cooling towers, 339

Inpacts of transmission lines on birds in flight,
Proceedings of a workshop held at Oak Ridge Associated
Universities, ODak Ridge, Tennessee on 31 January=2
February 1978, 187 (PB=286931)

Review of potential biclogical impacts of cooling tower
salt drift, 242

COOLING TCWERS/EXPERIMENT FLANNING

Cocling tower drift: experiment design for

comprehensive case study, 196 (PNL=2500(Pt.3))
COOLING TOWERS/FEASIBILITY STUDIES
Technical and econowic feasibilities of wet/dry tower
systers for water conservatiocn, §3 (DOE/ET=-0076)

COOLING TCWERS/FEEDWATER

Reverse osmosls to achlieve water control and recycle, 273
COOLING TOWERS/FOG

Fog fermaticn at evaporation cooling, 264
COOLING TOWERS/HEALTH HAZARDS

Other impacts, 334
COOLING TCWERS/HEAT EXCHANGERS

Dry=type cooling tower with at least approximately
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hori{zontally arranged heat exchanger elements (Patent),
268

Dry=type cooling tower with at least exchanger elements
(Patent), 269

Evaporation heat exchanger (Patent), 356

Flow losses {n oblique heat—exchangers for dry cooling
towers of large power plants, 318

COOLING TOWERS/HEAT TRANSFER

Contribution to the calculation of direct water~to-air
heat exchangers, i,e. without partitions, 352

Cooling methods for power plants, 94 (IJS-106/5019~77)

Investigations of effects of thermal discharges in Rhine
river waters. Part of e& coordinated programme on the
physical and biological effects of cooling systems and
thermal discharges at nuclear power plants. Final
report for the period 1 January 19?74 - 30 April 1977,
93 (IAEA=R=1456=F)

COOLING TOWERS/HYBRID SYSTEMS
Development and construction investigatior for a high=
power combined wet/dry cooling tower, 279
COOLING TOWERS/ICE
Reducing cooling tower icing potentfal, 255
COOLING TOWERS/IMPACT STRENGTH

Deformation and stability of wind loaded hyperbolic

cooling tower shells, 245
COOLING TOWERS/MARKET

VGB guldelines for inquiries and orders of cooling

towers, 241
COOLING TOWERS/MATERIALS

Cooling water systems:
construction, 396

Preservative treatment of cooling tower lumber, 289

COOLING TOWERS/MIST EXTRACTORS
Numerfical simulation of cooling tower drift eliminator
performance, 389
COOLING TOWERS/NOISE POLLUTICON CONTROL
Environmental aspects of cooling tower selectfon, 248
CUOLING TOWERS/OPZRATION

Analysfs of the operation of atmospheric coolants (In
French), 321

Cocling water systems:
construction, 306

Effect of wind on the operation of dry cocling towers
for the circulating water at thermal power plants, 258

Keep your cool when selectig the right tower, 267

Know your cooling tower, 232

Study of a flufdized turbulent bed contactor with
application to cooling towers, 366

COOLING TOWERS/OPTIMIZATION

Construction and plume observation on a dry/wet test
cell in the Marbach III power plant, 4 (AED=Conf=77=
561=-004)

Integrated optimization of dry ventilation cooling
touwers of gas turbine power plants taking account of
operating mode factors, 342

Optimal design of wet cooling tower/once=through hybrid
cooling systems, 347

Optimization of low-potential complex of nuclear power
plants with a mixed system of circulating water supply,
291

COOLING TOWERS/PERFORMANCE

Comparison of cooling systems for dry cooling towers, 263

Cooling methecds for power plants, $4 (IJS-106/5019-77)

Cooling tower and makeup water treatment eliminate
condenser deposits, 413

Cooling towers, design and plume behavior, 322

Cocling tower recirculation as influenced by the local
atmospheric flow ffeld, a numerical model, 98
(K/C8D/INF=79/6)

heat rejection system (Patent), 303

Influence of radiation upon the heat transfer and Lewis
factor in evaporation cooling, 249

Non=ideal flow model for the design of spray towers for
the recovery of low grade heat, 26 (CONF=760588=P3)

Operational experience with a BASF dry/wet cooling tower.
Pte Ile Thermodynamic investigations, 275

OQverview of fssues affecting the demand for dry and
wet/dry cooling for thermal power plants, 20 ( BNWL=
2268(Rev.))

Single=cell cocling tower performance studies. Part I:
the effect of reduced tip clearance on fan performance.
Part II: the effect of reduced tip clearance on
cooling tower performance (Effects of reduced blade
tip clearance on fan end tower performarce), 100 (K/GD-
1967)

Standerdized calculatjon of cooling towers (In German),
102 (NP=23707)

Supporting studies in heat dissipation, 62 (DOE/EV=-
0046(Vol.3))

Technical and economic feasibilities of wet/dry tower
systers for water conservation, 53 (DOE/ET=0076)

Wet cooling towers and reservoirs, an alterrative to dry
cooling towers, 247

COOLING TOWERS/PERFORMANCE TESTING

Examination of specific aspects of cooling tower testing
methodology. Final report, 84 (EPRI=FP=-953)

Overview of lssues affecting the demand for dry and
wet/dry cooling for thermal power plants, 20 ( BNWL=
2268(Rev.))

Types of dry/wet cooling tower cells. Prelirinary
plume observations with test cells in the
Gemeinschaftskernkraftwerk Neckar (GKN), 272

treatment and materials of

treatment and meterials of
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COCLING TCWERS/FLUMES

Airberne manitoring cf ccoling tower effluents. Volume I.
Technical surmary. Finel report, 162 (PB=27907€)

Constructional types of hybrid tower cells. First plume
observations on experinrental cells In the
Gereinschaftskernkraftwerk Neckar (GKN), 3 (AED=Conf-=
77=5€1=003)

Canstruction and plume otservation on a dry/wet test
cell in the Marbach III power plart, 4 (AED=Conf=77=
561=004)

Caocling tower drift mcdel, 416

Cooling tower recirculation as influenced by the local
atmospheric flow field, a numerical model, 98
(K/CSD/INF=75/6)

Dafly observations of visible plume length at TVA's
Paradise Cceling Towere, 8 (ATDL=77/23)

Drift wodeling and monitoring comparisons, 308

Investigations of effects of therral discharges in Rhine
river waters. Part of a coordinated programme on the
physical and biological effects of cooling systems and
therozel discharges at nuclear power plants. Final
report fer the period 1 Jenuary 1674 = 30 April 1977,
93 (IAEA~EK~1456=F)

Predicted climatology ¢f cooling tower plumes frow
energy centers (Environmental effects of postulated
energy park with 100 ccoling towers), § (ATDL=77,23)

Report on ATDL research on meteorolegical effects of
therral energy releases, August 1, 1976=September 31,
1877 (Therossl and smoke plume transport), 148 (CRNL/TM=
6248 )

COOLING TCWERS/PUKPS

Close study of cocling=tecwer pump intakes adds to
relfatility cver performance ranrge, 240

Effect c¢f civil engineering and access conditions on the
coolirg water pumps and the varicus types of cooling
water pumps for coocling towers, 379

COOLING TOWERS/RELIABILITY

Close study of cooling=tower pump intakes adds to

reliatility over perforrance range, 240
COULING TOWERS/RESEARCH PROGRAMS

Meteorological Effects of Thermal Energy Releases (METER)
Progranm. Annual progress report, October 1877=
Septenber 1578, 158 (OFNL/TM~6867)

CGOLING TCWERS/RETROFITTING
Cocling tcwer efficlency more than doubled, 229
COOLING TCWERS/SCALING
Corrosicn problems in cocling towers: their prevention
in practice, 41 (CONF=761111€=F2)
COCLING TCWERS/SEISMIC EFFECTS
Saismic design of hyperbeclic cooling towers, 405
Selswic response of & column=supported cooling tower, 343
COQLING TCWERS/SITE SELECTION

Plumes frow one and two cooling towers, 151 (ORNL/TM=
6248 )

COQLING fﬂHERS/STANDARDIZED TERMINOLOGY

PHysical parameters in ccnnection with the cooling tower
reasurement caspaigns, 101 (N~78-14764)

Piysical quantities related to measurement campaigns for
cooling towers, 50 (DFVLR=IB=553=75/15)

COOLING TCWERS/STRESS ANALYSIS
Finite element instability analysis of hyperbolic
. cooling towers, 37§

COCOLING TCWERS/TECHNOLCGY ASSESSMENT

Cooling gcwer technolegy at a turning point, 298

Heat trensfer survey 1974, 417

Fodern cooling-tower techniques, 252

COOLING TCWERS/THERMAL EFFLUENTS

Convection above cooling towers, 414 (ANL=Trans=1145)

Cooling tower plume measurements (Ealloon/radiosonde
sampling method), 394

Descripticn of the Model SMOKA for calculating cooling
tower emjssions and their effects, 244 (ANL=Trans=1154)

Drift-mcdeling and monitoring comparisons (Cooling tower
thermel effluent plurme drift deposition), 14 (ATDL-
77/23;

Laboratcry simulations of interactive plumes from
rechanical draft cooling towers, 159 (PNL=-2500(Pt.3))

Local precipitation increases caused by scavenging of
cooling tower plumes, 153 (ORNL/TN=€248)

Mathesatical model for nultiple cooling tower plumes.
Final repcrt, 184 (PB-2863€4)

METER=ORNL precipitation network: from design to data
analyeis (For measurement of precipitation responses
to ccaling tower plumes at Bowen Electric Generating
Flant in Georgla), 156 (ORNL/TM=6523)

Observed and predficted ccoling tower plume rise at the
John E. Amcs Power Plant, West Virginie, 10 (ATDL-
?7/23)

Plure simulation model FCG description of the program
snd input (Atsospherfic transport of plumes from
cooling towers), 243 (ANL-Trans=1157)

Prograss FQGIPLT end FOG2PLT for plotting cooling tower
pluwes calculated by the FOGl program, 228 (ANL=Trans-
1163)

Rainfall enhencement due to scavenging of coocling tower
condensate, 1€4 (ORNL/TM=€248)

Report on ATDL research cn smeteorolcgical effects of
thercal energy releases, August 1, 1976=September 31,
1977 (Thermal and smoke plume transport), 148 (ORNL/TM-
€248)

THermal pollution of the atmosphere, in particular due
to power plant parks, $6 (INIS=mf=4097)

Waste heat discharge from power plant cooling towers.

A contribution to the discussion of siting problems in
the planning of power plants and power plant parks, 95
(INIS=mf=4097)

COCOLING TOWERS/VENTILATIOW

Dry/wet water ccoling tower ventilated from ground level
(Patent), 282

Fan energy costs in cooling towers, 367

COOLING TOWERS/WASTE HEAT

Differences in atmospheric convection caused by waste
energy rejected in the forms of sensible and latent
heats (Comparison of environmental effects of dry and
wet cooling towers), 149 (ORNL/TM=6248)

COOLING TOWERS/WATER POLLUTION CONTROL
Environmental aspects of cooling tower selection, 248
COOLING TOWERS/WATER REQUIREMENTS

Considerations and calculations on the necessity of make=
up water {n the cooling tower of a geothermal electric
power plant, 381

COOLING TOWERS/WATER TREATMENT

Cooling tower and makeup water treatment eliminate

condenser deposits, 413
COOLING TOWERS/WATER VAFOR

Convection above cooling towers, 414 (ANL-Trans=3145)

Description of the Model SMOKA for calculating cooling
tower emissions and thefr effects, 244 (ANL=Trans=-1154)

COPPER ALLOYS/STRESS CORROSION

Stress corrosion cracking of admiralty bress in aqueous

copper sulfate, 385
COPPER OXIDES/BIOLUGICAL EFFECTS

Biofouling control investigations: i8=month summary

report, 81 (EPRI=-EA=1082)
COPPER SULFATES/CORROSIVE EFFECTS

Stress corrosion cracking of admiralty brass {n aqueous

copper sulfate, 385
CORROSION INHIBITORS/BIOLOGICAL EFFECTS

Chemfcal effects of power plant coocling waters: an
annotated bibliography, 80 (EPRI=EA=i072)

Study of the influence of cooling water additives on
surface waters, 103 (NP=23880)

CORROSIDN INHIBITORS/ENVIRONMENTAL EFFECTS

Chemical effects of power plant cooling waters: an

annotated bibliography, 80 (EPRI=Z£A=-1072)
CORROSION INHIBITORS/PERFORMANCE

Laboratory testing of corrosion inhibjtors for

recirculating cooling water systems, 234 (STU=76-3279)
CORROSION INHIBITORS/TOXICITY

Chemical effects of power plant cooling weters: an

annotated bibliography, 80 (EPRI-ZA=1072)
COsT

Accomplishments {n the Department of Energy program on
advanced concepts for dry and dry/wet cooling, 60
(DOE/EV=0046(Vele3))

Comparative cost study of four wet/dry cocling concepts
that use ammonje as the intermediate heat exchange
fluid, 202 (PNL=2661)

Comparative cost study of various wet/dry cooling
concepts that use armonia as the intermediate heat
exchange fluid, 54 (DOE/ET-(076)

Comparison of cooling systems for dry cooling towers, 263

Conceptual designs and cost estimates of mechanical
draft wet/dry and natural draft dry cooling systems
using Curtiss=Wright integral fin=tube heat exchangers,
48 (C00-4218=2)

Cooling systems addendum: capital and total generating
cost studies, 107 (NUREG=0247)

Cooling tower operations with air/water interface and
energy considerations, 408

Cooling water intakes ut{lizing Ranney Collectors or
Ranney Intakes, 108 (NUREG/CP=0002)

Development and construction investigatior for a high=
power combined wet/dry cooling tower, 279

Dry=type cooling tower with at least approximately
horizontally arranged heat exchanger elements, 2686

Dry=type cooling tower with at least exchanger elements,
269

Economics of conserving water by use of alternative
cooling methods for large nuclear, fossil, and
combined cycle power plants, 86 (EPRI=RP=927-1)

Engineering and cost analysi{s of a dry cooling system
augmented with a thermal storage pond, 205 (PNL=2745)

Environmental assessment of cooling reservoirs, .28
(NUREG/CR=0514)

Fixed mirror solar concentrator for application to a 100
MW(e) electric generating plant, 91 (GA-A=15340)

Geothermal plants in Italy, 425

Heat cost in a Swedish agrothermal plant, 256

Heber geothermal demonstration power plant. Final
report, 83 (EPRI=-ER=1099)

Natural=draught cooling touwers made of reinforced
concrete. State of the art and development
possibilities, 301

Optimization of design specificatfons for large dry
cooling systems. Final report, June 1$75=June 1978,
183 (PB=285924)

Optimum combinations of cooling alternatives for stream =
electric power plants. Volume II. Final report, 194
(PB=290576)

Overview of fssues affecting the demand for dry and
wet/dry cooling for thermal power plants, 20 (BNWL=
2268( Reve })

Overview of Hz8 control technology for geothermal energy
sources, 58 (DOE/EV=0046(Vol.3))

Performance and capital costs of wet/dry cooling towers



in pewer plant service, 287

Requirements assessment cf photovoltaic power plants in
electric utility systems, 82 (EPRI=-ER=685(Vol.3)(App.))

Solar assisted heat pumps for motel applications {n La
Cuints Motor Inn, Salt Lake City, Utah, 32 (CONF=-
780701~(Rev.))

Specific features of using various types of coolers {n
NPP with the N0, coolant, 97 (INIS=mf=4316)

Study of the comparative costs of five wet/dry cooling
tower concepts, 21 (ENWL=SA=6165)

Supporting studies in heat dissipation, 62 (DOE/EV=
004€6(Valed})

VGE guidelines for inquiries and orders of cooling
towers, 241

Waste heat rejection from geothermal power stations, 157
(ORNL/TM=€533)

waste heat dispesal to air with forced and naturail
draft: sore analytical design considerations, 319

Waste heat panagement in the electric power industry:
f{ssues of energy conservation and station cperation
under environmental constraints, €1 (DOE/EV=0046(Vol.3))

Water consurption and cests for various steam electric
power plant cooling systems. Final report, October
1977=January 1978, 182 (PE-285397)

Wet ccoling towers and reservoirs, an alternative to dry
cooling towers, 247

Wind enmergy generation with hyperbolic cecoling towers,
217

CRABS
8ee CRUSTACEANS

CREEKS

See RIVERS

CROPS/CCNTAMINATION

CHalk point ccoling tower project: cooling tower effects
on crcps and soils. preoperational report. Report
for April) 1973«April 1¢?5, 170 (FB=284075)

Chalk pcint cocling tower project: cocling tower effects
on crcps and soils. Frecperational report, appendix.
Report for Apr{l 19?3=April 1975, 171 (PE=28407€)

Chalk peint cocling tower project: coocling tower effects
on crcps and soils. Fostoperational report No. 1,
Vaolume 1. Finel rerort, May 197S=April 1576, 172 (PB=-
284077)

CHalk pcint cooling tower project: cooling tower effects
on crops and soils. postoperational report no. 1,
volumwe 2. Final report May 197E=-April 1976, 173 (PB=-
20407¢)

Chalk pcint cocling tower project: ccoling tower effects
on crcps and soils. post operational report no. 2.
Final report FY 1977, 174 (PB=2840%4)

CRCPE/FRCIUCTIVITY

Chalk pcint cocling tower project. Vclume 1. salt
loading, nodeling, and aircraft hazerd studies.
Finsl repcrt 1 July 1S76=30 June 1977, 1€7 (PB=284058)
Cocling tower effects on native perennial vegetation.
August 1672=April 1975. Volume 1. Sections I-IX.
Preaperational repcrt (Data from Chalk Point Power
Flant in Faryland), 18€ (FB=2867£8)

CRUDE OIL

See FETRCLEUM

CRUSTACEARS

See also Z00FLANKTON

CRUSTACEANS/FCPULATICN DYNAMICS

Analysis of ropulatfons cf bering and fouling organisms
fn the vicinity of the Oyster Creek Nuclear Cenerating
Staticn. Quarterly progress report, March~May 1979,
13S (NUREG/CF=1015)

CYCLCNE SEFARATURS/PERFORMANCE

Cleaning of gases from tte Incineration of waste
reterials, 424

TATA ACCUISITION SYSTENS

Storms cver the METZR=CRML Frecipitation Network: the
first six menths, 15S (ORNL/TM=€883)

CATA ACCUISITION SYSTEMS/MEASURING INSTRUMENTS

METEF=CFNL rrecipitation network: from design to data
analysis (Fcr measurement of precipitation responses
te cocling tower plumes at Bowen Electric Generating
Flant in Geergta ), 15€ (ORNL/TM=€523)

DECHLORINATICN/EICLOGICAL EFFECTS

BEfcfculing control investigations: 18-month summary
repert, €1 (EPRI-EA=1082)

DEMONSTFATION PLANTS

See also INDUSTRIAL FLANTS

DEMONSTRATICN FLANTS/MASTE WATER

Conceptral designs for water treatrent in demonstration
plante,. I1. Appendix = design procedures, 90 (FE=-
2638=T2)

DESIGN

Aoccorplishrents In the Department of Energy prograr on
advanced concepts for dry and dry/wet cocling, €0
(DOE/EV=0046(Vole3))

Alr frovr new pipes.
cooling system, 295

Afr rediator cooling tower, 230

Analysies of the operation of atmospheric coolants, 321

Basic design principles for a seawater natural draught
coolirg tower, 2€2

Close study of cooling=tcwer pump intakes adds to
reifatility over perfcrmance range, 2490

F.A.N. has developed a new dry=
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Closed=circuit cooling in a nuclear power station with
high=temperature reactor and helfum turbine, 332

Conceptual design study advanced concepts test (ACT)
facility, 204 (PNL=-2715)

Conceptual design and cost evaluation of a high
performance dry cooling system, 47 (C00-4218-1)

Conceptual designs and cost estimates of mechanical
draft wet/dry and natural draft dry cooling systems
using Curtiss=Wright integral fin=tube heat exchangers,
48 (C00=4218=2)

Construction of the Gnfikobe geothermal power plant, 402

Cooling tower, 355

Cooling towers: design and performance (citations from
the Engineering Index Data Base). Report for 1970~
August 1978, 105 (NTIS/PS=78/0899)

Cocoling tower, especially for thermal power plants, 294

Cooling tower money making superstar, 374

Cooling towers, design and plume behavior, 322

Critical paths to coal utilization, 2?7 (CONF=770509=)

Cross wind and internal flow characteristics of dry
cooling towers, 286

Design considerations for a mechanfcal dreft cooling
tower, 404

Different types of cooling towers {nfluerce the design
and the conditions of the inlet of cooling water pumps,
378

Dry=type cooling tower with at least approximately
horizontally arranged heat exchanger elements, 268

Dry=type cooling tower with at least exchanger elements,
269

Efficiency and utilization of cooling towers, 360

Engineering considerations {n the use of ertificial
filter beds, 109 (NUREG/CP=0002)

Engineering evaluation of porous=dike intake screening
systems, 110 (NUREG/CP=0002)

Engineering and cost analysis of a dry coolirg system
augmented with a thermal storage pond, 205 (PNL=2745)

Engineering aspects of Passavant screening, 123
(NUREG/CP=0002)

Estimate cooling tower requirements easfily, 250

Evaporation heat exchanger, 356

Exploitation of soclar energy via modular power plants
and multiple utflfzation of waste heat, 34.

Fan energy costs in cooling towers, 367

Finite element instability enalysis of hyperboilc
cooling towers, 375

Heat exchangers, 292

heat rejection system, 303

Heber geothermal demonstration power plante. Final
report, 83 (EPRI=ER=1059)

Hydrologic engineering considerations for Ranney
Collector Well Intake Systems, 122 (NURZG/CP=0002)

Investigetions concerning the development of design
parameters for a large=capacity hybrid cooling tower
by a group of operators, 2 (AED=Conf=77 :56.=002)

Know your cooling tower, 232

Managing waste heat with the water cooling tower, 227

Matsukawa geothermal power plant= Encounter with energy
saving age, 333

METER~ORNL precipitation network: from design to data
analysi{s, 156 (ORNL/TM=6523)

Method of calculation of dyramics and thermics of
cooling reserveirs, 222

Method to remove the waste heat from the cooling circuit
of industrfal plants, 361

MHD=ETF Program final report, January 4, .977=March 4,
1978, Volume 4E. Appendices A26-A28, 89 (FE=26.3-
6(Vols4E))

Noise contrel engineering at the Mobil Lubricating 011
Refinery, Port Stanvac, South Australia, 40 (CONF=
7608122=)

Non={deal flow model for the design of spray towers for
the recovery of low grade heat, 26 (COMNF=760588=P3)

One cooling tower instead of three, 376

Optimal design of wet cooling tower/once=through hybrid
cooling systems, 347

Optimization of design specifications for large dry
cooling systems. Final report, June .$7?5=June 1976,
183 (PB=285924)

Optimization=simulation methodology for wet/dry cooling.
Final report, 85 (ZPRI=FP=1056)

Plant comprising a power station and a cooling tower, 253

Preliminary design package for solar heating and cooling
systems, 64 (DOE/NASA/CR~150674)

Primer on the rejection of waste heat from power plants.
Consultant report, 338

Problems of designing cooling circuits, 3€9

Progress on research ¢n open circulating water cooling
systems for large electric power plants. Progress
report No. 1, 165 (PB=283218)

Razdan (Rasdan) Thermal Power Station, S5i (DOE/ET=0076)

Reflections on the state of the art of natural=draught
cooling tower design, 266

Reverse osmosis to achieve water control and recycle, 273

Safety considerations report: Montana Component
Development and Integration Facflity (CDIF), 2i6 (TID=
29084)

Scaling up of a direct contact heat excharger, 420

Solar project description for Trintty University Power
Plant No. 2, 2i3 (SOLAR/2004=79/50)

Some extra=high capacity heat exchangers of special
design, 41¢
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Statistical ccnparison and choices of sampling designs
for estimeting fish fmpingement at cooling water
fntekes, 384

Status report on the ammcnia, phase-~change dry cocling
systen research project, 55 (DUE/ET=0076)

S4eaw plant operation, 415

Study of & fluidized turtulent bed contactor with
applicaticn toc cooling towers, 3266

Study of the comparative costs of five wet/dry caoling
tower concepts, 21 (BNWL=SA=€165)

Supporting studies in heat dissipation, €2 (DOE/EV=
004€(Vel.3))

Syster of heat remagval for an electric power station
located In a dry subtropical climate, 52 (DOE/ET=0076)

Teclinical sand economic feasibilities of wet/dry tower
systerms fcr water conservation, 53 (DOE/ET~0076)

Trickle plate for cooling towers, 361

Valves for condenser=cacling=water circulating piping in
thierwal power station and nuclear power statfon, 358

Waste heat dispcsal te air with forced and natural
draft: scome snalytical design considerations, 319

DEW POINT/LCATA ACQUISITICN

Afrborne manftoring of ccoling tower effluents. Volume I.

Technical summerye. Final report, 162 (PB=27907€)
DEW FOINT/DATA CCMPILATICN

CHalk Pcint cooling tower project: Chalk Point surface
weather and arbient atnospheric profile data; firast
fntensive test period, December 15-19, 1§75, revision,
176 (FB=284212)

DIRECT CYCLE COQLING SYSTENS/DESIGN

Closed=circuit ccoling in a nuclear power station with

high=temperature reactor and helium turbine, 332
DISTRIBUTED CCLLECTOR POWER PLANTS/DESIGN

Exploitation of sclar energy via modular power plents

end sultiple utflization of waste heat, 341
DISTRIBUTED COLLECTOR POWER PLANTS/RANKINE CYCLE
Explofitation ot solar energy via modular power plants
and rultigle utilizaticn of waste heat, 341
DIESTRIBUTICN
(For energy distributicn see ENERGY SPECTRA.)
DISTRIBUTICN/TEMFERATURE EFFECTS
THermal effects, 281
DISTRIBUTICN/THERMAL EFFLUENTS

Therral regimes of upper Kississippi{ and Missouri Rivers
snd Hybrid once-through=-wet tower cooling systers for
pouer plants, 373

DRCPLETS /AERCLYNAMICS

Drift=ncdeling end wmonitecring comparisons (Cecling tower
thernal effluent plume drift deposition), 14 (ATDL~-
?7/23

DRQFLETS/DEFGSITION

Cooling tower drift study at Oak Ridge Gaseous Diffusion

Flant, 95 (K/GD=1917)
DROPLETS/ENVIFONMENTAL TRANSPORT

Ceoling tower drift study at Cak Ridge Gaseous Diffusion

Flant, S§ (K/GD=1917)
DROPLETS/EVAFORATION

Cocling teower drift: exgeriment design for
conprehensjve case study (Fossil=fuel power plant
therral effluents), 14€ (ORNL/TM=6248)

DROPLETS/FARTICLE SIZE

Cooling tower drift: experiment design for
comprehensive case study (Fossil=fuel power plant
therral effluents), 14€ (CFNL/TM=€248)

Fresent knocwledge on ghysical relations in drift
ejection fror wet cooling towers and hitherto applied
measuring methods to determine the droplet size, §
(AED=Conf=77=561=005)

DROPLETS/VARCR CONDENSATICN

Drift-mcdaling and monitering comparisons (Cooling tower
therzel effluent plume drift depc:ttlon), 14 (ATDL-
77723

DRY=TYFE COOLING TOWERS
See CLOSEL=CYCLE CCCLING SYSTEMS
DUAL~PURFCSE FOWEFR PLANTS/SPECIFICATIONS
Razdan (Rasdan) Thermal Fower Steation, 51 (DOE/ET=0076)

EARTH ATMCSFHERE/AIR PCLLUTION
Cocling tower drift study at Oak Fidge Gaseous Diffusion
Flant, §§ (K/GD=1917)
Frogrars FOGL1FLT and FOGZFLT for plotting cooling tower
;lunes calculated by the FCGY program, 228 (ANL=-Trans-
163)
EARTH ATMCSPHERE/CONVECTICN
Differences in atraspheric convection caused by waste
energy rejected in the forms of sensible and latent
heats, 30&
EARTH ATMCSFHERE/THERMAL FCLLUTION
Chalk peint cocling tower prcject. Volume 1. salt
loadingy modeling, and aircraft hazard studies.
Final report 1 July 197€~30 June 1977, 1€7 (PB=284058)
Cacling tower drift study at Oak Fidge Gaseous Diffusion
Flent, 9§ (K/GD=-1917)
Description of the Model SMOKA for calculating cooling

tower erissions end their effects, 244 (ANL=Trans=1154)

Differences In etmospherfc convection caused by waste
energy rejected in the forms of sensible and latent
heats, 308

Differences in atmospheric convection caused by waste
energy rejected in the forms of sensible and latent
heats, 311

Flight measurements on cooling tower plumes: measurement
data from the NEURATH II Measurement Prograz on wet
natural draft cooling towers, 239 (ANL=Trans=1160)

Mathematical model for multiple cooling tower plumes.
Final report, 184 (PB=286364)

Programs FOGI1PLT and FOG2PLT for plotting cooling tower
;lgges calculated by the FOGL program, 228 (ANL=-Trans-

163)
Storms over the METER-ORNL Precipitation Network: the
first six months, 159 (ORNL/TM=-6883)
Thermal pollution of the atmosphere, in particular due
to power plant parke, 96 (INIS=mf=4097)
Waste heat discharge from power plant cooling towers.
A contribution to the discussion of siting problems {n
the planning of power plants and power plant parks, 95
(INIS=mf=4097)
EARTH ATMOSPHERE/WATER VAPOR
Description of the Model SMOKA for calculating cooling
tower emissions and thelr effects, 244 (ANL-Trans=1154)
Storms over the METER=ORNL Precipitation Network: the
first six months, 159 (ORNL/TM=6883)
EARTHWORMS

See ANNELIDS
ECOLOGICAL CONCENTRATION

See also ENVIRONMENTAL TRANSPORT
ECOLOGICAL CONCENTRATION/TEMPERATURE EFFECTS

Dynamics of manganese, cadmium, and lead in experimental
power plant ponds, 161 (PB=279032)

ECONOMICS

Brackish groundwater for power plant cooling in
California, 349

Clean energy from humid afr, 30 (CONF=771203=)

Cleaning air=cooled equipment saves money, 265

Comparative cost study of various wet/dry cooling
concepts that use ammonia as the intermediate heat
exchange fluid, 54 (DOE/ET=0076)

Conceptual desfign and cost evaluation of 2 high
performance dry cooling system, 47 (C00-4218=1)

Conceptual designs and cost estimates of mechanical
draft wet/dry and natural draft dry cooling systems
using Curtiss=Wright integral fin=tube heat exchangers,
48 (C00=4218=2)

Cooling towers: design and performance (citations from
the Engineering Index Data Base). Report for 1970=
August 1978, 105 (NTIS/PS-78/0899)

Cooling tower money making superstar, 374

Criteria for structural optimization of ratural-draught
cooling towers with a view to stabilifity, construction,
and rentability, 320

Dry cooling for power plants: {ncentives, problems, and
R and D activities, 22 (BNWL=8A=6290)

Economics of conserving water by use of alternative
cooling methods for large nuclear, fossil, and
combined cycle power plants, 86 (EPRI=RF=927=1)

Effect of alternate cooling systems and beneficial use
of waste heat on power plant performance, 49 (C00=4531=
3)

Engineering evaluation of porous=dike intezke screening
systems, 110 (NUREG/CP=0002)

Environmental {mpacts of blowdown from saltwater cooling
towers as compared to freshwater cooling towers, 396

Fan energy costs in cooling towers, 367

Geothermal power plants of Japan: a techrical survey of
existing and planned installations. Report No.
CATMEC/9, 46 (CO0=40851-16)

Heat cost in a Swedish agrothermal plant, 256

Ice pond coeling of a power plant, 254

Keep your cool when selectig the right tower, 267

Offshore heat dissipation for nuclear energy centers,
155 (ORNL/TM=6435)

Optimal design of wet cooling tower/once=through hybrid
cooling systems, 347

Optimization of low=potential complex of ruclear power
plants with a mixed system of circulating water supply,
291

Optimization=simulation methodology for wet/dry cooling.
Final report, 85 (EPRI=FP=3096)

Optimum combination of selected cooling alternatives for
electric power plants, 348

Overview of issues affecting the demand for dry and
wet/dry cooling for thermal power plants, 20 ( BNWL=
2268(Rev.))

Preview control applied to cooling systems of power
plants, 372

Reducing cooling tower icing potential, 55

Requirements assessment of photovoltaic power plants in
electric utility systems, 82 (EPRI=ER=685(Vol.3)}(App.))

Study of a fluidized turbulent bed contactor with
application to cooling towers, 366

Technical and economic feasibilities of wet/dry tower
systems for water conservation, 53 (DOE/ET~0076)

Wet cooling towers and reservoirs, an alternative to dry
cooling towers, 247

EFFICIENCY

Coolant circuit for a power station and process for
operating coolant circuit, 353

Cooling tower operations with air/water irterface and
energy considerations, 408

Cocling tower efficiency more than doubled, 229

Effect of wind on the operation of dry cooling towers
for the circulating water at thermal power plants, 258



Efffclency and utilizaticn of cocling towers, 360

Environmental assesanent of cooling reservoirs, 128
(NUREC/CR=0514)

Gectherral power plants aof Japan: a technical survey of
existing end glanned {nstallations. Report No.
CATMEC/S, 4€ (L00=4081<16)

Investications concerning the development of design
rarameters for a large=capacity hybrid cooling tcwer
by a grour of operatcrs, 2 (AED=Ccnf=77=561=002)

Keep ycur cccl when selectig the right tower, 267

Precifpitation as atmospheric disturtance in the
cpereticn of natural=dreught dry cecling towere, 233

Procesa and device for ccoeling liquid or vaporised
fluide, 358

Specific features of using various types cf ccolers {n
NPF witH the N,0, coclant, 97 (INIS=mf=431€)

Waste heat rejection fror geothermal power stations, 1§57
(ORNL/TM=€E32)

EFFLUENTS (CHENMICAL)
See CHEMICAL EFFLUENTS
EGGS/ENTRAINMENT

Entrainment of ichthycplankton and larval fishes during

cocling water withdrawal, 71 (DP=i489)
EGGS/HATCHING

Heat shcck threshold estimation for fish eggs and larvae

in power plant ceoling systews, 28 (CONF=771042=)
ECGS/THERNAL SHCCK
Heat shock threshold estiration for fish eggs and larvae
in power rlant cocling systems, 28 (CONF=77184Z~
ELECTRIC FOWER/ENVIRONFENTAL EFFECTS
Cther {npects, 334
ELECTRIC FOWER/HEALTH HAZARDS
Other {mpacts, 334
ELECTROSTATIC PRECIPITATORS/PERFORMANCE

Cleaning cof gases frcm tle fncineration of waste

raterials, 424
EMERYONIC DEVELOPMENT

See CNTOGENESIS
EMISSION/EVALUATICN

Assessrent of atmospheric erissions from petroleun

refining, 73 (EPA=€00/7=78~1€8)
ENERGY CCOMPLEXES

See EMERGY PAFKS
ENERGY CONSERVATION/INFCRMATION

Cn time, information, and energy conservation, 140
(ORAU/IEA=78-22(R))

ENERGY CCNSERVATIGON/TIME DEFENDENCE

On time, information, and energy conservation, 140
(ORAU,IEA-78=22(R))

ENERGY FAFKS/CCOLING TCWERS

Fredicted climatology of coaling tower plumes fror
energy centers (Environmental effects of postulated
energy park with 100 ccoling towers), § (ATDL=77,/23)

ENERGY PARKS/ENVIRONMEINTAL EFFECTS

Fredicted climatology of coaling tower plumes from
energy centers (Envirormental effects of postulated
energy park with 100 ccoling towers), § (ATDL=77,/23)

ENERGY FARKS/THERMAL POWER PLANTS

Concerning the therral load on the atmosphere especially
fron power station parks, 364 (ANL-Trans=114€)

Noise rediation from energy center cooling towers, 19
(BNL=£05€4)

ENERCY PCLICY/RECOMMENDATICNS

Environmental impacts of {ndustrial energy systems in

the ccastal zone (Review), 307
ENTRAINMENT/AVOIDANCE

Fracticelity cf proffle=wire screen {n reducing
entrainment end impingement (Laboratory and in=situ
studies of performance and biofouling characteristics),
118 (MUREG/CF=0002)

Study cn the protection of fish larvae at water intakes
using wedge=wire screening (Fish avoidance concept=
ability cf larval fish to detect and swim away fror
intake screens), 120 (NUREG/CP=0002)

ENTRAINMENT/EICLGGICAL EFFECTS

Analysie of the validity of the utilities stock=
recruitrent curve=fitting exercise, 65 (DOE/TIC=1013€)

Appendix to Entrainment at & Once=Through Cooling System
on Western Lake Erie. Volume II. Appendices. Final
report 1 Sep 72~31 Dec 75, 188 (FPE~287834)

Corparison of simulation models used in assessing the
effects of power=plant=induced mortality on fish
populetionse. Technical report, 193 (FPB=289586)

Eaclogical investigation of Hudson River
racrozocplankton in the vicinity ¢f a nuclear power
plant (Indfan Point Nuclear Power Plant), 371

Envircnrental assessment of cocling reservecirs
(Associated with nuclear power plants; comparison to
{mpacts ¢f cooling tcwers), 128 (NUREG/CR=0514)

Factors affecting accuracy of ichthyoplankton samples
used In power plant entrainment studies. Topical
triefs repaort, 189 (PE=287862)

tarval fish distrfbutione in sguthwestern Lake Erie near
tlie Mcnroe Fouwer Plant. Report for 1 April 197€=}
April 1978, 1685 (PB~28€€29)

ENTRAINMENT/ENVIRONMENTAL EFFECTS

Ecosystem effects of phytoplankton and zocplankton

entrainment, 77 (EPRI-EA-1038)
ENTRAINMENT/MATHEMATICAL MCDELS

Nuzerfcal rodeling of entrainment and far field thermal
dispersicn for NEP 1 and 2, Charlestown, Rhode Island,
13€ (NUREG/CR=-0819)

ENTRAINMENT/SAFETY
Efclogical eveluation of devices used for reducing
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entrainment and impingement losses at thermal power
plants, 42 (CONF=780983105=1)
ENVIRONMENTAL EFFECTS

Aerosol and ice nuclei measurements in the plume of the
Homer City, Phe., power plant, 226

Analysis of the operation of atmospheric coolants, 32i

Appendix to Entrainment at a Once=Through Cooling System
on Western Lake Erie. Volume Il. Appendices. Final
report 1 Sep 72=31 Dec 75, 188 (PB=287834)

Aquatic impact, 337

Atmospheric effects of energy generation, i7 (ATDL-78/19)

Basic concept of a prediction model for the cooling
tower plume, 326

Biocide by=products in squatic environmernts. Quarterly
progress report, October l=December 3i, 1978, 209 ( PNL-
2931)

Brackish groundwater for power plant cooling in
California, 34§

Chalk point cooling tower projecte Volume i. salt
loading, meodeling, and aircraft hazard studies.

Final report 1 July 1976=30 June 1977, .67 (PB-284058)
Chalk point cooling tower project: coolirg tower effects
on crops and scils. preoperational report. Report

for April 1973=April 1975, 170 (PB-284075)

Chalk point cooling tower project: cooling tower effects
on crops and soils, Preoperational report, appendix.
Report for April 19873=April 1975, 17. (FB=c84076)

Chalk point cocling tower project: cooling tower effects
on crops and sofls. Postoperational report No. .,
Volume 3. Final report, May 1575=April 1976, 172 (PB-
284077)

Chalk point cooling tower project: cooling tower effects
on crops and scils. postoperational report no. 1,
velume Zeo Final report May i975=April 1976, 173 (PB=
284078

Chalk point cooling tower project: cooling tower effects
on crops and soils. post operational rerort no. 2.
Final report FY 1877, 174 (PB=284094)

Chalk point cooling tower project: effects of simulated
saline cooling tower drift on woody species,

Master's thesis, 178 (PB=284214)

Chalk Pofint cooling tower project: chalk poirt surface
weather and amblent atmospheric profile data,
September~December 1575, 175 (PB=28421.)

Chalk Point cooling tower project: Chalk Point surface
weather and ambient atmospheric profile data; second
intensfve test period, June 14=24, 1976, 177 (PB~
284213)

Chalk Point Cooling Tower Project nati{ve vegetation
studye Final report, 1 July 1977=30 June 1978, .90
(PB=289163)

Chalk Point Cocling Tower Project: cooling tower effects
on crops and sofls. Post operational report No. 3.
Final report, 1 July 1977=30 June 1978, 191 (PB=28927:)

Chemical effects of power plant cooling waters: an
annotated bibliography, 80 (EPRI-EA=1072)

Chemicals combat corrosion at Indiana plant, 238

Comparison of sfmulation models used in assessing the
effects of power=plant={nduced mortality on fish
populations, Technical report, 133 (PE=289586)

Concerning the thermal load on the atmosphere especially
from power station parks, 364 (ANL-Trars=1.46)

Cooling pond fog studies, 147 (ORNL/TM=6248)

Cocling tower drift: experiment design for
comprehensive case study, 146 (ORNL/TM=€248)

Cooling tower drift model, 416

Cooling towers (citations from the NTIS date base).
Report for 1964=August 1978, 104 (NTIS/FS-78/0898)

Cooling towers: environmental studies (citations from
the engineering index data base). Report for 1970-=
August 1978, 106 (NTIS/PS8=78/0900)

Cooling tower drift studies at the Paducah, Kentucky
Gasecus Diffusion Plant, 142 (ORNL/TM=-€.31)

Critical paths to coal utflization, 27 (CONF=770509=)

Daily observations of visible plume length at TVA's
Paradise Cooling Towers, 8 (ATDL=77/23)

Description of the Model SMOKA for calculating cooling
tower emissions and their effects, 244 (ANL=Trans-1i54)

Differences in atmospheric convection caused by waste
energy rejected {n the forms of sensible and latent
heats, 149 (ORNL/TM=6248)

Drift-modeling and monitoring comparisons, i4 (ATDL=-
77/23)

Dynamics of manganese, cadmium, and lead in exper{mental
power plant ponds, 161 (PB=279032)

Ecosystem effects of phytoplankton and zooplankton
entrainment, 77 (EPRI=EA=1038)

Effects of evaporative salt water cooling towers on salt
spray and salt deposition on surrounding soils, 336
Environmental Research Laboratories 1976 annual report,

7 (ATDL=77/23)

Environmental effects of heat and moisture release from
atmospheric spray cooling systems, 3i (CONF=780520=7)

Environmental assessment of cooling reservoirs, .28
(NUREG/CR=0514)

Environmental aspects of cooling tower selection, 248

Environmental and Ecology Branch progress report, 1974
through 1976. Volume II. Final report, 1 Jaruary
1974=31 December 1976, 1 (AD=A=061684)

Field {nvestigatfion of cooling tower and ceoling pond
plumes. Final report, i64 (PB=282993)

Fire analecg: a comparison between fire plumes and

\
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energy center cocling tower plumes, 152 (ORNL/TN=6248)

Fire analog: a corperiscn between fire plumes and
energy center cocling tower plumes, 260 (PNL=2500(FPt.3))

First snnual regort an weather modification effects of
cooling towers, 11 (ATILL=77/23)

Fog formation at evaporation ccoling, 264

Geotherral power plants cf Japsn: a technical survey of
existing and planned irstallations. Rerort No.
CATMEC/9, 46 (CO0=40£l1-16)

Hydrormetecrological aspects of electric power production,
13 (A1DL=-77/23)

Hypertherpal effluent effects en heleoplanktonic
Cladocere and the influence of submerged macrophytes,
383

Investigations on the protection of fish larvae at water
intakes vsing fine=mesh screening, 115 (NUREG/CF=0002)

Latoratory simulatfons of interactive plumes from
rechanical draft cocling tcwers, 158 (PNL=2500(Pt.3))

Larval fish distributions in southwestern Lake Erie near
thie Mcnroe Fower Plant. Report for 1 April 157€-1
April 1978, 185 (PB-28€625)

local precipitation increases caused by scavenging of
cooling tcwer plumes, 153 (ORNL/TN=6€248)

Vatheratical model of drift depositfon from a bifurcated
coolfing tcwer plume, 150 (ORNL/TVN=6248)

MatHenstical methods tc evaluete entrainment of aguatic
organisms by power plants, 166 (FE=283465)

Measurerents and vegetatfonal {mpact of chemical drift
from mechenical draft cooling towers, 246

Meteorclegical Effects of Thermal Energy Releases (METER)
Progranme. Annueal progress report, October 1576=
Septerber 1577, 143 (CFNL/TM=6248)

Metecrologlical effects of heat and moisture releases
fror large power staticns (precipitation modification),
23 (CCNF=7€1106-1)

Feteorclogical effects of heat and moisture releases
from large pcuer staticns (precipitation modification),
€€ (DCE/ET=0076)

Feteorclogical Effects ¢f Thermal Energy Releases (METER)
Program. Annual prcgress report, Cctober 1577=
Septenber 1578, 158 (OFNL/TM=6867)

METER=-CFNL precipitation network: from design tc data
analyeis, 15€ (ORNL/T¥=6523)

¥odificeticn of local weather by power plant operation.
Final rerort, 74 (EPRI-EA-£86~SR)

Nurerfcal wcdeling of entrainment and far field thermal
dispersion for NEP 1 and 2, Charlestown, Rhode Island,
13€ (NUREG/CR=-0818)

Gbservation cf cooling tower plume effects on total
solar radiation, 310

Chserved and predicted ccoling tower plume rise at the
John E. Arcs Fower Plant, West Virginia, 10 (ATDL-
77/23)

Other {npacts, 334

Overview of the Department of Energy's Meteorologicel
Effects of Therwal Energy Releases (METER) Program, 59
(DOE/EV=004€(Vol.3))

Pecific Northwest lLaboratory annual report for 1977 to
tlie DCE Assfstant Secretary for Environment. Part 3.
Atocstheric sclences, 197 (PNL=2500(Pt.3))

Flumes from one and twgc cooling towers, 151 (GRNL/TM-
€248 )

Potential envircnwental effects asscciated with brackish
water cocling towers at Chalk Pofint, Maryland, 25
(CONF=760425=)

Potentie]l weather modification caused by waste heat
release from large dry cooling towers, 235

Precipjtation studies around Plant Bowen, 144 (ORNL/TM=
€248)

Precipitation as atmospheric disturtance in the
operation of natural=draught dry cooling towers, 233

Predicted climatology of cocling tower plumes fror
energy centers, § (ATDL~77/23)

Prediction of lccal effects of proposed cooling ponds,

26 (CCNF=781213=5)

Prediction methads of cocling tower plumes:
22

Primer cn the rejection cf waste heat from power plants.
Consultant report, 338

Rainfall enhancement due to scavenging of cooling tower
condersate, 154 (ORNL/TM=6248)

Report cn ATDL research cn metecrolcgical effects of
theraal energy releases, August 1, 1976-September 31,
1977, 148 (ORNL/TM=6248)

Salt water cooling ponds with partial tidal interchange,
24 (CCNF=741270-P2)

Seasonal distribution and successlional trends of fish in
a new cooling reservoir, 361

Secondary wotions in a ccoling tower plume, 12 (ATDL=
77/23)

Stear plant operation, 415

8torms cver the METER=ORAL Precipitation Network: the
first six menths, 159 (ORNL/TNM=6883)

Studies of the environmental impact of evaporative
cocling tower plumes, 145 (ORNL/T¥~6248)

Study of cooling pond fog generation, 231

Study cf the influence of cooling water addftives on
surface waters, 103 (NF=23£280)

Survival of dowminant eatuarine organisms impinged on
fine=gesh traveling screens at the Barney M. Davis
Power Station, 112 (NUREG/CP=0002)

THerwal effluent end the epizcotiology of the ciliate

Parts I-II,

epistylis and the bacterfum aeromonas {n assocjation
with centrarchid fish, 395

Thermal effects, 281

Thermal pollutfon of the atmosphere, in particular due
to power plant parks, 96 (IN1S~mf=4097)

Threadfin shad impingement: effect of cold stress on a
reservolr community. Environmental Sciences Division
Publicatior No. 1198, 131 (NUREG/CR=0637)

User's guide to an environmental information resocurce
for thermal power station cooling systems, 7?5 (EPRI=EA~
901)

Water vapor immissfons {n the region of a conventional
thermal power station, 400 (ANL-Trens=31%55)

ENVIRONMENTAL EFFECTS/INFORMATION SYSTEMS
Creation of an industry information resource to
catalogue power plant cooling system fmpacts ard
mitigation measures affecting aquatic &nd terrestrial
ecosystems (Coocling Systems Effects Datz Base), 38
(CONF=?790737-=1)
ENVIRONMENTAL TEMPERATURE

See AMBIENT TEMPERATURE
ENVIRONMENTAL TRANSPORT

See also ECOLOGICAL CONCENTRATION
ENVIRONMENTAL TRANSPORT/DIAGRAMS

Thermal pollution of the atmosphere, in particular due
to power plant parks, 96 (INIS=mf=4057)

ENVIRONMENTAL TRANSPORT/MATHEMATICAL MODELS

Plume simulation model FOG description of the program
and input (Atmospherfc transport of plumes from
cooling towers), 243 (ANL=Trans=13.57)

ESCHERICHIA COLI/BIOCHEMISTRY

Genetic variability of E. coli in southeastern

reservolirs, 66 (DP=1489)
ESCHERICHIA COLI/GENETIC VARIABILITY

Genetic variability of E. coli {n southeastern

reservolirs, 66 (DP=148S)
ESCHERICHIA COLI/SURVIVAL TIME
Bacterfal pathogens {n a reactor cooling reservoir, 72
(DP-1489)
ESTUARIES/THERMAL POLLUTION
Thermal effects, 281
ESTUARINE ECOSYSTEMS
See AQUATIC ECOSYSTEMS
EVAPORATIVE COOLING/ENVIRONMENTAL IMPACTS

Examination of some ambient particulate monitoring
techniques used for siting and environmental {mpact
assessment of brackish water cooling towers, 339

FEDERAL REPUBLIC OF GERMANY
See GERMAN FEDERAL REPUBLIC
FEEDWATER/WATER POLLUTICN
Afrborne transmissfion of pathogenic organisms {n cooling
tower drift, 23 (CONF=740107-2)
FILTERS/DESIGN
Engineering considerations Iin the use of artificial
filter beds (Screening method for f{ntake structures of
cooling systems {n thermal power plants), 109
(NUREG/CP=0002)
FILTERS/ENGINEERING
Engineering considerations {n the use of artificial
filter beds (Screening method for fntake structures of
cooling systems i{n thermal power plants), 109
{NUREG/CP=0002)
FILTERS/PZRFORMANCE
Cleaning of gases from the incineration of waste
materfals, 424
FIRES/PLUMES
Fire analog: & comparison between fire plumes and
energy center cooling tower plumes, 200 (PNL-2500(Pt.3)
FIRES/SMOKES
Fire analog: a comparison between fire plumes and
energy center cocling tower plumes, 152 (ORNL/TM=6248)
FISH CULTURE
See AQUACULTURE
FISHES/AQUACULTURE
Environmental assessment of cooling reservoirs
(Associated with nuclear power plants; comparison to
impacts of cooling towers), 128 (NUREG/CR=0514)
FISHES/BEHAVIOR
Thermoregulation of fish and turtles in thermally
stressed habitats. Annual progress report, Dctober i,
1977=September 30, 1978, 44 (CO0=-2502-15)
Toxicity and effects of bromoform on five marine specfes,
137 (NUREG/CR=0835)
FISHES/BIOLOGICAL STRESS
Impact of thermal loading and other water quality
parameters on the epizootiology of Aeromonas
hydrophila infections of centrarchids (Ztfology and
host=pathogen relatfons in red-sore disease of
largemouth bass), 63 (DDE/EV/00900-5)
FISHES/BODY TEMPERATURE
Thermoregulation of fish and turtles in thermally
stressed habitats. Annual progress report, October i,
1977=September 30, 1978, 44 (CO00-2502-15)
FISHES/DISEASES
Thermal effluent and the epizootioclogy of the ciliate
epistylis and the bacterium seromonas in association
with centrarchid fish, 395
FISHES/EGGS
Heat shock threshold estimation for fish eggs and larvae




in power plant cooling systems, 28 (CONF=771042-)
FISHES/ENTRAINMENT

Analysis of the validity of the utjlities stock-
recruitment curve-fitting exercise, €5 (DOE/TIC=10136)

Eiclogical evaluatfion of devices used for reducing
entrainment and fspingement losses at thermal power
plants, 42 (CCNF=-7805109~1)

Camparison of simulation models used {n assessing the
effects of pcwer-plant-induced mortality on fish
Fopulaticons. Technicel report, 153 (PB=288586)

Entrainment of ichthyoplankton and larval fishes during
cooling water withdrawal, 71 (DP=148S)

Envircnmental assessrent of cooling reservoirs
(Associated with nuclear power plants; comparison to
{npactis of cccling towers), 128 (NUREG/CR=0514)

FISHES/IFFINGEMENT

Analysis of the valfdity of the utilities stock=-
recruitrent curve-fitting exercise, 65 (DOE/TIC=-10136)

Biclogical evaluation of devices used for reducing
entrainwment and impingement losses at thermal power
plants, 42 (CONF=-7805S108-1)

Ewvpirical model of irmpingement {mpact. Environmental
Sciences Division publication No. 1289 (Varfables
affecting model accuracy), 123 (NUREG/CR=0€3S)

Inpingenent of juvenile and adult fishes during cocling
water withdrawal, 70 (LF-1489)

Statistical cceeparison and choices of sampling designs
for eatimating fish {rringement at cocling water
intakes, 264

Threadfin shad §mpingement: effect of cold stress on a
reservoir cormunity. Environmental Sciences Division
Publicaticn No. 1198, 131 (NUREG/CR=0637)

FISHES/INFECTICUS DISEASES

Irract ¢f therral loading and other water quality
parameters on the epizcoticlogy of Aercmonas
hydrophila infections cf centrarchids (Etiology and
host=rathagen relaticns {n red=sore disease of
largercuth bass), €3 (LCCE/EV/00S00-5)

FISHES/LARVAE

Heat shcck threshold estimation for fish eggs and larvae
in pcwer plant cacling systems, 28 (CONF=771042-)

Numerical rodeling of entrainment and far field thermal
dispersion for NEP 1 and 2, Charlestown, Rhode Island,
13€ (NUREG/CF=081S)

FISHES/FCFTALITY

Efccide by=products in aquatic envircnments. Quarterly
frogreas report, October i=December 33, 1578 (Toxfcity
of chlorofcrr to fishes and clams following exposure
to power rlant effluents ccntairing antifoulant by-
products), 209 (PNL=2921)

Erpiricel rcdel of irpifngement fmpact. Environrental
Sclences Divislon putlication No. 1285 (Variables
affecting rodel accuracy), 123 (NUREG/CR=0€3S)

Larval fish distr{butions {n southwestern Lake Erie near
the Mcnrce Fower FPlant. Report for | April 1S7€=1
April 1S§7¢€, 165 (PB=28€€2S)

Survival of dorinant estuarine organisms impinged con
fine=resh traveling screens at the Barney M. Davis
Power Statfon (Influence of debris loading on survival
of fi<h and shrimp {nrpinged on Passavant center=flow
screens), 112 (NUREG/CF=0002)

Toxicity and effects of tromcform on five marine species,
137 (NUREG/CR=0835)

FISHES/FATHOLCGICAL CHANGES

Blocide by=producta in aquatic environments.
progress repcrt, January il-March 31, 167§
(Ccncentretion and fate of haloforrs {n natural waters),
210 (FNL-2S€8)

FISHES/FCLLUTICN
Aquatic impact, 337
FISHES/POFULATION DENSITY
Arrendi{x toc Entrainment 2t a Once=Through Cooling tystem

Quarterly

cn Wwestern Lake Erfe. Volume II. Apperdices. Final
report 1 Sep 72=-31 Dec 75, 188 (FE=287834)
FISHES/FCFULATION DYNANMICS
Erpiricel model of f{npincement lmpact. Environrental

Sciences Divislon publicatfion No. 1289 (Variables
affecting model accuracy), 123 (NUREG/CR=U€3S)

Envircnnertal sssessoment of cooling reservoirs
(Associated with nuclesr power plants; comparison to
frpacts cf cocling tcwers), 128 (NUREG/CR=0514)

Larval fish distributions in scuthwestern Lake Erie near
the Mcnrece Fower Plant. Fepert for 1 April 1S7€-=}1
April 1678, 185 (PB=28€€25)

Eeasconal distritution and successfcnal trends of fi{sh {n
a new ccoling reserveir, 351

Synthesi{s and analysis cf ecological informatien fror
cocling lmfoundments. Final report, 78 (EPRI=EA=
1054(\cl.l )

FISHES/FRCDUCTIVITY

Biccide by=rrocducts in aquatic environments.
pregress rercrt, January l=March 31, 167$
(Concentration and fete of haleforrms in natural waters),
210 (FNL=2Ggg)

FISHES/SKIN DISEASES

Irpact c¢f thermal loading and cther water quality
rerareters on the eplzcoticlogy of Aeromonas
hydrarhila i{nfections cf centrarchids (Etlology and
host=rathcgen relations in red=scre disease cf
largemcuth bass), 62 (DCE/EV/00500=-5)

FISHES /TEYPERATURE EFFECTE

Envircnzental evaluaticn of a nuclear power plant cn

Lake Erie: scme aguatic fmpacts, 350
FISHES/THERMOREGULATION

Quarterly
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Continuation of studies on thermoregulatiocn of fish and
turtles in thermally stressed habitats. Annual
progress reporty, 1 October 1978=-30 September 1979, 45
(C00=-2502-16)
Thermoregulation of fish and turtles {n thermally
stressed habitats. Annual progress report, October 1,
1977=September 30, 1978, 44 (C00-2502-1i%)
FISSIONABLE MATERIALS MANAGEMENT

See NUCLEAR MATERIALS MANAGEMENT
FLOW (FLUID)

See FLUID FLOW
FLOWMETERS /ACCURACY

Examination of specific aspects of cooling tower testing
methodologye. Final report, 84 (EPRI=FP=953)

FLUE GAS/CLEANING
Cleaning of gases from the {ncineration of waste
materials, 424
FLUID FLOW/MECHANICAL IMPEDANCE
Ice blockage of water intekes, 130 (NUREG/CR=0548)
FLUID MECHANICS
See also HYDRODYNAMICS

Transactions of the Vedeneev All=Unfon Sclentiffc and
Research Institute of Hydraulic Engineerfing. Volume 99,
1972, 421 (PB=-282561-T/SL)

Fae
See also WATER VAPOR
FOG/MONITORING
Study of cooling pond fog generation, 23:
FOG/SEASONAL VARIATIONS
Cooling pond fog studies, 147 (ORNL/TM=6248)
FORCED CONVECTION/CALCULATION METHODS

Forced convection heat transfer in an annulus at low

Reynolds numbers , 297
FORCED DRAFT COOLING TOWERS

See MECHANICAL DRAFT COOLING TOWERS
FOREST LITTER/MINERAL CYCLING

Cooling tower drift studies at the Paducah, Kentucky
Gaseous Diffusion Plant (Transport of drift—derived
chromfum in terrestrial ecosystems), 37 (CONF=7903i09=-1)

FOSSIL FUELS
See also COAL
NATURAL GAS
PETROLEUM
FOSSIL FUELS/TRANSPORT
Environmental control engineering, 208 (PNL=2850(Pt.5))
FUSSIL=FUEL POWER FPLANTS
See also PARADISE STEAM PLANT
FOSSIL--FUEL POWER PLANTS/CONDENSER COOLING SYSTEMS

Blological evaluation of devices used for reducing
entrainment and {mpingement losses at thermal power
plants, 42 (CONF=7809109-1)

FOSSIL-FUEL POWER PLANTS/COOLING SYSTZMS

Comparative cost study of four wet/dry cooling concepts
that use ammonis as the Intermediate heat exchange
fluid, 202 (PNL=2661)

Cooling systems addendum: capital aad total generating
cost studies, 107 (NUREG=0247)

Zconomics of conserving water by use of zlternative
cooling methods for large nuclear, fossil, and
combined cycle power plants, 86 (EPRI=RP=927=1)

Heat distribution compensating circuit f{ntended for
cooling thermal and nuclear power plarts (Patent), 399

Optimfzation of design specifications for large dry
cooling systems. Final report, June 1575-=June 1978,
183 (PB=285924)

Optimization=simulation methodology for wet/dry cooling.
Final report (WDCSIM), 85 (EPRI-FP-1096)

Problems of designing cooling circufts, 3€9

System of heat removal for an electric power station
located {n a dry subtropical climate, 5¢ (DOE/ET=0076)

FOSSIL=FUEL POWER PLANTS/CJOLING TOWERS

Afrborne monitoring of cooling tower effluents, Volume I.
Technical summary. Final report, 162 (PB=279076)

Cacling touwer and makeup water treatment eliminate
condenser depusits, 413

First annueal report cn weather modification effects of
cooling towers, 11 (ATDL=77/23)

Observed and predicted cooling tower plume rise at the
John E. Amos Power Plant, West Virginia, 10 (ATDL-
77/23)

FOSSIL=-FUEL POWER PLANTS/ECONOMICS

Optimization=simulation methodolegy for wet/dry cooling.
Final report (WDCSIM), 85 (EPRI=FP=1096)

FOSSIL=FUEL POWER PLANTS/LNVIRONMENTAL EFFECTS

Cooling tower drift: experiment design for
comprehensive case study (Fossil=fuel power plant
thermal effluents), 145 (ORNL/TM=6248)

Critical paths to coal utilizatifon, 27 (CONF-770509-)

¥eteorologlcal effects of heat and moisture releases
from large power stations (precipitatfor modification),
33 (CONF=781196-1)

Precipitation studies arourd Plant Bowen (Fossil=fuel
power plant natural draft cooling towers), 144
(ORNL /TM=€248)

Studies of the environmer.tal {mpact of evaporative
cooling tower plumes (Solar monitoring of fossil=fuel
power plant cooling tower plumes), 145 (ORNL/TM=6248)

FOSSIL-FUEL POWER PLANTS/MECHANICAL DRAFT COOLING TOWLRS

Cooling tower drift: experiment design fcr
comprehensive case study (Fossil=fuel power plant
thermal effluents), 146 (ORNL/TM=6248)

FUSSIL=FUEL POWER PLANTS/NATURAL DRAFT COOLING TOW:tRS
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Precipitation studies srcund Plant Eowen (Fossil=fuel
povwer plant natural draft cooling towers), 144
(ORNL/TM=€24E)

FOSSIL-FUEL POWER PLANTS/NCISE POLLUTION ABATEMENT

Technicel problems concerning noise in the case aof
subsequantly extended fower plants, 251

FCSSIL=-FUEL FOWER PLANTS/PLUMES
Aercscl and ice nuclei measurements in the plume of the
Homer City, FA., pcwer plant, 226
FOSSIL-FUEL POWER PLANTS/TECHNCLOGY ASSESSMENT
Heat transfer survey 1S74, 417
FOSSIL-FUEL PCWER PLANTS/TEERMAL EFFLUENTS

Meteorclogical effecte of heat and moisture releases
frcon large power stations (precipitation modification),
33 (CCNF=781106-1)

Frecipitation studies around Plant Bowen (Fossil=fuel
power frlant natural draft cooling teowers), 144
(ORNL/TM=€248)

Report on ATDL research ¢n meteorological effects of
therral energy releases, 18 (ATDL=-78/15)

Studies of the environmental impact of evaporative
coolirg tewer plumes (Solar monfitoring of fossil=fuel
power rlant ccoling tower plumes), 145 (ORNL/TM=6248)

FCSSIL-FUEL FCWER PLANTS/WATER REQUIREMENTS

Esonomics of conserving water by use of alternative
cooling methods for large nuclear, fossil, and
corbired cycle power plants, 8€ (EPRI-~RP=927=1)

FCSSIL=-FUEL FOWER PLANTS/WATER TREATMENT

In aqus veritas = water treatment {n conventional rower

plants, Frocess alternatives, 250
FRESH WATER/CHEMICAL ANALYSIS

Efocide by=groducts in aquatic environments. Annual
report, October 1, 1577=September 30, 1978 (Analysis
and texlcity of by=products fror chlorfine used in
nuclear power plant cocling systers), 127 (NUREG/CR=
0504

FRESH WATER ECOSYSTENS
See ACUATIC ECOSYSTEMS
FUEL CYCLE/ENVIRCNMENTAL IFPACTS
Environmental cantrol engineering, 208 ( PNL=28S0(Ft.5))
FUMES
See AERCSCOLS

GAS COCLET FAST EREEDER REACTURS
See GCFR TYPE REACTCRS
CASECUS DIFFUSION PLANTS
See alsa CRGDF
CASEOQUS DIFFUSION PLANTS/CLCOLING TCWERS
Cocling tcwer drift studies at the Paducah, Kentucky
Gaseous Diffusfon Plant, 142 (OFNL/TM=6131)
CASECUS DIFFUSION PLANTS/ENVIRCNMENTAL EFFECTS
Cocling tcwer drift studies at the Paducah, Kentucky
Gasecus Diffusion Plant, 142 (ORNL/TM=€131)
CASTEROFODS
See MLLLUSCSE
GCFR TYFE REACTCRS/CCOLING TOWERS
Specific features of using varfous types of coclers in
KPP with the N;0, coolant, 97 (INIS=mf=431€)
GEOPRESSURED SYSTEMS/ENVIRCNMENTAL IMFACTS
Environrental assesswment of the projected uses for
geofressured waters, 25 (CONF=771i53-P2)
GEORGIA/CLIMATES
Frecipitation studies arcund Plant Eowen (Fossil=fuel
power plant natursl draft cooling towers)}, 144
(ORNL/Tk=€248)
CECTFERMAL ENERGY/ENVIRONMENTAL IMFACTS
Cecthermal environmental control technologye Progress
report, Decemrter 1978=Farch 1975, 218 (UCID=181E£E=79=1)
GEOTHEERNAL ENERGY CONVERSICN/EBINARY=FLUID SYSTEMS
Analysis e¢f binary therrcdynamic cycles for a moderately
low=tenmperature gecthermal resource, 217 (TREE=13€5)
Uttlization of geathermral cogling waters for waste
contajnment, 328
GEOTHERNMAL ENERGY CONVERSICN/FILOT PLANTS
Analysis of binary therncdynamic cycles for a moderately
low=temperature geothermal rescurce, 217 (TREE=13€5)
GEOTHERMAL FLUIDS/TRANSPOR1T
Attendance at the International Ceothermal Symprosjum=
outlines of section VIII (Collection and transmission
¢f gecthermal flulds), 422
GECTHERNMAL FLUIDE/WASTE DISPOSAL
Environmental control engineering, 208 (FNL=2B850(Ft.S))
GECTHERMAL PCWER FLANTS/AIR PCLLUTION CONTROL
Owerview of HyE cantrol technology for geothermal energy
sources, 58 (LOE/EV=-0046(V0l.3))
CEOQTHERMAL FOWER PLANTS/CCNDENSERS
Waste heat rejection frem geotherral power stations, 157
(ORNL/TM=€522)
GECTHERFAL FCWER PLANTS/CCCLING SYSTEMS
waste heat rejection frer geothermal power stations, 157
(ORNL/TH=€E33}
GECTHERMAL FCWEF PLANTS/CCCLINGC TOWERS
Censiderations and calculations on the necessity of make=
up water in the cooling tower of a geothermal electric
power plant, 381
waste heat rejecticon fror gectherral power stations, 39
(CONF=750£€08=1€)
GEOTEERMAL PGWEFR FLANTS/DEESIGN

Construction of the Onikobe geothermal power plant, 402
Heber geothermal demonstration power plant. Final
report, 83 (EPRI-ER=1089)
Matsukawa geothermal power plant= Encounter with energy
saving age, 333
GEOTHERMAL POWER PLANTS/ENVIRONMENTAL IMPACTS
Geysers environmental concerns or risks, &7 (EPRI-WS=78-
97
GEOTHERMAL POWER PLANTS/OPERATION
A 12.5 MW geothermal plant in California, 426
Geothermal power plants of Japan: a technical survey of
existing and planned {installations. Report No.
CATMEC/9, 46 (C00-4051=16)
Operational results of Onuma geothermal power plant, 401
GEOTHERMAL POWER PLANTS/OPTIMIZATION
Heber geothermal demonstration power plant. Final
report, 83 (EPRI-ER=-1099)
GEOTHERMAL POWER PLANTS/WASTE DISPOSAL
Effect of the Broadlends geothermal power scheme on the
Waikato river, 278
GEOTHERMAL POWER PLANTS/WASTE HEAT
Waste heat rejection from geothermal power stations, iS7
(ORNL /TM=6533)
Waste heat rejection from geothermal power stati{ons, 39
(CONF=?750808=16)
Waste heat rejection from geothermal power plants, 88
(EPRI=WS=78=97)
GEOTHERMAL POWER PLANTS/WATER REQUIREMENTS
Cooling water regquirements for geothermal power plants
and water availability in the Imperial Valley, 33u
Waste heat rejection from geothermal power plants, 88
(EPRI~WS=78=97)
GERMAN FEDERAL REPUBLIC/NUCLEAR POWER
Development of nuclear energy in West Germany, 237
GZRMANY (FEDERAL REPUBLIC)
See GERMAN FEDERAL REPUBLIC
GEYSERS GEOTHERMAL FIELD/BASELINE ECOLOGY
Environmental overview of geothermal development: the
Geysers=Calitoga KGRA. Volume 5., Ecosystem quality,
220 (UCRL=52496(Vol.5))
GEYSERS GEOTHERMAL FIELD/ENVIRONMENTAL IMPACTS
Environmental overview of geothermal development: the
Geysers=Calftoga KGRA. Volume 5. Zcosystem quality,
220 (UCRL=52486(Vol.5))
Environmental overview of geothermal development: The
Geysers=Calistoga KGRA. Volume €. Water qualfty,
221 (UCRL=52496(Vol.6))
Geysers=Calistoga KGRA geothermal environmental
overview: water quality, 219 (UCRL=15054)
Geysers environmental concerns or risks, 87 (EPRiI=WS=78-
97)
GEYSERS GEOTHERMAL FIELD/GEOTHERMAL POWER PLANTS
A 12.5 MW gecthermal plant in California, 426
GEYSERS GEOTHERMAL FIELD/RESOURCE DEVZLOPMENT
Environmental overview of geothermal development: The
Geysers=Calistoga KGRA. Volume 6. Water quality,
221 (UCRL=52496(Vol.6))
GEYSERS GEOTHERMAL FIELD/WATER QUALITY
Geysers=Calistoga KGRA geothermal environmental
overview: water gualfity, 219 (UCRL=150%4)
GLOVEBOXES/CORROSION
Chemistry research and development.
June=November 1978, 211 (RFP=2877)
GROUND WATER/HYDROLOGY
Hydrologic engineering considerations for Ranrey
Collector Well Intake Systems (Effects of hydrologic
parameters on inteke systems design, placement, and
operation), 122 (NUREG/CP=0002)
GROUND WATER/POLLUTION
Other impacts, 334
GPOUND WATER/SALINITY
Brackish groundwater for power plant cooling In
California, 3485
GROUND WATER/USES
Brackish groundwater for power plant cooling in
California, 349
GROWTH
See also ANIMAL GROWTH
GROWTH/TEMPERATURE EFFECTS
Thermal effects, 281

Progress report,

HATCHING/TEMPERATURE EFFLCTS
Heat shock threshold estimation for fish eggs and larvae
in power plant cooling systems, 28 (CONF=7731042=)
HATCHOBARU GEOTHERMAL FIELD/GEOTHERMAL POWEFR PLANTS
Geothermal power plants of Japan: & technical survey of
existing and planned installations. Report No.
CATMEC/9, 46 (C00=4051-1€)
HATCHOBARU GEOTHERMAL FIELD/WELL DRILLING
Well No. 3 at Hatchobaru geothermal field, 423
HEAT EXCHANGERS/AERODYNAMICS
Flow losses in oblique heat—=exchangers for dry cooling
towers of large power plants, 318
HEAT EXCHANGERS/CLEANING
Cleaning afr=cocled equipment saves money, 265
HEAT EXCHANGERS/DESIGN
Evaporation heat exchanger (Patent), 356
Heat exchangers, 292
Scaling up of a direct contact heat exchanger, 420
Some extra=high capacity heat exchangers of speciel




desfign, 41S
EEAT EXCHANGERS/GCAS FLOW
Flow lossqs in cblique heat=exchangers fer dry cooling
towers of large power plants, 318
EEAT EXCHANGERS/REVIEWS
Heat exchangers, 3J€S
HEAT EXCHANGERS/SUPPORTS

Lry=type cooling tower with at least approximately
horizcntally arranged reat exchanger elements (Patent),
268

Dry=type cocling tower with at least exchanger elements
(Patert), 2€¢

HEAT RECCVERY ECUIPMENT/DESIGN

¥ethed tc remcve the waste heat from the cooling circuft
of §fndustrial plants (Fatent), 261

Non={deal flcw wodel for the design of spray towers for
the recovery ¢f low grade heat, z€ (CONF=?60588<F3)

HEAT RECCVERY EQUIPMENT/PEFFORMANCE

Nor={deal flcw wodel for the design of spray towers for

tHe recovery cf low grade heat, 2€ (CONF=760588=F3)
EEAT TRANSFER
See also CONVECTION

Behavior of the therrmal skin of coocling pond waters
subjected to moderate wind speeds, 35 (CONF=781213=3)

Cleaning air=cccled equigrent saves money, 265

Comparfson of coocling systems for dry ccoling towers, 2632

Conceptual design study advanced concepts test (ACT)
facility, 204 (PNL=271€)

Cortrituticn tc the calculation of direct water=to-air
heat exchangers, l.e. without partitions, 352

Cocling wethods for pocwer plants, S4 (IJS=106/5019=77)

Cocling tower pluse research U.S. Environmental
Fraotection Agency, 324

Cooling tower operations with air/water interface and
energy consfderations, 408

Discharges frcm nuclear power stations. Energy value of
low=temperature water, 368

Dry/wet water cooling tower ventilated from ground level,
282

Equipment for ccoling down large volumina of heated
water, e.g. industrial sewage, 38€

Evaporation heat exchanger, 256

Feg formation at evaporation ccoling, 264

Ferced convecticn heat transfer {in an annulus at low
Reynolds numwbers , 297

Heat distributicn cowmpensating circuit intended for
cooling therral and nuclear power plants, 39S

Heet exchangers, 365

Heat exchangers, 292

heat rejection system, 202

Heat transfer survey 1574, 417

Heat transfer thraugh the thermal skin of a ceoling pond
with waves, 224

Influence of radiation upon the heat transfer and lewls
factor i{n evaporation cooling, 24§

Investigations of effects of therral discharges {n Rhine
river waters, Part of a coordinated programme on the
rhysical and biological effects of cooling systems and
thermal discharges at nuclear power plants. Final
report for the perifod 1 January 1574 = 30 April 1977,
S2 (IPEA=R=1456=F}

Methcd cf waste heat transportation, 277

Non=ideeal flcw model for the design of spray towers for
the recovery of low grade heat, 2€ (CGNF=7608588=-P3)

Optimfzetion of closed circuit ccoling systems, with
natural draft tower, for power plant condensers, 296

Frecipitaticn as atmospheric disturbance {n the
cperation of natural=draught dry cecoling towers, 233

Frediction methods of cocling tower plumes: Parts I-II,
323

Frogress on research on cpen circulating water cooling
systers for large electric power plants. Progress
repert No. 1, 165 (PE-283218)

Reactcr safety research programs. Guarterly report,
Apri) l=June 30, 1978, 125 (NUREG/CR=0341)

Salt weter cooling ponds with partial tidal interchange,
24 (CCNF=741270=F2)

Scaling up of a direct centact heat exchanger, 420

8tanderdized calculaticn of cocling towers, 102 (NP=-
23707

Study of heat transfer processes atove a cooling pond,
350

Waste lieat rejection frow gecthermal power stations, 157
(ORNL /TM=€£33)

HEAT TRANSFER/FINITE ELEMENT METHOD
Finfte elerent lake circulatfon and thermal analysis, 411
HEAT TRANSFER/MATHEMATICAL MODELS ,
Sfwplified analysis of surface energy exchange fron
heated bodfes of water, 344
HEAT TRANSMISSION
S8ee HEAT TRANSFER
HEEER GEOTHERMAL FIELD/GECTHERMAL POWER FLANTS
Heter gecthermal demonstraticn power plant. Final
report, 83 (EPRI-ER=10¢9)
HIGH=TENFERATURE GAS~COCLED REACTOR
See HTGR TYPE REACTCRS
HTGR TYPE REACTORS/DIRECT CYCLE COCLING SYSTEMS

Closed=circuit cooling {n a nuclear power station with

high=temperature reactor and helium turbine, 332
HIGR TYFE REACTORS/REACTCR SAFETY

Reactcr safety research programs. Quarterly report,

April l=June 30, 1978, 125 (NUREG/CR=0341)
HUDSON RIVER/THERNMAL POLLUTION
Ecological fnvestigation of Hudson River

27 INDEX IMPINGEMENT /MATHEMATICAL MODELS

macrozooplankton in the vicinity of a ruclear power
plant (Indian Point Nuclear Power Plant), 371
HUDSON RIVER/WATER POLLUTION
Ecological investigation of Hudson Kiver
macrozooplankton ir the vicini{ty of a nuclear power
plant (Indian Point Nuclear Power Plant), 37:
HUMIDITY/DATA COMPILATICN
Chalk Foint cooling tower project: Chalk Foint surface
weather and ambient atmospheric profile data; first
intensive test period, December 15-1%, .575, revision,
176 (PB=284212)
HUMIDITY/DATA PROCESSING
Flight measurements on cooling tower plumes: measurement
data from the NEURATH Il Measurement Program on wet
natural draft cooling towers, 239 (ANL=Trans=1.60)
HYDRAULICS
Transactions of the Vedeneev All=Union Sclentific and
Research Institute of Hydraulic Engineering. Volume 99,
1972, 423 (PB=282561=-T/SL)
HYDRAULICS/MATHEMATICAL MODELS
Johnson screen for cooling water {intakes (Hydraulic
studies applicable to exclusion of biota and debris),
117 (NUREG/CP=0002)
HYDROCYCLONES
See CYCLONE SEPARATORS
HYDRODYNAMICS/MATHEMATICAL MODELS
Numerical modeling of entrainmenrt and far field thermal
dispersion for NEP 1 and 2, Charlestown, Rhode Island,
136 (NUREG/CR=0819)
HYDROELECTRIC POWZR PLANTS
Thermal regimes of upper Mississippl and Missouri Rivers
and hybrid once=through-wet tower cooling systems for
power plants, 373
HYDROELECTRIC POWER PLANTS/WASTE HEAT
Hydrothermal modeling techniques associated with waste
heat disposal, 327
HYDROGEN/METALLURGICAL EFFECTS
Stress corrosfon cracking of admiralty brass in aqueous
copper sulfate, 385
HYDROGEN SULFATES
See SULFURIC ACID
HYDROGEN SULFIDES/REMOVAL
Conceptual designs for water trestment in demonstration
plants. II. Appendix = design procedures, 90 (FE=
2635=T2)
Overview of H,S contrecl technology for geothermal energy
sources, 58 (DOE/EV=0046(Vol.3))
HYDROLOGY/RESERVOIR ENGINEERING
Hydrologic engineering considerations for Ranney
Collector Well Inteke Systems (Effects of hydrologic
parameters on fntake systems design, plecement, and
operation), 122 (NUREG/CP=0002)
HYDROXYBENZENE
See PHENOL

ICE/PHYSICAL PROPERTIES
Ice blockage of water i{ntakes, 130 (NUREG/CR-0548)
ICHTHYOPLANKTON/ENTRAINMENT

Factors affecting accuracy of fchthyoplankton samples
used in power plant entrainment studies. Topical
briefs report, 189 (PB=287862)

ICHTHYOPLANKTON/POPULATION DENSITY

Appendix to Entrainment at a Once=Through Cooling System
on Western Leke Erfe. Volume II. Appendices. Final
report 1 Sep 72=31 Dec 75, 188 (PB=287834)

ICHTHYOPLANKTON/SAMPLING

Factors affecting accuracy of ichthyoplankton samples
used in power plant entrainment studies. Topical
briefs report, 189 (PB=287862)

IMPINGEMENT/AVOIDANCE

Practicality of profile~wire screen in reducing
entrainment and impingement (Laboratory and {n=sftu
studies of performance and biofouling characteristics),
119 (NUREG/CP=0002)

Study on the protection of fish larvae at water intakes
using wedge=wire screening (Fish avoidarce concept=
ability of larval fish to detect and swim away from
intake screens), 120 (NUREG/CP=0002)

IMPINGEMENT/BIOLOGICAL EFFECTS

Analysis of the validity of the utilities stock=
recruitment curve=fitting exercise, 65 (DOZ/TIC=1Gi36)

Empirical model of impingement {mpact, Environmental
Sciences Divisfon publication No. 1289 (Variables
affecting model accuracy), 133 (NUREG/CE=0639)

Investigations on the protection of fish larvae at water
intakes using fine-mesh screening (Effects of fish
species and size, water velocity, impingement duration,
and screen pore size or post fmpingement survival of
larvae), 115 (NUREG/CP=0002)

Survival of dominant estuarine organisms impinged on
fine=mesh traveling screens at the Barrey M. Davis
Power Station (Influence of debris loading on survival
of fish and shrimp impinged on Passavant center=flow
screens), 112 (NUREG/CP=0002)

Threadfin shad impingement: effect of cold stress on a
reservoir community. Environmental Sciences Division
Publication No. 1188, 131 (NUREG/CR=-0637)

IMPINGEMENT/MATHEMATICAL MODELS



IMPINGEFENT/MATHENATICAL MCDELS INDEX 28

Enpirical model of impingement impact. Environmental
Sciences Division publication No. 1289 (Variables
affécting rodel accuracy), 123 (NUREG/CR=0639)

IMPINGEMENT/SAFETY

Efclegical evaluation of devices used for reducing
entrajnrent and impingement losses at thermal power
glants, 42 (CONF=7809109-1)

IMPINGEMENT/TEMPERATURE DEFENDENCE

Threadfin shad f{wpingement: effect of cold stress on a
raservoir ccrmaunity. Environmental Sciences Division
Fublication No. 1198, 131 (NUREG/CR=0637)

INCINERATCRS/FOLLUTICN CCONTRAL EQUIPMENT

Cleaning of gases fror the incineration of waste

raterials, 424
INCLUSIVE DISTRIEUTION

See DISTRIBUTICN
INDUSTRIAL PLANTS

S8ee alsc WASTE PROCESSING PLANTS
INDUSTRIAL FLANTS/COGLING SYSTENMS

Cocling water systess = energy conservation through
selective inhibitcr pregrass and operating techniques,
377

INDUSTRIAL PLANTS/COOLING TCWERS

Caoling tewer efficlency more than doubled, 22¢

Environmental aspects of coocling tower selection, 248

Non=-ideal flow model for the design of spray towers for
the recovery of low grede heat, 26 (CONF=760588=F3)

INDUSTRIAL PLANTS/ENERGY MANAGEMENT

Industrial bulildings emergy management, 370

INDUSTRIAL FLANTS/HEAT RECCVERY EQUIFMENT

Method to remove the waste heat from the cooling circuit
of industrial plants (Fatent), 3€1

Non=ideal flcw nodel for the design of spray towers for
the recovery of low grade heat, 2€ (CONF=760588=F3)

INDUSTRIAL PLANTS/TECHNOLCCY ASSESSMENT
Heat treansfer survey 1974, 417
INDUSTRIAL PLANTS/WATER TREATMENT
Contrcl cf cacling water treatment: & stati{stical study,

284
INDUSTRY/ENVIRONMENTAL IMFACTS

Envircennental fmpacts of industirial energy systems in

the ccastal zcne (Review), 307
INFECTIOUS DISEASES/EACTERIA

Impact ¢f therwel loading and other water quality
paraseters on the epfzcoticlogy of Aeromonas
hydroeghila infections of centrarchids (Etiolegy and
host=pathecgen relations in red-sore disease of
largemouth bass), 63 (LCE/EV/00500=~5)

INFORMATION SYSTENS

Creation of an industry information resource to
catalcgue power plant cooling syster impacts and
ritigetion ressures affecting aquatic and terrestrial
ecasysters (Cooling Systems Effects Data Base), 38
(CONF=790737~1)

INHIEITCRE (CORROSION)
See CORROSICN INEIBITCES
INSCLATICN/MATHEMATICAL MOLELS

Requirements assessment cf photovoltaic power plants §n

electric utility systems, 82 (EPRI-ER=685(Vol.3)(App.))
INSTRUMEN1S (MEASURING)

See MEASURING INSTRUMENTS
INSULATION (THERMAL)

See THERMAL INSULATION
INTAKE STFUCTURES/BIOLCGICAL FOULING

Analysis of populations of boring and fouling corganisms
in the vicinity of the Oyster Creek Nuclear Generating
Staticn. Quarterly progress report, March=-May 1979,
139 (NUREG/CR=1015)

Bicfouling control investigations: 18=month summary
repcrt, 81 (EPRI-EA-1082)

INTAKE STRUCTURES/COMPARATIVE EVALUATIONS

Cocling water Intakes utilizing Ranney Collectors or
Ranney Intakes (Ranney Collector=subsurface intake
using natural sand and gravel to transmit water;
Ranney Intake-=submerged, horizontal perforated=pipe
intake), 108 (NUREG/CF=-0002)

INTAKE STRUCTURES/DESIGN

Different types of cooling towers fnfluence the design
and the conditfons of the inlet of cooling water pumps,
378

Hydrologic engineering ccnsiderations for Ranney
Collector Well Inteke Systems (Effects of hydrologic
parapeters on {ntake systems design, placement, and
operation), 122 (NUREG/CP=0002)

INTAKE STRUCTURES/ENVIRONMENTAL EFFECTS

Aprendix tc Entrainment at a Once=Through Cooling System
on Western Lake Erie. Volume II. Appendices. Final
report 1 Sep 72=31 Dec 75, 188 (PE=287834)

Threadfin shad {mpingement: effect of cold stress ¢n a
reservolr cersunity. _Environmental Sciences Divisio
Fublicatlion Ne. 1198, 131 (NUREG/CR=0637)

INTAKE STRUCTURES/ENVIRONMENTAL IMPACTS

Empirical rodel of fwpingement fmpact. Environmental
Sciences Division publication No. 1289 (Variables
affecting wmodel accuracy), 123 (NUREG/CR=063%)

INTAKE STRUCTURES/FLUID FLCW
Ice blockage of water intakes, 130 (NUREG/CR=0548)
INTAKE STRUCTURES/OPERATICN

Hydrolecgic engineering ccnsiderations for Ranney
Collector Well Intake Systems (Effects of hydreloegic
parareters on {ntake systems design, placement, and
cperation), 122 (NUREG/CP=-0002)

INTAKE STRUCTURES/PERFORMANCE

Cooling water intakes utilizing Ranney Ceollectors or
Ranney Intakes (Ranney Collector=subsurface intake
using natural sand and gravel to transmit water;
Ranney Intake=submerged, horizontel perforated=pipe
intake), 108 (NUREG/CP=0032)

INTAKE STRUCTURES/SCREENS

Biological aspects of porous=dike fnteke structures
(Comparison of exclusion capabilities and fouling
rates of several dike materfals), 111 (NUREG/CP=00062)

Biological evaluation of devices used for reducing
entrainment and {mpingement losses at thermal power
plants, 42 (CONF=7809109-1)

Engineering consideratfions in the use of artificiail
filter beds (Screening method for intake structures of
cooling systems in thermal power plants), 105
(NUREG/CP=0002)

Johnson screen for cooling water intakes (Hydraulic
studies applicable to exclusion of bicta and debris),
117 (NUREG/CP=(002)

Larval exclusion systems for power plant cooling water
fntakes (Lead abstract), 121 (NUREG/CP=13002)

Practicality of profile=wire screen in reducing
entrainment and impingement (Laboratory and in=situ
studies of performance and biofouling characteristics),
119 (NUREG/CP=0002)

INTAKE STRUCTURES/SITE SELECTION

Hydrologic engineering considerations for Renney
Collector Well Intake Systems (Effects of hydrologic
parameters on intake systems design, placement, and
operation), 122 (NUREG/CP=0002)

INVERTEBRATES
See also ARNELIDS
CNIDARIA
MOLLUSCS
INVERTEBRATES/POPULATION DYNAMICS

Analysis of populations of boring and fouling organisms
in the vicinity of the Oyster Creek Nuclear Generating
Station. Quarterly progress report, March-May 1979,
139 (NUREG/CR=1015)

JAPAN
See also HATCHOBARU GEOTHERMAL FIELD
JAPAN/GEOTHERMAL POWER PLANTS
Geothermal power plants of Japan: a technical survey of
existing and planned installations. Report No.
CATMEC/9, 46 (C00=4051=1€)

KERNKRAFTWERK PHILIPPSBURG=2
See PHILIPPSBURG=2 REACTOR
KKP=2 PHILIPPSBURG REACTOR
See PHILIPPSBURG=2 REACTOR

LAKE ERIE/THERMAL POLLUTION

Environmental evaluation of a nuclear power plant on

Lake Erie: some aquatic impacts, 390
LAKES

See also LAKE ERIE
LAKES/EVAPORATION

Computing evaporatjon for inland water bodies under a
varfety of fetch and atmospheric stabiflity conditions.
Technical completion report, 192 (PB=285372)

LAKES/THERMAL POLLUTION

Thermal effects, 281

LAND POLLUTION

Effects of evaporative salt water cooling towers on salt

spray and salt depcosition on surrounding soils, 336
LAND POLLUTION/MONITORING

Chalk Point Cooling Tower Project: cooling tower effects
on crops and soils. Post operational report No. 3.
Final report, 1 July 1977=30 June 1978, 191 (PB=-289271)

LARDERELLO GEOTHERMAL FIELD/GEOTHERMAL POWER PLANTS

Geothermal plants in Italy, 425

LARVAE/BEHAVIOR

Study on the protection of fish larvae at water intakes
using wedge=wire screening (Fish avoidance concept=
ability of iarval fish to detect and swim away from
intake screens), 120 (NUREG/CP=0002)

LARVAE/ENTRAINMENT

Entrainment of ichthyoplankton and larval fishes during
cooling water withdrawal, 71 (DP=1489)

Larval fish distributions in southwestern Lake Erie near
the Monroe Power Plant. Report for 1 April 1976=1
April 1978, 185 (PB=286629)

Numerical modeling of entrainment and far field thermal
df spersfon for NEP 1 and 2, Charlestown, Rhode lsland,
136 (NUREG/CR=-0819)

LARVAE/IMPINGEMENT

Current TVA work on the fluid mechanics of screens with
very small epenings for the exclusion of larvae at
power plant cooling-=water intakes (Prediction of
pressure drop across screens and influence of debris




bufldup on this pressure drop), 113 (NUREG/CF-0002)

Investigations on the protection of fish larvae at water
intakes using fine=resh screening (Effects of fish
species and size, water velocity, fmpingement duration,
and screen pcre size or post impimgement survival of
larveae)y 115 (NURZG/CF~0002)

Investigations cn the protection of fish larvae at water
intakes using fine=mesh screenfng impingement—release
concegt: labecratery study of & single-entrance,
double~exit, vertical traveling screen concept
(Concept for safe handling of fish larvae to {nsure
caxiruw survival), 124 (NUREG/CP=0002)

Larval exclusicn systers for power plant cooling water
intakes (Lead abstract), 121 (NUREG/CP=0002)

LARVAE/NCFTALITY

Heat shcck threshold estimation for fish eggs and larvae
§n rcower plant ccoling systems, 28 (CONF=771042-)

Investigations on the protection of fish larvae at uater
intakes uvsing fine-mesh screening (Effects of fish
specles and size, water velocity, {mpingement duration,
and screen pcre size cr post {mpingement survival of
larvae), 115 (NUREG/CP=-0002)

LARVAE/SCFEENING

Current TVA work on the fluid mechanics of screens with
very small openings for the exclusion of larvae at
power gplant cooling=water intakes (Prediction of
pressure drop across screens and i{influence of debris
tuildup on this pressure drop), 113 (NUREG/CP=0002)

Investigations on the protection of fish larvae at water
intakes using fine=mesh screening (Effects of fish
species and size, water velocity, impingement duration,
and screen pore size or post {mpingement survival of
larvae)y 115 (NUREG/CF=-0002)

Investigations on the protection of fish larvae at water
intakes using fine-mesh screening fmpingement-release
concegt: latgoratory study of & s2ingle=entrance,
double=exit, vertical traveling screen concept
(Concept for safe handling of fish larvae to {nsure
raximum survival), 124 (NUREG/CP~0002)

Larval exclusion systems for power plant cooling water
intakes (Lead abstract), 121 (NUREG/CP=0002)

LARVAE/TEVFERATURE EFFECTS

Thermal effects, 281

LARVAE /THEFNMAL SHCCK

Heat sheck threshold estimation for fish eggs and larvae
in power plant cooling systems, 28 (CONF=771042-)

Incorpcraticn of sublethal effects and indirect
mortality In sodeling fopulatfon=level impacts of a
strese, with an example involving power=plant
entrainment and striped bass, 132 (NUREG/CR=~0638)

LEAD/ECCLCGICAL CCNCENTRATION

Dynarics of ranganese, cadmifum, and lead in experi{mental

power plant ponds, 1€1 (PE=279032)
LIFE CYCLE/TENFERATURE EFFECTS

Terperature adaptation in the freshwater snafl, Helisopa
trivelvis (Say)y in an artifically heated reservoir in
the scutheastern United States (Effects ¢f thermal
effluents frcs nuclear production reactor at Savannah
River Plent on Par Pcnd), 257

LIQUEFIERS
See CCNDENSERS

FACMAMAX FROCESS
See EINARY=FLUID SYSTEMS
MANGANESE/ECCLCGICAL CCNCENTRATION

Dynarics of manganese, cadmium, and lead in experimental

rower prlant ponds, 1€1 (PE=275032)
MARICULTURE

See ACUACULTUERE
MARINE ECCSYSTEMS

See ACUATIC ECOSYSTENS
MASS TRANSFER/MATHEMATICAL MODELS

Siwplified analysis of surface energy exchange from
heated tcdfes of water, 344

MATSUKAWA GECTHERMAL FIELD,/GEOTHERMAL POWER FLANTS

Geothernal rower plants c¢f Japan: a technical survey of
existing and planned installations. Report No.
CATMEC/9, 4€ (CO0=4051-16)

Fatsukawa gecthermal power plant= Encounter with energy
saving age, 232

MEASURING INSTRUMENTS
See also FLOWMETERS
NCISTURE GAGES
THERFOMETERS
MEASURINC INSTRUMENTS/PERFCRMANCE

METER=CFNL precipitation network: from design to data
analyei{s (For measurement ¢f precipitaticn resporses
to ccoling tower plumes at Bowen Electric Generating
Plant In Gecrgla), 15€ (ORNL/TM=€£23)

MECHANICAL DRAFT COOLING T{WERS/EIBLICGRAPHIES

Cocling teowers: design and performance (citations from
tHe Engineering Index Data Base). Report for 1570-
August 1978, 105 (NTIS/FS=78/08S¢S)

MECHANICAL DRAFT COOLING TCWERS/CHEMICAL ZFFLUENTS

Ceoling tewer drift study at Oak Ridge Gaseous Diffuslon
Flant, S§¢ (K/GD=1917)

Coocling tower drift studies at the Faducah, Kentucky
Gasecus Diffusion Flant (Transport of drift=derfved
chrerium {n terrestrial ecosystems), 37 (CONF=-750109=1)

MECHANICAL DRAFT COOLING TCWERS/DESIGN

28 INDEX METEOROLOGY/RESEARCH PROGRAMS

Conceptual design and cost evaluation of a high
performance dry cooling system, 47 (C00-42i8=1)

Conceptual designs and cost estimates of mechanical
draft wet/dry and natural draft dry cooling systems
using Curtiss=Wright {ntegral fin=tube heat exchangers,
48 (C0O0=-4218-2)

Design considerations for a mechanical draft cooling
tower, 404 ‘

Optimization of design specifications for large dry
cooling systems. Final report, June 1975=June 1978,
183 (PB=285924)

MECHANICAL DRAFT COOLING TOWERS/DROPLETS
Present knowledge of physical relationships in drift

emission from wet cooling towers and measures taken to
date for determining drift dimensions, 283

MECHANICAL DRAFT COOLING TOWERS/ECONOMICS

Conceptual designs and cost estimates of mechanical
draft wet/dry and natural draft dry cooling systems
using Curtiss-Wright fntegral fin=tube heat exchangers,
48 (C00=-4218-=2)

MECHANICAL DRAFT COOLING TOWERS/ENVIRONMZNTAL EFFECTS
Atmospheric effects of energy generation, 17 (ATDL=78/19)
Measurements and vegetational impact of chemical drift

from mechanjcal draft coecling towers (Palisades
Nuclear Plant, southwestern Michigsn.), 246

MECHANICAL DRAFT COOLING TOWERS/ENVIRONMENTAL IMPACTS
Atmospheric effects of energy generation, 17 (ATDL=78/19)
Design considerations for a mechanical draft cooling

tower, 404

MECHANICAL DRAFT COOLING TOWERS/NOISE POLLUTION

Noise radiation from energy ceater cooling towers, 19
( BNL=50564)

MECHANICAL DRAFT COOLING TOWERS/NOISE POLLUTION CONTROL

Noise emission characteristics of circular mechanical
natural and fan-assist natural draft cocling towers
with silencers, 285

MECHANICAL DRAFT COOLING TOWERS/OPERATION

Cooling tower with mechanical and natural draught
(Patent), 302

Winter operation of mechanical=draught cocling towers,
4i8

MECHANICAL DRAFT COQOLING TOWERS/PERFORMANCE
Conceptual designs and cost estimates of mechanical

draft wet/dry and natural draft dry cooling systems
using Curtiss=Wright integral fin-tube heat exchangers,
48 (C00=4218-2)

MECHANICAL DRAFT COOLING TOWERS/PLUMES

Fleld Investigation of cooling tower and coolfng pond
plumes. Final report, 164 (PB=282993)

Observations of vortices in cooling tower plumes, 15
(ATDL=78/19)

Secondary motions In a cooling tower plume, i2 (ATDL=
7?/23)

MECHANICAL DRAFT COOLING TOWERS/THERMAL EFFLUENTS

Cooling tower drift: experiment design for
comprehensive case study (Fossil=fuel power plant
thermal effluenta), 146 (ORNL/TM=6248)

Cooling tower drift study at Oak Ridge Gaseous Diffusfon
Plant, 99 (K/GD=1917)

Mathematical model of drift deposition from a bifurcated
cooling tower plume, 150 (ORNL/TM=6248)

MECHANICAL STRUCTURES

See also POWER TRANSMISSION LINES

MECHANICAL STRUCTURES/ENVIRONMENTAL IMPACTS

Impacts of transcission lines on birds (rn flight.
Proceedings of a workshop held at Oak Ridge Associated
Unfversities, Oak Ridge, Tennessee on 3° January=2
February 1978, 187 (PB=28693.)

METABOLISM/TEMPERATURE EFFECTS
Temperature adaptation in the freshwater snafil, Heliscma

trivolvis (Say), {n an artifically heated reservoir in
the southeastern United States (Effects of thermal
effluents from nuclear production reactor at Savannah
River Plant on Par Fond), 257

Thermal effects, 281

METACERCARIAE

See LARVAE

METALS/BIOLOGICAL EFFECTS
Chemfcal effects of power plant cooling waters: an

annotated bibliography, 80 (EPRI=ZA=3072)

METALS/ENVIRONMENTAL EFFECTS
Chemical effects of power plant coclfng weters: an

annotated bibliography, 80 (EPRI=EA=1072)

METALS/TOXICITY
Chemjcal effects of power plant cooling weaters: an

annotated bibliography, 80 (EPRI=2ZA=1{)72)

METEOROLOGY/DATA ACQUISITION
Chalk Point Cooling Tower Project. Volume 2. Cooling

tower drift dye tracer experiment, FY77. Final
report, 1 July 1976=31 August 1977, 180 (PB=284827)

METECQROLOGY/DATA ACQUISITION SYSTEMS
Storms over the METER=0ORNL Precipitation Network: the

first six months, 159 (ORNL/TM-6883)

METEGROLOGY/DATA COMPILATION
Chalk Point cooling tower project., Volume 3., Conling

tower drift dye tracer experiment surface weather and
ambient atmospheric profile data, June .6 and .7, .977.
Final report & July 1976=30 June 1977, .69 (PB-+28436J)

METEGROLOGY/RESEARCH PROGRAMS

Environmental Research Laboratories 1976 sznnual report,
7 (ATDL=77/23)
Meteorological Effects of Thermal Energy Feleases (METER)
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Progran. Annual progress report, October 1577-
Septerber 1578, 158 (CGRNL/TM=6867)
¥HD GENERATOFR CDIF/SAFETY
Safqty considerations rerort: Montana Component
Develcgrent and Integration Facility (CDIF), 216 (TID=-
29084)
MHD GENERATOR ETF/COOLING TOWERS
FHD=ETF Program final report, January 4, 1S77=March 4,
1978. Voluwe 4E. Appendices A2€-A28, 89 (FE=2613~
6(Vel.4E )]
MHD GENERATCR ETF/EXHAUST GASES
MHD=ETF Pregrar final regert, January 4, 1§?7=March 4,
1878. Volute 4E. Aprendices A26-A28, 89 (FE=2€13-
6(Vcl.4E)})
MHD GENER#TOR ETF/SYSTEM FAILURE ANALYSIS
FHD=ETF Progras final reprort, January 4, 1877?=March 4,

1878, Velume 4E. Appendices A26~A28, 89 (FE=2613-
€(Ve1.4E )
MINES

See also COAL MINES
MINES/CCCLING SYSTENS
Journal of the mine ventilation society of South Africa,
274

7
MINES/VENTILATION SYSTENMS
Journal of the sine ventllation society of Scuth Africa,

274
MOISTURE CGAGES/ACCURACY

Examination of specific aspects of cocling tower testing

methodolaogye Final report, 84 (EPRI=FP=953)
¥OLLUSCS
See also OYSTERS
SNAILS
MOLLUSCS/EEHAVICEF

Toxfcity and effects of tromaform cn five marine species,

137 (NUREG/CER=0835)
MOLLUSCS/MORTALITY

Toxicity and effects of tromcform on five marine species,

137 (NUREG/CFE=0835)
MCLLUSCS/FATHCLOGICAL CHANCES

Elocide by=products in aquatic environments. Quarterly
progress repert, Octcter 1=December 31, 1978 (Toxficity
of chloroforr te fishes and clams following exposure
to power plant effluents containing antifoulant by—~
preducts ), 205 (FNL=2621)

Bfccide by=products in aquatic environments.
progress repcrt, January i-March 31, 157§
(Cencentration and fate of haloferms {n natural waters),
210 (FNL=-2988)

MCLLUSCS/FCPULATION DYNANICS

Analysis of populations cf boring and fouling organisms
in the vicinity of the Oyster Creek Nuclear Generating
Staticn. Quarterly progress report, March=May 1976,
13§ (NUBEG/CE=1015)

Ten=-wmenth recolenizaticn ef the k—area ccoling water
syster by the Asiatic clam Corbicula fluminea, 6S (DP=
148$)

MCLLUSCE /FRODUCTIVITY

Efacide by=greducts fn aquatic environments.
grogress regort, January i=March 31, 1979
(Concentration and fate of haloforms {n natural waters),
210 (FNL-2588)

MOLLUSCS/WATER FOLLUTION

Ten=ronth recolonization of the k—area cooling water
systenr by the Asietic clam Corbicula flumineay, €S (DP=
1486)

FORTALITY/TEVFERATURE EFFECTS

Heat shcck threshold estimation for fish eggs and larvae
in power plant cecling systems, 28 (CONF=?771042-)

Threadfi{n shad fmpingement: effect of cold stress cn a
reserveir consunity. Environmental Sciences Division
Fublication No. 1198, 131 (NUREG/CR=06137)

MUNICIPAL WASTES/COMBUSTION

Cleaning of gases from tre incineration of waste

wateriale, 424
MUSSELS
See MCLLUSCS

Quarterly

Quarterly

NATURAL DRAFT COCLING TOWERS
Natursl=draught dry ccoling tower for steam power plants
(Patert), 3€2
NATURAL DFAFT CQOLING TGWERS/EIBLIOGRAPHIES
Cocling tcwers: desfgn and performance (citations from
the Enrgineering Index Data Base}. Report for 1570=
August 1978, 105 (NTIS/FS=78/08SS)
NATURAL DRAFT COCLING TOMWERS/CHEMICAL EFFLUENTS
CHalk gecint cocling tower project. Volume 1. salt
loading, madeling, and aircraft hazard studies.
Final rerort 1 July 1876=30 June 1§77, 1€7 (FB=284058)
NATURAL DFAFT COCLING TOWERS/LESIGN
Easic design principles for a seawater natural draught
coolirg tcwer, 2€2
Caonceptual designs and ccst esti{mates of mechanical
draft wet/dry and natural draft dry cocling systems
using Curtiss=Wright integral fin=tube heat exchangers,
48 (CC0=-4218=2)
Flant ccmprising a power staticn and a cocoling tower
(Patent; power plant surrounded by cooling tower), 253
Reflectfons on the state of the art of natural=draught

cooling tower design, 266

NATURAL DRAFT COOLING TOWERS/DROPLETS

Present knowledge of physfcal relationships in drift
emissfon from wet cooling towers and measures taken to
date for determining drift dimensions, 283

NATURAL DRAFT COOLING TOWERS/ECONOMICS

Conceptual designs and cost estimates of mechanical
draft wet/dry and natural draft dry cooling systems
using Curtiss=Wright integral fin—-tube heat exchangers,
48 (C00=4218~2)

NATURAL DRAFT COOLING TOWERS/ENVIRONMENTAL EFFECTS
Atmospheric effects of energy generation, 17 (ATDL=78/19)
Chalk point cooling tower project: cooling tower effects

on crops and soils. preoperational report. Report
for April 1973-April 1975, 170 (PB=284075)

Chalk point cooling tower project: cooling tower effects
on craops and soils, Preoperational report, appendix.
Report for April 1973=April 1975, 171 (PB=284076)

Chalk point cooling tower project: cooling tower effects
on crops and soils. Postoperational report No. 1,
Volume 1. Final report, May 1975=April 1876, 172 (PB=
284077)

Chalk point cooling tower project: cooling tower effects
on crops and soils. postoperational report no. 1,
volume 2. Final report May 1975=April 1976, 173 (PB=-
284078)

Chalk point cooling tower project: cooling tower effects
on crops and soils. post operational report no. 2.
Final report FY 1977, 174 (PB=284094)

Chalk point cooling tower project: effects of simulated
saline cooling tower drift on woody species.

Master's thesis, 178 (PB=28421i4)

Meteorological effects of heat and moisture releases
from large power stations (precipitation modification),
56 (DOE/ET=0076)

Potential weather medification caused by waste heat
release from large dry cooling towers, 235

Precipitation as atmospheric disturbance in the
operation of natural=draught dry cooling towers, 233

NATURAL DRAFT COOLING TOWERS/ENVIRONMENTAL IMPACTS
Atmospherfc effects of energy generation, 17 (ATDL=-78/1i9)

NATURAL DRAFT COOLING TOWERS/EVALUATION
Coocling systems addendum: capital and total generating

cost studies, 107 (NURZG=0247)

NATURAL DRAFT COOLING TOWERS/HEAT EXCHANGERS
Cross wind and internal flow characteristics of dry

cooling towers, 286

NATURAL DRAFT COOLING TOWERS/NOISE POLLUTION

Noise radiation from energy center cooling towers, 19
(BNL=50564)

NATURAL DRAFT COOLING TOWERS/NQISE POLLUTION CONTROL

Noise emission characteristics of circular mechanical
natural and fan-assist natural draft cooling towers
with silencers, 285

NATURAL DRAFT COOLING TOWERS/UPERATION

Cooling tower with mechanical and natural draught
(Patent ), 302

NATURAL DRAFT COOLING TOWERS/OPTIMIZATION

Criteria for structural optimization of natural=-draught
cecgling towers with a view to stability, construction,
and rentability, 320

Optimization of closed circult cooling systems, with
natural draft tower, for power plant cordensers, 296

NATURAL DRAFT COOLING TOWERS/PERFORMANCE
Conceptual desfgns and cost est{mates of mechanical

draft wet/dry and natural draft dry cooling systems
using Curtiss=Wright fntegral fin=tube heat exchangers,
48 (CO0=-4218=2)

NATURAL DRAFT COOLING TOWERS/PLUMES

Chalk Pofnt cooling tower project. Volume 2. Cooling
tower dri{ft dye tracer experiment, June i6 and 17,
1977. Final report 1 July 1976=30 Jure 19?7, 168 (PB=
284059)

Chalk Pofnt cooling tower project. Volume 3. Cooling
tower drift dye tracer experiment surfece weather and
ambfent atmospheric profiile data, June .6 and i7, 1977.
Final report 1 July 19876=30 June 1977, .69 (PB=284060)

Chalk Point cooling tower project: Chalk Point surface
weather and ambient atmospheric profile data; first
intensfve test period, December 15-19, 1975, revision,
176 (PB=284212)

Observations and predictions of natural draft cooling
tower plumes at Parad{se Steam Plant, 33i§

Observations of vortices in cooling tower plumes, 15
(ATDL=78/19)

NATURAL DRAFT COOLING TOWERS/SAFETY
Natural=draft cooling towers made of reinforced concrete

= current status and possibilities of development, 305

NATURAL DRAFT COOLING TOWERS/SEISMIC EFFECTS

Seismic analysis of hyperbolic cooling towers by the
response spectrum methed, 393

NATURAL DRAFT COOLING TOWERS/STRESS ANALYSIS

Seismic analysis of hyperbolic cooling tcowers by the
response spectrum method, 353

NATURAL DRAFT COOLING TOWZRS/THERMAL EFFLUEHNTS

Chalk paint cooli{ng tower project. Volume 1. salt
loading, modeling, and aircraft hazard studies.
Final report 1 July 1976=30 Jure 1977, 167 (PB-284058)

Development and verification of a wet cooling tower
drift depositfon model, 349

Flight mezsurements on cocling tower plumes: measurement
data from the NEURATH II Measurement Program on wet
natural draft cooling towers, 23S (ANL="rans=1160)

Studies of the environmental impact of evaporative




coolirg tower plumes (Sclar monftoring of fossil-fuel
power rlant cooling tower plumes), 145 (CRNL/TM=€248)
NATURAL CAS/TRANSEQORT
Envirannental control engineering, 208 (FNL=28S50(Pt.5))
NEUTRON MCISTURE METERS
fee MCISTURE GAGES
NUCLEAR FACILITIES/DECCMMISSIONING
Environnental control engineering, 208 ( FNL=28E0(Ft,5))
NUCLEAR FUELS/TRANSPCRT
Environnental ccntrol engineering, 208 (PNL=2850(Pt.5))
NUCLEAR FMATERIALE MANAGEMENT/MEASURING INSTRUMENTS

CHerfstry research and development. Progress repert,

June=Moverber 1978, 211 (RFP=2877)
NUCLEAR PARKS

See alsc ENERGY PARKS
NUCLEAR FARKS/NUCLEAR POWER PLANTS

THerral pclluticn ¢f the atmosphere, in particular due
to pewer plant parks, S6 (INIS=mf=4097)

NUCLEAR FAFKS/ONCE=THROUGH COGLING SYSTEMS

Cffshore Heat dissfipaticn for nuclear energy centers,

1E€ (CENL/TM=€435)
NUCLEAR FARKES/SITE SELECTICN
Waste heat discharge fror power plant cocling towers.
A contribution tc the discussion of siting problers in
the planning of power rlants and power plant parks, 95
(INIS=nf=40S7)
NUCLEAR FCWER
Tevelopment of nuclear energy in West Germany, 237
NUCLEAR RCWER PLANTS/CHEMICAL EFFLUENTS

Analysis of populations of boring and fouling organisms
in the vicinity of the Cyster Creek Nuclear Generating
Staticn. Quarterly progress report, March=May 1579,
135 (NUREG/CR=1015)

Ecological investigation of Hudson River
wacrczccplankton {n the vicinity ¢f a nuclear power
plant (Indian Point Nuclear Power Flart), 371

Envircnrental assessment of cooling reservaoirs
(Associated with nuclear pauer plants; comperiscn tc
impacts ef ccoling towers), 128 (NUREG/CR=0514)

NUCLEAR FCWER FLANTS /CLOSELC=-CYCLE COCLING SYSTEMS

Optinization of lowepotential complex of NFP with nixed

closed=cycle water cocling systemr, 293
NUCLEAR POWER PLANTS/CONDENSER CCOLING SYSTEMS

Efcloglcal evaluatfon cf devices used for reducing
entrainment and fmpingement losses at thermal power
plante, 42 (CONF=780910S=1)

Contral of fouling corgenisms in estuarine cooling water
systens by chlorine and bromine chloride, 225

Heat exchanger (Nuclear rower plants; patent), 388

Ice pcnd ccaling of & power plant, 254

Nurerfcal rmodeling of entrainment and far field thermal
dispersion fcr NEP 1 and 2, Charlestown, Rhode Island,
13€ (NUREG/CR=0815)

NUCLEAR FOWER FLANTS/CCCOLING PONDS

Cocling poend feg studies, 147 (ORNL/TM=6248)

Envircnrental assessment of cooling reserveirs
(Asscciated with nuclear power plants; comparison to
fmpacts of cooling tcwers), 128 (NUREG/CR=0514)

liquefacticn consideraticns for twe summerged essential
service ccoling ponds, 40€

Cptinfzation of low-potential complex of nuclear power
rlants with a2 mixed system of circulating water supply,
281

Frediction of local effects of propesed cooling ponds,
3€ (CCNF=781213=5)

Study c¢f heat transfer processes atove &2 cooling pond,
35

NUCLEAR PCWER FLANTS/COOLING SYSTEMS

Cocling systers addendum: capital and total generating
cost studies, 107 (NUREG=0247)

Eccnorics of ccnserving water by use of alternative
ceolirg rethods for large nuclear, fossil, and
corbined cycle peower plants, 86 (EPRI=RP=927=1)

Heat distritution compensating circuit intended for
cooling therral and nuclear power plants (Fatent), 399

Froblens of designing cocling circuits, 369

NUCLEAR FCWER PLANTS/CCUOLING TOWERS

Cocling methods for pecwer plants, S4 (IJS=~106/5019=-77)

Cacling tower environmental impact prediction {n the
case of nuclear power rlant mixed cooling system, 382

First annual report on weather modification ef!ects cf
cocling towers, 11 (ATDL=77/23)

Crtimizaticn of low-potential complex of nuclear power
plants with a mixed system of circulating water supply,
281

Ferformance and capital costs of wet/dry ccoling tcwers
in poser plant service, 287

Selsric desfgn of hyperbclic ccoling towers, 405

Thermal pellution of the atmosphere, in particular due
to power rplant parks, S6 (INIS=mf=4097)

Waste heat discharge from power plant coocling towers.

A contribution to the discussion of siting protlems in
the planning of power plants and power plant parks, 95
(INIS=mf=40S7? )
NUCLEAR FCWER FLANTS/ENVIRCNMENTAL EFFECTS
Cacling pond fog studies, 147 (ORNL/TM=6248)
Other impacts, 334
NUCLEAR PCWER FLANTS/ENVIRCNMENTAL IMFACTS

Assessing the {spact of nuclear~power plants an the
envircneent. Annusl progress report No. 2, 155 (PB=-
2s085¢8)

NUCLEAR FCWER FLANTS/HEALTH HAZARDS
Other iwpacts, 334
NUCLEAR PCWER FLANTS/NATURAL DRAFT COCOLING TOWERS
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Seismic analysis of hyperbolic cooling touwers by the
response spectrum method, 393
NUCLEAR POWER PLANTS/STEAM CONDENSERS
Cooling process and device for liquid or vaporized
fluids (Patent), 397
NUCLEAR POWER PLANTS/TEMPEZRATURE EFFECTS
Finite element lake circulation and thermel analysis, 413
NUCLEAR POWER PLANTS/THERMAL EFFLUENTS
Cooling tower environmental impact predictfon in the
case of nuclear power plant mixed coolirg system, 382
Ecological investigation of Hudson River
macrozooplankton {n the vicinity of a nuclear power
plant (Indian Point Nuclear Power Plant), 37i
Environmental evaluation of a nuclear power plant on
Lake Erie: some aquatic {mpacts, 390
Environmental assessment of cooling reservoirs
(Associated with nuclear power plants; comparison to
{mpacts of cooling towers), 128 (NUREG/CR=u¢514)
NUCLEAR POWER PLANTS/VALVES
Valves for condenser=cooling~water circulating piping Ir
thermal power statfon and nuclear power station, 358
NUCLEAR POWER PLANTS/WASTE HEAT
Investigations of effects of thermal discharges {n Rhine
river waters. Part of a coordinated programme on the
physical and biological effects of cooling systems and
thermal discharges at nuclear power plants. Final
repert for the period 1 January 1974 = 30 April iS?77,
3 (1AEA=R=1456=F)
NUCLEAR POWER PLANTS/WASTE HEAT UTILIZATION
Discharges from nuclear power stations. tnergy value of
low=temperature water, 368
NUCLEAR POWER PLANTS/WATER REQUIREMENTS
Economics of conserving water by use of alternative
cooling methods for large nuclear, fossfl, and
combined cycle power plants, 86 (ZPRI=RF=927=1)
NYMPHS
See LARVAE

0AK RIDGE GASEQUS DIFFUSION PLANT
See ORGDP
GCEANS
See SEAS
OIL SPILLS/COMBUSTION
Environmental control engineering, 208 ( PNL=2850(Pt.5))
ONCE=THROUGH COOLING SYSTZMS
See also COOLING SYSTEMS
ONCE=THROUGH COOLING SYSTEMS/ENVIRONMENTAL IMPACTS
Assessment of once through cooling water control
technology, 34 (CONF=781109-14)
ONCE=THRQUGH COOLING SYSTEMS/LIFE=CYCLE COST
Effect of alternate cooling systems and beneficial use
cf waste heat on power plant performance, 49 (CO00-453,=

3)
ONCE=THROUGH . COQLING SYSTEMS/OFFSHORE SITES
Offshore heat dissipatifon for nuclear energy centers,
155 (ORNL/TM=6435)
ONCE=THROUGH COOLING SYSTEMS/PERFORMANCE
Effect of alternate cooling systems and beneficial use
of waste heat on power plant performance, 49 (C00-453;-

3)

ONCE=THRQUGH CCOOLING SYSTEMS/THERMAL E£FFLUENTS

Synthesis and analysis of ecological {nformation from
cooling impoundments. Final report, 78 (ZPRI=EA=-
1054(Vol.l))

ONIKOBE GEOTHERMAL FIELD/GEUTHERMAL POWER PLANTS
Construction of the Onikobe geothermal power plant, 402
Geothermal power plants of Japan: a technical survey of

existing and planned installations. Report Noe.
CATMEC/9, 46 (C0(0=-4051-16)

ONTOGENESIS/TEMPERATURE EFFECTS
Thermal effects, 281

ONUMA GEOTHERMAL FIELD/GEQTHERMAL POWER PLANTS
Geothermal power plants of Japan: a technical survey of

existing and planned installations. feport No.
CATMEC/9, 46 (CQ0=4051-16)
Operational results of Onuma geothermal power plant, 401

OPEN=CYCLE COOLING SYSTEMS

See also COOLING SYSTEMS

OPEN=CYCLE COOLING SYSTEMS/DISPERSIONS

Development and verification of a wet cooling tower
drift deposition model, 340

OPEN=CYCLE COOLING SYSTEMS/ECONOMIC IMPACT

Environmental and economic impacts of open=cycle and
closed=cycle condenser cooling systems for large
electric generating stations, 403

OPEN=CYCLE COOLING SYSTEMS/ENVIRONMENTAL IMPACTS

Environmental and economic impacts of open~cycle and
closed=cycle condenser cooling systems for large
electric generating stations, 403

OPEN=CYCLE COOLING SYSTEMS/MATHEMATICAL MODELS

Thermal regimes of upper Missi{ssippl and ¥issouri Rivers
and hybrid once~through=wet tower cooling systems for
power plants, 373

OPERATION
A 12.5 MW geothermal plant In California, 426
Analysis of the operation of atmospheric coolants, 321
Cleaning air-=cooled equipment saves money, 265
Close study of cooling=tower pump intakes adds to
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relfatility cver performance range, 240

Comparatfve cost study of varfous wet/dry cocling
concerts that use amrania &s the intermediate heat
exchange fluid, 54 (DCE/ET-007€)

Conceptual design study advenced concepts test (ACT)
facility, 204 (PNL=271%)

Conceptual desfgn and cost evaluation of a high
performance dry coecling system, 47 (CO0=-4218-1)

Construction ¢f the Cnikcbe geothermal power plant, 402

Ccoling tower and makeur water treatment eliminate
conderser depcsits, 412

Caoling tower with mechanfcal and natural draught, 362

Cocling tower, especially fcr thermal power plants, 294

Cacling tcuwer cgerations with afr/water interface and
energy cansideraticns, 408

Cocling weter systems: treatment and materfals of
constructicn, 30€

Effect cf uwind on the operatfon of dry cooling towers
for the circulating water at thermal power plants, 258

Efficiency and utilizaticn of cooling towers, 260

Engineering aspects of Fassavant screening, 123
(NUREC/CP=0002)

Geothernal pawer plants cf Japan: a technfcal survey of
existing and planned fnstallations, Regort Nc.
CATFEC/S, 46 (CO0=4051i-16)

Heter geothermal demonstratfon power plant. Final
report, €3 (EFRI=ER=10¢S)

Hydrolegic engineering ccnsiderations for Ranney
Collecter well Intake Systems, 122 (NUREG/CP=0002)
In=situ testing of profile wire screens for long=term

englneering feasibility, 118 (NUREG/CP=0002)

Keep your cool when selectig the right tower, 267

Know yaur cooling tewer, 232

Operational experience with a BASF dry/wet ccoling tower.
Ft. I1. Thermodynamic investi{gations, 275

Operaticnal results of Crume geothermal power plant, 401

Cptimal design of wet cocling tower/once=through hybrid
ccaling systews, 347

Cptirmizaticn-sisulaticn methodalogy for wet/dry cooling.
Final repcrt, 85 (EPRI=FP=105€)

Precipitation as atmospheric disturbance in the
cperation of natural=draught dry coeling towers, 233

Preview contrcl applied toc ccoling systems of fpower
plantse, 372

Frimer cn the rejection c¢f waste heat from power plants.
Consultant report, 338

Razdean (Rasdan) Thernmal Fower Statfon, 51 (DOE/ET-=0076)

Review ¢f the environmental effects of three sclar
energy technologies, 313

Salt water cooling ponds with parti{al tidal interchange,
24 (CCNF=741270~=P2)

Stear plant cperetion, 4i5

Study of & fluldized turtulent bed contactar with
applicaticn ta cocling towers, 3€€

Syster ¢f heat removal fcr an electric power station
located in a dry subtrorical climate, 52 (DCE/ET=0076)

Waste heat rejection from gecthermal power stations, 157
(ORNL/TM=€£33)

Winter cperaticn of rechanical=draught cooling towers,
418

CRGANIC EROMINE CCMPOUNDS
See alsc ERCMOFORM
CRGANIC ERCMINE COMPOUNDS/CHEMICAL ANALYSIS

Bicaide by=prcductse in aquatic environments. Annual
report, October 1, 1S77=Sertember 30, 1978 (Analysis
and toxicity of by=products from chlorine used in
nuclear pewer plant cocling systems), 12?7 (NUREG/CR=-
0504)

CRGANIC CHLCRINE COMPOUNDE
See alsc CHLOKOFORM
CRGANIC CHLORINE COMPCUNDS/CHEMICAL ANALYSIS

Elccide by=precducts in aquatic environments. Annual
report, Octcter 1, 1977=September 30, 1978 (Analysis
and texicfty of by=products from chlorine used in
nuclear power plant coccling systems), 12?7 (NUREG/CR=-
0504)

ORGANOMETALLIC COMPOUNDS/BIOLOGICAL EFFECTS

Biofeouling control investigations: 18=-month summary

repcrt, 81 (EPRI-EA-1082)
CRGDF

(Oak Fidge Gaseous Diffusion Plant.)
CRGDF/MECHANICAL DRAFT CCCLING TOWERS

Cocling tower drift study at Uak Ridge Gaseous Diffusion
Plant, S5 (K/GD=1S17)

Sqcondary motions in a ccoling tower plume, 12 (ATDL=-
?7/23)

CTAKE GECTHERMAL FIELD/GEQOTHERMAL POWER PLANTS

Gactherral power plants cf Japan: a technical survey of
existing and glanned ftnstallations. Repart No.
CATMEC/9, 46 (C0C=4051-16)

OXIDIZERS/WATER CHEMISTRY

Oxfdant effects on cosplex mixtures of nonvolatile
orgenics in polluted waters: examination by HPLC and
bicacreening, 43 (CONF=7811108~1)

CYSTERS/BEHAVIQOR

Toxicity and effects of tromcform on five marine species,

137 (NUREG/CF=0835)
CYSTERS/MCRTALITY

Toxicity and effects of tromofors on five marine specles,

137 (NUREG/CF=0835)
GYSTERS/PATHOLCGICAL CHANGES

Bfocide by=-products in aquatic environments. Quarterly

progress report, January l=Maprch 31, 21979
(Concentration and fate of haloferms in natural waters)
210 (PNL=2688)
QYSTERS/PRODUCTIVITY
Bfocide by=products in aquatic environments.
progress report, Jenuary l=March 31, 197%
(Conceatration and fate of haioforms in natural waters)
210 (PNL-2988)
OZONE/BIBLIOGRAPHIES
Ozone In aquatic systems: a selected, anrotated
bibliography, 141 (ORNL/EIS=145)
OZONE/BIOLOGICAL EFFECTS
Blofouling control investigations: 18=month summary
report, 81 (EPRI=EA=1082)
Ozone in aquatic systems: a selected, annotated
bibliography, 141 (ORNL/EIS=145)
OZONE/CHEMICAL REACTIONS
Ozone in aquatic systems: a selected, annotated
bibliography, 141 (ORNL/EIS=145)

Quarterly

PALISADES=1 REACTOR/CHEMICAL EFFLUENTS
Measurements and vegetational tmpact of chemical drf{ft
from mechanfical draft cooling towers (Palisades
Nuclear Plant, southwestern Michigan.), 246
PALO VERDE=) REACTOR/CONDENSER COOLING SYSTEMS
Pipeline from sewage plant fills A=plant's cooling needs,
234
PALO VERDE=2 REACTOR/CCNDENSER COOLING SYSTZMS
Pipeline from sewage plant fills A=plant's cooling needs,
234
PALO VERDE=3 REACTOR/CONDENSER COOLING SYSTZMS
Pipeline from sewage plant fills A=plant's cooling reeds,

2
PARADISE "STEAM PLANT/COJOLING TOWERS
Daily observations of visible plume length at TVa's
Paradise Cooling Towers, 8 (ATDL=77/23)
Seismic response of a column=supported cooling tower, 343
PARADISE STZAM PLANT/NATURAL DRAFT COOULING TOWZRS
Observations and predictions of natural draft cooling
tower plumes at Parad{se Steam Plant, 3:5
PARTHENOGENESIS
See REPKRODUCTION
PARTICLE SIZE/DATh ACQUISITION
Afrborne monitoring of cooling tower effluents. Volume I.
Technical summarys. Final report, 162 (PB-279076)
PATHOGENESIS/ENVIRONMENTAL TRANSPORT
Afrborne transmission of pathogenic organisms in cooling
tower drift, 23 (CONF=740107=2)
PATHOGENESIS/HEALTH HAZARDS
Afrborne transmission of pathogenic srganisms in cooling
tower drift, 23 (CONF=740107-2)
PERFORMANCE
Applications of solar energy for heating end cooling of
buildings: solar caoling, 6 (ASHRAE/GRP=170)
Biological and engineering considerations in the fine=
screening of small organisms from cooling water
intakes, 114 (NUREG/CP=3002)
Cleaning of gases from the incineration of waste
materfals, 424
Close study of cooling=tower pump intakes adds to
rellability aver performance range, . 240
Comparison of cocling systems for dry cooling towers, 263
Conceptual design and cost evaluation of a high
performance dry cooling system, 47 (C00=42i8=1)
Conceptual designs and cost estimates of mechanical
draft wet/dry and natural draft dry cooling systems
using Curtiss=wWright integral fin-tube heat exchangers,
48 (CO0=4218=2)
Cooling methods for power plants, 94 (1JS'106/5019=77)
Cooling power technology at a turning point, 298
Cooling tower and makeup water ireatment eliminate
condenser deposfts, 413
Cooling towers: design and performance (c{tations from
the Engineering Index Data Base), Report for 1970=
August 1978, 105 (NTIS/PS=78/0889)
Cooling tower money meking superstar, 374
Cocling towers, design and plume behavior, 322
Cooling tower recirculation as influenced by the lgcal
atmospheric flow field, a numerical model, 98
(X/CSD/INF=79/6)
Cooling tower efficiency more than doubled, 229
Cooling water intakes utilfzing Ranney Collectors or
Ranney Intakes, 108 (NUREG/CP=0002)
Critical paths to coal utilization, 27 (CONF=770509-)
Effect of alternate ccoling systems and beneficial use
of waste heat on power plant performance, 49 (C03=453i-
3)
Engineering and hydraulics of the modified perforated=-
ripe intake, 116 (NUREG/CP=0002)
Fixed mirror solar concentrator for application to a 100
MW(e) electric generating plant, 91 (GA~A=15340)
Heat exchanger, 388
heat rejection system, 303
Influence of radiation upon the heat transfer and Lewis
factor in evapBration cocling, 249
Investigatfions on the protection of fish larvae at water
fntakes using fine-mesh screening, 115 (NUREG/CP=0002)
Know your cooling tower, 232
Laboratory testing of corrosion inhibitors for
recirculating cooling water systems, 214 (STU=-76=3279)




PETER=GRNL precipitation network:
analyefs, 15€ (ORNL/T¥=€6523)

Fodern cocling=touer techniques, 2£2

Natural~draft ccoling towers made of reinforced concrete
= current status and possibilities of development, 305

Natural=draught cooling towers made of reinferced
concretes State of the art and development
possitilities, 301

New way in ccolinge. Cocling elements = reverting the
principle ot cperation improves performance, 280

Non=ideal flow sodel for the design of spray towers far
the recovery of low grade heat, 26 (CONF=760588=F3)

Nurer{cal sfwuletion of cooling tower drift eliminator
performance, 389

Cperaticnal experfence with a BASF dry/wet cooling tower,
Pte Il. Thersodynamic investigations, 275

Cptiwization-sirulaticon methodology for wet/dry cocling.
Final repcrt, 85 (EPRI=FP=1096)

Cptimum comtination of selected cooling alternatives for
electric power plants, 348

Optimur conbinations of cooling alternatives for stream «~
electric power plants., Volume II. Final report, 194
(PE=25057¢)

Overview of fssues affecting the derand for dry and
wet/dry cooling for thermal power plants, 20 (BNWL=
226E&(Rev. )

Ferformance and capital costs of wet/dry ccoling towers
in power plant service, 287

Freview cantrol applied to ccoling systers of power
plants, 372

Progress on research on oren circulating water cooling
systers for large electric power rlants. Progress
repcrt No. 1, 165 (PBE=283218)

Reactor safety research frogramse. Quarterly report,
January 1-Merch 31, 1575, 138 (NUREG/CR-0855)

Fequirerents assesswent c¢f photovoltalc power plants in
electric utility systers, 82 (EPRI-ER=685(Vol.3)(App.))

Fevarse osrosis to achieve water control and recycle, 273

Scaling up of a direct centact heat exchanger, 420

gingle=cell cocling tower performance studies. Fart I:
the effect of reduced tip clearance on fan performances
Fart 1I: the effect ¢f reduced tip clearance on
cooling tower performance, 100 (K/GD=1567)

Specific features of using various types of coclers In
NPP with the N0, ccolent, 97 (INIS~mf=4316)

Standardized calculaticn of cooling towers, 102 (NP=
23707

Stear plant operation, 415

Study of a flujdized turtulent bed contactor with
application t¢c cocling touwers, 3€€

Study cf the comparative costs of five wet/dry cocling
tower ccncepts, 21 (BNWL=SA=-€165)

Supporting studles in heat dissipation, 62 (DOE/EV=
004€(\Vcl.2))

Tachnicel and econoric feasitilities of wet/dry tower
systers for water conservation, 53 (DOE/ET=007€)

Valves for condenser=cooling=water circulating piping in
therral power statfon snd nuclear power station, 358

Waste heat disposal to alr with forced and natural
draft: scme analytical design consideratlons, 219

Waste heat rejection fror geothermal power stations, 3§
(CONF=790£808«16)

Waste heat managesment in the electric power {ndustry:
{ssues of energy conservation and staticn cperation
under environmental constraints, €1 (DOE/EV=004€(Vol.3))

Wet ccaling towers and reservoirs, an alternative to dry
coolirg towers, 247

Winter cperation of mechanical=draught cooling towers,

from design to data

418
PETRCLEUN/TRANSFCRY
Environrental centrol engineering, 208 (PNL-2850(Pt.5))
FETRCLEUM REFINERIES/ENMISSICN
Assessment c¢f etmospheric emissions from petroleur
refining, 73 (EPA=€00/7=-78-1€8)
FETRQLEUNM REFINERIES/MICRGFROCESSORS
Mfcroprccessars contrcl cherical addition and coking
unit ccaling, 236
PETROLEUM REFINERIES/NCISE FOLLUTION CONTROL
Noise centrol engineering at the Maobil Lubricating Oil
Refinery, Fort Stanvac, Scwth Australia, 40 (CONF=
760€122=)
PETRCLEUM REFINEFIES/PRCCESS CONTROL
Microprccessars control chgmical addition and coking
unit coeling, 236
FETRCLEUN REFINEFIZS/WASTE WATER
Water reuse studles, 380
FHENCL/RENQVAL
Cenceptual designs for weter treatment in demonstration
plants, IX. Appendix = design rrocedures,y, S0 (FE~-
263€~12)
FPHILIPPSEURG=2 REACTCR/REACTOR LICENSING
Third partial constructicn perrit for Philippsturg
Nucleer Fcwer Plant unit 2 of QOct. 19, 1578, 345
FHOSFHORUS /ECCLOGICAL CONCENTRATION
Elemental gradients In macrophytes from a reactor
effluent gradient, €8 (DP=148S)
FHOSFHCRUS/METALLURGICAL EFFECTS
Stress corrosfon cracking of admiralty brass in aquecus
coprer sulfate, 385
FHOTCVOLTAIC FOWER PLANTS/COMPARATIVE EVALUATIONE
Requirements acssessment ¢f ghotovoltaic power plants {n
electric utility systers (Contains glossary), 82 (EPRI=
ER=€85(Vcls2)(App.))
FHOTCVOLTAIC FOWER PLANTS/COOLING TOWERS
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Requirements assessment of photovoltaic power plants in
electric utility systems (Contains glossary), 82 (EPRI=-
ER~685(Vale3 )(Appe ))

PHOTOVOLTAIC POWER PLANTS/ECONOMICS

Requirements assessment of photovoltaic power plants §n
electric utility systems (Corntains glossary), 82 (EPRI=-
ER=685(Vol,3)(App.))

PHOTOVOLTAIC POWER PLARTS/ENVIRONMENTAL IMPACTS

Review of the environmental effects of three solar

energy technologies, 313
PHOTOVOLTAIC POWER PLANTS/MATHEMATICAL MODELS

Requirements assessment of photovoltajc power plants in
electric utility systems (Contains glossary), 82 (EPRI=-
ER~685(Vol.3)(App.))

PHOTOVOLTAIC POWER PLANTS/RELIABILITY

Requirements assessment of photovoltaic power plants {n
electric utility systems (Contains glossary), 82 (EPRI-
ER~685(Vol.3)(App.))

PHYSICAL PROTECTION DEVICES

Chemistry research and development.
June=November 1978, 211 (RFP=2877)

PHYTOPLANKTON
See also ALGAE
PHYTOPLANKTON/ENTRAINMENT

Ecosystem effects of phytoplankton and zooplankton
erntrainment, 7? (EPRI=EA=-1038)

Environmental assessment of cooling reservoirs
(Assocjated with nuclear power plants; comparison to
impacts of cooling towers), 128 (NUREG/CR=0514)

PHYTOPLANKTON/POPULATION DYNAMICS

Environmental assessment of cooling reservoirs
(Assocfated with nuclear power plants; comparison to
fmpacts of cooling towers), 128 (NUREG/CR=US1l4)

PIPELINES/FABRICATION

Pipeline from sewage plant fills A=plant's cooling needs,

234
PIPELINES/INSTALLATICON

Pipeline from sewage plant fills A=plant's cooling needs,

234
PIPES/THERMAL INSULATION
Heat distributfon compensating circuit intended for
cooling thermal and nuclear power plants (Patent), 399
PLANKTON
See also PHYTOPLANKTON
200PLANKTON
PLANKTON/POLLUTION
Aquatic fmpact, 337
PLANKTON/POPULATION DYNAMICS

Synthesis and analysis of ecological information from
cooling {mpoundments. Final report, 78 (EPRI=-EA=
1054(Vel.1))

PLANKTON/SAMPLING

Par pond circulation patterns and plankton sampling, 67

(DP=1489)
PLANKTON/TEMPZRATURE EFFECTS

Environmental evaluation of a nuclear power plant on

Lake Erie: sowme aquatic impacts, 390
PLANNING

Closed=circujt cooling fn a nuclear power statioa with
high=temperature reactor and helfum turbine, 332

Development and construction fnvestigation for a high=
power combined wet/dry cocling tower, 279

Different types of cooling towers influence the design
and the conditions of the inlet of cooling water pumps,
378

Effect of civil engineering and access conditions on the
cooling water pumps and the various types of coolling
water pumpe for cooling towers, 379

Offshore heat dissipation for nuclear energy centers,
155 (ORNL/TM=€435)

Reflections on the state of the art of natural=draught
cooling tower design, 266

VGB guidelines for inquiries and orders of cooling
towers, 241

Waste heeat project = Upper Rhine area. First
semiannual report, 19?7, 354 (DOE=tr=18$)

PLANT TISSUES/CHEMICAL ANALYSIS
Elemental gradients in macrophytes from a reactor
effluent gradient, €8 (DP=1489)
PLANTS
See also ALGAE
TREES
PLANTS/PRODUCTIVITY
Cocling tower effects on native perennfal vegetation.
August 1972=April 1975. Volume I, Sections I=IX.
Preoperational report (Data from Chalk Point Power
Plant in Maryland), 186 (PB=286758)
PLANTS (INDUSTRIAL)

See INDUSTRIAL PLANTS
PLANTS (POWER)

See POWER PLANTS
PLUMZS

Cooling towers, design and plume behavior, 322

Cooling tower plume research U.S. Environmentel
Protection Agency, 324

PLUMES/AERIAL MONITORING

Report on ATDL research on meteorological effects of
thermal energy releases, August 1, 157€-September 3i,
1977 (Thermal and smoke plume transport), 148 (DORNL/TH-
6248)

PLUMES/AERIAL SURVZYING
Studies of the environmental impsct of evzporative

Progress report,
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cocling tower plumes (Solar monitoring of fossil~fuel
power plant ccoling tower plumes), 145 (ORNL/TNM=€248)
PLUFES/AEFODYNAPICS
Fire analeg: & ccwspariscn between fire plumes and
energy eenter coocling tower plumea, 152 (ORNL/TM=6248)
PLUMES/CONVECTION
Convection above cooling towers, 414 (ANL-Trans~1145)
FLUMES/DATA ACQUISITION

Clialk Reint Coocling Tower Project. Volume 2, Cooling
tower drift dye tracer experiment, FY?77. Final
repcrt, 1 July 157€=31 August 1977, 180 (PB=284827)

FLUMES/DATA ANALYSIS
Cocling tower drift:
28E0(Ft.2)
FLUMES/DEFCSITION
Drift wcdeling and wonitcring comparisons, 308
FLUMES/DIFFUSICN

Alrbocrne monfitering of ccoling tower effluents. Volume 1.
Technical sumwary. Final report, 162 (FB=27907€)

CHalk Fcint Cocling Tower Project. Volume 2. Cooling
tower drift dye tracer experiment, FY?77. Final
rapert, 1 July 197€=31 August 1977, 180 (PB=284827)

Frogrene FOG1FLT and FOGZ2FLT for plotting cooling tower
Flures calculated by the FOGl program, 228 (ANL=-Trans=
1163)

PLUMES/ENERGY LOSSES

Fire anslog: a compariscn between fire plumes and

energy center cooling tower plumes, 200 (PNL=-2500(Pt.3))
FLUMES/ENVIRONMENTAL EFFECTS

Drift=-mcdeling and monitoring comparisons (Cooling tower
thermal effluent plume drift deposition), 14 (ATDL-
77722

Fire analog: a cosparison between fire plumes and
energy center cocling tower plumes, 200 (PNL~2500(Pt.3))

Laboratory simulations of Interactive plumes fror
rechanical draft ccoling towers, 195 (PNL-2500(Pt.3))

Facific Northwest Laboratory annual report for 1877 to
the DCE Assistant Secretary for Environment. Part 3.
Atmcsrheric sciences, 157 (PNL=2500(Pt.3))

PLUMES/ENVIRONMENTAL TRANSFORT

Chalk Pcint cooling tower project. Volume 2. Cooling
tower drift dye tracer experiment, June 16 and 17,
1977. Final report 1 July 1976=30 June 1§77, 1€8 (PE=
28405¢)

CHalk Pcint ccooling tcwer project. Volume 3. Cooling
tower drift dye tracer exteriment surface weather and
ambient atmospherlic prefile data, June 1€ and 17, 1977.
Final rerort 1 July 1576=30 June 1977, 1€9 (FB=28€4060)

Chislk Point cooling tower project: Chalk Peint surface
weather and ambient atwmosgheric profile data; first
intensive test periocd, December 15=-19, 1575, revision,
17€ (FP=-284212)

Differences in atmcspheric convection caused by waste
energy rejected in the forme of sensible and latent
heats (Comparison of envircnwental effects of dry and
wet cccling tcwers), 145 (CRNL/TVF=6248)

Matheratical rodel of drift deposition from a bifurcated
ccoling tower plume, 150 (ORNL/TN=€248)

Plume simulation model FCG description of the program
and input (Atmospheric transport of plumes from
cooling towers), 243 (ANL-Trans=1157)

Report ¢n ATLL research on meteorological effects of
tHermal energy releases, August 1, 1976=September 31,
1977 (Therral and smoke plume transport), 148 (CENL/TM=
€248)

FLUMES/MATHEMATICAL MODELS

Drift modeling and sonitcring comparisons, 308

Investigations ¢f effects of thermal discharges {n Rhine
river waters. Part of a coordinated programme on the
phyeical end tiological effects of cocling systers and
thermsl dischearges at nuclear power plants. Final
report for the period 1 January 1574 = 30 April 1977,
€2 (IAEA=F=145€=F)

Mathematical rodel for wultiple cocling tower plumes.
Final rercrt, 184 (FE=2863€4)

Cbservations and predictions of natural draft cooling
tower plumes at Paradise Steam Flant, 3iS

FLUMES/FARFTICLE SIZE

Aeroscl and fce nuclel neasurements in the plume of the

Hower City, FR., power plant, 22¢€
FLUMES/PRECIPITATION SCAVENGING

local precfipitation increases caused by scavenging of

cocling tower plumes, 153 (ORNL/TM=€248)
FLUMES/SANFLING

Cocling tower plume measurements (Rallcon/radicsonde

sampling wethod), 394
FLUMES/SIMULATION

Latoratcry simulations cf interactive plumes from

wecharical draft ccoling towers, 199 (FNL=2500(Ft.3))
PLUMES/THERMODYNANICS

Plumes from one and two ccoling towers, 151 (ORNL/TM=

€248)
PLUMES/VCRTICES

Cbservations cf vortices In cooling tower plumes, 15

(ATDL=78/16)
PLUTONIUM/ENVIRONKENTAL EFFECTS

Pacific Northwest Laboratory annual report for 1977 to
the DCE Assistant Secretary for Environment. Part 3.
Atnoserheric sclences, 197 (PNL=259C(Pt.3})

FOLLUTICN CONTROL

Assessment of atmospheric emissions from petroleunm

refining, 72 (EPA=60Q/7=76=1€8)

couprehensive case study, 20€ (PNL=

PONDS
See LAKES
PONDS (COOLING)
See COOLING PONDS
POPULATION DYNAMICS/TEMPERATURE EFFECTS
Environmental assessment of cooling reservoirs
(Associated with nuclear power plants; comparison to
impacts of cooling towers), 128 (NUREG/CR=0514)
Threadfin shad i{mpingement: effect of cold stress on a
reservoir community. Environmental Sciences Division
Publfcation Nc¢. 1198, 131 (NUREG/CR=0637)
POWER GENERATION/COST
Cooling systems addendum: capital and total generating
cost studies, 107 (NUREG=0247)
POWER PLANTS
See also DUAL=PURPUSE POWER PLANTS
HYDROELECTRIC POWER PLANTS
THERMAL POWER PLANTS
WIND POWER PLANTS
POWER PLANTS/COQLING PONDS
Method of calculatfon of dynamics and thermics of
cooling reservoirs, 222
POWER PLANTS/COOLING SYSTEMS
Dry cooling for power stations, 346
POWER PLANTS/ENVIRONMENTAL EFFECTS
Chalk Point Cooling Tower Project: ccoling tower effects
on crops and soils. Post operational report No. 3.
Final report, i July 1977=30 June 1978, 191 (PB=289271)
POWER PLANTS/TEMPERATURE EFFECTS
Atmospheric effects of energy generation, 17 (ATDL=78/19)
POWER PLANTS/WASTE HEAT UTILIZATION
State~of=the~art waste heat utilizetion for agriculture
and aquaculture. Technical planning studies 77=700
and 77-734. Final report, 76 (EPRI-EA -922)
POWER TRANSMISSION/BIOLOGICAL EFFECTS
Other i{mpacts, 334
POWER TRANSMISSION/ENVIRONMENTAL EFFECTS
Other impacts, 334
POWER TRANSMISSION/HEALTH HAZARDs
Other impacts, 334
POWER TRANSMISSION LINES/ENVIRONMENTAL IMPACTS
Impacts of transmission lines on birds in flight.
Proceedings of a workshop held at Oak Ridge Assoclated
Universities, Oak Ridge, Tennesseec on 3. January=2
February 1578, 187 (PB=-286931)
POWER TRANSMISSION TOWERS/ENVIRONMENTAL IMPACTS
Impacts of transmission lines on birds in flight.
Proceedings of a workshop held at Oak Ridge Associated
Unfversities, Oak Ridge, Tennessee on 3. January=2
February 1978, 187 (PB=286931)
PRECIPITATIONS (ATMOSPHERIC)
See ATMOSPHERIC PRECIPITATIONS
PRESSURIZED WATER REACTORS
See PWR TYPE REACTORS
PROCESS HEAT REACTORS/ECONOMICS
Heat cost I{n a Swedish agrothermal plant (BWR), 256
PSYCHOLOGY
See BEHAVIGR
PUBLIC BUILDINGS/SOLAR AIR CONDITICNING
Solar project description for Trinity University Power
Plant No. 2 (Space conditioning and water heating
plant, contains glossary), 213 (SOLAR/2004-=79/50)
PUBLIC BUILDINGS/SOLAR SPACE HEATING
Solar project descriptior for Trinity University Pouer
Plant No. 2 (Space conditioning and water heating
plent, contains glossary), 2:3 (SOLAR/2904=79/50)
PUBLIC BUILDINGS/SOLAR WATER HEATING
Solar project description for Trinity University Power
Plant No. 2 (Space conditioning and water heating
plant, contafns glossary), 2i3 (SOLAR/2204=79/50)
PUBLIC HEALTH
Airborne transmission of pathogenic organisms in cooling
tower drift, 23 (CONF=740107=2)
PWR TYPE REACTORS
See also CALVERT CLIFFS=1 REACTOR
CALVERT CLIFFS=2 REACTOR
PALISADES=1 REACTOR
RANCHO SECO=1 REACTOR
WWER TYPE REACTORS
PWR TYPE REACTORS/REACTOR SAFETY
Reactor safety research programs. Quarterly report, i
January=31 March 1978, 201 (PNL=2653<=1)
Reactor safety research programs. Quarterly report,
April 1=June 30, 1978, 125 (NUREG/CR=0341)
Reactor safety research programs. Quarterly report,
July 1=September 30, 1978, 129 (NUREG/CE=0548)
Reactor safety research programs. Quarterly report,
October 1=December 31, 1978, 134 (NUREG/CR=(684)
Reactor safety research programse Quarterly report,
January i=March 32, 1979, 138 (NUREG/CK-0855)

RADIATION MONITORING/RADIATION DETECTORS
Chemi{stry research and development.
June=November 1978, 211 (RFP=2877)
RADIOACTIVE EFFLURNTS/ENVIRONMENTAL TRANSPURT
Par pond circulation patterns and planktor sampling, 67
(DP=1489)
RADIOACTIVE WASTE DISPFOSAL/RESEARCH PROGRAMS
Environmental control engineering, 208 (PhL=2850(Pt 5))
RADICQACTIVE WASTE PROCESSING

Progress report,




Chemistry research and develcpment.

June=Noverter 1978, 211 (KFP~2877)
RAIN

Rainfall enhancement due to washout of cooling tawer

cendersate, 158 (PNL=2500(Ft.3])
FAIN/MONITCRING

Storms cver the METER=CRM. Frecipitation Network: the

first six sonths, 15S (ORNL/TM=€EE3)
RANCHC SECC=i REACTOR/ENVIRONMENTAL IMPACTS

Fancho fecc building wake effects on atmaspheric
diffusion, 12€ (NUREG/CR=0456)

RANCHO SEC0-2 REACTOR/ENVIFCNMENTAL IMPACTS

Kanche feco buflding wake effects on atmospheric
diftusicn, 126 (NURECG/CR=045€)

REACTOR CCCLING SYSTEMS
See alesc LIRECT CYCLE CCOLING SYSTEMS
REACTOR CCOLING SYSTEMS/HEAT STORAGE

Ccolant circuit for a rower station and process fer

cperating ccolant circuit (Patent), 353
REACTOR CCOLING SYSTEMS/HYDRAULICS

Velocity distritutions and turtulernce intensfties at

tubesheats in a two=pass condenser model, 316
REACTOF CCCLING SYSTEMS/TUREULENT FLCW
Velocity distritutions and turbulence {ntensities at
tubesheets in a twc—pess condenser model, 31€
REACTOR FUELS
See NUCLEAR FUELS
REACTOR SAFETY
(Thecretical and experimental investigations of the
behevicr of reactor types and des{gns under varfous
resl or hypcthetical accidents.)
REACTOR SAFETY/REACTOR SAFETY

Reactcr safety research programs. Guarterly report,
Octcter l=December 31, 197€ (BWR; FWR), 134 (NUREG/CR=-
0681)

REACTOR SAFETY/RESEARCH PROGRAMS

Reactcr safety research prograrms. Quarterly report, 1
Janvary=31 March 1978 (EWR; PWR), 201 (PNL-2653~1)

keactcr safety research progrars. Quarterly report,
April 1=June 30, 1978, 125 (NUREG/CR=0341)

Resctcr safety research programs. Quarterly report,
July 1=Z%epterter 20, 1578 (BWR;PWR), 125 (NUREG/CR=
064€

Reactor safety research programs. Quarterly report,
January 1=NMarch 31, 1979 (BWR; PWR), 1328 (NUREG/CR~
08E5)

RECYCLE (FUEL}
See FUEL CYCLE
REPRODUCTICN/TEMFERATURE EFFECTS
Therral effects, 281
RESERVOIR ENGINEERING
See also WATEF RESERVCIRS

Hydreolecgic engineering ccnsiderations for Ranney
Collector %ell Intake Systems (Effects of hydrologic
rarameters on inteke systems design, placement, and
cperation), 122 (NUREG/CP-C002)

RESERFVCIRE (WATER)
See WATER RESERVOIRS
FESIDENTIAL BUILDINGS/SOLAR AIR CONDITIONING

Solar prcject description fer Trinity University Power
Plant Noe. 2 (Space conditicning and water heating
Flant, contains gloseary), 213 (SOLAR/2004=-79/50)

RESILCENTIAL EUILDINGS/SOLAR SFACE HEATING

Solar aszsjisted heat pumps for motel applications in la
Quinte Motcr Inn, Selt Lake City, Utah, 32 (CONF=
780701=(Feve )}

Solar prcject descripticn for Trinity University Power
Plant Noe. 2 (Space conditioning and water heating
plant, caontains glcssary), 213 (SCLAR/2004=7S/50)

RESIDENTIAL EUILDINGS/SOLAF WATER HEATING

Solar assisted heat pumpse for motel applications in La
Quinte Motor Inn, Salt Lake City, Utah, 32 (CONF-
780701=(Rev. ;)

Salar project descripticn for Trinity University Power
Plent Nc. 2 (Space conditioning and water heating
plant, contains glessary), 213 (SCLAR/2004=79/50)

RESMDENTIAL SECTOR/ENZRGY CONSERVATION

Effect cf alternate cooling systems and beneficial use
af waste heet on power plant performance, 49 (C00-4531-
il

Progress report,

2)
RHINE RIVER/THERMAL FOLLUTION :
Investigations of effects of thermal discharges fn Rhine
river waters. Part of & cccrdinated programme on the
rhysical and biological effects of cooling systers and
therxal discherges at nuclear power plants. Final
repert far the pericd 1 January 1974 - 30 April 1577,
§3 (IAEA=R=1456=F)
RHINE RIVER/WASTE HEAT
Waste heat project = Upper Rhine area, First
sexfiarnual report, 1577, 354 (DOE=-tr=18S)
RISER CRACKING
See CCAL LIQUEFACTICN
RIVERS
fee alsa HUDSON RIVER
RHINE RIVER
RIVERS /THERMAL FGLLUTION
THerwal effects, 281
RCCK MECHANICS
Transacticne c¢f the Vedeneev All=Union Scientific and
Resesrch Institute of Hydraulic Engineering. Volume S8,
1972, 421 (FE=2825€1=T/SL)
FOCKY FLATS FLANT/RESEARCH FROGRANMS
CHemjstry research and development.
June=Nevermber 1878, 211 (RFP~2877)

Progress report,

35 INDEX SCREENS/MEETINGS

ROCKY FLATS PLANT/WASTE WATER
Reverse osmosi{s to achieve water control and recycle, 273

SALTS/BIGLOGICAL EFFECTS

Chalk point cooling tower project. Volume 1. salt
loading, modeling, and aircraft hazard studies.

Final report i July 1$76=30 Jure 3977, 167 (PB=-284058)

Review of potentlal blological impacts of cooling tower
salt drift, 242

SAMPLING /COMPARATIVE EVALUATIONS

Statistical comparison and cholces of sampling designs
for estimating fish {mpingement at cooling water
intakes, 384

SAMPLING/DESIGN

Statisticel comparison and choices of sampling designs
for estimating fish i{mpingement at cooling water
intakes, 384

SCREENS/BIOLOGICAL EFFECTS

Blological and engineering considerations {n the fine=
screening of small orgenisms from cooling water
intakes (Comparsion of effect{veness of impi{ngement or
deterrent concept in screen design and performance),
114 (NUREG/CP=0002)

SCREENS/BIOLOGICAL FOULING

Biological aspects of porous=dike intake structures
(Comparison of exclusjon capabilities ard fouling
rates of several dike materfals), 11i (NURZG/CP=0092)

Current TVA work on the fluid mechanics of screens with
very small openings for the exclusion of larvae at
power plent cooling=water fntakes (Prediction of
pressure drop across screens and {nfluence of debris
buildup on this pressure drop), 133 (NUFEG/CP=0002)

Engineering and hydraulics of the modified perforated=
pipe intake (Modififed to give uniform {nflow
velocities), 116 (NUREG/CP=0002)

In=situ testing of profile wire screens for long=term
engineering feasibi{lity (Determination of operating
and majintenance requirements for reliability in power
plant usage), 118 (NUREG/CP=0002)

Practicalfty of profile-wire screen in reducing
entrainment and impingement (Laboratory and in-sfitu
studies of performence and biofouling characteristics),
119 (NUREG/CP=0002)

SCREENS/COMPARATIVE EVALUATIONS

Biological aspects of porous—dike intake structures
(Compari{son of exclusion capabilities and fouling
rates of several dike materfals), 11i (MNUREG/CP-0002)

SCREENS/DESIGN

Engineering evaluation of porous=dike intake screening
systems (Design studies to determine hydraulic losses
through varfiously sfized and located systems), ily
(NUREG/CP=0002)

Engineering aspects of Passavant screening (Passavant
screens=sprocket=driven vertifcal traveling screen
employing semicircular screening baskets), 123
(NUREG/CP=0002)

SCREENS/ENGINEERING .

Biological and engineering considerations in the fine-
screening of small orgenisms from cooling water
intakes (Comparsfon of effectiveness of {mpingement or
deterrent concept In screen design and performance),
114 (NUREG/CP=0002)

SCREENS/ENVIRONMENTAL EFFECTS

Investigations or the protection of fish larvae at water
intakes using fine-mesh screening (Effects of fish
species and size, water velocity, {mpingement duration,
and screen pore size or post impingement survival of
larvae), 115 (NUREG/CP=0002)

Survival of dominant estuarine organisms impinged on
fine=mesh traveling screens at the Barney M. Davis
Power Station (Influence of debris loading on survival
of fish and shrimp impinged on Passavant center=flow
screens), 112 (NUREG/CP=0002)

SCREENS/FEASIBILITY STUDIES

Investigations on the protection of fish larvae at water
intakes using fine=mesh screening impingement=release
concept: laboratory study of a single-entrance,
double=exit, vertical traveling screen concept
(Concept for safe handling of fish larvae to insure
maximum survival), 124 (NUREG/CP=0002)

SCREENS/FILTERS

Engineering considerations in the use of artificial
filter beds (Screening method for fntake structures of
cocling systems in thermal power plants), 109
(NUREG/CP=0002)

SCREENS/FLUID MECHANICS

Current TVA work on the flufid mechanics of screens with
very small openings for the exclusion of larvae at
power plent cocling=water intakes (Prediction of
pressure drop across screens and influence of debris
buildup on this pressure drop), 113 (NUREG/CP~0002)

SCREENS/HYDRAULICS

Johnson screen for cooling water intakes (Hydraulic
studies applicable to exclusion of blota and debris),
117 (NUREG/CP=0002)

SCREENS/MEETINGS

Larval exclusion systems for power plant cooling water

intakes (Lead abstract), 121 (NUREG/CP-0002)
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SCREENS/CQFERATION

Engineering aspects of Fessavant screening (Passavent
screens-sprocket=driven vertical traveling screen
employing sesicircular screenfing taskets), 123
(NUREG/CF=0002)

SCREENS /PERFORMANCE

Efclcgical and engineering considerations {n the fine-
screering of small orgenisms from cooling water
intakes (Cosparsfon of effectiveness of impingement or
deterrent concept fn screen design and performance),
114 (NUREG/CF=0002)

Engineering and hydraulics of the modified perforated-
rire Intake (Modiffed to give uniform inflow
velocities), 116 (NUREC/CF=0002)

Investigations an the protection of fish larvae at water
fntakes using fine=mesh screening (Effects of fish
species snd size, water velocity, iwpingement duration,
and screen pocre size or post impingement survival of
larvee), 115 (NUREG/CF=0002)

SCREENS/PERFCRMANCE TESTING

Biclagical aspects of porous—dike intake structures
(Coxgariscn of exclusicn capabilities and fouling
rates of several dike saterials), 111 (NUREG/CF=0002)

Biclcgical evaluation of devices used for reducing
entrainment and fmpingement lossea at thermal power
glants, 42 (CCNF=7809109-1)

Engineering asgects of Fessavant screening (Passavant
screens=sprocket=driven vertical traveling screen
employing sewicircular screening baskets), 123
(NUREC/CF=-0002)

In=situ testing of profile wire screens for long-term
engineering feasibility (Determination of operating
and maintenance requirements for reliability in power
plant usage), 118 (NUREG/CP=0002)

Fracticality of profile~wire screen in reducing
entreinnent and f{mpingewent (Laboretory and f{n-sftu
studles of perforrance and biofouling characteristics),
115 (MUREG/CF=0002)

Survival of dowinant estuarine organisms impinged cn
fine=zesh traveling screens at the Barney M. Davis
Povwer Station (Influence of debris loading on survival
¢f fish and shriep irpinged on Passavant center=flow
screens), 112 (NUREG/CF=0002)

SCREENS/SITE SELECTICN

Engineering evaluation of porous—~dike fntake screening
systers (Design studfes to determine hydraulic losses
through veriously sized and located systems), 110
(NUREC/CF=0002)

SCRUEEERS/PERFORMANCE
Cleaning of gases fror the incineratfon of waste
raterials, 424
SEAS/THERFMAL FOLLUTION
Thermsl effects, 281
SEAWATER/CHEMICAL ANALYSIS

Biccide by=rroducts in aquatic environments. Annual
repcrt, Octaber 1, 1977=September 30, 1978 (Analysis
and toxicity of by=products from chlorine used in
nuclear power plant cocling systews), 127 (NUREG/CR=-
0504)

SEAWATER/CCASTAL REGIONS

Potential envirormental effects assocfated with brackish
water cocling towers at Chalk Foint, Maryland, 2f¢
(CONF=760425=)

SEAWATER/ENVIRONNMENTAL EFFECTS

Effects of evaporative saslt water cooling towers on salt
spray and salt deposition on surrounding sells, 236

Potential envircamental effects associated with brackish
water cocling towers at Chalk Point, Maryland, 2f
(CONF=760429- )

SEDIMENTS/CADMIUNM

Dynamics of manganese, cadmfum, and lead in experimental

power rlent ponds, 1€1 (PE=279032)
SEDIMENTS/LEAD

Dynaxics of rmanganese, cadmjum, and lead in experimental

power plant ponds, 1€1 (PB=275032)
SEDIMENTS/MANGANESE
Dynamics of manganese, cadmjum, and lead in experisental
pesver plant ponds, 1€1 (PB=279032)
SEDIVENTS/FOLLUTICN
Other $wpacts, 334
SHOCK (THERMAL)
See THERMAL SHOCK
SHRINMP/BEHAVIOR

Toxicity and effects of tromofore con five marine species,

137 (NUREG/CR=0835)
SHRIFP/FCFTALITY

Servival of dowinant estuarine organisms f{mpinged on
fine=nesh traveling screens at the Barney M. Davis
Fower Station (Influence of debris loading on survival
of fish and shrimp irpinged on Passavant center~flow
screqns ), 112 (NUREG/CF=0002)

Toxicity and effects of tromaform on five wmarine specfes,
137 (NUREG/CF=0835)

SHRIMR/PATHOLOGICAL CHANGES

Bfocide by=rroducts in aquatic environments,
progress repcrt, January l=March 31, 1§79
(Concentration and fate of haloforms in natural waters),
210 (FNL=2588)

SHRIMP/PRCDUCTIVITY

Elocide by=preducts in squatic environments.
progress repert, January 1l=-March 31, 197§
(Concentration and fate of haloforms in natural waters),

Quarterly

Quarterly

210 (PNL-2988)
SKIN DISEASES/ETIOLOGY

Ispact of thermal loeding and other water quality
parameters on the epizootiology of Aeromonas
hydrophila §nfections of centrarchids (Ztiology ard
host=pathogen relations In red=sore disease of
largemouth bass), 63 (DOE/EV/00900-5)

SKIN DISEASZES/PATHOLQGY

Impact of thermal loading and other water quality
parameters on the eplzootiology of Aeromoras
hydrophila infections of centrarchids (Ztiology and
host=pathogen relations {n red=sore disease of
largemouth bass), 63 (DOE/EV/00900=5)

SMOKES/COMPARATIVE EVALUATIONS

Fire analog: a comparison between fire plumes and

energy center cooling tower plumes, 152 (ORNL/TM=6248)
SNAILS/BICLOGICAL ADAPTATION

Temperature adaptation in the freshwater snail, Helisoma
trivolvis (Say)y in an artiffcally heated reservolir {n
the southeastern United States (Effects of thermal
effluents from nuclear production reactor et Savannah
River Plant on Par Pond), 257

SNAILS/LIFE CYCLE

Temperature adaptation {n the freshwater snail, Helisoma
trivolvis (Say)y in an artifically heated reservoir in
the southeastern Urited States (Effects of thermal
effluents from nuclear production reactor at Savannah
River Plant on Par Pond), 257

SODIUM CHLORIDES/AERIAL MONITORING

Afrborne monitoring of cooling tower effluents. Volume I.

Technical summary. Final report, 162 (PB=279076)
SODIUM CHLORIDES/BIOLOGICAL EFFECTS

Cooling tower effects on native perennial vegetation.
August 1972-Apri{l 1975. Volume I. Sections I=IX.
Preoperational report (Data from Chalk Point Power
Plant {r Maryland), 186 (PB=286758)

SODIUM CHLORIDES/FOLIAR UPTAKE

Chalk Point Coolling Tower Project native vegetation
studye Final reporty, 1 July 1977=30 June 1978, .90
(PB=28S163)

SOILS/MINERAL CYCLING

Cooling tower drift studies at the Paducah, Kentucky
Gaseous Diffusion Plant (Transport of drifi=derfved
chromfum {n terrestrfal ecosystems), 37 (CONF=790.09=.)

SOLAR AIR CONDITIONERS/RESEARCH PROGRAMS

Climati{c control with solar energy, 33i

SOLAR CELLS/ENVIRONMENTAL IMPACTS

Review of the environmental effects and benefits of
selected solar energy technologles, 2!2 (SZRI/TP=53=
114R)

SOLAR COOLING SYSTEMS
See also SOLAR AIR CONDITIONERS
Kaw Valley solar bank, 92 (HCP/M413i-=0i)
SOLAR COOLING SYSTEMS/DESIGN

Preliminary design peckage for solar heating and cooling
systems, 64 (DOE/NASA/CR=150674)

Solar project description for Trinity University Power
Plant No. 2 (Space conditioning and water heating
plant, contains glossary), 213 (SOLAR/2€04=79/50)

SOLAR COOLING SYSTEMS/PERFORMANCE

Applications of solar energy for heating and cooling of

buildings: solar cooling, 6 (ASHRAE/GRF=170)
SOLAR FLUX
Observation of cooling tower plume effects on total
solar radfation, 310
SOLAR HEATING SYSTEMS
See also SOLAR=ASSISTED HEAT PUMPS
Kaw Valley solar bank, 92 (HCP/M4131=01)
SOLAR HEATING SYSTEMS/COMPUTER CALCULATIONS
Solar building energy use analysis, 392
SOLAR HEATING SYSTEMS/DESIGN

Preliminary design package for solar heating and cooling
systems, 64 (DOE/NASA/CR=150674)

Solar project description for Trinity University Power
Plant No. 2 (Space conditioning and water heating
plant, contains glossary), 2i3 (SOLAR/2704=79/50)

SOLAR RADIATION/PHOTOCHEMICAL REACTIONS

Power plant cooling water chlorination f{n northern
Californja. Extramural report, 31 October 1975-30
December 1976, 163 (PB=281602)

SOLAR THERMAL POWER PLANTS
See also DISTRIBUTED COLLECTOR POWER PLANTS
TOWER FOCUS POWER PLANTS
SOLAR THERMAL POWER PLANTS/COOLING SYSTEMS

Pipeline from ocean to desert to provide cooling for

solar power plant complex, 312
SOLAR THERMAL POWER PLANTS/PERFORMANCE
Fixed mirror solar concentrator for application to a 100
MW(e) electric generating plant, 91 (GA-A=15340)
SOLAR WATER HEATERS
Kaw Valley solar bank, 92 (HCP/M4131=01)
SOLAR WATER HEATERS/DESIGN

Solar project description for Trinity University Power
Plant No. 2 (Space conditioning and water heating
plant, contains glossary), 213 (S0LAR/2004-79/50)

SOLAR~ASSISTED HEAT PUMPS

Solar assisted heat pumps for motel applications in La
Quinta Motor Inn, Salt Lake City, Utah, 32 (CONF=
780701=(Rev.))

SOUTH AUSTRALIA/PETROLEUM REFINERIES

Noise control engineering at the Mobil Lubricating 0Ofl
Refinery, Port Stanvac, South Australia, 40 (CONF=
7608122~)
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See FALISALES-1 REACTICR
SPRAY PONLS

See CLOLING PCNDS
STACKS/ENVIRONMENTAL IMPACIS

Irpacts of transsmisesion lines on birds fn flight.
Froceedings of a workshop held at Oak Ridge Associated
Universities, Oak Ridge, Tennessee on 31 January=2
February 1978, 187 (PE-=286931)

STAINLESS STEELS/CORROSICN :

Evaluation of concentration of coocling medium ifmpurities

on heet exchange surfaces during boiling, 271
STEAM CONDENSERS

Cecoling process and device for liquid or vaporized

fluids (Patent), 397
STEELS

See also STAINLESS STEELS
STEELS/CCFROSION

Corrosicn probless in ccoling towers:
in practice, 41 (CCNF=7€11116=-F2)

STEELS/SCALING

Corrosicn problems in cocling towers:

in practice, 41 (CONF=7€1111€~P2)
STRIFED EASS/ENTRAINNMENT

Incorpcraticn of sublethel effects and indirect
rortality in wodeling ropulation=level impacts of a
stress, with an example involving power=glant
entralnment and striped bass, 132 (NUREG/CR=-0638)

STRUCTUREE (MECHANICS)
See MECHANICAL STRUCTURES
SULFATES/ENVIRONFMENTAL EFFECTS

Measurenents and vegetational fmpact of chemical drirt
fror mechanical draft cooling towers (Falisades
Nuclear Flant, southwestern Michigan.), 246

Pacific Northwest Lateratory annual report fer 1577 to
the DCE Assistent Secretary for Environment. Fart 3.
Atrosgheric sciences, 197 (PNL=2EQO(Pt.3))

SULFUR DICXIDE/AERIAL MONITORING

Alrborne monitcring of ccoling tower effluents. Volume I.

Technical surrmary. Final report, 162 (PB=27907€)
SULFUR HYDRIDES

See HYDROGEN SULFIDES
SULFURIC ACID/AERIAL MONITCRING

Afrborne mcnitering of cooling tower effluents. Volume I.

Technical sumwary. Final report, 162 (PB=27907€)
SURFACE WATERS
See alsc ESTUARIES
LAKES
RIVERS
SEAS
WATEF RESERVCIRS
SURFACE WATERS/HEAT TRANSFER

Simrplified snalysis of surface energy exchange fronr

heated btodles of water, 344
SURFACE WATERS/HYDROLOGY

Hydroleglic engfneering ccnsiderations for Ranney
Collectar Well Intake Systems (Effects of hydrologic
raraneters on intake systems design, placement, and
cperstion), 122 (NUREG/CP=0002)

SURFACE WATERS/MASS TRANSFER

Sirplified analysis of surface energy exchange frorm

heated bcdles of water, 344
SURFACE WATERS/TEMPERATURE DISTRIBUTICON

Nugerical modeling of entrainment and far field thermal
di{spersion fcr NEP 1 ard 2, Charlestown, Rhode Ieland,
13€ (NUREG/CR=0819)

SURFACE WATEFS/THERMAL POLLUTICON

Assessrent of once through cooling water control
technclogy, 34 (CONF=7€1109-14)

Nurmerical rodeling of entrainment and far field thermal
dispersion for NEP 1 and 2, Charlestown, Rhode Island,
13€ (MUREG/CF=0819)

SURFACE WATERS/WATER POLLUTION

Asbestcs in cooling~tower waters. Final report (Source,
hazarcs, and recomrendetions at nuclear power plants),
135 (NUREG/CFR=0770)

Btcclde by=prcducte in equatic environments.
progress repcrt, January l=March 31, 197S
(Concentration and fate of haloforms in natural waters),
2106 (FNL=-2S8€)

Cliemical effects of power plant cooling waters: an
anncteted tibliography, 80 (EFRI=-EA=-1072)

Study of the influence c¢f coaling water additives cn
surface waters, 193 (NF-23£80)

User's guide tc an envircnmental i{nformation rescurce
for therwal power station cocling systems, 75 (EPRI=EA=-
$01)

SYNTHESIS GAS/CLEANING

Method end device for cleaning synthesis gas (Fatent),

35¢

their prevention

their prevention

Quarterly

TADPCLES
See LARVAE

TAKENCYU CEOTHERMAL FIELD/GEQOTHERMAL POWER PLANTS

Gecthermal rouwer plants cf Japan: a technical survey of

existing and glanned installations. Report No.
CATFEC/S, 4€ (CO0=40E1-=16)

TEMPERATURE (AMEIENT)
See AMBIENT TEMPERATURE

TEMPERATUFE (EOQDY)
fee ECDY TEMFERATURE
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TERRESTRIAL ECOSYSTEMS/MINERAL CYCLING

Cooling tower drift studies at the Paducah, Kentucky
Gaseous Diffusfon Plant (Transport of drift=derived
chromium in terrestrfal ecosystems), 37 (CONF=790i09=1)

THERMAL EFFLUENTS/BIOLOGICAL EFFECTS

Bacterial pathogens in a reactor cooling reservoir, 72
(DP=1489)

Effect of temperature on the seasonal population
dynamics and fecundity of Leptodora kindti (Focke)
(Cladocera) Iin the vicinity of point of discharge of
warm effluent of the Konokova Power Plart, 412

Elemental gradients in macrophytes from a reactor
effluent gradient, 68 (DP=1489)

Environmental evaluation of a nuclear power plant on
Lake Erie: some aquatic {impacts, 390

Heat shock threshold estimation for fish eggs and larvae
in power plant cooling systems, 28 (CONF=771042=)

THERMAL EFFLUENTS/COMPARATIVE EVALUATIONS

Fire analog: a comparison between fire plumes and

energy center cocling tower plumes, 152 (ORNL/TM=6248)
THERMAL EFFLUENTS/ENVIRONMENTAL EFFECTS

Fire analog: a comparison between fire plumes and
energy center cooling tower plumes, 152 (ORNL/TM=6248)

Fire analog: a comparison between fire plumes and
energy center cooling tower plumes, 200 (PNL-2500(Pt.3)

Hyperthermal effluent effects on heleoplanktonic
Cladocera and the influence of submerged macrophytes,
as3

Meteorological effects of heat and moisture releases
from large power stations (precipitation modification),
33 (CONF=-781106=1)

METER=ORNL precipitation network: from design to data
analysis (For measurement of precipitation responses
to cooling tower plumes at Bowen Zlectric Generating
Plant {n Georgla), 156 (ORNL/TM=6523)

Precipltation studies around Plant Bowen (Fossil-fuel
power plant natural draft cooling towers), 144
(ORNL/TM=6248)

Thermal effluent and the epizooticlogy of the cfiliate
epistylis and the bacterium aeromonas {n association
with centrarchid fish, 3§5

THERMAL EFFLUENTS/ENVIRONMENTAL IMPACTS

Calculation of cooling tower plumes with KUMULUS, 325

Environmental Research Laboratories 1977 annual report,
1€ (ATDL-78/19)

THERMAL EFFLUENTS/ENVIRONMENTAL TRANSPQORT

Cooling tower drift: experfiment design for
comprehensive case study (Fossil=fuel power plant
thermal effluents), 146 (ORNL/TM=6248)

Dafly observations of visible plume length at TVA's
Paradise Cooling Towers, 8 (ATDL=77/23)

Differences {n atmospheric convection caused by waste
energy rejected In the forms of sensible arnd latent
heats (Comparison of environmental effects of dry and
wet cooling towers), 149 (ORNL/TM=6248)

Dri{ft=-modeling and monitoring comparisons (Cooling tower
thermal effluent plume drift depositifon), i4 (ATDL=
?7/23)

Environmental Research Laboratories 1976 annual report,
7 (ATDL=77/23)

First annual report on weather modification effects of
cooling towers, 11 (ATDL=77/23)

Hydrometeorological aspects of electric power production,
13 (ATDL=77/23)

Mathematical model of drift deposition from a bifurcated
cooling tower plume, 150 (ORNL/TM-=6248)

Meteorological Effects of Thermal Energy Releases (MZTER)
Program. Annual progress report, October 1976-
September 1977, 143 (ORNL/TM=6248)

Observed end predicted cooling tower plume rise at the
John E. Amos Power Plant, West Virginia, i¢ (ATDL-
?77/723)

Plumes from one and two cecoling towers, i£1 (ORNL/TM=
€248)

Precipitation studies around Plant Bowen (Fossil=fuel
power plant natural draft cooling towers), 144
(ORNL/TM=6248)

Predicted climatology of cooling tower plumes from
energy centers (Environmental effects of postulated
energy park with 100 cooling towers), 9 (ATDL-77/23)

Peport on ATDL research on meteorological effects of
thermal energy releases, August 1, 1976 September 3i,
1977 (Thermal and smoke plume transport), 48 (ORNL/TM=
6248)

Secondary motions in a cooling tower plumey, 2 (ATDL-
77/23)

Studies of the environmental impact of evaporative
cooling tower plumes (Solar monitoring of fossil=fuel
power plant cocling tower plumes), 145 (ORNL/TM=6248)

Thermal pollution of the atmosphere, in particular due
to power plant parks, 96 (INIS=mf=4097)

THERMAL EFFLUENTS/PLUMES

Convection above cooling towers, 414 (ANL-Trans=.145)

Plume simulation model FOG description of the program
and {nput (Atmospheric transport of plumes from
cooling towers), 243 (ANL=Trans=1157)

Studies of the environmental {mpact of evezporative
cooling tower plumes (Solar monitoring of fossil-fuel
power plant cooling tower plumes), 145 (ORNL/TM=6248)

THERMAL EFFLUENTS/WASTE DISPOSAL

Assessment of once through cooling water contreol

technology, 34 (CONF=?81109=14)



THERMAL EFFLUENTS/WEATHER INDEX 38

THERMAL EFFLUENTS/MWEATHER

Frecipitation studies arcund Plant Eowen (Fosail=fuel
power plant natural draft cooling towers), 144
(ORNL/TN=6248)

THERMAL ENERGY STCRAGE EQUIPMENT/COST

Enginee¢ring and cost analysis of a dry cooling systenm
augnented with a therral storage pond, 205 (PNL=2745)

THERMAL INSULATION

Hieat distrituticn corpensating circuit intended for
cooling thervel and nuclear power plants (Patent), 389

THERMAL FOLLUTION
(Envirconmental temperature rise due to waste heat

disposal )}

THERMAL FCLLUTICN/AERIAL MCNITORING

Flight measurementes on ccoling tower plumes: measurement
data frow the NEURATH II Measurement Program on wet
natural draft cocling towers, 239 (ANL=-Trans=1160)

THERMAL PCLLUTION/BICLUGICAL EFFECTS

Continuation of studies cn thermoregulation of fish and
turtles in thermally stressed habitats. Annual
grogress report, 1 October 1978-~30 September 1575, 45
(CO00=-2502=1€)

Ecolcgical investigation of Hudson River
nacrozocplankton in the vicinity of a nuclear power
plant (Indian Point Nuclear Power Plant), 371

Envircnrental assesswent of cocling reservoirs
(Associated with nuclear power plants; ccmparison to
fepacts of cocling towers}), 128 (NUREG/CR=0514)

Genetic variabilfity of E. colf in scutheastern
raservoirs, €€ (DP=1489)

Impact of therwal loading and other water quality
paraveters on the epizcoticlogy of Aercmonas
hydroghila infections of centrarchids (Etfology and
host=pathogen relations {n red—sore disease of
largemouth bass), 63 (DOE/EV/00S00=5)

€ynthesis and analysis of ecclogical i{nformation from
ceoling imroundxents. Final report, 78 (EPRI-EA-
1054(Vvel.l})

Texperature adaptation in the freshwater snail, Helisoma
trivclvis (Say)y in an artifically heated reserveir in
the scutheastern United States (Effects of thermal
effluents fror nuclear producticn reacter at Savannah
Fiver Flant on Par Pond), 257

THermoregulation of fish and turtles in thermally
stressed habitats. Arnual progress report, October 1,
1977=8eptewber 30, 1978, 44 (CC00=-2502=15)

THERMAL POLLUTION/ENVIRCONMENTAL EFFECTS

Chialk pcint cocling tower project. Volume 1. salt
loading, rodeling, and aircraft hazard studies.

Fineal repcrt 1 July 197€=30 June 1977, 1€7 (PB=2£4058)

Descrirption of the Madel SMUKA for calculating cccling
touwer emissions and thelr effects, 244 (ANL=Trans=1154)

Dynamics of rmanganese, cadmium, and lead in experinental
pawer rlant ponds, 1€1 (PE=279032)

Storms cvar the METER=CRAL Frecipitation Network: the
first six months, 155 (CRNL/TM=€883)

Therral pqllution of the atmosphere, in particular due
to power plant parks, S€ (INIS=nf=4097)

THERMAL PCLLUTICN/ENVIRONMENTAL TRANSFORT

Fathenatical nodel for nmultiple cocling tower plumes.
Final repert, 184 (PE=~2863€4)

Frograre FOGIFLT mnd FOG2FLT for plotting cooling tower
plures calculated by the FOG1l program, 228 (ANL=Trans=
11€2)

THERMAL FCLLUTION/MATHEMATICAL MODELS

Nurerical modeling of entrainment and far field thermal
dispersion for NEP 1 and 2, Charlestown, Rhode Island,
13€ (NUREG/CR=0819)

THERMAL FCLLUTION/MONITORING

Nurericel wodeling of entrainment and far field thermal
dispersion for NEP 1 and 2, Charlestown, Rhode Island,
13€ (NUREG/CF=0819)

THERMAL PCLLUTION/POLLUTION CCNTROL

Effluent guidelines and standards: Steam Electric Power
Genersting Point Source Category. Environmental
Frotection Agency, Washington, DC, 387

THERNMAL FCWER FLANTS
See also COMEINED=CYCLE PCWER PLANTS

FCSSIL=-FUEL FCWER PLANTS
CEOTHERVAL FCOWER FLANTS
NUCLEAR POWER FLANTS

THERVAL FCWEF FLANTS/AIR FCLLUTION ABATEMENT

Concerning the thersal lcad on the atmosphere especially
from power station parks, 364 (ANL=Trans=114€)

THERFAL PCWER PLANTS/CHENMICAL EFFLUENTS

Study of the influence ¢f cocling weter additives on
surface waters, 103 (NF=23€80)

THERMAL FCWER PLANTS/CLOSED=CYCLE CCCLING SYSTEMS

Effect ¢f alternate ccoling systems and beneficlal use
of waste heat on power plant perforrmance, 49 (C0C~4531=
]

2)

Envircnmental and econoric fmpacts of openr=cycle and
clesed=cycle condenser cocling systems for large
electric generating stations, 403

THERMAL FCWER PLANTS/CONDENSER CCOLING SYSTEMS

Mathenastical methods tc evaluate entrainment of aquatic
crganisms by power plants, 166 (FE=283465)

THERFAL PCWER FLANTS/CGOLING FONDS

Environrental effects ¢f heat and mcisture release frem
atoosgharic spray cocling systems, 31 (CONF=780£20=7)

Hydrcmeteorclegical aspects of electric power production,
13 (AIDL=77/223)

Meteorclogical Effects of Thermal Energy Releases (METER)
Program. Annual progress report, October 1977=-
September 1978, 158 (ORNL/TM=6867)

Prediction of local effects of proposed cooling ponds,

36 (CONF=781213=5)

Salt water cooling ponds with partial tidal interchange,
24 (CONF=741270-P2)

Study of cooling pond fog generation, 335

Synthesis and analysis of ecological information from
cooling {mpoundments. Volume 2. Appendix A, study
sfte histories and data synopsis, 79 (EPRI-EA=1054(Vol.

))
THERMAL POWER PLANTS/COOLING SYSTEMS

Accomplishments in the Depertment of Energy program on
advanced concepts for dry and dry/wet cooling, 60
(DOE/EV=0046(Vol.3))

Basic design principles for a seawater natural draught
cooling tower, 262

Brackish groundwater for power plant cooling in
California, 349

Comparative cost study of various wet/dry cooling
concepts that use ammonia as the f{ntermediate heat
exchange fluid, 54 (DOE/ET=0076)

Conceptual design study advanced concepts test (ACT)
facility, 204 (PNL=2715)

Conceptual design and cost evaluation of & high
performance dry cooling system, 47 (C00-4218=1)

Conceptual designs and cost estimates of mechanical
draft wet/dry and natural draft dry cooling systems
using Curtiss=Wright integral fin-tube heat exchangers,
48 (CO0=-4218=2)

Cooling water systems = energy conservation through
selective inhibitor programs and operating techniques,
377

Creation of an industry information resource to
catalogue power plant cooling system impacts and
mitigation measures affecting aquatic and terrestrial
ecosystems (Cooling Systems Effects Data Base), 38
(CONF=790737=1)

Differences in atmospheric convection caused by waste
energy rejected in the forms of sensible and latent
heats (Comparison of environmental effects of dry and
wet ccoling towers), 149 (UORNL/TM=6248)

Dry cooling for power plants: {incentives, problems, and
R and D activities, 22 ( BNWL=SA=-6250)

Engineering and cost analysis of a dry cooling system
augmented with a thermal storage pond, 205 (PNL=2745)

Fire analog: a comparison between fire plumes and
energy center cooling tower plumes, 152 (ORNL/TM=6248)

Heat shock threshold estimation for fish eggs and larvae
in power plant cacling systems, 28 (CONF=771042-)

Laboratory testing of corrosion fnhibitors for
recirculating cooling water systems, 214 (STU=76=3279)

Local precipitation increases caused by scavenging of
cooling tower plumes, 153 (ORNL/TM=6248)

Mathematical model of drift deposition from a bifurcated
cooling tower plume, 150 (ORNL/TM=6248)

Meteorological Effects of Thermal Energy Releases (METER)
Programe. Annual progress report, October 1976=
September 1977, 143 (ORNL/TM=6248)

Optimum combination of selected cooling alternatives for
electric power plants, 348

Optimum combinations of cooling ealternatives for stream =
electric power plants. Volume II. Finsl report, 194
(PB=290576)

Overview of the Department of Energy's Meteorological
Effects of Thermal Energy Releases (METER) Program, 5S
(DOE/EV=0046(Vol.3))

Plumes from one and two cooling towers, 151 (ORNL/TM-
6248)

Predicting salt composition of water in circulatory
coecling systems, 300

Preview control applied to coolirng systems of power
plants, 372

Primer on the rejection of waste heat from power plants.
Consultant report, 338

Progress on research on open circulating water cooling
systems for large electric power plants. Progress
report No. 1, 165 (PB=283218)

Rainfall enhancement due to scavenging of cooling tcower
condensate, 154 (ORNL/TM=6248)

Status report on the ammonia, phese-=change dry cooling
system research project, 55 (DOE/ET=007€)

User's guide to an environmental information resource
for thermal power station cooling systems, 75 (EPRI=EA-
801)

Waste heat management in the electric power industry:
{asues of energy conservation and station operation
under environmental constraints, 61 (DOZ/EV=0046(Vol.3)

Water consumption and costs for variocus steam electric
power plant cooling systems. Final regort, October
1977=January 1878, 182 (PB=285397)

THERMAL POWER PLANTS/COOLING TOWERS

Afr radiator cocling tower (Patent), 230

Chalk Point Cooling Tower Project. Volume I, phase V.
Analysis and archiving program, FY77. Final report,
1 July 1876=31 August 1977, 179 (PB=284826)

Chalk Point Cooling Tower Project. Volume 2. Cocling
tower drift dye tracer experiment, FY77. Final
reporty 1 July 1976=31 August 1977, 180 (PB=284827)

Construction and plume observation on a dry/wet test
cell in the Marbach III power plant, 4 (AED=Conf=77-=
£61=004)

Cooling tower drift model, 416




Cooling tcwer, especfally far thernmal power plants
(Patent), 254

Effect c¢f wind on the cperation of dry cocling towers
for the circulating water at therwal pcwer plants, 258

Efficiency and utf{lization of cooling towers (Fatert),
2€0

Envircnrental effects ¢f heat and rolsture release from
atrcspheric spray cooling systems, 31 (CONF=780520=7)

Envircnrental espects of cooling tcower selectlon, 248

Environrental ccntrol engineering, 208 (FNL=2850(Pt.5))

Exeminetion of specffic aspects of cocoling tower testing
nethcdclegye. Final report, 84 (EPRI=FP=553)

Flow lcsses Iin oblique heat=exchangers for dry cocoling
towers of large power plants, 218

heat rejection syster (Patent), 302

Hydrcretecrclogical aspects cf electric power praduction,
12 (A1DL=77/23)

Integrated optirizaticn ¢f dry ventilation cooling
towers of gas turbine power plants taking account of
cperating mode factors, 342

Keep ycur cocl when selectig the right tower, 267

Managing waste heat with the water cooling tower, 227

Meteorclogical Effects of Therral Energy Releases (METER)
Pregram. Annual precgress repcort, October 1577=
Septenber 1978, 158 (UFNL/TM=68€7)

Natural=draught cooling towers made cf reinforced
concrete. State cf the art and development
pqesitilities, 301

Numerfcel sirviation of cooling tower drift eliminator
perfcrmance, 38%

Cne ccoling tower instead of three, 37€

Operaticn of steas turbines with dry cooling towers, 288

Optimal design cf wet cocling tower/cnce=through hybrid
cooling systers, 347

Cptimua cortinations of cooling alternatives for stream =
electric power plants. Volume II. Final report, 194
(PB=25057€)

Overview cf {ssues affecting the demand for dry and
wet/dry cooling for thermal power plants, 20 (ENWL=
2268(Fev,))

Study of the ccmparative costs of five wet/dry cooling
tower concepts, 21 (ENWL=SA=E1€S}

Surporting studies in heat dissfpation, 62 (DOE/EV=
004€(Velal))

Technical and econcomic feasfbilities of wet/dry tower
systers for water conservation, £3 (DOE/ET=0076)

Waste lieat dispcsal tc air with forced and natural
draft: some 2nalytical design considerations, 319

Water vapcr imrissfons in the region of a conventional
thermal power station, 400 (ANL=Trans=1165)

THERMAL PCWER PLANTS/ENVIRCNMENTAL EFFECTS

Local prectipitaticn increases caused by scavenging of
cocling tower plumes, 153 (ORNL/TN=€248)

Matheraticel rodel of drift deposition from a bifurcated
cocling tower plume, 150 (CORNL/TNM=6248)

Meteorclogical Effects of Thermal Energy Releases (METER)
Frogram. Annual progress report, October 157€=
Septembar 1577, 143 (CFNL/TM=6248)

Modificaticn cf local weather by power plant operation.
Ftnal rerocrt, 74 (EPRI-EA~E8€=5R)

Other fnpacts, 334

Rainfell enhancement due to scavenging of cocling tower
condensate, 154 (ORNL/TM=€248)

Report cn A1DL research c¢n meteorological effects of
thermsl energy releases, August 1, 197€=September 31,
1877 (Therral and sroke plume transport), 148 (ORNL/TM=-
€248

THERMAL FCWER PLANTS/GAS TURBINES

Integrated optinization c¢f dry ventilation cooling
towers of ges turbine power plante taking account of
cperating mode factors, 342

THERMAL FCWER FLANTS/HEALTH HAZARDS

Cther fmpacts, 334

THERMAL FCWEF FLANTS/HEAT EXCHANGERS
Sore extra=hfgh capacity heat exchangers of special
deaign, 41§
THERMAL FCWER PLANTS/INTAKE STRUCTURES
Ice blackage of water intakes, 130 (NUREG/CR=-0548)
THERMAL FOWER FLANTS/MECHANICAL DRAFT COOLING TOWERS

Concertual design and cost evaluation of a high
perfcrmance dry cooling system, 47 (CO0-4218-1)

Design considerations for a wmechanical draft cooling
tower, 404
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turtles in thermally stressed hab{tats. Annual
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Recycle of power plant ccoling tower blowdown by
vertical tube evaporation with interface enhancement
utilizing waste heat, 409
WASTE HEAT UTILIZATICON
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Genetic variability of E. coli in southeacstern
reservoirs, 66 (DP=1489)
WATER RESERVOIRS
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Optimization of low~potential complex of NPP with mixed
closed=cycle water cooling system, 293

ZINC ALLOYS/STRESS CORROSION
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