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PREFACE

This report reviews the problem of thermal discharges from power plants
and examires possible solutions 10 therr beneheial uses & aummary of the
major findings appears before the text and an annotated bibliography is pra-
seEnfad at tha and,

The major impetus {0 prepare this repart came from BMr. J P, Brucsa,
Director, Canada Cenfre for Inland Waters, Burlington, and Dr. Robeart W
Durie, and for this we are grateful. We would also like 1o .'Lukr'n'.'-.':i_'dl.:lﬁ' the
assistance of Miss Buanck Hoberts |(bliography compilation), Don Willlams
and Bob Fortin {draftingh, Mrs, L Dealorme |ty pimg ), Oon Elfner (proof read-
ingl and Alan Penn of McGIi University {raview).
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SUMMARY OF REPORT

This section is intended 10 ba a summary of
conclusions reached in this report

The total peak thermal input to Canadian
fresh and tidal walers is astimaltéd 10 IncCreasa
from 6025 % 10" BTU /br in 1970 1@ 136.7 5 10"
BTU fhr in &30 A D, Approcimately B0% of heat
ralection Jo the environment In Canada iz contrib-
uted by slestrical power production. The effects
gl Tuture large-scale heat releasse ramain unknown

To date, nuclear power plants, operating at
abowt 335% ovarall thermal afficiency, pose a
graater thrast in tarms of tharmal pollution than
foggil-fus!l plants, which can attain about 40%
afficignoy. Fulure fast reactors may have greatar
tharmal afficiencios, though thbir cevalopment is
a1 prasent unpradictable. Larga noeclear |:||al'|15
ricuire some 50% more cooling water for a given
wermperaturg rise than fossil-fuel plants of com-
parable siza, though this may be reduced to 25%
by 1880 thiough further technological ndwva
tions, Typically, ovaerall thermodynamig eficiency
in power plants falls off with mcreased l@ampars-
tura of turbing exhausis. Power plants currently
e low gracde heat a1 80% o 100*F range,
for v b thare are lew scanomic wses becsws

partation costs, The paradox of the
Hutlon' siwsatlon Iz that if the tam-
perature at tha turbine axhaust is raisad 19a @m-
perature which is usalul for a variaty o purposes,
hen thermodynamic afticiency 1% recuced and
msare love-grade waste heat is produced than can
b uged, Future power plants should be dasignd
Im comjunction with large Integrated systems of
urbam, industrial, or sgricultural enargy Usage 1o
maximiza thermal efficiancy of the total sysiem
and minimiipe anergy wWaste.

al heavy tra

Glternative metheds of power production
with lewer heat rejection problems arg limited in
numbar and practicafity. Heat axchanpgers, oon-
.--.:lrli:1|;|. wasta heatl o aloctrecal poWeT BrE curs
rantly unecanomic, and technology does not exist
to commarcially hermass solar power. Canada’s
potential for hydro-power development is limited
in terme of site availability and maoney and. inany
case, the wotal damand for electrical engrgy in the

long-term will far exceed our economic. hydro
potential, o additien, the ecological and social
impacis of large-scale flooding associated with
hydro schemes may well prove 1o be far worss
than pollution problems associated with other
forms of energy genaration, Canadian geothermal
potential is vary small and seams rather ir'l‘.p*'al:-
tical to develop, Fusion reactors and magneto-
hydradynamic geneérators are stlll exparimental,
though they hold exciting possibilities for future
large-scele “clean’’ power production

In eontralling thermal pollution from foss
and nuelear-fuel power planits; cooling ponds and
reservoirs, evaporative cooling towaers and dry
cosling towears are the main altermatives to the
onca-through coaling process, However, consio-
aring the variables of ralative ground area re-
quirad. average condensar water requirament and
consumplion use, and capital investment, oper-
ating and malnenance costs, the once-theough
cooling process is the most economic &5 well as
efficient way of dissipating resicual heat. It may,
howsevar, ba tha most anvironmeanially destruotive
tachnigue, and hence It s nacessary that tha total
Siuding enviconmental] costs and banahts ol
larnative cooling systems ba svaluatod objac-

LIy

Whather the predicted scale of wasie heat
rejection is potentially harmful {above a socially
acceptable level) in alther the long or short tarm
remaing 1o be evaluated. Some ressarchers clalm
offecis are harmiul: others suggoss that effects
may be harmless, or perhaps even beneficial to
fisharies. Any further évaluation showld considar
the effects of waste heat discharge in conjunction
with other farms of waste lsading for 1o1al draln-
age basins. The natura of the effects will dapend
heavily on the unigue features of each situation,
which poses the problem of evaluating and moni-
toring the conditlon of each particular @cosystam,
pathematical models have largaly followed the
basic DO-BOD relationship with very |ittle attampt
at modailing other guality parametars. Davalap-
ment of comprehensivea modols nEcessitaTES

1Al mEterial previgus v this Foatnots s drawn from chapier
1. page 13 ta 18




large amounts of data which are usually unavail-
abla and often have 1o be interpolated. Models
may, however, parmit the planner 1o gain & broacer
perspective on complex problem. It is evident
that considering the costs and tima irvvolved, 10tal
investigation s saldom practical, Theralors, in-
yastigation should perhaps e directed towards
identifving and ‘sglectivaly studying the more
meaningful parameters such as koy specips (pres
gnce/ absencel, and spocies diversity. In axtending
this, however, 1o devaloping generalized indices
of environmental guality, thera s 8 danger tha
thase can be ¢asily misusad or mnisinterpretad.

This report deats with ona of five basic alter-
natives in managing thermal discharges, namily.
finding olher ways D dissipate heat, or doveloping
baneficial uses for them. The alternatives ard
(iztad in chapter 2 {p. 22). In planning a baneh
cial usa. & number of general criteria have by
listed |chapter 2, page 22-23}*

One suggesied use of waste heat to axtend
mEvigalion seasons on the Great Lakes - 51, Law-
rance Seaway is theoretically possible. Faasibility
studias hava, howaver, prasented no detailed cost:
banefit @nalyses, though a genarsl review inch
catas that problems and concomilint costd wonld
sutweigh benefits. In view of the annually in
graasing net losses incurred in the Soaway Opér-
ation, any Turther large seale, high cost alieration
would Increase thaso losses 1N the short tarm
Thus. stronger and tangible evidanoes ara necas.
cary to prove that final returms would be waorth
while in tha long term. A major problam 1a that
alihough npvigation season exignston vedild L
Iarga amounts af waste hieat in winter, thésa is no
adeguate altornative for a oymmertime wse.”

pamy  ditferent larmne af aguaculture hawve
been elted in the literature as holding qood pos-
sibilities for beneficial vse of thermal discharges.,
Aquaculture may be adapiable 1o 3 vartety ol
poser plant siting and 1echnological constraims,
Howaver, mora rasearch 8 requirec ino binlogical
restraints and limitations, and inio the optimum
conditjans required for yoar pound production of
sormg of the more likely commercial spacles, The
use of heated effluent 10 incredse produetion in
patural and uncontrolled populations is vary Hm-
jted. but the potential for such use in closad ar
rastricted controlled systams daserves further

* ad| matorial beck 1o she previons faginote e taken Eroam
¢hapior 2, page 1310 24

3 Afl materisl Back 1o the previous focinole |s deawn {ram
chapier 3. page 25 to 28
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investigation, particularly in maring aquaculiure
where experiments with plaice, sole, oystar, lob-
stge and shrimp havae shown more promize of
being commercially successful than freshwater
gouaculture.

Though most forms of aguaculiure are pos-
sible on a small scale, aguacultural products have
1o he compétitive with agricultural and confven-
tional fisheries products on an open market. Most
systems described ane high cost veniures which
should therefore direct production on a large
seale towards high priced luxury commodities
such as lobster and salmon, choosing whare pos-
sible fest growing spocies.

Multipurposes schemes such as deep-ooean
weatar utilization, algas /fungi-sawage treatment —
agro-indusirial centras, and closed Systém re-
cycling plans (6.8, In estuaring  environments|
should ba considerad cautiously and ragarded as
rothing mara than praliminary concepis Although
they may promise alfielent and benaficial usa of
thermal and municipal wasies and may salve
problems of conventlonal aquaculture {a.g.. fish
tood supply problam solved using high protein
algas|. they may themselves crealo enviranmen-
inl problems such B8 orQamo weastes fram' fish
larms, of the side effects of imerference with
gnergy budgsts, nutrient and water circulation
systoms on a large scale hany forms of agua-
culture may =1l mat mesi “gafa' 1emparature
standards lar outfall waters

Bofore any aquacultural system is devil-
oped commercially, waste treatment procadure
kas to be defined, marketing systems davelapaed
for the products, and banefii-cost analysas con-
gucted to demonstrata thelr poonomic viability
Recent Canadian East Coast experiancg kas high-
lightad the nead 10 preplan for an aguaculiure Ta-
chlity in power plant dasign before pparating costs
can ba reduced sufficiently 1 make the venturg
profitable. 1t is haghly unlikaly tha agquaculgeral
facillties would use all availabla thermal efiluent
in sunvmer, which i= the critical pertod for thar-
fmal management in Canada dus o high ambient
wiater temperatures

It Is po=sible that waste hoat may be used in
cartain waste and water fraatment processes. Low
grace hiaat, araund 100°F. is probably well suited
ta stimulating fecon dary bischamical raduction

i A1l material back 15 1he pravious Foaonote i taken Erom
chapler &, page 2910 4.




of activated sawage shudge, raising flocculation
and filtration efficiency and perhaps impraving
sludge settling efficiency, Savings may be possi-
hile over conventional chemical treatmant methods
il power plant efffuents can be dalivered at the
treatmant sitg with minimum transpariation cosis,
Such low grade heat is, howeaver, 100 low for pes-
teurization, drying and oxidation processes which,
at current levels of technology, require tampera-
tures in the range of 150 - 300°C,

Baw or sccondary treated sewage may be
successfully filtered through coal, with 35% BOD
renmowal @t a coal to sludge ratio of 4 to 1. In &
high tempersture boiler, the sludge can then ba
burnt aderlessly and with fezs detrimeantal wastoe
combustion groducts than pura coal. Tha Systom
% prong fo machanical problems in pumping a
glurly of aoal and sludge

Plans kave bagn presentad 1o the rreatmant
and recycling of |11-.J||H.i|1.‘|| WESIE Walers u5.-5l'l-g
power plant Fbed) and various Sys1ems of distilla-
tion., Technice! prablems Include tube 1l:ll.||il'|l;l and
distillate quelity, Cost estimates have to date baeen
wirry erude, ranging from an incresss of S0% ovar
present water supply and treatmant costs, to ena
of 90 20 to $0.22 /1000 ga. A major banefit, how
ever, is that this could ba a year-round wse for
thermal effluents, By-product residuees may hawve
use in the fertilizer and chemical industries. Such
systems have the added advantage of not belng
COntiruEous ||El:_'|E|n-;1ir|v,:; an heat availabilivy and
water nead. The U5, axperionce has found mora
acdvantages and faveir problems 10 Incusines and
municipalitias in using weated waste waler as a
coolant rather than well water or another pristing
supply

Snow mealting schemes could provide a val-
uwable seasonal use for waste heat. They can,
however, anly be used in wintér, when thermal
poliution, at least in Canada, is & minor problem
Alternativa summertims uses for waste heat would
still ba required,

Waate haat can be usad in distilling brackish
— oF salt-water to produce potable and irrigation
water, This has besn successiully done in agricul-
tural expiremantal stations in desert areas. and n
Puerto Rico, where a by-product, salt, provides
the basis for a chemical industry, Cost-benefit
studles indicate, however, that power plant-desa-
limation wunits are economically impractical unless
thera is a demand for extramely large quantities

of water, ie., 150 mpgd.. closa to the production
site, Because current demands for freshwater at
any one site are usually less than 1020 magd., it
will be some time belore dual purpose plants are,
in genaeral, feasible, Recant British research sug-
gests that freeze-desalination will offer ecopomies
cormpared with distillation processes becauvse of
the wse of direct contact heat transfer, and low
energy consumption dus fo the relatively low
latent hieat of fusion of water and tha high ther
modynamic efficiency of the heat pump oycle.
Possible anvironmantal hazards, fae., in brine ei-
fluants, and pollution conirel potential, e, in
using thermal discharge, should be considerad in
any cost-benefit analysls of such systems

lcedandic research has been succesiful n
economically producing soda ash, magnasium
amd other chamicals from sedwater using cheap
gectharmal steam. Thea application of such pro-
cesses to a powar plamt complex, hosewver, would
reguira YO0 180%C temperature, which could
arly ba supplied by using “'live” steam

Ouygenation and asrobic processes may ba
Improved in polluted lakes by pumping in air and
heated water, though the impacts of heat in-
creasas on the aguatic ecalogy still require guan-
titative docurmantation, Tha usa of spray madules
o coal thaermal plant -d'::-;:har;:e wealor will slzo
have ihe benefit of asrating recelhving watars.

Although sewage and watar treatmant sys
ems could make beneficial usa of wakte hoat
thizse and othar industrial furban processes wsaally
also requirg higher grade heat than fs usual in
thermal efffuents. |f high guality steam s thera
fare taken from the steam cycle §o suppilamaenl
the heat obtained from cooling waters, than o
potential for electrigity generation is lost 10 the
waste heat use. A question of trade-off then arizes
batween more power and heat use. Given a guar-
antead market for higher grade wasie heat all year
raund, the sacrifice of some electricity ganeration
for betier guality steam may be worthwhile, espe-
clally when total environmental degradation costs
are considered. Allermatively, costs of high guali-
tv steam usage should be compared with costs of
fual and hardware necessary to raise the tempera-
tures of anby partially heated power plant effluant
to required lavels independently from the pewer
plant,

Another option Is to utilize surpius off-peak
plectricity production to increasa the temperatura

3
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by the prevailing climatic regima and local gea-
graphical situation, and partly by the types of
produce for which there is enough demand to
justify the large initial capital outlay.

“Open-Field" thermal agriculiure in tem-
perature latitudes can improve yields, crop quality
and growing season lengths for certain crops, by
providing spring and autemn frost protection,
summertime plant cooling, and warm water irrl-
gation. Ong problem is that thesa uses will not be
required constantly, and, therefore, they do not
totally solve the waste heat problem, High capital
costs as well as heat losses with Increasing dis-
tance piped restrict such agriculture 1o small
area, high profit truck farming and fruit growing
vantures, =

Controfled-anviconment thermal agriculturng
incorporated inio total power-food-desalination
systems have been proved far more successiul
than conventional agriculture or "open-fald” ther-
mnal agriculture in hot, arid, coastal-fringe lands.
A1 present, high caplital costs limit such systems
to small operations in countries which can afford
them, and 10 preducing high wvalue, perishable
vegetable and horticuliural crops, Whathar thay
can be adapted to the situation of the Canadian
puarth, where the problems are extremes of cold
and frozen ground as opposed to hot. dry condi-
tors and salty sands, ramains to ba tested.

Successful truck-farming methods in geo-
thermally heated greenhouses in [caland could be
adapted to & power plant heat source and used 10
provide meaded supplies of cheap fresh wageta-
bles and poultry year-round, particularly to fowns
around mining complexes in northarn Canada and
to cities where the immediate hinterland s re-
quired for housing. However, experience in Al-
barta, Canada, has shown the lack of solar anergy
in winter months 1o be a critical limiting factor.
Contralled-environment culture may alsa be well
suited for farming high-profit fur animats. If algae
growing facilities and waste-waler /sewage treat-
ment plants were incorporated with thermal agri-
culture in a totally integrated complex (using en
argy ina step down method ag it passes from high
to low grade energy), usefulness 1o a city would
be increased, and food production, especially
beaf, could be made mare econgmically sound
High initial capital costs, lack of knowledge of
all inputs neadad Tor a proper systems analysis,
emviranmantal problems associated with the com-
plexity of plant-sail-water relationships, and heat

balanca problems involved in matching graan-
house heat needs with power plant heat output
thraughoul the year in lemparature latitudes, have
o far Hmited temporate controlled-anvinonmant
agficulture to concepts, and 1 somea limitad uni-
versity-utllity research. Although it is lkely that
agriculture can use only a limited amount of total
thermal discharges available, increasing demands
for food and water sepplies, powaer, Stwage treat-
ment, etc., may ultimately force the issue. In a
ralative sensa, controlled-environment agricultura
iz probably the most practical [technologically
and economically) of all beneficial uses for low
grade waste heat. However, it ramaing necessary
to evaiuate the advantages gained from using
waste hot water in agriculture rather than using
more convantional methods,

In examples of thermal agriculture systems
cited in this report, their economic feasibility and
much af their design is dictated by local cir-
cumstances such as weather conditions, market
proximity, and the range of choice of alternative
systems. Future planning will réquirg most cost-
conscious optimization of entire systems. Potan-
tial usars of waste heat will meed o know COS15
and specific design criteria for thelr local heat or
water distribution systems, and potential Sug-
pliers of warm water will reguire an avaluation of
the averail economics of a proposed sysiem®

The development of multipurpose systams
for total energy usage. though someawhat utoplan
givan tha present economic, political. and social
sifuation. may be eventually forced by increasing
pressurg on power and other résources, and in-
craasing demands for all forms of pollution con-
tral, The application of beneficial uses of waste
heat 1o allaviate thermal pollution of aguatic en-
vironments is only a stop-gap pollution control
measure, Unfarunately, the objeetiva iz still 1o
maximize glectricity production, minimize praduc-
tion costs and deal somahow with the resulting
environmental pollution, rather than aim a1 maxi-
murmn efficiency in total energy usage which would
tenid to minimize total poliution, Bl which alsd
would usually involve wvary high initial capital
costs, Canada, being comparatively young in u.-.'Liaan
and industrial development, is in a betier position
tharn most countrigs to develop tatal amergy use
complexes. Some planners have devised a multi-
pirpose canal-lake water use systam for parts of
the U.S. which could use existing canal resources

t ,!,||_r-.1.:|'.gr al Back to the pravieus foofnats Iz takdn o
chapter 8. pags 63 12 72




to their full potential. Although this system has
many drawbacks, and although it may be only
applicable 10 & specific American situation, Its
principte of reviewing and evaluating the poten-
tial of existing resources in tha light of long rango
prvironmental planning is worth considaering.®

In eonclusion, the choice of beneficial use
far thermal discharge is inevitably dictated by the
particular situation, Many uses, such as ice con-
tral and snow-melting, are seasonal in nature and
require that alternatives be found for off-seasons
Other uses, particularly industrial uses and diz
trict heating systems, require higher grade heat
thamn that normally availabla in tharmal discharge,
and transportation of low grade heat to the usar is
generally a difficult and expénsive proposition
In special cases, a5 In Inuvik, NW.T., district
heating may find a worthwhile application in
Canacla, Possibilities of developing cooling ponds

B Al material back 1o ithe previbiss {aaisinie iz faken froem
chapies 9, page 73 10 TE.

as recteational facilities are worth pursuing in
wiew of the increasing pollution of Canadian lakes
and rivers, particularly around urban -areas in
sauthern Canacda, Cartain forms of thermal agua-
culture and thermal agriculture hold good poss:-
bilities for Canadian application as they can ax-
tand the length of the producing seasons in some
cases 1o 4 year-round venture. Furthermore, they
can use land arcund powar plants which is. uncer
present safety regulations, barred to rasiclhential /
urbsan devalopmeant, Multipurpose anergy use con-
cepls should be seriously considered as part of
tha long term solution to the total pollution prob-
lem, Finding benaficial uses for waste heat 15
really enly a shart term stop-gap method of tack-
tirng part of this problem. In addition. it does not
sieem possible that the beneficial uses can utilize
all the vast quantity of thermal discharges from
power stations. This iz espacially true for sum-
migr, when the need for thermal pollution allevia-
tion iz at a maximum, but the possibilities for
benaficial uses of waste heat are minimal,




RESUME DU RAPPORT

La présente section &5t un résumé des con-
clusions du rapport,

L apport do pointe total de chaleur aux eausx
douces ol aux eaux de marée canadiannes devrait
passor de 6,025 x 10" BTU/h an 1970 & 136.7
x 10" BTU Mk oen 2000, La production d'électricitd
contriliue pouf prias de BO% de ce repatl tharmique
dans 'environnement. On ignore encore les offaly
du rafet de’chaleur futur o grands echickhe

Juzgu's maimtanant, les cenirales d'énergle
nuclEaire agul fonctionnent & 33% anviron de leur
efficacité thermigqua totala consiiusnt une ma-
nace plus grave du podnt e vag e la pollution
tharmigue que los cantrales b cambustible fossile,
qul atteignant parfois 40% de laur efficacite. Loz
futurs réacieurs rapides seront peut-Gtre d'undg
efficacite thermigue beaucoup plus grands, mbme
gl "on ne peul encore prévoir leur imporiancd
Les grandes centrales nucidaires nécessilent an-
viran B0% plus d'eau de refroidissement pour une
hauzse de température donnéa que les wsines &
combustible fossile de taille comparalde, bien que
ce pourceniage pourrail Strg réduit b 25% en 1980
grica & la technolagie. Habituatlement, I'eflicacing
thermodynamigue totale d'vne centrale d'dénargio
diminue aves Vaugmantation de la températurs
il ‘tchappement des turbines. Les centrales o @nar
gie rgpjettent hablivellement une chaleur ca Taikle
gualité, de "ordre de 80 & 100°F, pour laguelle il
¥ a peu dusages Sconomiques a cause du colt
élevé du transport. Le paradoxe de la epollution
thermiguen est gua si 1'on albdve la température
d'échappement d'une turbing, jusgu’au degré ou
elle pourra servir & diverses fing, son efficacite
thermodynamigue es1 réduite o1 Ia guantité do
chaleur de basse qualité dégagée est plus grands
guon ne peut en atiliser. Les futures centrales
devraient dre concues parallélement & de vastes
systhmes intbgrés d'utilization urbaine, indus-
trielle en agricole de |'@nergie, afin d’augmentear
I'efficacité thermigue de tout la systéme et de
minimiser la perte d'énergia,

Lis autres méthodes de production dénargie
qul caugent moing de probiémes de rejet de cha-
leur sont limitdes, tant en nembre qu’en possibili-

té5, Les échamgeurs de chaleur qui convertissent
la chaleur réjetéa en puissance &leciriqua sont
actugllement pou aconomiques et 1l niexiste pas
encorg de wechniques assez avancdes poar con
verthr de maniére commerciale |'énargie du salail,
Le potentiel dexploitation hydro-électrigue du
Canada est limité par la disponibilité des empla-
cements el les oolts et de toute facon, la deman-
oe totale d'électriciié & long terme dépassara de
loin notre potentiel conomigue hydro-glactrigue,
De plus, les effets socio-écologiguas des inenda-
tions a grande echalle gu'entraiment las amdnaga
ments hydro-glactriguas pourralant bien §re plres
gue les problémes causas par dauines formes de
production d enargle. Le pateantiel geatharmigue
canacdion est eds rdduit at il semble pratiquamsani
impossible de e développer. Les réacteurs & fu-
sion g1 les géndrateurs magnétehydrodynamigues
&n sant encore au stade exparimantal, blen qu’ils
présentent dimportantes promessas de produc
tlon d'anergie spropres a grande echalle

Pour snrayar la pollution thermigue causas
par les centrales d'énargle & combustible fossile
at nucléaire, 1| exista |.'||r_l5iBu1'5 solutions do re
changs au procedd de refroidissament sans recy-
clpge comme les réservoirs el las bassing oe
refroidissament, les tours de refroidissement B
dvaporation at & sec. Toutelols, i on étudia les
gléments commae la surface nécessalra, 'eau né
Cassaire pour un condansateur moyean et 53 «on
sommation, ainsl gue les frais de premiar 1ablis-
samaent, les codis dieapioitation et dentretien, fa
procédé de refroidissement sans recyclage est le
moven le plus efficace et le plus dconomigue de
dissiper la chaleur résiduelle. C'est peut-&tre, ce-
pendant, la technique la plus destructrice du point
de vua de l'environnemeant et il est donc néces-
gaire o'dvaluer objectivement tous les colts et
les avamages (du point de vue environnemental
dgafement] des autres syswemes da refroidisse
ment.”

Il resto ancore 3 détermings si 1"échelle pré-
yue des mejets de chaleur es1 dangersuse {au-

dessus d'un certain niveau socialemeant actepta-

1 Tpui e qui précéde est vk éid chapitre 1, papes 13 5 18,




ble). Certains chercheurs en sont convaincus;
d'autres affirment gue les eMels seront sans dan-
ger, peut-dtre méma profilerent-ils aux pécheas.
Toute nouvelle évaluation devrait envisager les
affets des rejets de chaleur en mime temps gue
d'autres formes de déchets rejetés dans les bas-
sinz. La nature des effets dépendra des caracté-
ristigues propres & chague situation. ce cur pose
o probleme d'évaluer o1 de contréler les condi-
tions de chague dcosystbma, Des modtlas ma-
thématiques ont remplacé en grande partia les
relations OD-DBO et on a raremant tentd d'atablic
des modeles des sutres parambtres de qualite.
L'#établissomant e modblas complals nitcassita
un grand nombra de donnees aui e sont habi-
fuallement pas disponibles et qu'll Taut détarminer
par extrapolation, Cependant, les modéles por

mettant au planificateur d'avair une mailloure
perspectiva d'un probléme complexe. || est evi-
dent cua 51 'on tient compte du colt et du empEs
qu'll 'en codite, les recherches sont raremant pra-
tigues. Toutelols, il serait possibla do los orientar
vers Uidentification et 'etude précise de paranmd

tres plus Importants, comme les espéces clés
[prégence/absenca) et la diversité des espéces
&} I'on charche da 1h, cepondant, & en déduire les
indices géndraux de fa qualité de |'anvironnemean
il v a danger de les mal emplaver ou de les mal
interprétor

Lo présent ropport traite de P'une das cing
solutlons de gastion de rejats thermigues, ¢ esl-
§-dire, d'autres moyens de dissiper la chaleur ou
de ['utifiser au profit de Vhomme. Les salutions
sont indigudes au chapive 2 [p. 22). On & men

tlonme un certain nombie de crifgres Qonoraus
dont faut tandr comple lors da la planification

d'un usage avantageux {chapitne £, p. 22:-231.°

L'un dot uspges proposds est théoriquement
possible, ¢'est-A-dire d'alionger les sars0ns de na
vigation sur les Grands lacs et la vole maritime
du Salm-Laurent, Les études fanes sur les possi-
iliths de réalisation ne présentent cepondant
aucune analyse des colls et das profis bien
au'une revision géndrale indique que los probli
mas at las colte gu'lls entralnent dépasseraiant
jes profits. Toute modification dont e colt serai

dlavé ne ferait qu'augmanies & court terme les
partes annualles défa élevbes subies au cours de
|'E-:|:|'_|||:|i1,;||:_|_|r| da fa woid rmasivinme 11 faul donc
d'autres preuves plus solides et plus tangibles
quée le Tait gue les profits seront avanlageux 3

EToul ce qui sult la nofe précédsnie e tErd du chaplire 2
fagan 18 5 24,
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long terme. Le principal problérme est que rrdiame
=i la pavigation utilizait une grande partie de la
chaleur résiduslle en hiver, on n'a aucung salu-
tiom pour 1'été.?

Les publications citent de nombreuses for-
mes d'aguaculture avec lesquelles il serait paut-
&tre avantageux d'utiliser les rejets thermigues.
L'aguacilture peut s’adapter & divers emplace-
mants di centrales d’énergie et contraintes tech-
nolagiques. Toutefois, il faut faire dButres re-
cherches pour connaitre les limites biotogiques
8t les conditians optimales de la production ce
corteines asphces commearciales, douza mois par
année. L'emplol de 'effiuent chauffé en vus d'aug-
menter la production de populations en milieu
naturel ou sans contrdle aat fimitd, i 11 faut
gncore dtudier les posalbilités d'un 1el empiol an
clreult ferma ou restraint, surtdut dans le €as da
I'pquaculture maring ol les expériences avec 18
nlle du Canada, la sole, los hultres, le homard et
les crevelies ont semble plus prometiguses COm-
mercialement gue |'aquatuliure en &8U douce

Blen que Ia plupart des formes d'aguacultura
solent possibles sur une petit échella, Jaurs pro-
dults doivent concurrencer ceux de l'agricultire
et des piches traditionnalies dans le marcha. Una
grande partle das systémas décrits sont des antra-
prises coltauses qui entraineralent la produstion,
& grande échelle, de produits de luxe, comme la
hamard gt e sawmon, choisissant guand &8st pos-
sible des aspices qui se reproduisant rapidemant

Divers projets, comme |'utilisation des eaux
marines profondes, & traitement des Sgouls au
moyan d algues et do champignans cans das cen-
tres agro-ldustrigls et las plans da recyclage en
cireuit fermé (par example dans fes estuaires)
dolvent &re examings atientivemant gt considé-
ribs uniguement comme des idées b développer
MEme ='iis promettent un usage efiicace Bt avan-
tageux des déchets tharmigueas: a1 municipaus at
pauvent régler das problémes d’aguaculture clas-
sigue [par exemple, usage des alguas & haute
wenaur an protéines: pour résoudra f@ probleme
dralimentation du poisson, s peuvent aul-memes
crder dis problamas environnomenteux: COmme
les ddehats organiques provenant de la culture du
poisson, ou les effets secondaires de Iinterfé-
ronce avec le bilan énargétique, los substances
nutritives ot les systbmes da circulation de 'eau,
& grande échelle. D¢ nombrouses formes d’agua-

1 Tout ce& g sult ke nate précienta sy tirg du chaqire 3
poges 25 0 28,




culture risquant de ne pas satisfaire les normes
de sdcurité concernant |a température des eaux
repténs.

Avant oo développear un gystbme d'aquacul-
ture & dchelle commerciale, 11 faut définir les
procédés de traitement, élablir des systémes de
commercialisation pour fe produit et faire des
dtudes de rentabilité visant & démentrer leur via-
Bllité économigue, 11 g5t peu probable gue les ins-
tallations d'agquaculiure utiliserent toul 'eflfuant
thermigque disponible, en &8, qui est la période la
plus difficile pour la gestion thermique au Cana-
da. & cause de la température &levde de 'eau?

L

Il sgrait possible d'utiliser les rejets de cha-
jaur dans-le cas de certains. procddés de traite-
mont de "esu. La chaleur die paovre qualitd, aux
alermowrs de 100%, serait probablement tras ap-
propridge pour stimuler la réduction biochimique
secondalire dos bouns activées, augmentant 1'effi-
cacité do la floculation et de la filtration &t amé-
lorant peut-otre |"efficacité de la décantation. On
pourrait rialiser des dconomies par rapport aux
méthades da traitement chimigue classiques si
I"am peut ransporier ["effluent de la centrale nu-
cléalre au leu de traitement avec & minimum de
frais da transport. Cette chaleur est toutefois
trop faible pour servir dans le cas des procadas
d'exydation, de séchage et de pasteurisation gui.
avec les conmaizsances actuelles de la tachnolo.
gie, nécessitent des lempératures da "ordre de
1504 300°

On powt filtrer les égouts non traités ou gui
ant subi wn traliement secondaife au travers du
charbon, ce qul parmet de retirer 95% de DBO,
le rapport charbon /boues étant de 4 pour 1. Dans
une chaudidre & tris haule empérature, on péut
beliler les boues sans odeur et avec mains de
résidus de combustion gue le charbon, Le systé-
me ast sujel aux problémes mécanigues que pose
le pormpage d'un mélange de boue o1 de charbon.
La mechnique sera de moins an mains afficace a
mesure que le charbon sera remplacd commo
cambustibie primaire.

Des plans ont éé présentés pour |e traite-
mant at ke recyclage des eaux usdes municipales
d I'aide de la chaleur résiduelle des centrales
d'énergle el divers systames de distittation. Par-
mil las problemes techniguas. an peut citer 'an

4 Tt oo mul sult la noos précédente est firé du chapltre 4
pages 29 5 46,

crassement des conduits et la mauvaise qualité
du distiliat. Las évaluations des colts jusqu’h
présant ont 818 frés Imprecises: wneé adgmeanta-
tion de 50% par rappos & Tapprovisionnemeant an
gau et au eoll de traitement actuel, jusgu'a una
Bausse de S0.20 & $0.22 les 1000 gallons, Le
principal avantage, toutefois, est qus |"utilization
da l'affluent thermigue serail alors continuelle.
Les sous-produits rasiduels trouveraient paut-Stra
un usage dans Uindustrie des prodults chimigues
el des fortilisants, Ces systbmes ont de plus
I"avantage de ne pas &tre continus, car ils depan.
dent de la dispenibilité da la chaleur a1 du besoin
d'eau, L'expérience des Etats-Unis montre qu'il ¥
g plus d'avaniages et moins da problemes polr
ez industries ef las munigipalitds qul utllizent les
gaux usdes fraitdes commia felroidizsseur plutdt
gue da 'eau de puits ou autre prodolt naturel,

La fome des nelges serait une solution sai-
sonnigre pour 'utilisation de la chalewr rdSi
duelle. mais en hiver ssulement, au momant ouw
la poliution thermigue, du moins au Canads, est
um probléme mingur. Il fawdrait encore trouver
des solutions pour |'éta

La chaleur résiduglie peutl servir a la distil-
lation de |"aau saumitrg =— ou de "eau salée. pour
produire I'eau potable et "eau d'irrigation. On I'a
rdalisé avec succés dans des stations agricoles
exparimentales des rdgions désartiques et b Porto
Rica, ou le sous-produit, le sgl. est & la baze de
I"industrie chimigue. Les éudes de rentabilité
mantrent, toutefols, que les Installations de des-
salement en centrale d'énergie ne sont pas ren-
tables économiguement, & moins qu’il m'y alt une
damande pour de s grandes quantités deau,
par axemple, 150 millions de gal./j. & praximine
Comme leg demandes actuelles d'eau douce ne
dépassant pas 10 3 20 millions de gal./|. il fau-
dra encore un certain temps avant gu’il soit ren-
1able de construlre des centrales & double emploi
Des recherches récentes faites &n Anglatorre aw-
raient dbmontré que le dessalemant par congeé-
lation serait plus économigue que le procédsa de
distillation parce qull ¥ a échange de chaleur par
contact direct et quil consomme moing d'énergie
grant donné que le degrd latent de fusion ce 'eau
gst relativement bas o1 gue 'efficacité thermody-
namigue du cycle de caloportage st assez élave
Toute analyse da la rentabilivé de tels systhmos
davrait considérer les dangers environnementaux
dventugls, comme 'effluent de saumure et les
possibilités de lutter conira la pollution, par
exemple, avec |'utilization de rejets tharmiguas.
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La recherche en Islande a abouti & la pro-
duction de carbonate de soude, de magnasium et
d’sutres produits chimigues b partir de 'eau de
mer grice & |a vapeur géothermigue, peu codteu-
se. L'application de ces procédés b une centrale
d'énergie compléxe exigerait, toutefois, des tem-
pératures de l'ordre de 100 & 180% qui ne paur-
raient dtre obtenues qu'h Vaide de wiritable
WAREUT.

Les processus eérobies et d'oxygenation
peuvent &tre améliords, dans les lacs poliués par
le pompape d'air et d'eau chaude, bien que oS
effeis des augmantations de chalaur sur I'écolo-
gia aguatique nécessitenl encore beaucoup e
recherche, du point de vue de la quantité, L usage
e vaporisatours pour refroidir les repets das cen-
trales aura aussi |‘avantage d'adrer les eaux ri-
ceptrices,

Méme =il v a des avantages & utiliser |
chaleur résiduelle dans les systémes de traite-
ment des eaux d'égout et des caux naturelles,
cas dernlers, ainsi que d'autres procédés urbains
pu Industriels ndécessitent souvent une maillaurg
chaleur gue celle des effluents thermigues s
j"on prend de la vapeur du cycle da vapeuwr pour
amaliorer la chaleur obtenue de 'eau de refroi-
dissement, on perd alors un certain potentiel de
production d'énorgie. || faut alors choisir entre
I'énergie at ("utilisation da la chaleur. 5l existain
un marché pour la chaleur résiduelle efficace lout
au long de I'année, il vaudrait la peine de sacri-
fiar un peu de la production d'@lectricité pour
so sarvir de la vapeur surtout si 1'en considéra
igs colts 1olaux de la détérioration environnemen-
tale. Il faut aussi comparar le cout de la vapaur
& celul des combustibles et du matériel néaces
salre pour dlever les températures des efffuents
de centrales partigllement chauffées, aux nivéaux
désirés, indépandamment de la centrale

L'autre solution est d'utiliser lg surplus
d'électricité produit on dehors des heures de
poinie pour @lover |8 tempdrature da |"efiueni
thefmigue:; Uavamage est qu'il est plus facile
d'emmagasiner I'énergie dans 'eau que sous for-
ma delectricitd et ainsi, Pénergie perdue serait
utilisde, Le désavantage pour |'usiger serait que
I"approvisionnement d'eau chaude est intermit-
tent, ce qui serait plus approprid pour un procéde
de dessalement, gui peut &tre interrompu, gue
pour le chauffage comtinu d'une serve ou dun
gspace urbain,®

E Tout co qui suit ln nme pricddente est tird du chapibe 5.
pages 4T & 6T,
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Les usages industriels de la chaleur rési-
duelle tout particuligrement dans les indusiries
da traitement et les industries chimiques, comme
la production de I'eau lourde et le séchage &
froid, doivent falre 'objet d'un examen ef, & ce
sulet, on pourrait se guider sur expérience islan-
daize de l'usage de la vapeur géothermigue. La
planification dans "avenir devrait porter sur des
comploxes d'énergie totale industriels, agricoles
ou aguacoles reliés b une centrale d'énargie. COMm-
me 'indigue le chapitie 6.5

Les rejots thermigues pauvent aussi sarvir &
dénébuler et i déglacer les pistes d'adroport, Ces
gystémes, qui ont déj été proposés aux Enats-
Unis, sont techniguement réalisables & Vaide de
chaleur pau &livée (115°F]. mais ils nécessitant
de grands frals de premier atablizsement el g
sarvent qué pendant certaings périodes. Les sys-
ames de déglacage seralent trés utiles dans le
Mard canadiam.

La chaleur résiduslle peut aussi servir a gar-
der les lacs ot les plages & une 1empérature plus
confortable pendant de plus longues périodes
dans les climats froids. On pourrait créer un
usage pour touts "annde en dressant des barragas
au large et en aménageant des bassing d'eau pro-
preé ot chaude lo long des rives des principaux
lacs et rividras. lls serviraiemt de bassing de re-
froidissament, de sourcs dapprovisionnement
d'oau pour les villas g1 de lieu de récréation, Les
frais de premier établissement dleves &t un car-
taiin mombre de dangers écologigues possibles.
comme g foisonnement d'algues en 818, pour-
raient souléver de graves probibmes.

Les systbmes de climatisation et de chaut-
fage sont probablament las moyens d utilisation
do la chaleur résidueelle gua I'on propose le plus
fréquemment dans les villes. Pour savoir si ces
systames sont praticables, on peut étudier les
exemples de chauffage ghothermique en |slanda
et de chauffage par rejet thermique de centrales
dénergle & Lund {Subde). Ces systBmes, copen:
dant, exigent una chaleur beaucoup plus efficace
(vapeur) gua celle qui est habiweltement rojetéa
des centrales d'énergie ot, dans la cas de Lund,
il a fallu, pour satisfaire & ce besoin, accepter e
coit de la perte d'une certaine production d'élec-
tricité. De plus, || n'est pas sir gue 'emplol de
la vapeur réduise 3 un niveau acceplable les re-
jets thermiques.

# Tt HE. auit la nets précédonie est i du chaglire .
pages 53 & 56,




Les études faites aux Etats-Unis montrent
que la chauffage et la climatisation & |"aide des
rajets thermigues sont techniguement praticables
et acologiguement souhaitables. dans un rayon
de 10 milles du centre de distribution. Il reste a
e&n prouser empiriguemant les avantages. Cartains
problimes pourraient S¢ poser au printemps et
ar @18, lorsque les demandes de chavffage ou de
glimatization sont réduites, || faudrait donc 5 en
débarasser en sé seivanl des techniques classi-
fues & 'aide d'dchangeurs de chalaur atmosphé-
rique ouw en augmentant e nombra des usagers
da base, comme |'industrie et la traitement des
agouls G des paux usdes.

Inuvik |T. du N.-0.) est un cas spécial. Son
éloignamént—et son climat froid ont fait qu'um
systtme central combinég de chauffage et déner-
gin ¢t des conduits autilidorss au-dessus du sol
pour transportor |'énargie. le chauffage, les agouts
el I'sau, 5'est réwilé dconomique et efficace pour
combattre ln pargelisol et le gel.

La documantation sur les utilisations de la
chaleur dans les villes ne specifie pas 511 waut
mieux utiiiser o chaleur résidualle dos contrales
d'énergie, ou installer des chaudiéres centrales
qui ne prodilsent aucune électricitéd, mais une
meilloure chaleur & meillaur marché que par les
mothedes classigues. Certains auteurs proposant
un moyen terme. Habituellemont, les codis de dis-
tribution de la chalaur sont le plus grand obstacla
des syatbmes de chauffage et de climatisation. La
chaleur résiduetle sarvirs probablament & ces fing
quand les questions de sécurité, d'opinion publi-
que et d'émissions polluantes non thermigues
auront été résolues & permattront 'aménagement
de centrates dars les régions urbaings. 1l na faut
pas oublier ces spplications lors e la planifica-
o b long terme, surtout sialles aident & rasou-
dre des problemes de pollution atmosphéngue
non thermigua.”

L'agriculture thermigque offre de grandas
pozsibilités. La chaleur de peu d'efficaciné peut
sarvir 4 maintenir Ia température gnvironnemen:
tale dos plantes et des animaux, Le choix du sys-
thrma ol des technigues ast en partie dictd par lg
elimat et la situation géographique, et en partie
par les sortas da produits dont la demande est
suffisante pour justifier des frais élavés de pre-
miar établissament,

L'agriculture thermigue ¢ découverts dans

T Tout c# qui suil la sode prichdenbe o5t tird du chapitre T,
pages 57 & B2,

les climats tempdrds peut améliorer be renderment,
la gqualité das récoltas et la longueur de la saison
e croissance e certaines rdgoives en les prote-
geant contre la gelée b "automne et au printemps,
en les rafraichissant pendant 1'ét8 et en fournis-
sant una irrigation & |'eau chaude. Mais 65 usa-
gEs ne sont pas constamment nacassairgs @1, par
conséguent, n'apportent gu'une solution partiells
au probléme de la chaleur résiducile. Les colts
de pramier dtablissemant el les pertes de chaleur
qui augmentent avec la longueur des tuyaux limi-
tent cas techniques b des secteurs restreints, a la
culture maraichise @1 & la culture des fruits.

L'agriculiure thermigus a environnement
contrdld associd aux systbmes combinds dnergia-
agriculture-dessalement s'est révélées beaucoup
pluz efficace gue I'agriculture thermique sa de-
couverts ou gue 'agriculiure classique dans les
régions cotidres chaudes et arides. A ['heure
actualle, les colts de premier élablissament dla.
yas limitant catle 1echnigua en importanca, 4 des
pays qul &n ont les moyens, el & 'horticuliure et
la culture de légumes de valaur, Il reste encore &
falre des ezsais qui mantrérant 50 ces technigues
peuvent Etre appliquées dans le Mord canadien
ol existent les problémes du froid et du gel du
sol, et mon la chaleur, la sdcheresse et les sables
salés.

Les méthodes efficaces de culture marai-
chisre dans les serres chauflées géothermigque-
ment en islende, pourraient s'adapter & une sSouf
ce de chaleur comme les cenirales tharmigues @l
pourraient servir & satisfaire les besoing de lé-
gumes frais et de volaille a bon marché, tout s
long de I‘année, particulidrement autour des cen-
tres minfers du Mord canadien et dans fes villes
dont las environs immadiats senvent aux habita
tions. La culture & anvironnement contrdldé pewt
aussi trés bien servie & 'élevage des animaux a
fourrure & profit éleve. Sl las installations de cul-
wre des algues, de traltement des égouls et des
AU uséos dtaient combindes & Pagriculture, on
augmenterait 'utilitd du sysibme dans le cas des
villes @1 Ia production alimentaire, Suriout du
boeuf, pourrait étre beaucoup moins colteuse
Laz eolis de pramier &tablissament dleves, o
mangue de connalssances pour reéaliser une ana-
lyse compléte du systéme. les problames environ:
pementaux rellés & la complexité des relations
plantes-eau-sol at les problémes du bilan de cha-
leur gue soulbve e chauffage des serres a l'aide
da la chalaur résiduelle des centralas d'énergie,
pendant toute I"annéa. dans des climats tempérds,
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ont, jusguicl, limitd I"agriculture & environnemaent
contrdlé & des concepis et & la recherche sur les
applications limitées aux wniversités, Méme 5
est probable gue lagriculture ne pourrait utiliser
qu'une gquantitd limitée de rejeis thermiguees, la
damande de plus en plus grands da mowrriture,
d'eauw, d'énergie, de treitemant des égouls, elc.
pourrait lori bien faire pencher fa balance. L'agri-
cultvrg & environnement contriélé est probable-
ment le moyen le plus pratigue [technologique-
ment at économiguemant) dutiliser avantagauss:
meant la chaleur résiduelle de faible afficacitg.
Toutefois, i est nécessaire dévaluer |85 avania-
ges obienus par Putilisation d'eau chaude rési-
duplle en agriculture plutdt que des méthodes
classigues,

Ce sont las conditions météorologiques, 1A
proximité des marchés et I'éventail do chaoix des
autres systarmes qui déterminent les possibilités
da réalisation et, en grande partie, le design des
systemes o ‘agriculiure thermigue cliés dans le
présant rapport. La planification future exigara
une plus grande prise de congcience des codis do
tows les systbmes. Les usagers eventuels da cha
jeur résiduslla deyvront connaltre les codts af lis
crltbras spacifiques de conception da lours Sys-
times locaux de distrlbution de 'eau ou de la
chaleur o1 las fournissaurs évanteels d'edu chau-
de voudrant wne évaluation dcongmigue Ces Sys-
tmgs proposés,”

Le développemeant da sysiémas o utflisation
de |'E'|,t'||3rgie i fins multiples, Blen gl =it assoz
utopigue, compie tend de la situation aconomi
gue. politigue a1 sociale aciuelie, deviendra pro
bablament obligatpire b cause des sollicitations
do plus en plus Tomes imposées 8 lanergio of aws
autres ressources et de la demands de plus an
plus grande de dépollution, sous toutes ses for-
mes. L'application d'usages avanlageux de la
chaleur résidualle pour empécher la pollution
thermigue de envirennement  aguatique  noest
gu'ung mesurg de plus contre la pollution. Mal-
heurausement, |'objactif visé est oncore de pous-
ser au maximum la production d'énergie, de ra-
duire les colts da production gt d'enrayer comma
on peut la pollution gui &n résulle, plutdl gud
d'utilisor efficacemant 1oute "énergio, oo qui ré-
duirait Ia pollution, mais comporterait des colts
rés dlevés de premier établissement, Le Canada,
Btant un pays relativemant jeune dans le domaine
du dévaloppament urbain et industriel, se trouwve
en meillaure positlon gue la plupart des pays pour

B Tawl oo qui suit 6 fols précddenis est 1bnd du chapitre @
pages 63 & 72
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dtablic das systemes complexes d'utilisation de
I"énergie. Ceraing planificatewrs ont congu wn
systéme d'uiilisations multiples des aaux das ca-
naux ot lacs pour las parties des Etats-Unis qul
pourraiEnt utiliser los ressources des canaus B
laur pleine capacité. Méme sl ce syatdme a plu-
siours inconvénients et qu'il ne s"applique qu’l
ung situation américaing bien préciss. 1 vaut
gquand mgme la peine o #udier le principe salon
leguel les ressources existantes sont dvaludes
la lumigre de la planification environnemaniale a
long terma.®

En concluslan, le cholx de I'utilisation svan-
tagiude des rejets thermigues dépand de la situa-
ton gqul prdvaut. De nombreux usages, comma la
fonte des neiges st des glaces, sont de nature
saisonnibre et eXigent des solutions pour |es
autres saisons. D'autres usages, surtoul les usa-
ges industrisls ot les systémes de chauffage col-
lactif, ndcessitent une chateur de mealllaure guali-
ik que ealle gul est habiteellement disponible at
le wansport de la cheleur résiduslle & partir du
producteur justu's |"usager est géndralamaent dil-
ficile &t colteux. Dkans les cas SpeCIBUX, COMME
ealul d'inuvik (T. du N.-0.], la chaulage collectif
pourrait &tre une salution applicable. Les possi-
bilites cha développement de bassinsg de refroidis-
grment servant d'installations racréatives valent
la peine d'&tre dtudiées sl 'on considira Lo pal
lution de plus en plus grands des lacs el cours
d'eau du Cenada, surtoul autour des centres
urbains du sud du Canada. Certaines formes
d'aquacultura ot dagricultura thermigue présan-
tent do bonnes possibilivés d'application puls
qu'elles pauvent allonger les saisons da produc
tion, dans certains cas, jusqu'd douze mois sur
doure, De plus, elles pourraient utiliser les ter-
fains gul entourant les centrales d'énergia. qui,
en vertu des raglements de sécurité actuels, e
peuvent servir & des développements résidentiels
ou urbains, Les concepts d'utilisation da 1"anargie
b fins multiples devraient &tre étudids attentive-
ment comme parte de la solution & logng Terme
du probléme de la pollution. Les utilizations avan-
tageuses de la chaleur résiduelle ne sont gu'un
moyen 3 court terma e régler une partie du pro-
bléma. En sutre, il ne semble pas possibla que
cas solutions utilisent tous les rejers thermigues
s centrales d'énargie, surtout 1'é1é, guand le
basain d'@limination de @ pollution tharmique
gzt la plus grand, mals que les possibilivés d’utili-
sation sont las moins nombradses.

B Tout oo gl full ia note précédsnte @3t tirg du chaplbee O,
pafes 734 76




CHAPTER1

INTRODUCTION

In view of the rapid growth in demand and
use of anergy in Morth America, and, in particu-
lar, the increase in thermal pewer generation of
all types (Figure 1), it may be anticipated that
the effects of thermal discharges from power =ta-
tions may present serious ecological problams in
Canadain the future, The projected rapid incréase
ii the Canadian demand for electricity can easily
ls¢ saen from Table 1 and Figures 2 and 3. Such
an increase could have wery significant environ-
memal repercussions, since nearly 80% of heat
rejection 1o the environment results from elac-
trical power production {M.E.C, 1871].

The amounts and pattern of thermal inputs
to Canadian waters from the present to 2000 A.D
have been assessed in hwao recent reports | Acras,
1870 M.E.C., 1971, Table 2]. Presant thermal
input to fresh and tidal cooling water sourges In
Canada {with the exception of the Great Lakes
Basin area) iz estimated at 286 »x 10" BTU / hr.,
and is predicted 1o increase to TE.T x 10" BTU/
hr, By the year 2000 [M.E.C.. 18571). Corraz-
ponding figures for the Canadian portion of the
Great Lakes Basin are 2.38 x 10" BTU fhr. for
1968, and &0 = 10W BTU/ he, for 2000 (Acres,
189700 Thus, Tor the interval 1968-1970, the total
peak input 1o Canadian frésh water is- estimated
to imcrease from 48156 x 10" BTU /hr. in 18970
to 98 .8 x 10 BTU  he, in the vaar 2000 (M.E.C..
1371}, The total peak thermal input 19 Canadian
fresh and tidal waters is astimatad to increase
from B.0125 x 10" BTU/kr. In 1970 to 136.7 x
10" BTU /hr. in 2000 {M.E.C., 1971},

Tharmal [nputs ather than from
Powear Generation

In the United States, an estimated 70% of
process water withdrawn by industry s for coal-
ing purposes. Although the most significant con-
tribution to thermal pollution is from the power
indugtry, at least 20-30% of the fotal heat re-
jected is in cooling water from weat-process in-
dustries. Thesa cantributions are usually in the
form of lgsz concentrated heat loads which co
not cause the same problems as those resulting

from single, large point sources which are typical
ol power plants. Even sewage contributes a rise
in ternperature to the receiving water, although
itz effect on the receiving water iz nagligible
(Krenkel and Parker, 1969). The heat absorbed
by cooling water in some typical Industrial pro-
cesses is shown in Table 3.

Tharmal Efficiency, Present and Futura

In industrially developed countrigs, the ma-
jor sources of thermal discharges are fossil-fueled
and nuchear power stations. The rapld growih in
population, the even more rapid growth in de-
mand for electric power, and the trend toward
power grids rather than many small, self-con-
tainad alectric systems, are all leading in the
direction of evar larger generating planis [(Caims,
1968}, Fossil-fueled plants are now bullt o pro-
duca Tour or five times the eleciricity of thosa
built 20 yvears ago. Muclear power |5 pradicted fo
dominate U.S. eleciricity gemeration by 2020
A.D. (Figure 41, Nuclear power plants are not
peanomic in small sizes, and have much lower
thermal efficiencies than fossil-fuel plants. Quan-
tities of heat discharged into cooling water by
glactric power plants depend on the thermal offi-
clencies of these plants. Qil- or coal-fired plants
with a high overall efficiency will discharge heat
equivalant 1o approximately 1.3 times the alectri-
cal energy. whergas water-coolaed nuclear power
plants discharge heat equivalent 1o about twice
the elecirical energy produced (Vinck, ot al
1970]. Ahhough both types of plant use the same
basic steam cycle to drive the turbines needad for
glectricity generation, nuclear plants ramain lass
afficiant bocause they oporate at lower sieam
temperaturés |{500-600°F) and pressures (800-
1000 psi! than conventional fossil-fuel plants
The most efficiant fossil-fuel powaer plants using
high temparatures | 1000-1 100%F) and high pres-
sure steam [1800-3500 psi) can oparate al about
A0%% overall efficiency at presant, while the cor-
responding figure for the most afficient nuclear
power plant is about 33%, Today, large nuclear
plants require 50% more coaling water for a given
tarmperature rise than fassil-fusl plants of com-
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parable size. Improved technology is expected 1o
reduce this added requirament 1o 26% by 1230
[Erankel and Parker, 1969)

Nuclear plants using breeder {or fusion]
reaciors  (Molten-Salt Breeder Reactor, Liguid-
Metal Cooled Breeder) and advanced converters
such as high 1emperature gas reaciors may, in the
future, have hest rates which would approach
those of 1he most efficient lossil-fuel plants
{Krishnamoorthy, 1970). These developments,
heweaver, are not axpoctad until the 1980°s (U5
Warer Besources Coursell, 19681, and doukts still
gxist a5 to the practcality of fusion plants {Cairns,
1968)

Flgure 5 fllustrates the relationabip bebwaen
process haat and electrigity progduction. and also
shows kow overall thermodynamic efficiency de
clines with an incraase in the temperatura ol
turblne exhausts during typical thermodynamic
cycles

The paradox of the “thermal pollution” sitea-
tian is sueh that il the tamperature at the turbing
oxhaust |5 ralsed to & level which is useful for a
varlgty of purposes, then the thermodynamic affi
cigney would be reduced and more wasta haat
may be produced than there are uses. Thus, &
halance should ba aimad for in planning af futurs
powar plants batween plant efficiancy and heat
rejection températures suitabla for boneficlal uses
Evary BTU of waste heat baneficially used in-
oreazas the elficlency of the avarall oycle as ef-
factively 4% improving the afficiency of the steam-
to-elpetic conversion process. (Beall, 1970b).
Future power plants sheuld be designed, in con
junction with large integrated systams of urban
industrial, or agriculiural erergy usaos to riaxi-
miza thermal afflclency of the tatal system, and
minimize energy wasta — a large part of the 1otal
pal lution problem

At prasent, power plants discard heat [n the
BO=-A00"F {ar 16°F average above aminent ) rangn
This is low grade heat which, i a once-through
cooling systermn ia employed, will vary seasonally,
depending on ambiant temperature, Thera ara fow
econsmic uses for such Igwe-grede heat. and it 18
unmaconamical 1o transpost & large voluma of low
temperalure water {Beall, 19700}, Hear at tam-
peEratures over 200°F is applicable to some nesds.
but 300°F plus (almost 200°F highes than typical
panenar plant waste heat temparaturas) is neadad 10
make long distribution systams profitable (Beall,
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1970b). Despite the argument by some utilities
that direct discharga of low-grade heat 10 the
aguatic environment may not have harmful effects
[so¢ page 20), tho amount of heat invelied 15 50
great that such an ineflicient use of anergy and
nuclear or fossil-Tual resources can no longer ba
ignorad,

Currant predictions for the United States in-
dicate that the most probabie efficiency of the
egntire electricity production system may not &x-
cead 55% before 1990 [Figure G). Since all elsc-
trical energy 15 eventually degraded to heat @ner-
av. and becauss there are many other sourcEs of
enargy relesss associated with industry, transpor-
tation, and urban Tiving, the leng term problam
wiiil not merely be concemed with the control of
alectrical plant heat dissipation specifics, bl
rather how o 'EIﬁII'ﬂ'H.:' the totgl amount of anargy
raleazad to the envirenment from all sourtes. Far
gxample, from present consumption methods, the
projected heat release in some major American
cities, for the year 2000, will be approximataly
500 BTU/117/ day [based on a release of 36 x 104
kilowan hours inan area of 20,000 sguare milesh.
This Is about 50% of the average tolal salar radia-
tion {1000 BTU /#12/day] reaching the sarth’s sur-
face in the U.5. latitude. How it may affect weaath-
gr patterns remains unknown (Jaske, 1963 Chap-
man, 1970}

Power Industry Planning

At presant, the Morth American power indus-
iry is partly to blame for the projected tharmal
pollution problem. The utility planners expected
puclear povwer to be more economig than conwven.
tlanal sources and would create less-of an air pol-
lution problam. Alded and stimulaied by govern-
ment policies, the industry commitied insall too
heavily on nuclear power fas the reguired future
gxpansion, Invesinsent and cost curves have now
changed thalr initial shapes in the face of higher
safety and quelity control measures, increased
wages for skilled labour, and higher prices for
basic matarials. Muclear reactors are aggravating
tha thermal pollution problem becawse, at the
prosent level of development. they have lowear
thermal efficienclies and greater cooling water ri-
quirements than conventional plants.

The European nuclear power industry has
notl developed as tast as expacted. Advanced gas
cooled reactors, though relbable, have twrned out
to be logs economic than anticipated. Due to the
current high cost of investment, nuchear power




statioms with their comparatively large capital
cost pier megawatt installed are at a disadvantage
in relation to copventional generating stations. In
the late 1970 or 1980°s, batter and fast reactors
{High Temperature “Dragon™ type: American
Watar-Coolad type: and the Atomic Energy “heavy
water” reactar] may be available, which leaves
ik powar industry in the dilermma of aither in-
vesting now in eguipment which could be obso-
lete soon in terms of efficiency, capacity and
geonomics, or deciding to wait for better devsl-
opmeants such as the liguid-meial cooled fast
reactor in the 1980°s (Mature, 232, 1971). The
latter may have greater thermal efficiencies and
lowier water requirements than presant reactors
thus recucing lhE tharmal pellution probiem, bt
its development at present 15 rather unprediclable.

Alternative Methods of Power Gengration

A long term aim should be to achieve a more
gfficient production of power with as little ad-
verse envirgnmaental impact as possible, One pos-
sibility is to utillze wasts heat (@ ganarata power,
Thermoelectric generators have bean devaloped
using thermeelectric units bullt into cross-flow
type heat exchangers with plate-fin surface geom-
etry. While conducting the latent heat from the
condensing steam to the cooling water, the units
converl a portion of this haat to elactricity. Similar
systems can also be designed for hot stack gas
releases, and for hol exhaust gasas from gas tur-
bine glectric power systems. Currently, it is not
gconomical 1o use thermoelactric devices to gen-
prate electricity from waste heat, largely dus 1o
high capital costs per kW of production {Shirazi,
1970]

Thie usae of solar enargy to genarate electrici-
ty would both bypass the production of steam and
waould mot require cooling water, At its present
stage of development. however. solar enargy s
not applicabla to tha tremendous generating ca-
pacities required from single plants. It would ke
applicable only 1o decentralized systems, In which
smaller capacitios for aach wnit would be accept-
abla [Calrns, 1968).

Any nation has a limited powential for hydro-
glectric davelopments, Canada has not yat reach-
ad the limit of this potantial, though much of this
jz in tha more northarly and remote locations,
making It costly to transport the energy 1o the
major markets in the south. Small lakes and river
sysierms on the Canadian Shield, close 10 markets

such as the Great Lakes and the 5t. Lawrence
wurban and industrial areas, could ke developad as
a series of small closaly-linked hydro-schermds,
but collectively, they will probably have higher
capital costs than individual large schemes, Tidal
schemas, |.¢., the Bay of Fundy, and projects like
the Jamas Bay hydro scheme, hold possibilities
for the future, but again there Is a limit, both in
terms of money and site availability, to the na-
tion‘'s potential for such developments. Further-
more, in tha long term, the total demand for elec-
trical energy will exceed all economic hydro
potential. 1t should also be noted that the ecole-
gical and social impacts of large scale fleoding
of hydro schemes may create 1ar Worse environ-
mental problemns than those associated with other
forms of power genaration.

The possible development of geothermal an-
ergy in Canada is very limited. and does nol have
the sama potential as lceland {Matthiasson, 1970}
The majerity of Canada’s known geothermal re-
sources are in tha Western Cordilleran Reglon,
whare there are 60 groups of thermal springs
{Souther and Halstead, 1969). Of these, 35 can
be claszified as hot {gver 20°F), and 25 as warm
{higher than local mean air temperatura but lower
than 90°F) (White, 1957a, 1957h): 18 have large
flows (ower 100 lgpm'). 19 have small flows
ibalow 100 lgpm), and data are unavailable for
the remaining 23. At least 10 springs have tam-
peratures over 100°F and flows over 100 Igpm

Geothermal anergy could ba artificially tap-
ped by means of a desp shaft and chamber, inta
which water would be pumped. and the resulting
steam could be used to spin a turbine before cool-
ing and returning te the “natural’ boiler in a com-
pletely closed cycle, with vary little wasie heat
and no atmospheric pollution [Business Weak,
Det. 3, 1970). Such a system could be located
anywhera on earth. At presant, however, it Is
technologically and economically impractical

Or a smaller scale, the American alactricity
and gas utilities and the Pratt and Whitney divi-
sion of the United Aircraft Corporation are deval-
oping the pollution frea hydrogen-oxygen fual cell,
tor commaercial service by 1875 (Benadict, 1971).
Although it might slightly reduce the lead on
power plants, particularly of urban ‘domestic de-
mand for elactriclty, it is unlikely to make a
gignificant contribution to the nation & total poweer
ouetput.

1 Igpm: Imperial gallons per e
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Conrolled atomic fusion provides one pos-
sibility for future energy production, although the
problem of devising a container to hold the fusion
reaction at a temparaiure in the order of 100 mil-
lipn *C remains to be solved. At present, the only
possible container would be a magnetic field
which can be sither apen-ended, confining atomic
nuclai by a "pinch’ effect within magnetic fald
coils, or toriedal |doughnut-shaped), confining
nuclel in a ring of magnatic field coils. The mast
successlul Russian (Tokamak) and American
[Stellarator] experimental reactors use the |atier
gystany. To date, bath systems can only achieve
fusicn femperatures for abouwt 15 milliseconds
befora the “magnetic container’” bacomes un
stable and “leaks."”

Fusion will only bacome wseful when tha
reaction is confined long enowgh Tor the anergy
putput 10 be significantly greater than the enargy
input naaded 10 force nuckai 1_|:|:;|:r;-l:|".-_'-r 1., brodk
ing the force af the Coulomb repulsion barrier)
Tha racovery of energy from a fusian reaction and
its conversion to usable power alse present dif-
fleult technical problems which have yet to ba
overcome. Whathar the fusion reactor will be an
gificient means ol onargy production with less
pnviranmantal impacts remains to be sean

Tharmoelectric, magnatohydradynamec, ams
tharmionic systems, all of which reguire no steam
or coaling water-cycle for power genefation, are
at present in exparimental stages of devalopment
{Stevans and Mathur, 1970; Brown, 19700, Tha
MHD genarator (Figure T has the advantiages ol
the absenca of hot, highly sirassed moving pars
and the capacity for production of wery large
amounts of powear. For example, a compact MHD
power plamt producing as much as 10" watts (the
equivalent of 10 large utility plants) ssems feasi
bie. using a rocket enging [plus fuel supply and
control systom ) connected 1o the duct af the MHD
ganerator.  Significantly  higher tharmodynamic
afficiency could ba achieved in a Tossil-Tugl power
plant with MHD topping of the steam cycle. By
applying this systam to a natural gas-fired power
plant, the Russians claim to have gained 15%
more tharmodynamic efficiency than in a con-
ventional coal-fired s1ation, though prasent short-
comings in the Russian experiment are low com-
bustion pressuras and field swrength (Brogan,
1870

Effarts 1o adapt MHD to a nuclaar heal Sgurce
have yet to schieve concrete results, the basic
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problem being thar MHD works best at tempera-
tures greater tham Z000°K, whereas today, few

ractors produce 3 temperaiure in excess of
1000°K (Rosa. 1968].

Prasont Technical Problems

Al present, the energy avallable in fuels is
transformed into heat by combustion or nuclear
reactions. The generated heat transforms. water
inte high prossure steam which turns the turbine
rotors,. The wirbing rotor is connecied with 2 gen-
arator where mechanical energy iz transformed
into electrical energy. Typically, cooling water is
nacassary to remove the waste heat of vaporisa.
tion of spent steam leaving the turbing exhaust.
The zieam then condanses into water and i3
pumpad back under high pressure to the boiler
for repeat of the swieam gycle. The spent steam
leaving the turbine has low emergy content, bl
since enormous quantities of steam ara involwed,
it necassitates large amounts of water far EI:Il\'_'lliI:Ig_
purpasos, Thus, the purpose of the cooling watar
i5 to transport the waste heat from the steam
condenser tubes Into the simosphere [Figure 8]

The cooling water for the condenser i3 gen-
arally obtained by pumping from a river, leke or
ocean into an intake plpe, In ‘once-through® cool-
ing systéms, cooling water |s passed through the
condenser and |5 returned 1o the source thraugh
an outlel pipa. The cutfall water temparatens
ranges roughly fram 10 to 20°F, [(Roddis, 1970}
above the ambient temparature of mtake water,
depending on the amount of water available for
cooling, the season of the year, and a variaty of
ather factors. The average maximum temparaturs
rise across the condenzer iz -about 10°C for a
nuchaar power plant, and 8.3°C for a fossil-iusl
plant, with nuclear plants requiring between 20 to
B0% more cooling water than fossil-fual plants
[Makatani et al, 1970}

There are alternatives to once-through cool-
ing systerms. In ‘closed cycla’ water systems, the
condenser cooling water flows from the condenser
to some form of atmospheric heat exchanger
teithar a cooling 1ower, artificial lake or pond),
wheora heat is dissipated and then the water is
returned 1o the condenser. Thus, there is no physi-
cal discharge of heated water to the natural
aguatle environment. “Varable cycle’ cooling
water systams are intermadiate of the closed and
open systems. Some heat is removed from con-
denser cooling water in a cooling wower or through-
fiow cooling pond before it is discharged 1o a




natural water body (Nakatani, et al, 1970}, Re-
cently. it has been suggesied that a nuclear power
slation reactor, heat exchangers, and turbanes
— could all be contained within one large eooling
tower, dissipating waste heat o the atmosphere
Itz advaniages ane its low cost and minimal ther-
mal pollution of surface waters (Lawes and Ken-
weard, 19701.

Details of advantages and disadvantages ol
atmospheric heat exchangars involved in closed
ar variable cosling systems are already avallable
i Krankol and Parker, 1963; Parker and Krenkel,
1969, 1970; Symposium, lndesteial Water Erngi-
neering, May, 19701, Broadly, they can be divided
G three l'l'll!-ll-ﬂrl}llDE'

1. Cooling Pands and Reservoirs

Water is circulated throwugh the comdenser
and is returned 10 & cooling pond for haat repc-
tiom. [t is theen recirculated. Cooling ponds and
resarvolrs use more ground area than other ex-
chandgers, an impoariant consideration in plant sit-
ing and costs (Table 4], They are also rather inef-
ficient becausa of low heat-transler rates. Spraying
of tha coaling water imprones eat-transfar Tates
and therefors considerably reduces the surface
area of coaling pond reguired (Table 4)

2. Evaporative Cooling Towers

Currently, natural draft hyperbolic gooling
towers are being increasingly uvsed to dissipate
resicdual heat to the atmosphere by evaporation
of a small parcentage aof thia condanser cnulinﬂ
water. Mechanical drafi cooling lowers have bean
used by the power Indusuy for a8 considerable
time, Genarally, they are subject to high initial
costs, but have moderate running and mainie-
nance coests and are reasonably efficiant

3. Dry Cooling Towers

Dry cooling towers can be either natural
dralt or mechanical dealt types, and they operate
on the principle of direct wransfer of sansible hean
from a fubed radiator-type cooling tower 1o the

atmospheare. The capial costs of these owers. are
kigh. and there is also the problem of turbine
derating due to higher back pressures. Despite
these drawhbacks, dry towers, or air-cooled heat
exchangers have recently bean proposed as the
beizst allernative 0 areas where water 15 becoming
more precious and where thermal pollution is al-
ready close to legal temperature limits {Elfiott,
1971}

Censidering the variables of relative ground
area required (Table 4}, average condenier water
resgui rernent andd consumption usa [ Table 51, and
different evaluations of investment /capital, oper-
ating and maintenance costs [Tables & to 3}, the
pnce-through cooling process i the most eco
reomic as well a= afficient way of dissipating resi
dual heat. This. hawever, has created tha problem
that what is mast econamic and efficient for coal-
ing the condenser i not necessarily conducive
to preserving eavironmental quality. Thus, it is
necessary o evaluate objectively the total costs
and benefits of alternative methods of cooling.
including the possible beneficial uses of waste
heat. Discussion of tha econamics of thermal pal-
lutiom contral, fecussing mainly on cooling Sys-
tem costings. are given by Lof and Ward (19639,
19704; 1970b)  and Kneese, Ayres & d'Arge
[1a7a)

The possibility of improving  power  plant
thermodynamic and total system efficiancies has
baen briefly reviewed in this report (page 13} and
should be further investigated. Stress should also
be placed on research into the prediction of drain-
age bagin and maring-astuaring environment heat
load capacities, and advanced planning of ther-
mal discharges {Jaske, 1969)

This raport % primarily on the crifical eval-
uation of the current research eflors 1o banefi-
cially use tharmal discharges from poser siations
so that adverse scological and environmsntal
affects can ba allaviated substantiallby
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CHAPTER 2

WASTE HEAT MANAGEMENT AND THE

AQUATIC ENVIRONMENT

This repaort ks primarily intended as a eritical
review of possible beneficial uses of thermal dis-
charge and, therefore, it is not intended to discuss
in chetail such aspects a5 the role of Wwmperature
in agquatic environments, or types of changes in
fiora and fauna that may accampany natural or
artificially irduced temperatere changes, axcepl
witere this has direct bearing on & particular
haneficiat use, io., increased growth rates of fish
iry controlled fish farming. There is, howewver, litthe
point in discussing benaficial uses if waste heat
pould be salely and cheaply dissipated to the
enwironmant, with acceptably few or no adverse
effects

The potential large-scale nature of waste
heat refection has already been described in the
pravious chapter. Total thermal additions 10 Cana-
dian freshwaters are predicted to be as large as
OR.6x 109 BTU /hr. by 2000 A.D. (M.E.C., 1871 ).
Thie main question which needs answering is 1o
what extent will such large-scale thermal addi-
tions alter existing aguatic ecosystems. If this
infarmation iz available, proper decisions can be
made in waste heal management, giving due
welght 1o the trade-offs betwean possible anvi-
ronmental degradation and burgeoning energy
needs, How much heat can a particular water-
body absorb before the environmental effects be-
coma socially unacceptable, and an altarnative
and mare expensive mathod of disposal, such as
a beneficial use, becomes socially, economically
and politically acceptable?

This later question raises the many thoeny
problems invelved in defining and measuring so-
elal peceptability. Tangible benefits and costs can
usually be measured in dollar tarms, unlike intan-
gitles. such as aesthetics, which are harder to
quantify. Adverse affects on the anvironment may
be lorg-term phenomana which, in the short-term,
may lack immediate popular impact, or ara n#ol
easily recognized and, henco, not acted upon be-
fore a threshold of no return has been roached

A review of current research results indi-
cates that sciantists are divided In their opinions
az to whether thermal additions 1o natural water-
bodies have deleterious effects on flora, fauna,
and water quality. Many biologisis claim that
cffects are adverse, ranging from “the direct le.
thal effects of high temperatures on individual
organisms to sublle changes in behavioral, ma-
tabolic, and performance responses. long-tarm
genetic selectian, and alterations in COrmLniTy-
productivity and food chain relationzhips.” {Cou-
tant, 1968). Comprehensive bibliographies and
reviews of such biological adverse effects are
given by Kennady and Mihursky (1967, and
Coutart (1968; 1969a; 1970a; 13717)

Although the studies raferred to in the above
sources frequently draw thair conclusions from
laboratory experimants in which many of 1he
imterralated variables found in a natural aquatic
ecosyatern are held constant, most of them do
deal with the temperature ranges (BO-100°F] 1o
be expected at power plant outfalls, In a real s
wation, such tamperaturas may of may not extend
to considerable distances from the owtfall, de-
panding on outfall design eriteria and on factors
such as rates of mixing with water a1 ambient
tamperature, thermal stratification, rate and wol
ume of flow, and ambient temperature of intake
watar, all of which vary seasonally, The areal
axtent of adverse thermal effects will be dictaied
partly by these factors, and partly by the biclogi-
cal machanisms of the ecosystems involved. For
example, fish migration patterns may be inter-
rupted by a thermal plume which extends com-
pletely across the cross-section of a river.

If the areal extent of harmiul effects is small,
the guestion then arises as 10 whather or not
ghey are acceptable. Currently, increasing public
awarenass of environmental problems is in oppo
sition 1o the econamic reasonings of the power
utilities., Guidelines for thermal water quality
standards have been sat forth in the U 5. Matianal

18




Technical Advisory Committes (MTAC) Report,
“Water Quality Criteria.” The temperatura critaria
advocated for lagislation in most states largely
roflect these recommendations (LS. Dept. of
Intarior, 1968, Makatani, st al, 1970):

5°F arntificial increase abowe “natural®
ambient {at the axpacted mini-
mum daily flow for that manth]
for stredms elassified for elther
wharrm or cold waier fish.

3*F artificial increazae limit (in the
gpilimnion] In lakes and reser-
woirs, based on the monthly
avaerage of the maximum daly
tomperature. Withdrawal or dis-
charge to tha hypolimnion is not
recommendsd

1.5°F artificial Increazae limit in astu-
arine and maring waters in sum-
mer months

4*F artifecial increasa Dkt im0 Estu
armg and marme vhalers for ths
risst af the year, based on rmonth
by means of masimum dally tem-
peratures

Probiams have bean raised as 1o the defin
tiom of, Tor exampla, the mixng rone” far ot
and recevimg waters, which In Some cases is
exempt froem temperature standards. Uniform
slandards, sven at the siate or provincial laval.
may not be ideal for individual rivers and local
enviconmantal condifions

Figh-kills could oeeur when a rare event
such as a long period of very low flow coupled
with high ambient water termparatures oCours in
a river. 1t i= hard o '!r_-l._‘l|i_'.|.:'|rl_- against this without
applving thermal and abstraction standands which
during periods of normal o peak flow, are nol
el below the sale thermal capacity of tha river

It iz known that the rate of oxygen usa by
bacteria rapidly incraases with temperature
whireas siream reasration, indicating oxygen
absarpnien, changes anly aradually. Tha walubsll ity
ol oxygen decreazes with incresses in tempara-
tura, Thus, &n inoremeant in siream l@mperatura is
tantamount to either reducing the stream’s wasts
assimilation capacity. or increasing the load al
:hx','r:p{:n-lll_unrlnllinu argamic matgrials AL many
Canadian and American rivers already receiva
high waste loads, they are more prone to devalop
an oxygen sag below the life suppart level if
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subjected 1o the further strass of heated dis-
charges (Wright, et al, 1970).

Hence, it iz azsential to gain accurdte &at-
mates of the seasonal capacities ol rivers, fiver
systams, and other water bodies 1o withstand
walar abstraction and thermal additions. In ordar
1o determing how a spacific temperaturg incréase
will affact fiah or othgr aguatic organisms, one
should know not anly the usual biological reguire-
munls of thesa species. but also an estimate of
the @xtent to which these spacies are ;rlr['.ﬁd'nlr
baing aflected by other lormg of waste discharges
[agriculture, imdustrial, municipal, eic.}. Each
draage basin should be regarded as a single
Gperation unit {Cairns. 1969, and tha SYNBTI5-
tic effect of all potentially harmful pogencies upon
the squatic crganisms should be considered, &s
wall as the effect of individual and potentially
harmiul factors, Present laws and assessmeant
echniques are designed primarily o copa with
wastes [ndivicdually, rather than colleetivaly. Fur-
thier weork on applying systems analysis technigues
to entire drainege basins, such ss COLHEAT
(Jasko. 1271; Peterson & Jaske, 1270a. 1970b]
and THEDY (Bogh. & Zind, 18970} mass
gxchange models and mass energy balances
[Ashbury, 1970) and maps of stream heat loads
(Eckholdr et af, 18649, iz recommended {Cairns
B Humphsey, 1969). Environmental quality con-
tral and effective regional management will only
ba possible if we treat drainags basins as single
systoms, and design wasie laadings on that basis
rather than one fragment af a tima.

In gontrast (o the pessimism of many biolo-
alsts, conclusions from much of the research per
formed, usually for the American elactric utility
companias, indicata that waste heat discharges
have little or na aoverss efect on aguatic eco-
syziems, and In some cases may aven have bana-
ficial effects such as, for example, improving
salmon feeding conditions |Becker, 1969].7 Usu-
ally, howawver, the utilities obaerve cartain maxi-
milm lemparature limits, Bislogleal studies on all
operative TVA steam planfs, since 1955, have

1 Examples of rosssrch wial such coocluseons includs
Raddis 18970 Ganrell st &), 1970; Goulid and Moohe, 1970!
fAlabasier. 1589 Beauchamp ef al, 1970: Msrriman,
1970a. 197T00; Churchill & Wajslik, 1962 Philbin &
Phitipsg. 1070 Proflise, 1970; Goubat, Y865 Brazina, af al
1070 Roback &t a1, 1969; Calrms & Kooaber, T9EY: Coutam
#1 Al 1969 Couwiant 19890; Becker, 1089 Haryey, 1570
ARaymond & Carris,. 1984: Scharfenbsng. 1970; Eraen &
Jones, 1970 Gammon, 1283 Caisng & Palarson 18,
Catins. 1965%h: Henba, 1969 Brandy, 1965 Templeton &
Coditant, 1970




produced no result which indicated detrimental
affects on aguatic life atributable 1o maximum
allowable heated discharges of 93°F {Churchill
& Wajtalik, 1969: Gartrell et al, 1970}, Some
have suggested that at certain times of the year,
discharge temperatures of 106°F, 10°F higher
than usual state maxima, have no adversa effect
on aguatlc Iife (Kolflat, 1968). However, frash.
water acosystems @pparently can 1olerate grealor
temperature dilferantials than oceanic and esiu-
aring ecosystems (Roddis, 1970; Stearns, 1970).
Apart from the example of TVA operations, most
of the findings quoted in this report are from
shori-torm research studies. Long-term gffects are
still wnkrowsm

There are two main reasons for such dif-
farences of Dpinion. Firstly, nol anough i5 Krown
about the datalled blochemical and limnological
processes operating in aguatle anvironmaents and,
secondly, the nature of these effects probably de-
pends a great deal on the unigue features of each
situation, In an alresdy badly polluted river,
eHects may be bad whereas in a relatively unpol-
(uted river, with & large flowe throsghout the year,
effects may be minimal. This conclusion poses
the problem of evaluating and monitoring the
condition of a particular sodsystem

Aguatic Ecosystem Evaluation

There aré 1w major approachas 1oweard eva-
luating and monitoring the condition of an aguatic
soosvsiom with the aim of better management of
both tho water resourée and the disposal of
wastes, The first approach includes mathermatical
modelling and total systems analysis, and the
sooond aitempts to identify thosa criteria which,
when monitored, witl show trends symptomatic
of the condition of certain aspects of the eco-
system, Using a medical analogy, the hrst ap-
prosch may try o replicate and monitor the whole
body, and the second may look for 8 pulse. Thesa
approaches do overlap, and in some circurms
stanees complemant ane anothar, & mathamatical
simulation might well indicate worthwhile ‘pulse’
griteria, Howaver, a mathematical model is only
as good as its input data, and frequently a miEfor
limitation s the use of improvised conswanis or
coafficients in lieu of adequate biological Infor-
Lo

Al the present time most mathematical
modelling technlques in watar quality migdelling
follow the classical Streeter-Phelps DO-BOD rela-
tionship, (Biswas et al, 1972}, DO-BOD modals.

howeever, reprasent just a small segment of walar
gquality, Other submodels of water guality would
have te be developed, including chemical, eutrd
phicatlon, sediment, and texicological submadels,
so that planners may be able to use them with
more confidence than atherwisa possible {Kramer,
12724, Many of the mathematical models pro-
posed so far have enormous data requirements
which wsually far exceed data available. Many
paramaeters necessary for such modelling as waste
sedimentation rates, and oxygen reduction and
addition duee 1o plant respiration and photosyn-
thesis, are simply not known in actual situations
{Pentland et al. 1972},

Although n practise a 1oal systems ap-
proach, including accurate mathematical models
gre, excepl in rare cases, hard 1o achieve, they are
valuable tools to answer such complex questions
as!

1. What is the temperature threshold
up to which the acosystem i5 ade-
guataly buffered 1o receive thermal
inputs without marked alteration of
state?

2. What length of time is needad dar
an geosystem of readjust 10 3 new
stable state upon application of
thermal strass?

3. What will be the nature of this new
stable state, |.e., how much change
will aecus in the species and con-
cantration of spacies of the aguatic
eommumity

& ‘\What will be the nature of the eco-
system during the process of read-
justment 7 What evenis and changos
are likely 90 occur?

5, To what extent will thermal dis-
charge Interact synergistically with
impurities in tha watar 1o Cause
major environmental stress (e.g.
BOD levels, see p, 2077

in addition, during the process of model de-
volopmeant. resource managers are forced to con-
gider aspects of the wtal complax problem whieh
they may otharwise have overlooked

An interesting offshoot of the systems ap
proach, which attempts to rapicly predict and
traca water quality problems, is the development
of the logic diagram. This technique if often used
by engineers In fault analyses A, simpllfied dia-
gram developed for analyzing actual or potantial
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fish-kill sitwations is shown in Figure 3. From
such a fault analysis diagram. it may be possible
tor ichantify:
1. critical factors that have high prob:
akrilities of infleencing morality;
2. factors that cannot be controllad by
MaAn N ecosysiem managemant;
3. critical areas that are sensitive 10
thermal stressas; and
4, critical areas associated with pol-
lutants that ara nol generatad by the
pesner plant
Howsever, Tor this téchriigque 10 work, ang sill re.
gquires much nformation aboul each factor in the
taulf tres,

Ideally, a systematic investigation into the
aeffects of thermal dischargas on the anvironment
should fallow four phases;

1. Qbtain baseline data aon the particu.
lar BEOSyS1IEM and, as & preliminary
LU, compare i1 with other knoem
ecosystems for which a classifica-
tion has bean daveloped.

2. Evaluate thesa data. projacting {with
aid of models] tha possibla e
ronrmanial  stressas thal may O
witlop, and  provide recommenda-
tions for commeciive action whera
reguired.

3. Manitor, during plant operation, the
real changes taking place in the
aquatic acosysiem, and taka appro
priata acton whan ragquired.

4, Compare real changes measured
with those predicted in ordar 10
aszess and improve the method of
prediction for future problams

Considering the costz and time invalead
hovweever, such a total nwvestigation 15 not reakly
praciical, Tharelorg, investigation should per-
haps be directed towards a selective study of the
most meaningful criterla — the ‘pulse’ criteria
reflerred to at the beginning of this saction. Such
criteria might include an analysis of the life sup
port systems for key floral and faunal species
whose presence or absence may provide a test
for certain minimum water quality standards
Specias diversity 15 amother index of change
which has been waell developed in the fields of
plant and anlmal biogeography, but has so far
baan rarely used in practical management of
water quality, Further research and interdisci-
plinary discussions on possible applications of
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hese types of criterfa may well prove wortheerdhile
to the resource managers.

Altermatives in Management of
Heated Wastewater

Given the presant lavels of knowledge, there
are five basic alternative solutions 16 the heated
wastawater disposal problem which may be wsed
individusally orin various combinations { Bragman,
1968; Black, 1968; Cairns, 1969):

1. Placing all hoabed wastowaler in
streams, lakes. and oceans without
regard to the effact, and considaring
the gnvirgnmental damage as a con-
sequence of our increasad demand
for power,

2. Improving present power plant ther.
maodynamic efficiency and develop-
ing new mathods of power ganera-
tion which are afficient and result
in less heating of water or pollution
of the anvirenment,

3. Using. but not abusing, present aco-
systems. This means regulating the
heated discharge according to the
recaiving capacity af the anviron-
mEnt and, consaguantly, requireas a
Enowladge of the acosystam and its
tolerances.

4. Modifylng ecosysterns 1o fit the new
temperatura conditions, which re-
aguires a detailed knowledge of each
particular ecosystem, and a tech-
nigue for evaluation of the fune-
tioninmg of ecosystams.

Finding alternative ways to dissi-
pate heat. or davaloping benaficial
uses for haatad watars.,

L43]

For meaningful beneficial uses, the following
criteria are worth considering (Boersma, 1270}

1. Oparation of the power siation must not de-
pend upon the wse of waste heat or be al-
fectad by variations in that use, The warm
waler showld be raken al the autler,

2. Sehemes for using waste heat must not ba
catastrophically affecied by tha loss of the
warm water supply. The system showuld De
able to operate without warm water for short
periads of time, or & back-up heating system
sihould be available when necessary.

3. The cooling water may have to be troated
with charmicals cominuousiy or intarmitently
to prevent fouling of the cooling. systam, In
the Deneficial wse, the walér may alse be-




come contaminated, for axample, with sew-
age from aguaculture, Thorefora. the caoling
water, if pollvted, shouwld be recycled in a
cloced sysfem with a built-in puriffcalion
unit.

The temperature level of the coocling water
iz low when use for industrial processing 1s
cansidered, but it is suitable for many brio-
logleal activities, Therefore, the heat should
be primarily wsed to stimulate life cycle pro-
CES5aE

Although the grade of heat is low, the guan:
tity of heat iz largs, Therefore, several uses
af low grade heal are Fagurrend

i soveral uses are to be deployed in one
coolimy system, they should be mutually
beneficial ar, #f leagt compatible. For exam-
ple, waste heat may stimulate large algas
production during sewage treatment. Algae
may then be converted to feed for cattle
haocsed in stalls heated with warm water.
Oifferant uses require different grades of
haat. therefors, within aone cooling System,
the sequeénce of uses for the Sarme warm
watar should be in an appropriata descending
order of temperature requirements. Certain
uses may be incompatible whan incorporated
in the same system. For example, untreated
runafl Trom heated irrigation in greenhouses
could be chemically unsuitable for wse in 8
fish-farm

_ \Water iz & finite resource. Therefore, sysiems

whieh racycle the water showld be considered
Pallution problems, such as disposal of agri-
cultural and domestic sewage, air pollution,
heat affects in Flvers, and the use of persis-
ienit chamicals must be solved in concert,
not individually. Tharefore, integrated sys-
componenis of which reinforce
wach ather, must be considered

As steam-electric power generation usually
continues throughout the year, the use for
warm water should either be a year-ound

fems, he

10,

proposition, or else the system sheuld be so
designed that one wse can be replaced By
another during the seasan whan the first use

is imappropriate, In Canada, much warm
water could be used Tor lce contral Tn winter,
but feasible alternatives arg necessary for
the summer SEascn

The objective is to solve a problem of ther-
mal discharge into an aguatic erviranrment,
ba it for purposes of saving waste of heat or
for alleviating possible harmful eflects 10 the
gcosystem, Therelore, ¥ a closed system af
water recycling Is not employed, the watar
witimately discharged to the aguatic enviran-
ment after serving cooling and beneficial
functions shouwld be pollutant free and of a
similar temperature 10 the ambign] [empera-
fure of the waterbody Into which it s dis-
charged. |deally, such & temperdiure should
be controlled to corespond ta 'natural”
sepsonal fluctuations in ambieny tempera-
wres. In practice. before any heated dis-
charge is mada, other sources of heat addi
tions to the ocean, or to the entire river,
jacustring or estuarine network, should be
considerad in the light of the heat assimila-
vion capacity, without detrimental effect to
the ecosysien

The beneficial wses and cooling funciions
should together not réquire an absreaction of
water from the natursl water bedy in pxcess
of ihat waterbody's capacity for absiraction.
bearing in mind seasonal fluctuations in flow
and other peints of abstraction for human
usage throughout the whole river or &siua-
ringe petwoark, Beneficial uses and more con
ventional cooling systems, such as cooling
towers and sprays, can result in considarable
lozs af water by avaporation. Actount should
ba taken of these types of lossas when as-
zessing amounts of abstraction, as this water
iz not directly returned 10 18 source.
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CHAPTER 3

NAVIGATION

It has been suggested that waste heat from
poveer plants may be sufficient 1o keep major por-
tions of navigable rivers frae from ice and that
thie proper positioning of tharmonuclear reactors
might significantly slongate the shipping season.

L]

Thearatical Considerations

Tha length of an ce-free reach that davelops
during tha winter below a thermal pollution sine
an a river can be calculated wsing a difterential
eouation fof the steady-state heat balance of a
volume element of a river [Dingman e1 al, 1967,
1968; Dingman and Assur, 1963a, 1969b):—

= If_':ll-lT. dT /O
4T

=]

Where: X = Distance downstream from the
pollution site to the river cross
saction whara water termnperaturg
equals T, .

C = A consztant that includes flow
velocity and depth.

Water temperaturg of a8 Cross-

section of river downstream from

the pollution sita.

T, = Water temperature at X equals

Zaro,

0 = Rate of heat losa from the water

surtace.

T = Water temperature

-
]

The value of x at T, equals 0°C is taken as the
length of the ice-free reach. O is the sum of heat
losses due to evaporation, convection, long- and
short-wave radiation and other processes: each
af which is evaluated by an empirical or theo-
retical expression such as Bowen ratio, Kaohler
equation, and the Russian Winter equation | Ding-
man et al, 1968, p, 352-357). The two principal
limitations Tn accurately calculating downstream
temperature changes are related 1o difficultios In
avaluating the degree of lateral mixing in natural
rivers and the convective and evaporative haat
losses under unstable atmospheric gonditions,

Observations of lengths of ice-dree reaches an the
Mississippi River are in good agreement with cal-
culated values [(Takle 10

The same pradiction technigue was applied
to a section of the St. Lawrence Seaway, tha 32
km of the South Shere Canal incleding the St
Lambart and Cdie 51, Catherine lecks." It was ¢al
culated that, for a present conventional nuclear
peactor with & thermal poliution output of 2.9 =
100 cal seg-" {== 1.2 x 107 watts), 17 km {Rus-
sian Winter equation) to 25 km [(Kohler's egqua-
tiom} of this reach could be kept ice-free. For the
size of nuclear reactors currently being designed
{thermal rejection 8.4 x 10¥ cal sec—'; == 3.5 x
10% watis), the ice-frea length predicied was 50
kmn [ Russian Winter Equation} to T5 km (Kohler’s
gguation]. When an average winter temperature
of —117C was assumed along with the Russian
Winter Equation, values of 27 km and 75 km were
abtaingd for the conventional and recently de-
signed resclors respactively (Figuee 10]

Power Plant Siting Considerations

Calculations such as these described abowve
indicate that thermal discharges from power
plants may be adequate 1o keep a significant
langth of & canal ice-free during winter, which
suggests the possibility of siting future reactors
along the 31, Lawrence Seaway al critical points,
such as lock areas and ship canals. If thasa wirg
kept ice-free, it would be possible to move ship-
ping into the Great Lakes, if not for the whole
wintar, for at least part of it. One of the biggest
problems would be tha stratch of the St. Law-

! These pradictions, fham Dingman et al, 1258, assume
|. Boyers wintss temparatures of =17°0C
imean menikly minimom, Jarary, Ditawa —18.7°C
Fabsuary, —18.8°C:
31 yoars record
Irmveam monihly mifimae, JEnury, Qushe: —16.1°C
Fobruary. —15.8°C
32 yeats racard].
i1 Wind spesd of 5m sec—" | Janwary and February, Carn-
wall. Oitadial — probabls high
ili. Avarags canal depth fm widih 1EDm; water Flow walo-
city 0.5m sec—1,
iv. Comphacs cloud cover, ¢ = 10.
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rence River from Montreal to Ouebec City, and
the St Lawrence Gulf, This reach can be kept
open by ice breakers for part of the winter, and
for the remainder of the season, even though it
may be cloged, traffic will stlll be able 1o operate
within the Great Lakes System.

Currently, & major criterion for the pesition.
ing of power plants is the availability of an ade-
quate supply of cooling water, & reactor cam be
linked 10 tha general power grid systern that is
baring wsed in the US, and Canada. Advantage
may be taken of the possibility of nuclear plant
siting to position plants in optimum positions lor
the beneficial use of the heated discharge. Posl.
tioning power plants close 1o the Seaway may be
ideal for use of waste hest in winter: that tha
guestion af a summesimé use remaing unan-
swerad. Porhaps, a summer use, such as in a
sevweage treatrmeant plant?, may benafit from a dif-
ferent poswer plant location. The relative trade.
offs between these two seasonal uses and loca-
tions must be assessed. In the Canadian context,
summertime usas for vwaste hoeal are harder 0
find than wimtertime usos.

I wagte haat is 10 bé usaed for extending the
navigation season on the Great Lakes — St Lave-
rence Seaway System, it is assential that the U5
and Canadian powveer authorities and other Seaway
users work in close collaboration a1 bath national
and international levals, in optimal power plant
Siting or ice-@am contral. It may. howeaver, 4353
rather utoplan o loak for this degres of conpera-
tion amongst the varkows vested intarests

Feasibility Studias

Biggs (1268) has proposed two cases for
th use of power-plant wasto heat, Ors@ 18 10 8x-
tend the navigation season ol the 58 Lawrance
Seaway w0 the end of Decembar, the othar to ihe
end of January. lce on the Great Lakes — 5t
Lawrence Seaway System in February and March
is a mare difficull navigation preblam which e
auires olhar solutions

I the first case, nuclear geanerating stations
ara sited at the head of existing canals and locks
{Figure 11). Locks would reguire modification o
parmit continuous flow, and river and lake pack-
ice from flow-ice build-up would need contralling.
Urichr this systam, howevaor, navigation woold be
detayed by extremaly cold spelis, and would be

i Son chaplar 5, page 47,
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largely impossibla after the 315t December. The
first case could bo operative by 1937, based on
forecesis of Inswmalled nuclesr capacity (Quebec
=B000 MW Ontario and New York could install
sufficient capacity for this plan by 1885 [Merlin,
19671, Singe siting has a lead time of abowt
twalve years for large stations, thare is not much
tirme far the implementation of this plan

Altheugh the second case extend the navi-
gation seazon 1o the end of January, 15 reguires
maore waste heat, and the addition of barrage
warks to the Seaway. As racommendad in a pre-
vious report (Boyd, 1853}, the barrage works
would form canals and limit open water araas,
thus mintmizing the quantity of wasta heat re.
auired to maintain gn lce-free navigation channal.
They would be constructed along the channels of
Lakaes 5t Petar. 51 Francis, and St Clair, and
betwann |5lands and the mainland to restrict the
Upper St Lawrence and 55 Mary's Rivers 10 a
narrow channel [Figure 12). Tha barrage woarks
wiould ba designed 1 optimise & minimum chan.
el width and & minimum volume of rock move-
meant (E.M.R. 1887). The total nuclear capacity
raguirad for extanding the navigation ssason to
the and of January is estimated to be 13.000 MW
for Quebec, 600 MW for Ontario, 3.000 MW for
Mew York, and 2,000 MW far Michigan, Using
forecasts of installed nuelear capacity, this could
be achieved by 2000 A0 . [Quebec 4,000 MW by
1987-1980, Ontario 5.000 MW by 18B5-2000,
Michigan 2,000 MW after 1380 [(Merlin, 1967))
Dmission of barrages on Lakes 5t Francis and
at. Clair, though halving barrage costs, re—qulfas.
40,000 MW additlenal inztalled capacity, which
lg mot feasible untll the early 2718t century.

An advantage of the second plan s that the
glimination of ice at Beauharnois Hydro Gener-
ating Station would permit Tull flow at maximum
head during peak pedods and effectively increasa
dependable capacity by about 300 MW, & similar
techniges could parhaps improve tha Miagara
Genarating Station energy output [Rosenberg,
1967}, Pack ica control by ice-breakers swould be
reduced ta contralling the Great Lake outlats.

A study by Pruden et al (1264] on methods
of ice control and navigation season extension in
the 5t Lavwrence River, has considered the use of
pover-station waste heat as well as ragimentad
chanmels [Kerry, 18510, ail films, and coal-fired
channel heaters, The study? concludes that waste

3 Fruden o oi, 1954, p. 43-48,




heat from slectrical generating stations Is not a
practical form ol heat supply for an unconfined
channal. [f 1he water speed in a contained, 35-f1
deep channel is increased o 3 m.p.h., the heat
required 1o maintain an ice-feee condition is much
recuced. It is conceivable that waste heat from
porwenr ganaration can supply this heat, Under these
circumstances a tolal system cost Tor 200 miles
of channel from Lake Ontario to Trois Rivigres,
Oueboe, maintainad ice-free all year-round, might
b about $10 million per annum, plus a few mil-
lion dollars for ice-breakers 1o maintain ice-frea
antry ducts in the Gulf of 5t Lawrenca and in
Lake Ontario. The accuracy with which suech a
contained system can be designed is appraciabily
higher than for e unconiained form of channeal,
Pruden ai o (1954 ) also conclude 1thatl extension
of the navigation season for a few days of waeks
may b 8 more economic proposition than at-
tarmptling navigation for the whale year,

Research by the W.5. Army Corps of En-
gimers (Graves, 19711 does not view navigation
season extension as an all-or-nothing propeosition,
but rather as a progressive development, both
geographically and in time, For the purpose of
analyzing economlic benefits, three time horizons
were considered: a fiem closing data on Decam-
ber 15th, navigation through January 315t and
navigation year-round, Three gecgraphic phases
considered were the upper Tour lakes — Superior,
Michigan, Huron and Erie; the upper four |akes
plus the Welland Canal and Lake Ontario; and the
mcddition of the St Lawrence Seaway from Lake
Ontario 1o Montreal, Thus, nine alternatives were
evaluated for economic benafits and costs. Initial
gstimates of banefits range from 525 million/
annum from December 15th closing date on the
upper four lakes to 5358 million/annum from a
vear-round navigation on the entire system, These
gstimates for 1980, could grow to $100 million
annually by 2030, Vague estimates of cosis are
given ranging from £5-27 million,/annum for the
various geographic-time alternatives, although
these estimates do not place emphasis on use of
heated discharges. Obviously, cosis depand as
heavily on the geographic extent and duration of
spason axtension, as do benefits.

Cost-Benefit Considerations

Boesides power plant siting and alternative
gummertime uses for waste heat, therg are other
mapor problams involved in implementing such
schemas as proposed by Biggs (1988); Pruden
et al [1954) and the U5, Corps of Engingers

| Graves, 1971, Overcoming many of these prob-
lems will involve other costs apart from initial
costs of channel modification, which should be
evaleated in any cost-benefit analysis. Problems
which should be considarad are:

i. MNavigation may be hindered by steam and
fog over apen water in winter, but such con-
ditions are no different to these encowntered
an the lower Si. Lawrenca.

ii. Most ports would have to expand lce control
sysiems, though Quebec, Detroit and Mon-
treal are already successiul in handliing the
problem

iii. lea-flow contral at canal heads would be a
problem; ice booms however, are already
gffective at the head of the Niagara rivar, as
aria ice-breakers in the Lower 51, Laverence

iv. Bad woeather would normally prevant mavi-
gation, lerespective of the state of tha chan-
nel, Though radar assists navigation, the
loading and unloading of cargo might sl
b impracticable,

v. Certain cargoes may freeze, though heaters
could be used in some casas,

vi, Due 1o blown spray and sleet, ships can ac-
quire & thick coating of ice which must be
removed before 1 becomes a menace o
stability. All deck and cargo-handling equip
rment, will have to be fitted with deicing
protectian

vii. leing of navigational eguipment and lock
aates must be countered,

viil, Operations under winter conditions will be
unpleasant and it may be difficult to obiain
labour of tha essentially mobile sort withiouwt
paying vary high wages

k. lce in the Guif of St Lawrence constitules a
shipping hazard, but this may be countered
by imcreased air reconnaissance and by use
of racdar and somar. lce survelltance and a
netwark for information dissemination would
be essential,

%, Ship insurance in ice conditions would in-
crease operaling costs by approximately
20% (Biggs. 1268). This may act as a re-
siraint on Season extension since rates aro
based on experignce,

%i. A lack of operating exparience may tend to
discourage shippers to use the sysiem.

xii. The potential for shut-down of a nuclear
generating station creates the risk of navi-
gation disruption. Restoration of navigation
wauld be difficult after several days of lce

formation. Extremely cold spells may, des-
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pite the warm power plant discharge, cause
a freeze and curtail Seaway traffic.

xill. Extra costs may be incurred in having to
transmit eleciricily over greatar distances
as a consequance of siting power planis In
positions strategic for seaway ice control.

xiv. Increased usage of the seaway, due to nawvi-
gation season extension, would increase al-
ready axisting problems of bankside erosion
resulting from heavy ship washes. [t may
create silting problems in locks and harbour
slpck watar areas. Erpsion would be greatest
on banks which are mnol prolected with a
stone or concrole Tacing. Proposed artifecial
canalling of sections of the ssaway gould
overcome some bank erosion contral prob
lems, However, costs of canallimg will great
Iy excead any savings resulling from bettar
erosion control

wy, Hydro-power authorities fear thal any season
gxtension which may réguire the usa of ice
booms would aventually cause jams which,
espacially in spring, could result in upstream
flooding. major blockages to navigation, and
reduced flows downstream with a concomi
tant reduction in hydro output {LesSirang,
19711

¥yl, Economic and political repércussions are
likely to arise out of a deciing 10 the prasent
winter tradde of east cogst ports such as
Falifax dmcd Mows Y ork

xvii, Adverss environmental effects may result
from discharging heated water Intd the al
ready badly poliutied Great Lakes, Ong report
concludes that for ecological reasons, thera
should be no significant discharge ol wasie
heat {o more than 1°F wemperpiure rise
above ambientt into Lake Wich U5,
Departmant of the Imerlor, Figh and Wild
ile Servies, 1970; Nakatanl et al, (1970}

Saveral authors have emphasized possible
economic benefits to be gained fram an exiension
of the navigaticn season [Graves 1871: Les-
Strang, 1971: Bockema, 1971; Biggs. 19GB)
Thezgi: are:

I, increased wrade on the Great Lakos S
Lawrence System:
ii. mora efficient use of ships and crews on an
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annual basizs. This has bean demonstratea
by the U.5. Steel Corporation in shipping
taconite from Minnesota 1o lower lake ports
for a period until mid-January of the 1970-
T winter [Beukema, 1971);

fii. reduction in storage costs associatad with
stockpiling;

iv. reduction in the oost of carrying large in-
veniories;

v. more efficient oparation of terminal-produc-
tion facilities;

wi. possible expansion of income and employ-
mant for the whole reglon served by tha
Graat Lakes ports: and

vii. more efficient usa of this transportation Agt-
work which redeces the nedd g devalop
othars

Despite the optimizm of some authors, how-
evar, any plan for extending the navigation sea-
son cannotl be regarded as viable until a tharough
benefit-cost analysis has shown that its imphe
mantation and operation is aconemichlly  jusei-
fiable, Ta date, this has not bean propérly Sone.
Reviewing the financial statistics ot S1. Lawrencs
Seaway opaerations [Tables 11 & 12), it iz avident
that despite a yearly incresss in traffic and in-
caome, therg remaing &8 marked increase in total
dabt which can only be scoounted for by incraases
in intarest owad on loans. With this In mind, ke
Sepway |5 operating at a nat logs of 217 million
(18971}, a loss which Inoreased by $1.5 million
awver the 1970 figure of 515,52 millign, Aany large
zcale alteration of the seawsy. Bl costs such as
the-210 million p.a. clted by Prodan et gl [1954 ]
would have the offect ol Increasing this debit at
least In the short-term, arnd would regquirg strin-
pent analytical evidence that the finaficlal raturmns
fram such an alieration would ba worthwhila in
the long-run, |t seems doubtful that at this time
the Seaway Authorities would wish to gat further
in debt to the Governments concemad

Even il the Seaway Authorities wera willing
10 invest in schemes for kea control and naviga-
tion-s2ason exlansion using waste haat from
power plants, the problam of finding viable altar-
native summarime usas for this heat would still
remain




CHAPTER 4

AQUACULTURE

1. General Criteria and Typeas

In racent vears, heated wastewater has baan
increasingly used on am experimental basis lor
aguaculturg. The type of aguaculiure applicabla
10 a particular power plant genarally dopends on
the foliowing Tactors:

-

i. Type of water [freshwater, brackish, or salt]
used by the power plant in its cooling sys-
tam

ii. Technigue of coaling {ence-throwgh method
of recirculation schemes using cooling
ponds, reservoirs, o towers).

il The function of water after cooling and agua-
cultural wsage (recirculation or repection to
thi environmant).

v, The design of the discharge outlet [if 3 once-
through cooling system is usad)

v. The seasonal ambient temperatures of the
cooling water; the tempoeratures of the heated
discharge: and tha thermal requirements and
limitations of local fish and aguatic life most
likely to ba of value in aguacultura,

wi, The time of peak demand for electricity. If
peak demands occur inm summer, additional
thormal exposure resulting from the réeguirg-
mants of extra generating capacity could be
lethal, particularly to restricted or immobile
gpecies living near their limit of tolgrance to
termperature or oxygen. Coastal poweer plants
will have greater amounts of water available,
as coolant and as a heat-sink. than most
plants. with a fresbwater location (MNash,
TE )

wii, The minimum volume of heated watar likely
ta be produced in winter whan, in cool tam-
parature latitudes, thera is a priarity for tem-
perature maintenance on the fish farm. This
volume will dictate the capacity and design
of the fish fam. and will have to be used
afficiently, Preduction may be limited to
raiging wearlings, with littde demand on
space, water and feed, for stocking ambient
seawater facilities (in a similar fashion 1o
fingarling trout or day-old chick industries)
{Mash, 1870},

—__

Depending on these factors, one or a com-
bination of several of the following genaral forms
of aguaculture may be used:

i. Freshwater or marine {mariculiure) aquacul-
tura.

ii. Development of fisheries in natural rivers,
lacustrine or oceanic environments by a lar-
gely natural process of readjustment of the
acolegical balance altered by thermal ad-
ditians,

iii, Allowing the natural development of fishary
resources in an artificial cooling pond or re-
servalr, or in the neighbourhood of an outtall
channel; monitoring growth: and hoping that
usaful local fish species wwill flourish.

iv. Stocking artificial cooling ponds, resarvoirs,
ar autfall channels with suitable commer-
cially waluable figh, and controlling feading
and harvesting so that a minimum restocking
i% NecEsSary,

v. Stocking natural water bodies with suitable,
eammercially valuable fish: monitoring
growth: and controlling harvesting. Addi-
tional feed would ot be provided.

vi. Developing fish farms in artificial anclosures
im which all phases of the fish life cycle from
hatchery to harvest are confrollad,

vii, Using heated discharges for hatcheries from
which the fry are then releazed in natural
environments, which are fished by usual
commearcial or sparts methods

2. Biological Limitations on
Thermal Aquacultura

Before any of these systems of aguaculiurse
can be operated, it is necessary to undarstand the
effects of temparature increéases on the particular
fish species involved, at all stages of lite history
Heated water, possibly carrying wastes from a
previous use. may cause biochemical changes
harmful to the fish species or 1o aguatic organ
isms in its focd-chain, It s therefore essential that
caraful survevs are made and a reasonably de-
tailed knowledge of the environment and particu-
jar fish species are available prier 10 site selection
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Detailz and bibliographies of knewn tempeas-
ature affects on marine and freshwater fishes ara
given by deSviva (1368}, Rangy and Mengzal
11867, 1959), Kennedy and Mihursky (1967),
and Coutant (1968, 1989, 1970a, 1971).

& principal assumption in aguaculture is that
increased temparatures of thermal efluents can
be utilezed 10 increasse the groswih rates of desirad
species and, thus, shormen the time reguired o
produce @ marketable product of uniform size
suitable for packaging. This assumption must be
gualified by a numbar of factors batare planning a
culture system at a power plant, These factors
include {Coutant, 1970):

i. The complex relationships among tempers-
ture, food wiilization, and growidh,

For certain spacies of fish, particular combi-
nations of temperature and feading rate ara noces-
sary for optimum growth and conversion efficioncy
{Figura 13}, Tha water temperature required for
maximum comnversion afliciency (11.58°C in Figure
13) is cifferent 1o that required for maximum
gransth (14.5°C In Figuee 13). Since conversion
efficiency!. in terms of dry weight, depends main-
by upon tha quality of feed, the optimum tempera-
ture for maximum conversion efficiency could
vary as battor feeds, with highar caloric content o
batier aming acid balance, are developed. A slm-
ple index, providing a useful measure of growth
and combining both maximum conversion affi-
ciency and the criteria for the most economical
wae of fead iz givan by

G
E = ek 100% (Bratt ot al, 1969

where E = gross food conversion efficlency
G = geowth, and | = intake, both in terma of
dry weight

ii, Temperature and carrying capacity
Carrying capacity describas the influgnces
of water axchange rates, nuinent |[evels, oxyOgen
conlent, waste removal, nuisance growths of algae

! The advanizge of fivh owsr conyentional farm animals in
terme of fead convarsian aMickency s wonh noting

Tabie 132; Trou 1K Pouliry 21
Carp 2.0 Pigg 2.4
Channol caifish 1.3 Besl cattle B0

Aniral Food Conversion Raes ase given in hs of feed /Tb
ol adible Teakh gained, Whaen all waste portions of the
anbmal are considered. besl becomes mearly 57 Ibstib
while there s litlle waste in catfish. Land amimaks uis lasge
amipuity of gnergy in body duppirt adcd n growing hesyy
suppart framog, which are not neaded by sator animals.
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or fungus, metabolism, activity and population
gize of ather organisms, on the survival, growth,
food utilization efficiency, and population size of
the particular fish species important o the agua-
culturalist. Changes in temperature may aliegr the
r:arr-.ring capacily by altering feciors such as oy-
gen content or rates of wasie breakdown and
removal

ill, Thermal requiremants of aguatic organisms,
particularly marine invariebraias,

A number of examples serve 1o illusirais
problams arising from tha lack of knowledge of
the different thermal requirements of various life-
stages of aquatic organisms, and tha alterations
likely 10 occwr in lile-cycles due o thermal addi-
tions. Experimental colonies of Venrus mercenaria
{clams} in water efffuent under otherwise "natu-
ral’ conditions at Poole Harbour (UK.}, had ex-
tendadl growth periods and an increase in the
growth rate, compared 10 those rearad in cooler
natural waters. Rearing thie clams Inowarm svater,
however, produced a population comparable to
that naturally occurring im the southern part of
the W.5., for it spawmed in spring as well as in
late summer. Spring hydrographic conditions in
England are unfavourable to larvaee survival, thus,
ingreased spawning activity |1s not advantageous
unless adult elams and farvae are maintained in
artificially-warmed enclosures. Reproduction may
alzo be limited by blooms of zooplankian wiich
pradate on clam larvae, Clearly. it 15 not ennugh
16 FElEASE Warm waler into an open area populated
by & desirable speches, in order 1o stimulate ra-
productlon and attempt to increase yields, Aside
from the loss of larvae to predation and the un
favourable temperatures outside the influence af
tha affluent, thore is a possibility thatl spawning i
an unfavouralde period might impalr 18 success
at a more {avourable time. This iz an impartant
considaration for an animal which has only one
or two natural spawning perigds par yoar [Aagell
at al, 1964a, 1964b: Ansell and Lander, 1987:;
Hadgpath and Godos, 19690,

In planning aquacultural projects. the thadry
that a comstant temperatura is 8 desirable Teature
of tha system should be considerad with caution.
Thera are well-defined breeding and growth cyclas
in animals of both the uniformily cold and less
variable tropical regions of the seas. The abun-
dance of tropical penagid prewn larvae during
mast of the year in Singapore Straits probably ra-
presents successive racruitments from differant
breading populations of the same species |Figure




14}, This pariodicity may be associated with i
farent monscon conditions which, 0 turm, may
reflect differences in surfaca runaff and nuirient
supply for near-shore species, since the lempera-
fufe range appears 1o be very narmow, It is sug-
gested that if a culture of organisms from & nar-
rowly varlable temperature régime is 10 be al-
tempted, the siock would have 10 be salectad
fram several breading populations to take advan-
tage of an artificially stable thermal Environmeant
{Hedgpeth and Gonor, 1968].

Expariments with the amphipod, Gammarus
duebeni, show that maintenance of & stable tem-
perature for organisms from temperate rigions
would not prodite the best results. The amphipod
could not-be-cultured at a constant temperaiura
as it requires temperatura fluctuations similar to
thosa af its natural environment. It has been sug-
gestad that a constant tempéerature of 20°C, and
temperatures fluctuating between 15°C and 25°C,
with a 70°C average, do not necessarily hava sim-
ilar biological effects (Kinne, 1963)

At present, we lack essential knowladge of
gonadel cycles and the relations of larval s10cks,
inducted out of phase with the environment, 10
predators  or ambiant  lemperature conditions
{Hedgpeth and Gonar, 19691

iv. Effect of temperature on diseases.

Clearly, it iz not desirable to raise tempera-
tures to levels that favour the growth ol warm
water disease organisms, However, lemperaturg
glevation may retard cold water deseases, and
this may stimulate growth of the culturad fish
species, Temperature change must be viewed with
regard 1o endemic diseases at a particular site.

v, Thermal Constraints Imposed by Power Plant

Drasigre,

Designed temperature elevation at the con:
dongers may not produce optimum temperatures
for the growth and reproduction of organisms
being formed. The responses of organisms to rapid
temperature changes of cooling water, particular-
ly from power plants which are not base-load
facilities, should be investigated

vi. Tolerances of organisms fo biocides (2.9
elslorina) used 1o control fouwling or corro-
glan in a steam plant

vil. Markel considaralions.
Estimates must be made of the size of the
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commercial market for the proposed farm prod-
uets. and the extent to which demand may be
reduced by public fear of radicactive contamina-
tion. Health standards must be met for tracas of
radionuclides that may be concentratad in nuclear
power station efffuents by the organisms.

wiii. Refative tolerances of the wltimate recaiving
water, for heated water along [withoul agua-
culture) and for heated water anriched with
aquaculiural wasles.

ix. In a system of recycled water, the limils frrt-
posed by the power plant on the purity of
cooling water after use in the aquaculture
fagilify.

Certain other difficulties inherent in any
aquaculture development ara:

i. Choice of species.
it will depend on the temperatures involved,
rates of growth, sasa of production, BEONomic
damand for the type of fish, and comparative
costs with the usual methods of fish supply.

Siudies a1 the Marine Laboratosies of Duke
University (U.S.A.), show that spacies adapt more
gasily and grow more rapidly al iemperaturas naar
the mean annual temperature of their natural an-
vironmant, Both tropical and nartharn species are
acclimatised toa rather narrow l@mperatiife rangs.
Mid-latituda varigties tolerate a wide annual
range. but are largely dormant during cold per-
iads. It is these species that can benefit from year-
round contrelled temparatures, The produgtivity
potential. oase of culture and temperaiure faguira-
menis of some tropical species should be inves
tigated to detarmine if they are better substitutes
for norharn-temperate fish in thermal aguacul-
tura

ii. Gensfic Sefection.

I fish are totally bred within an artificially
controlled environment, there are dangers of
breeding out certain advanlages in genetic char-
acieristics, such as suitable mature sizes, and
breeding In disadvantages that could include 3
low tolerance 1o disease. Evaluation of the maost
desirable, usaful genatic characteristics 13 necas-
sary when selecting figh from natural populations
{or breading purphsgs

jii. Production and Supply of Fry.
SAguaculiure requires aither a simple repro-
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duction process, or a8 conslzstent and adequate
supply of fry, Thase reguiraments apply | therg
ara na facilities Tor the spavning and hatehing of
fich: if fizh production 15 eonfined 1o ropical 5pa-
cies, or i fish asre diffleull 1o braed in artificial
conditionsa.

iv. Feed Charactoristics

&n essantial neod in aguaculivre is the ready
availability of cheap, nutritious, easily stored and
preparad feads which the culwred fish can affi
ciantly convert to usable products, This ralses the
guestion of wheiher the fesds could be more
cheaply and efficiently converted to high-demand
praducts by a process othar than fish farrn:irlg_

v, Predarer Exelusion,

Shoald prEdah:lr.‘\. b peeludad Trom artificial
or semi-natural fish-larm populations? I =0, how
can this exclusion be implémented? Should har-
vasting provide a sufficient population contraol
during stages aof fish life in the absence of preda-
tars? A reduction in gross food conversion effi-
cirEney and an Incresse 0 dissass could aeccom
pany the overcrowding of fizh, as @ result of poor
population centrol

wi, Cannibalism,
In erawded populations, cannibalism
AmMOngEl fish couled be o prablam which waould ra-
guire control,

vil, Water Supply.

Will thermal effluent be sufficiently cooled
and non-toxic to be harmless to & natural aguatic
gcosystem [in @ once-through cooling system ) ?
H a closed or sami-closad cooling water system
is employed, will the water b sufficiently cool to
ba recycled for cooling purposes ! There might be
a threshold temperature for cooling water abovo
which lossasz in power plant electriclity production,
résulting from the reduced efficiency of the water
as a eoolant, might not be offset by the gains de-
rived from the agquacultural facility., One solution
to this protlem could be to develop a fish farm
with difierant levals of wemperature step-dewn for
different species. Economic advantages might ac-
crue from diversity of production amd savings in
povier efficiency. but the number of spacles grown
might alzo result in a multiplication of many of
the aforamentioned biological problams

3. Case Swudies

A brief review of major experiments in ma-
ring, estuaring and freshwater aguaculture is pre-
santed herain,
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al Marina Aguaculiure
I, Brirish Experignce?
in 1983, an axparimental hatchery was estab-
lished 1o develop a costad technology for hatehing
plaice [(Pleursnectes plaressal inv guantity and
reafing marine fish to marketable size in enclo-
sures In 1the sheltered waters of Ardios on the
wiest coast of Scotland, Similar rasearch has baan
carried out In ihe warm water {6-10°C above am-
bient temparatures] discharges of power stations,
notably In Carmarthen Bay. Wales, and Hunter-
ston, Scotland. |t has been found that the opti-
mum temperaiure ranges for the growth of plaice
and sole (Solea vulgaris) are 15-16%C and 18-
20°C raspectivaly.

AL Carmarthon, fish reached minimum mar-
ketable gize (23.24 cm,) within 2 years, sbout &
vear aarlier than rormal. At the Hunterston hatch-
ery, intensive larval feeding advanced growih so
as to complete metamofphosis by the fowerth woesk
From a population of sevesal thousand plaice
[selectad and cullad at intervals |, maore than 173%
reached marketable size in 14 months aftar hatch-
ing. Survival rates in fattening tanks ware high
The practice of grading fish by size at sight and
twelva months may wall have reduced tha affects
of interaction {notably aggression) In crowded
tariks (Bowers. 19700, The high growth rate may
b attributed to winter growth inowarm watar and
1 a plontiful food supply of choppad mussals.

I Carmiarthan and Hupterston tauﬁng water
containad chlorine and ferfous sulphide fo pra-
varnt corrgsion 86 well as mussal and = lime growth
in tha condanser and tha intake at concentrations
ranging batwesn 0002 ppm and 0.1 ppm., which
hawis lttle alfect on fiah, Other poenwar plants whilgh
use a system of intermitient high doses of chio-
ring, as opposed to 8 continuaus bow concentration
injection, may require elaborate by-pass arrange-
mants e prevent toxic pollution of the cooling
wiatar, At vary low concentrations, chlorine com-
s with saavrater, prﬂ-l,'lul;'lng loney rgsiclual laveals
ol compounds and derivatives of other halogens
which are sufficiently dilute w be harmless |Mar-
kowski, 1258, 1960; Hirayama and Hirano, 1970
Cther British investigators have pointed out that
chigrine may be an affective prophylactic for ma-
rire Tishes, and problems are more likely to arise
fram the ability of fish and shellfish body tissues

EThn following section s & summaty ol Richardson, 1370
“Wihite Feh Awthosiry of the Dineled Einggam™ and Mash,
1870 “Aavine Fishk Farming. ™




{6 cancentrate metals (e.q.. copper, Roosenburg.
1969) and radioactive material (McNeil, 1970:
Rabanal., 1970} released in very small amounis
from power plants.

There have been successes in farming grey
mullet (Mugil cephales], wrbot [Rhombus maxi-
mus), and lemon sole IMicrostomus kitL.}, but
neither hatchary technigues nor feads for fry have
yet been fully developed. Commarcial fish farms
will require selectivaly bred hybrids for faster
growth, higher food conversion, diseass resis-
tance and lower hatchery failure rates. In crusta-
cean farming, the British prawn (Palaemon ser-
ratws) has proved difficult to cultivate, but other
initial pxperiments show promise, particularly with
both indigenous and non-indigenous  shellfish,
such a4 the Japanesa prawn (Pendeus japonicus).
brown shrimp (Crangon vuigaris), Pacific oyster
[Crassostrea gigas), and hard clam (Venus mer-
conarial. Several suggestions have been made for
mixed farming using grey mullet as herbivores,
and ormars [ Haliotis tuberculata-abalone) as algae
eatars in tanks used by bottom-living carnivorous
flat-fish. If this iz exploited commercially, it could
lead to savings in capital cost and space. Food
chains eould be shortened by creating aigal blooms
{Gross, 1950}, feeding algae to mulluses, and
fpeding these directly to humans or to farmed fish
and crustacea

Tank systems and dammad sea-lock enclo-
sures are being discussed at tha mement. Using
a high density cage (20 f1x 10 ft x 3 ft) pra dicted
plaice production rates are 1 ton /2 years/cage
far an unheated sea-lock enclosure area and 1 ton/
18 months/cage for & heated power plant tank
aresd, With either system, it will be necessary 1o
detarming the tolerance of fish to changes In the
physical environment, and the effect of changas
on growth and survival for the improved design
aystems of engineering. Limited experience in the
LK. shows that praduction costs for the more
highly prized species should be equal to or lass
than present production costs by traditional figh-
ing methods, if losses from disease can be kepl
low. The cost of suitable and nutritious food 15
likely to be the most significant single cost in the
program. Further research is nacessary to chlar-
mine fish tolerance limits in a water discharge
system in which it would be hard 1o optimise the
parameter like dissolved oxygen, without diatri:
ment to another. Compromise systems will have
o be defimed. Fish morality and bacterial and
protozan  infections under crowded conditions
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should be investigated, and sultable balanced low
cost food requires development. A technalogy for
marine agquaculture, tegether with a cost-benefit
analysis, could be avallable from the White Fish
Authority by 1975-1580.

Other British experiments in thermal agua-
culture include stwudies in flounder growth rates at
Nawton Abbot Generating Station [lles, 1963al.
and successful shrimp farming giving yialds three
times normal production rates at Bridgewater.
Approximately 25,000 shrimps reached A Uity
i 18 months, rather than the normal 3 10 5 years,
by baing kept in water made 7°C warmer than the
ambiant temperature of the adjacent Bristol Chan-
nel by the Hinkley Point Power Station {Bregman,
1971},

Bowers {19701 summarizes the problams 1o
be avercome before the Ardtoe ambienl WEMpera-
fure sea 'ranch’ and the "intensive™ fish cultura
in heated tanks a1 Hunterston MNuclear Power
Flant are ablg to supplement trawler catches on
the market,

Early difficulties of Ardtoa can be attributed
10 the enclosure of the sea arm which provided
inadequate control of the environment, and hence
the fish, Predators were hard to control, rainfall
alterad the salinity af the water, and growth and
maortality were hard to assess. Water quality con-
trol has since been improved by engingering work,
and stocks are now contrelled and monitored by
retaining and protecting seed-fish in net cages.
More robust cages. allowing a high stock den-
sity, are being developed by the Highlands and
Islands Development Board (HIDB) for use in
open bays. Though capital outlay will be fairly
high. a reasonable return for the crofter or coa atal
{armer can be expected if a suitable feeding pro-
gramme can be established.

Research at Hunterston showed that although
fish fatten wall on chopped mollusc, it 13 too @x-
pensive for commercial fish farming. Mincad trash
white fish, plus prawn offal with a binder and fish
oil and vitamin additives, gave an efficiency ratio
of 7-8 kg food kg of fish. However. it is sl ex-
pansive as a commercial propesition, Herring,
though cheap and readily available, induced dis-
appointing growth rates and caused high morality
in plalce and sole. Mast fish are carnivorous, and
rasearch is required to determine their adaptabili-

5 Tha following section is a summary of Bowsrs 140,
= What srer kappaned (o fish farmnge™
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ty 10 an ingxpensive diet of low grade protein and
ceraal,

Bacteria and ciliate protozoa have affectad
yvaung fish [ife-forms; though no epidemics have
pocurra In crowded conditions, Growth hes boan
adversely effected by Vibrle (bactera), skin flukes
|Grrodactylus species), and glll parasites (Lar-
nasgears species]. Parssites with complax lifa
histaries ean modify thelr habitats in tank condi
tions and attack fizh which are not their normal
adult hosts,

Algal blooms on tank wallz ars (raublesoms,
thouah thesa could be controlled by edible her
blvors fish and malluscs [page 33)

The technigues of plaice and sole farming
are oy el develnpad, but a cost-bansfil analy-
gis has yet to be cerrled out for a commearcial
proposition

Turbot and lemon soles are fast-growing
commercially valuabla fish which may be suitablie
far fish farming. Wild turbot thrive on herring
feed in tanks, and are afficient food converters,
Early spawning problems have now been solved,
bhut wvary young turbot have mowths 100 small for
a4 conventional feed or brine shrimp lervae. &
rotifer substitute is insufficient for successful
turbot maturation

Expariments |n producing bottor domestic
lizh Trom imtarspecific hybeidization have 50 far
produced non-vialile hybrids, thowgh plaica-floun
dar hylrids bear promize. Litthe work has yat bean
done in inlerspecific crosses bebwean geographi-
cal races of fish, Reasearch at Lowestoft indicatas
that the value of selecting fast growing strains of
fish by inbreeding may be doubiful due o the da
velopment of a “pecking order”” effect in grouped
fish which depraesses the growth eate af all but the
Inrgest fish, Extrapolation of these results 1o large
tanks with graded f:sh may, however, ba miziead
img. Long term plales breeding {Fort Erin Biologi-
cal Station| and pure straln development {using
irradiatad fish sperm at Lowestaft] sesm pramis
ing for producing fast growing fish. Othar experi
ments concern thi control of maturity and spawin
ing time. If maturation ean ba delayed im fish
being reared for the matket, thers would ba no
divarsion of enargy away Trom meal production to
unwanted gonad developmant. If fish can be In-
duced to spawn at any season of the year, stook
management would b essier,

4

Futura large-zcale mixed fish farms. using
heatad water from povear plants, will also require
adeguate supplies of clean, cool seawater and
sufficient land area, Therefore, early planning is
necassary since such sites are in demand for
alternative developmeanis

tl. Japanese Expariemnce!

The Japanesa depend heavily on fish as a
high source of prowmin, and hence it is not sur-
prising that Japan leads the world in maring agua-
culture, In 1DET, Japan®s towal fish eateh of 7.8
millizn 1ons [warth approximataly 52 blilian) in-
cleded a mariculture production of 470,000 tons
[worth $300 millian), six par cent of the total
catch and 15% of the total valua, Two impartant
species do well under aguaculiure mathods: 1ha
Kuruman shrimp {Panasvs jeponicus) and the pe-
lagic yellow-tall or amberjack |(Sericla guingue-
radiata)

Lsual techniques for yellow-tall cultura ara
to gathar wild foy in April and May, plant them
Im either sea cages. shallow net-fenced lagoons,
or a diked vidal bay, and feed them raw ancho-
vies, small harse mackaral, sand lances [ Ammo-
dytes) and some pelletized fesd Growth rates
arg higher in the second vesr, but the lowast
wintar temperatures tolerated by yellow-1ails ars
12 1 13°C. Therefore, moat fish afe sofd In tha
Decombor of the first yvear. Recent experiments
naviee shown that the growth of the yvellowe-1all in
heated effluent was mnéarly 1.5 timas the usual
rate, and the BVEraOs Fr!-ﬂ'”lr"'g pHiciancy was nedr-
v double {Tanake and Suzukl, 18686}, 11 was pos-
gible with haated water to achisve rapld growth
during usually non-productive  winter months,
with ng loss of commaearcially desirable charac-
teriztics, Successivl mass culture of vollow-tail
from artificially fertilized Go0s has been mada
|Harada, 1967

MNarmal Joapangsa shrimp cullure mathods
are to use fenced off inshore watar, diked ponds,
or large cament walled ponds,. and fatten wild
stock shrimp on crushed clams (Tapas). Lsing
haaptad water 0 controlled seawater tanks. L was
possible ta eontinue shelmp euliure o the win-
pes, and still maintain the growth rale at the aum-
mear leval [Mari, 19862 ), ¥Year-round culture made

i The following sedlieh is o summary ol Yang (1970)
"Aatiie AQuaceiing N Japan using Heasled EfTuenl
Warer”, and Yea {1971 a) " Thermal Aquaculivre Degign,”




it unnecessary to seek early seed shrimps in com.
petifion with the ordinary culturalist of shrimp in
unheatad water, Products could be marketed dur
ing the off-season at a muéh highaer price

it iz suggested that surythermal organisms
may aven be cultured in SUMmMEer manths by mix-
ing thermal effluent with normal seawater. Ol of
the biggest problems facing the aquaculturalist is
the lack of a high yield, low cost, aasidy and ot
stantly available food for culture organisms.
Aguaculiure using heated effluant water, and prac-
tised on & high density basis, however, can oper-
ata at full capacity all year, and reduca produc-
fign Costs.

Large=cale utilization of waste heat for
agquaculiure will depend on its commercial wias
hility, and this requires extensive engineering
design and evaluation veork, Yea {1871a} has
presgnied a conceptual design for imensive agqua-
culture in a flowing stream of warm water. Shrimp
i cultured in this case, but the concept is appli-
cable to any other cullurable species.

The usual hatchery technigues and design
used In the Japanese shrimp culiure {Penagus
japonicus) are amployed in this conceptual de-
sign [RAyther and Bardach, 1968; Hudinaga and
Kittaka, 1966, 1967 Sutton et al, 1969). To this
hatchery Is added & shrimp cultues chanmal, di-
vided Into pens, sach succassivaly larger in bots
o surface area than the previous (Figere 13)
Each pen aren iz proportional 1o the area of &
gegment of a kypical S.shaped shrimp growih
curve. Thermal efiluent Iz blendad with ambient
lemperature watar 1o maintain 4 constant inlet
temperature of BO°F, Water flows in a strearm of
constant depth through the channel at & constant
linear flow rate. Shrimp being cultured are al
lawed to remain in one pen until they have at-
tained @ densily which is constant for all pans.
They are moved successively to larger and larger
pens until they reach a specified marketable siza.
Dnce staady-state is reachad, it should be Bypo-
thatically possible 1o harvest the shrimp on a
vear-round basis.

A number of biological justifications for this
dasiogn are given;

1. Shrimp grewth in the Gulfl of Maxico is Hmited
to the Aprll to November periad when water
temperatures range from 70° 1o 85°F [Lindar
and Anderson, 1958}, Twa crops rather than

e ——

one might be produced annually, it waler i
this temperatura range is available on a year
round basis. Research aiso shows that an in-
erease in water temperature from 70* 10 BUTF
increases the arowth rate of juvenile shrimp
Pengeus artecus) by more than BO%, imply-
ing that beter control of water temperatura
might even produce three crops annually
[Zein-Eldin and Griffith, 1965; Zain-Eldin and
Aldrich, 1268]

2. I principle, a controllad flow provides a bet-
ter medium for intensive fish culture than
athier systems like ponds or cages, because
dissolved oxygen is more uniformly distrib-
uted and fish wastes and excess food are
flushed awsy so that BOD in the culture Sys-
tem is minimized, Shrimp yields per acre have
been shown to be over § times greater in
flowing-water culture than in stationary watar
bodies [Wheeler, 1961). The system s also
much more responsive to temparature control

Same of the economic considérations al
such a system are as follows. The retall price in
Japan for cultured shrimp s £8.00/Ib {Ocean
Industry, 1969). compared to less than £3.00/1b
far premium guality shrimp in the L.s. (DiMarco.
1968). Thus., culture operations in Japan can
talerate a higher unit oparating cost and siill ba
a profitable venture, By modifying Japanese tech-
nology (Figure 156, the annual unit yield of live
weight shrimp in the U.5. could be incraasead
faur-fold to 10 fons/acre af water surface. The
avallability of constani iemparature s@awataer
should give at least two crops per year and the
higher temparature water should allow growih
cates twiee the rates currently obtained by the
Japanese. According o the growth curve, each
shrimp should be of premium grade and wisigh
47 grarng, i, 10 whole shrimp/ib warth over
£1.00/Ib {ex-vessel price}. Each week, approxi-
mately 2.1 milllon shrimp (200,000 |bs) are har
vested and processed 10 a frozen, hapdless stale,
and on an annual basis this is equivalent to 10
million Ibs of live weight. h is assumed that
cheap artificial food peliets with a fish meal basa
{$0,10/1b; Subrahmanyam anc Oppanheimar,
1962} are available in praference 10 the mora
axpensive trash fish fesd used by the Japanese.
At a food conversion ratio of 2 Ib of dry food
fsed/1b wet fish produged, the cost of pelletized
faad i $0.30/1b of fish produced while trash
fish feed costs $1.00/1b of fish produced. Tha
latter assumes $0.10/Ib fresh fish [live welght]
and a 70% moisture content,
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Further detalled information on year-round
aquaculture and soma of the problems of imple-
menting a demonsiralion programmd Can b so0n
in Yea (1870, 1971k, 18Tic)

iii. American Experience®

Al tha Marthport Power Station in Mew York,
the growth characieristics of oysters In a dis
eharge canal (Figure 16) have been siudiad,

Data are available for a year, The saperiment
was conducted by governmental and commercial
groups {e.g., Vanderborgh % Sons, oyster cullure
speciallsts] in co-oparation with the utility, Re-
sults have been sufficiently encouraging 1o Long
lsland Oyster Farms. Inc., o warrant hatchery
eonstruction, and 1o budget yearly research and
devalopment expenditures of U.5.. $300.000 to
5400000,

The techniques and problams of oyster cul-
ture are briefly discussed hergin. Spawning i5
wmperature dependent and takes place in tha
hatchary, The free floating eggs grow by cell
divisian and whan the larvag are fully developed,
they sack attachment o a clean, smaoth surface.
Oid shells are provided so that juvenile oystErs
may fasten to them and grow. The shells bearing
the oysters are then placed in mash bags and
suspended from floats in the dizscharge basin
Since baby oysters will fead and grow at 1&m
peraturis above A0°F, thoy ara allowed (o remain
in tha discharge basin during the cold manths,
thus permitting the hatchery 1o operate through-
aut thie year, During the summer, tha oyLlers
grow from the size of pepper grains to that of a
thumbnail in about a8 month, which is hall the
growth time of naturally developad oysters. Thay
are then planted in beds in the Long Island Sound.
The exceptional conditions in the discharge basin
during the time of early growth substantially in-
ereasg the probability of the baby oysters sur-
viving to mature size after reaching 1ha naturdl
body of water. Factors which still may endanger
oyster bads in open water include silting, the
oyster drill snail [which can b chemically con-
rollad), and the starfish {(which can only b
mechanically controlled] ®

& Paris of the {oliowing seciion dealing with oysler farming
ars summarkes of Bems (19697 snd Fhilkin and Philipp
11arag,

b Qiqies and musse] pests includn Lirosalpine and Thais.
[Hadgoeth and Gonar. 1VE631. Crosalgure Cimerod loads
mask activaly ar 26°C |Hancock, 1858, and the European
[hais famiblus feeds az 20°C [Largen. 1967}, Once estab.
fighed in o cloged-culture systens, thews pests might
Nloarish begiar 1ham the bivalvis aciually being culfusad.

b1

To minimize the losees from natural ene-
mies. the feasibility of rearing oysters 10 market-
able size in the discharge basin is being tested.
This could have the additional benefit of making
tha oysters salaable in about three years instead
of the four or more normally required, While the
limited size of the Morthport discharge basin
would restrict oyster production at this location,
large scole lagoon culture at a rumbar of other
poweer plant sites would be a distinct possibility

The Northport work may ba of great harelit
to- the Long Island oyster industry, which in
recent years has declined from 50,000,000 1o
41 000,000 annually {based on the April 22, 13639
constant dollar value). A rise In annual income of
&5 000,000 within five years s predicted.

A number of experiments by the American
utilities in crustacean farming in heatad water
inelicate that Industry s willing 1o consider agua-
eulture, and in some cases implemant itas.a
commarcial operation

Tha Maine Power and Light Company is sup-
porting an experiment which wiould atiempl to
accalerate lobster growth rates with warm water
(Baall, 19706k}, Experiments in heated seawaler
(9°C abowe ambient) by the San Diego Gas and
Elgctric Company at Chula Vista, California, show
that aastern lobster larval development spaed (s
incraased by 10 to 30 days, and normal matura-
vion times can ba cut from 4 to 7 years to I years
{Schumann, 1970; Miller, 1970}, The importance
of lobeter culture is indicated by the fact that the
American lobster has the highest unit value of
any major commercial species in the United
Srates, and supports the fourth mos! valuable
fishary in Morth America (Milier. 18700, It has
bean sugoestad thar heated discharge could b
usad on the Malne coast 10 warm shoreling coves
1o Increase lohster vields (Science News, Yol. a3,
1968 Dow, 1969§, Other investigalors have
sweseed. however, that the reasons for recent
daclines in the number of lobster fisheries are clus
to silting, deoxygenation, and the limiting of
"planktonic’ lobster larvae diszemination. A de-
creasa in larvae dissemination can result from
man's Intarrupting influence on oCeaN CUrMENt cir-
culation patterns in lobster breeding areas such
a5 the Gull of 51, Lawrence (Lourmais, 1971]

Experiments are  being conducted  with
shrimp culture in water similar 1o that discharged
{rom the Turkey Point power station in Florida



(Beall, 1970b; Elecirical World, 30, 1968). At
Panama City and at Key West, Florida, commer-
cial shrimp farms aré being established (Beall,
19701, and the San Diegoe Gas and Elactric Com-
pany, having successhully hatched and raised fish,
fabster and shrimp, is now devaloping on a ©om-
mercial scale of 50-acre heated salt pond with a
carrying capacity for G00.0D0 shrimps {Schu-
mann, 1970). It is expected that these shrimps
will b harvested within a year from stocking
{Bregman, 1971},

by Brackish and Estwaring Aquaculiure

Brackish waters and estuaring acosysigms,
particularly on the eastern Amaerican Seaboard,
such as the Guif of 5i. Lawrence, Long lsland
Sound, and Delaware sand Chesapeake Bays, are
already subject 1 high concentrations of muni-
cipal and industrial effleents. A major research
programme is at present invastigating the effects
af addaed nutrients on the I}.“-t'.lﬁril'll."’l ecosystam
with & view 1o developing aguaculural technigues
to use organic wasles for seafood production
IKuanzler and Chestnuy, 1971).7 So far, expern-
mantal waste ponds have develaped into produc
tive, well integrated but slightly unstable Sys-
tems, porfarming some of the functions of tertiary
treatment, and holding promise for the produc-
tion of harvestable -seafood protein from blue
erabes, for example (Beaston, 197117 Thesa ax-
perimeants in gstuaringe anvironmeants hava not yot
made use of waste heat to aid the growth of
algae, one of the main constituents of the aguatic
{food chain

Mikursky (1967) has suggested a variety of
possible constructive uses of thermal additions
to estusries, including a complete closad-system
recycling of organic wastes [Flgure 17}, Wasie
heat could be usad at 1the sewage treatment plant
to enhance the growth of algas. zooplanktomn,
shellfish and fish, and also in district-heating
[Parker and Krenkel, 1970). These systems will
hawe to be evaluatad in the light of certain geo-
graphic cansiderations, such as:

i, domestie waste availability,
il. proximity of generating stations to domastic
and indusirial neads,
{il. availability of adequate land and water,
iv. climatic regimes best sulted for such instal-

! Siructure and Functioning of Estaarene Ecosystiems Ex-
posed to Treated Sewage Wastes. Annual Repost and
Phaso Reporis. University of Momh Carolina, knstivgie of
Marine Sciences, Chagal Hill, In; Morth Cargling Liniver
sity, Imgtiute of Maring Sciences, Chapel Hill, Annual
Reparr, 345 pages, Feb. 1871

fations, e.g., maximum sunlight for algal
production,

Some ol the major biological and enginearing re-
qulrements of the systemn proposed in figure 17
can be tabulated as follmws:

I. Raw sewage requires, st least in primary and
sacondary lagaanal reatments, full asration
for complate conversion of organic wastes
to inorganic components {Downing and Bay-
ley, 1961 ). Temperature control during sum-
mer and especially winter conditions would
yse waste heat, assure total convarsion, and
help eliminate pericdic. digestion break-
downs due to inadaguate 1empErature ranges.

fi. Algal cwlture requires caraful control of nu-
trient, light, temperaiure and pH levels
Rapidly reproducing, non toxic, and suitably
sized or shaped algae are required for offi
cient filtaring by the next trophic lavel, Algse
considered include the thermephitic (85°C]
algae, Cranidivm calderivm |Ascions e al,
1966), Cyanidivm cardium, and high tem-
perature blue-green algae, High algal species
diversity in esiuaries may allow natural se-
lection to guickly provide suitable algal
spacias that mast necesSary. Sysiem raquira
ments.

iil. Filter-fepder seleciion raguires high thérmal
tolerance as well as high reproductive and
growth rates, Species diversity within higher
trophic levals iz poor In eslsaring and
brackish ecosystams |(Segersteoale, 1320
Gunier. 1961 Cranin ¢t al, 1962) and there
fore thera ara feweer animals to salegt lor
necessary characteristics. Copapads ara the
most important and common  Crustacean
mambars ol the zooplankton (Herman et al,
19671, though their environmental and
thermal needs ara rather unknown. Filter
feaders of the Clupeidas offer possibilitias

v, fnvertebrates: the use of ovsters in Long
lsland Seund has already bean described
ipage 36},

v. Fish species suggested as sulted to estua-
rine environments inélude:®
Tilapia mossambica — a thermophilic estu-
arine herbivora [Allanzon and Noble, 1964)
Catla catla — bottom debris and plankton
feedar with a rapid growth rate potential
Chanes chanos (milk fish] — high market
valug: rapid growth rate: twolerant of wide
ranges in salinity and temperatura; largely

# Sop Hickling {19617 for & list of subiropical and troplcal
fizsh suited 1o sat bactetin, detrims, plant phyloplarion.
and &piphiyias in esuareng e&nvironmants
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disease-frea; vegetarian, eating bluee-green
algae in particular,
Mullerts — largely vegetarian estuarine and
raring species.

wi. Other Imverfelyales, 6.9, manates stocking
in Chesapeake Bay whera they could wintar
im heated discharges, and seasonally contral
aquatic weed growth [ Mihursky and Cory,
1265},

M exotic spocies are wsed in ecosystoms
with anificially increased temperatura régimes,
and if the axisting food web bacomas undasirable
a designed winter lemperature reduction would
cause death, and honce provide control on the
systam, Systems proposed by Mihursky (1967)
saam more practical in morhern latiiudes, as
tropical and subtropical species aiready live noar
their upper limit of thermal tolerance in their
native habitat (Maylor, 1965). Creation of sub
wopical and wopical temperatures in nerthern
latitudes with incorporation of southam latituce
species zeems the best first approach §Mihursky,
1967

In alterirng, modelling, of constructing such
ecosysloms, 4 magpr problem is one of enargy
flowe in relation to population divarsity and sfruc-
ture. It is necessary to evaluate whather a simple
or a complax population will maximise anaroy
Ednvarsian I'I"ii:i{:l'll;':,l al  given I:rﬂphi:: lizvals
[Mihwrsky, 1967, Some ecologists ardgue that il
rmakes no difference if species diversity s reducad
due to environmental alteration, provided biomass
remains the same. Mot only must aesthetics be
considerad in the counter argument but the ques-
non of aflicient enargy convarsion within simple
populations must be resolved. Althouah signih
cant contributions have beesn meade i/ the held
of species diversity and primary production [ Mar-
galal, 1965], littke Is known about higher trophic
levals within the aguatic and, specifically, the
gstuaring  environment. Population  structuros
within the particular species must alse b <on
sidarad in tha light of arergy 1o, El'll’:r‘lg't.' O
version eificiency will depend on age distribution
of the organisms at a given trophic level, and
conversion efficlency iz of major interest in astak
lishing criteria for harvasting [ Slobodkin, 1960,

¢l Frashwater Aguaculture
i. Catfish Farming {Pickering, 1970]
Catfish farming is a new indusiry in the

it

U.5.* Previously, it was believed that catfish re-
produced only in moving water, It s now recog-
nized, howewver, that the critical factor is the
availability of spawning sites in hollow logs ar
washout holes in banks. Hence, reproduction s
possible in atill water, given suitable hollowed
and coverad nesting sites. In commercial hat-
cherias, eggs gained from controllad spavwming
In aquariums, pens, or still ponds, are hatched
im wire baskets under well oxygenated, flowing
walar conditions (replicating natural asration by
tail famning). Small-fry rearing ponds can ba
stockad at betwesn FO000 and 100000 fry/
adre. Resulling 3 to B inth fingerlings are sald 1o
the farrngr who can stock 1 acee of still sater
with 2,000 fingerlings In March, and harvest 1.0
to 1.25 lb fish within saven to eight months, givan
optimum harvest conditions and good managa-
ment [ie, 1500-2000 Ibs//acra)

Catfish can have feed conversion ratios as
high &5 1.3 Ibs fead to 1 Ib meat, Yields increass
if fish ara grown in ponds woth A {raaknaatar
throwgh-fiow, or in raceways. Heavy feading in
still water ponds often result in rich algal blogms
In summaer manths, high water temperatures, ini-
tially low dissolved oxygan concentrations, and
algal dig-off can result in a severe oxygen dieple
tiorn which can kill off an entire catfish crop
Throughflow ponds and raceways flush out am-
monia, nitrogen. and other waste products: allow
for oxygen replenishment, and permit heavy fead-
img without damgers of algal blooms or oxygan
daplation,

Sinca catlish is 8 warm watar fish, its tead
convarsion rate falls aff rapldly after water team-
paratures drop balow BU°F Optintim conversion
rates ocour betwean B80°F and 85%F, and conver-
gion rates decrease In water over D0°F. Making
use of warm water discharged from power plants
wiould enable the industry o extend the growing
sgason from soven to elght months to the full
ywiEar, thus overcoming the impadiment of season-
ality of the market {McNeil. 1970} It would be
dangerous,; howevar, without elaborate controffad
mnixing technigues, to use thormal efffuents in the
summar monthz, when ambient water tempéra-
turgs areé closa to the optimum for catfish feed
conversion rates. Thermal discharges alse have
the advantage of providing large volumes of
B Production of caclish bn the U.S, in 1980 was 200,000 b,

I 1970, 40,000 fo 45,000 scres wees ysed for catfish pro-
duction. n 1083, incems Lgures Trom catfiah production

were appraxemartaly 820,000,000, and tha production ks
expacied 14 dodble by 18975



water, suitable for through-flow or raceway cul-
fure mathods.

in Colorado City, Texas |Texas Electric Ses-
vice Company]. power plant discharge is carrled
through drainage canals into angd through thres
smaller lakes before being discharged back Into
| ake Colorado City, Successful winter cage cul-
ture of catfish is being operated in this sysiem on
a commerclal scale. In January 1970, a net in-
creasza in weight of over 400% was achieved in
62 days. In conirast, no INCreasa Was racorded
at all for the fish in the unheated contral pond.
Cantral fish would only feed when several days
of warm air tergperatures Increased pond water
tomperatures [Tilton and Kelley, 1270},

Other eatfish projects include culture in Lake
Hico (380 dcres), which is heated by the Jacksan
plant of the Mississippl Power and Light Com-
pany and raceway experimants at the TWA's Gal-
latin Plant, Tennessee. TVA researchers are de-
veloping ideas for year-round culture in stackad
tanks and a series of small raceways using a mix-
tiure of heated ambient ~intake™" waters.

Condenser effluent has been used to raise
the temperature of a 26-acre lake on the share of
Lake Michigan for fish rearing purposes through-
aut the winer. By diverting thermostatically con-
wolled amounts of water from the condenser
autlat and inlet, a temperature of 55 ta 65°F is
maintained all year

This could be increased to 80 w 85°F for
catfish farming. This system, howover, raqulnes
more heat in winter than in summer, whereas tha
demand for power is currently higher in summer
than in winter in the U.S. Therefore, the scheme
is niot really suitable for large scale waste heat
econsumption In the U.S. [Foell and Benedict,
1870}, Additional problems would be created by
powar plant modulation. Fish are subject 1o injury
by thermal shock, and large losses can result
from suddan termperature changes. Peak load
shtuations, or power failures, could cauze loss of
an entire fish crop.’®

Problems in developing the catfish Industry
include foreign competition from the Mexican
and South Amarlcan imports, a lack of very cheap
efficient fead, and marketing problems, Catfish

10 Catfigh culbure is abse belng ressarchid at the fish farm ng
gperimental station, Swuitgard, Arkansas; Seuthers NIl-
nals Univasgicy In Carbondale. INinois: and at A
Uindyetginy, Auburn, Alabama

e

ranks only fifth in number of servings per cay on
the menu of one 57-outlel restaurant chain in-
vestigated by Greenfigld |S.F.L. Bulletin, I14,
May 1970). Restaurant managers prefer 8 ounce
fish chunks breaded up to 10 odnces with 15
gunce tolerance cithar way, but cannol obtain
them on & raliable basis. There is no real nation-
wite large demand for catfish per so compared
with a good demand for a wide array of agua:
cultural products. There is only localized pocket-
typa regional damand {S.F.l. Butietim, 214, May
1870]

Catfish priced at 90¢ — 51.29 per pound
can not compete with codfish blocks selling at
40¢ per pound, These points must be waighed
sgainst the somewhat over enthusiastic predic-
viona by catfish farmers of large scale production
in heated wastie walers,

i, Canadian experignce

Racent feasibility studies hawve highlighted
problams of thermal aguaculture in Canadian en-
vironments. A lack of pre-planning has meant that
in order 10 devalop an aguacultural facility using
heated water from the Pickering, Ontario, nu-
clear power plant, drastic redesign of the cooling
systern and installation of a water cleaning plant
i= necessary 1o remove cooling-water cantarmi
nants, such as biocides used to control tube
fouling and comrosion.

Engineering and feasibility studies by Mac-
Laran Atlantic Ltd.” on a proposed aguaculiural
facility for the Lornaville, Mew Brunswick, powar
plant showed that rainbow troul and Atlantic
salmon had the greatest potentlal for the N,
Amaprlcan market, but that fotal costs ingluding
aperating costs invalved in labour, feading. & sup
porting heating systém, and & Sewago treatmant
plant would result in break-even costs of 5% /ib
Atlantic salmon and 40 /b rainbow trout A
hast these costs just make the venture aconomi-
cally viable, but not profitable Again, as with
Pickering, the lack of pre-planning for an agua-
cultural facility in power plant design has raiged
casts by necessitating the use of heat exchangers
o extract heat (56°-68°F] from contaminated
cooling waters, A useful computer el 15 avails
abla from this study which relates all design and
operating variables 1o ultimate product costs

*gaa: Simms, 4, J. G M, Wiggen, "The anginsaring antd
gegnmmic appects of aguacufifure with particular raference
o the proposed Lormeville aguaculirs Facility™ in Cana-
dian Conferance on Frashwater Eisherias Aassarch, Oi-
tawa, Jan. 7. 1874
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lii. Crreher fish farming

Certain hybrid wopical fish may wsefully
supplemeant local fish in cooling pends and lakes
At Four Corners Generating Station [New Maxi
cal, A tilapia hybrid introduced to the artificial
Lake Morgan has been shown to have tha grvi-
ronmental advantages of having a pradominantly
male progeny, leading to a self regulating popu-
lation and. being unable to survive in colder
walers outside Lake Morgan, it Is unlikely to
affect the surraunding ecotogy | Gould and Moors,
13701. It has been suggested that heated waier in
England may be used io raize omamental fish,
some of which sell for over $140/1b {lles, 1963,
In addition, Chingse Carp, Tilapia, Grass Carp,
Silver Carp, and Rainbow and Brown Trout have
bean wsed in fish cullure experiments by the
Central Elactricity Generating Board of England
(les, 1968}, Crayfish, a possible aguacultural
product, have only 20% useful edible meat, so
they lack substantial potential for cultural pur-
poses [5.F.0L Bullerin, 214, May 1970)

Russian operaticns report vary high produc
tion rates, as high as 900,000 Ib,acre /vear of
carp, in warmad pend cultivation, and plans have
oeen pul forward 1o develop a fish hatchery near
the Arclic Circle using heated dischargs from a
220 MWe nuclear power plant  (Keller and
sowards, 1970), Gribanov et al {1967} alsa
working in Bussia, coltured carp in tanks in o8
power plant cooling pond and, at a stocking rame
of 250 fish/m?, produced 100 kg/m? of 400 gm
carp a1 the end of the rearing period, The Japa-
niese have gained even highar arowth rates fos
carp in flowing water with controlled temperature
conditiens {Kellar and Sowards, 1870, Prablems
of optimizing fry production and supply and re-
ducing mnngowar and h;len:lim] cosis, need re
solving before industrial production of carp in
warm  water becomes a praclical progosition
(Mengal, 1969), though theoretically there is a
potential for esxceedimgly high protein yields
{Coutant, 19704}, An expensive advertising cam-
paign would alse probably be required 1o convince
the Morth Amercan public to increase fish con-
sumption amd 1o overcoma public resistamce 10
fish from ponds heated by thermal discharges
fram nueclear power statlons [Keller and Soveards,
1970

4. Alernative Appresches 1o
Thermal Aguaculiure

A review of case studies in aquaculture in

dn

maringe, brackizh and freshwater environments
has been presented (pages 32-40}. In genaoral,
these studies assumed complete contral of the
fishery

Some axperiments indicate that under cer-
tain conditions. heated water may bo used to
improve already existing ‘natural’ fisheries, or
fisheries not as strictly controlled as the fish farm
tacilities previously described, and to develop
multipurpose aqua and agro-industrial facilities.

I. Experiments using heated water (o Improve
pre-gxisting Nsherigs
Warm water from power plants is baing
usad in Oregan and Washingtan to overcoma the
limitations imposed on maximum salmon growth
by cold winter temperatures.’ Wild stock fry are
beireg raised in faboratory tanks to 1 16 table sk
2¢ in six months, by maintaining water tem-
peraturgs naar G0°F |blending heated salt water
from power plant and cold ocean water) and by
following & rigorous feeding schedule. Thres zal-
mon species so far cultured are pink; chum, and
chinook, though hybrids of pink and chirook, and
chum and chinook appear to be promising | Me-
Mail, 1970). In lealand, salmonaids are raised 1o
release-size in elght months rathar than the nor-
mial twe years by using geothermal discharges to
mainiain the proper temperafure range [10° to
125C for Atlantic salmon. Stewart and Bjornsson,
19638, Gudjonsson, 1967; Matthiasson, 18970)

A study at Par Ponds in Aiken, 5.C.."7 ndi-
cates that the pumping of 1 Billien gallons of hot
water (up to 115°F] per day into the 2,700 acre
Par Pond makes turtles Pseudemys scripta | Gib-
bons, 1970} and 24 species of native warm water
fish grow faster and ocour in greater abundsncs
than under narmal conditions, It has also become
a refuge lor a comparatively rare wild life species,
the American alligator (Frye, 1970: Bregman,
18703, Gizzard shad and largemouth bass have
been reponed to concentrate in heated water
curing the winter. Heated water is known to ac-
calarata spawning times In largemouth bass, al-
thaugh s effects on gonadal developmeant and
the long-rerm survival of 1he fishery are uncertain
1Witt at al, 18705." The beneficial effects that
may ba derived from controlled discharge of
conling water are:

¥ Seanile Laberatory of the Bureaw of Commiercial Fishaties
and Qvegon Stade Undvarsity Sea Grant Program,

2 Dy Pont, cperating the Savannah River, Plant. U.S.

BN Missouri Water Resourcies Ressarch Cenitie, Calumibla




i. migration of fish may result in a build-up of
fish dansities,

ii. increasad fiskh density may provide an ax:
tanced wanter harvest,

fif. continued growth of game fish may occur in
the winter pariod,

iv. incrpasad production of commercially raised
fish may be possible, and

v, the location of the power plant might be
planned to provide optimal conditions for
fish harvest and for use of heated water in
hatchery and rearing pools adjacent to the
main water body (Campbell et al, 1970]).'4
& T.W.A.L report shows that sport fishing has
improved in that area, particularly in dis-
¢harge chanhels and basins recaiving heated
wasteswater, The watershed supporis some
36 fish species of which the principal ones
caught include bluegill, channel catfish, carp-
suckar. shad, and camp [TAVAL, 19688]). The
Lake Kincald, built as the cooling pond for
the Kincaid Station in Hlinois, has developad
as an important sport fishery, and is now 1he
facal point of the Sangchris State Park (Foell
and Benadict, 1970). However, on the Poto-
mac River, though fishing has improved in
winter below power plant discharge poinis,
it has also been noted that summer fishing
in these places is poorer, especially for
chanriel catfizh (Elsar, 1265]. Maost obsarvers
have noted that heated waters do not actual-
ly produce more fish, but meraly concen-
trate fish during the cold winter months
{Tramblay, 1965}, In winter, snappers, bar-
racuda, needle-fish, sharks, and mullet con-
gregata in warm eflluent of power plants at
Cutler and Turkay points on Biscayne Bay,
Fiorida {de Syiva, 1963), where they are
sought by anglers. Howevar, grey snappers
caught in these effleents sometimes have
body Iesions. Hoak (1963) has noted that
““the discharge of heated water has an effect
that pleases fishermen but not aquatic biolo-
gists"" (da Sylva, 1963},

Il. Deap Doean Water — A Coolant and Source
ot Aurrients
In eceans, just below the photic zone, there
is & vast resource of plant nutrients [nitrates,
phosphates, and silicates) and organic growth
factors {vitamins). These nutrients increase in
concentration at depths of 800 to 1500 ft, peaking
at approximately 2200 ft {Biefang, 1871).

Y Missawri Lniversity. Calumbia, Depariment of Zoology.
Blamirose. Thomas Lake project.
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Cooling water piped perhaps & miles off-
shore to the ocean bottom could praduce a thar-
monutrient pump. Rising warm water would carry
rich bottom water to the surface to increase phy-
toplankton production and, consaguantly, the pro-
duction of fish in the vicknity of the upwelling. At
ithe same time, cooling water would be cooled o
tha ambient temperatune of the surface sea water
Best sites {or developing artificial upwellings
would ba whare deap water occurs closa 0 shore,
i.e., within 2 miles of the Hawaiian shorgling.

The underlying biological principle of this
grhame assumes 3 relatively constant nutrient
supply, and has the disadvantage of no contral on
fish movemaents [ Marting and Marchello, 1258]
A S.mila pipe, aven f insulated, might result in
considerable effluent cooling. yielding lower haoeat
flowy wvalues than caleculated. Such a method ol
stimulating production requirés not only the pres-
ence of phytoplankton and fish but also tha the
intermediate links in the food chain linger in thase
nutrient-rich patches. Induction of significant up-
welling would probably result in cooler surface
water above the outlet than in the surrounding
ocean [Hedapeth and Gonor, 1969, and as many
zooplankton species are susceptible to compara-
tively small temperature differences [LaFond and
LaFond, 1967}, steady growth and an increase in
productivity is uncertain. The lack of control on
the system makes it relatively unattractive to pri-
vate capital investment [Scot, 1988-70]

As an alternative to producing an uncon-
trolled ocean upwelling, deep ocean water, after
serving as a coolant, could be channelled into
confined pond systems where the desired crops
would ba cultivated under controlled conditions
IBienfarng, 1971). This idea was originally oe-
rivad from Gerard and Worzel {1267}, who pro-
posad a methed for oblaining drinking water by
condensing moisture from the atmosphere in suit-
abla sea-shore or island areas. In thair scheme
{Figure 1B}, cold seawater from the desp ocean
was used 10 condensa maisture in the highly hu-
mid trace winds of the Caribbean, In the prasant
schame, this earlier emphasis has been changed
fram the supplying of drinking water to an in-
crease in biological activity. Later stages of de-
valopment, however, should consider the possi-
bility of the production of fresh-water, electrical
power geéneration, airconditioning, and mingral
production, employing the same deep Water
psed to create the maring "'fields™ (Lawes and
Kermward, 1970}, The shoreline cloge-pond 5ys-
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tem as opposed 1 8 general oceanic upwelling
system {8 being developed experimantally by tha
Columbia University scientists at 51 Crolx, Virgin
Islands. and by the Hawaiian instliute of Marine
Biclogy.'" The first group uses molluscs as the
sacondary trophic level. Thay grow vary fast when
focd on dense culivres of phytoplankion. Hawallan
research has focussed on the growth and pro-
duction of phytoplankton populations when sus-
pendad in deep ocean water at surface lavel light
and temperature conditions. Bienfang (1971) has
summarized the biclogical and econgmic consi-
derations of the Hawaiian system, Significant ra-
sults to date are that produciion by deep water
phytoplankton populations may exceed that of
surface water populations by as much as B0 timas,
and that carbon fixation values in axcess of 200
mgl fm?/hr. were commenly achisved, Applying
these results to a design for o 100 megawait plant,
with a pond volume of 10% md, and a residence
time of water in the pond of one day, it is esti-
matad that production could ba 175 metric tans
of aorganic matter, dry weight/pondfyear, giving
approaimately 70 moetric wons of fish pond fyear
Mutrients such as nitrate were found in the water
in sufficient amounts to parmit such protein pro-
duction, Rough estimates of benefits from such a
systemn basad om a 160 acra pond, one metre
depp, with a daily turn-over raje arg

i. avyearly fish production of 1,200,000 ib,

ii. Tual savings (due to lack of waste heath ol

5400000 /yvear, and
iii, alr pollution reduction of 10% [ralated to fuel
savings)

After installation, thase benafia would cost
roughly $90 per day or $30,000 par yvear, due to
tha cost of pumping up doep watar,

The “sharaline pond” systems of using desp
seawatar a5 o coslant and as a nutrient source for
aouaculture, are more controllablo than fres-ocean
upwrelling systems, and are therefore more attrac-
tive to private capital investmaent. It is necessary,
howeever, to consider the Impact on global energy
balances, ocean current systems, large-scala ru-
trient eyveling systemas, and global wind circulation
patierns beflore such propcts can ever oparale on
a large commercially viable scale.

i, Algae produciion, Sewage Treatment, and

Multipurpose Faeilitles

Large-scale aguaculture, such as that pro
posed by Gauchar (1969-70) invalving anm annual
vinld of 4500 x 10* |bs/vear of protein rich figh

i Fundad by tha Hawaslisn Elociric Company
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and inveriebrates,"™ will have to face the problam
of finding enough nutrients to support production,
Pilot studies by Ansell et al (1964a, 1964b} and
Ansell and Lander {1987] used fiua gas from the
steam generating plant as a source of carbon di-
oxide, and the watar was fortified with domestic
sowage, providing nutrients 10 culture algae for
food dor the clams to be cultivated in the warm
effluent waters, This system would not be suitable
for reactors sited remotely from major sewage
sources |Hedgpeth and Gonor, 19891,

Use of algae has been developed expariman-
tally since the idea was first seriously proposad
in the 1950°s, [Burlew, 1953: Raymont, 1857},
In 1962, experiments wern performed 1o feed
algae to clams and thereby solve problems of
harvesting algae and preparing a final product
(Anzall, 1982].

Algae may be grown at a low cost in domes-
ile, industrial, and agricultural wastes (Oswald
and Golueke, 1967]. Increasing treatment tem-
peratures, particularly in the mesophylic range of
27 to 35°C. can improve the performance and
capacity of sewapge treaiment planis. ganerata
high algal vields, and make good use of waste
heat whilst at the same tima reduding Se&wage
treatment costs and ramoving nutrients efficiantly
[Klack, 1968; Shik and Stack, 1969; Oswald and
Goluake, 1967]."" Siudles of separation, cancan-
tration, and drying of algae indicata that tha com-
bined cosis of these steps will ba twe te four
cenis /b of dry algas [Oswald and Houghton,
1968}, The largast cost factor, electricity neaded
to drive centinuous flow centrifuges for separa-
tion, may bo reduced if harvesting is done in off-
peak hours.

An Intensified form of a high rate algas pond
system, growing algee concurrently with watar
undergoing activated sludge treaiment, has re-
cently been devalopad™ [Anonymous. 1870c)
The process can remove 20% BOD and COD.
BO% total nitrogen, and 50% dissolved phospho-
rous, leaving, after a final activaled carbon treat-
ment, walar pure éncugh for human consumpticn
Production rates of 20 1o 80 T/acre pear annum of
algae containing 0% protein is possible. Given
& milllan acras of algaa culture (20,000 installa-

16 This asasimes A production of 60 tha/galinn /mirute of
M | Hadgnath ard Gonor, 19691

1t For furiber distussban gf wtas of heatod waber 0 Wwasbs
arsd watar freaiment, sse chapier

18 Bagearch &1 Jerugablom University, lBrael, inte Advancod
Platasynrhetic Systoma, undsr o centracy loom the Ecobo-
gy Development Carparation, Wash_, D.C




tione of 2560 acres each] it would provide enough
protein for all meat animals currently in the U.S.
Cooling basin systems would provide steady opti-
mum lemperature conditions and possibly could
rodiice costs of elaborate temperature control sys-
tarms |Fisher, 1955; Tamiya et al, 1955]). Algae
ponds would require a loading rate of 200 to 400
Ibs of BOD/acre/day. a rate which would be
provided by 2000 10 4000 people or proCEssing
4 aeres of beans or 2 acres of potatoes (Table 14)

Algas are the most efficient converters af
solar energy inte Toods = 20 1o 40 times more af-
ficiant than conventional crops {Boersma 1270
Uses for algae include;

i, Pretein supplement for beet and dairy cattle,
sheip, swine, and chickens [Hintz et al,
1966~ Hintz, 1987 — algae containing S0%
protein can be supplemented with a small
pmount of vitamin By and can be fed 10
swing at a 10% level, pellatized with barley,
flesulting swine growth and meat production
equals that of swine fed on fish meal in bar-
jey, Micro-algae meal i% wiarth eight canis/
i dry welght as swing protein supplement.

ii. An economically feasible fead for shrimp
larvae, fish and oyster spat, using vitlaming
and amino-acids extracted from dehydrated
algan

iil. Food for human consumpiion such as algae
dumplings, algae noodles, mashed algae po-
tatops and algae ice-cream  {AnOaymHLEE,

1970 a, b, ©}."®

Boersma {19701 has shown that waste treatl-
ment, fish farming, and algae culture can be in-
corporated around an evaporative cooling wnit as
an agro-industrial complex appended 10 a powar
station [Figure 19).7 The evaporative cooling sys-
tam could be either a large open basin, with or
without coeling coils, for cooling purposes and
wasta treatment only [ “extansive” cooling sys-
tam], or an intensive cooling system (Figure 200,
in whieh cooling water is contained in cooling
whes of coils, and “Intensive™ use is made of
waste heat in basing devoted 10 sewage reduction,
figharies, and algae culture. Perhaps one of the
biggest advantages of such an intensive System
is that it overcomes the major problem of environ-
mental pellution likely from agro-industrial pro-

8 Resgarch is being caried out v Beonn, Germany, By the
i1.8.0.4, Eeonombc Rosearch Servica: and by the Ecology
Devalapment Corporation, Washnguon, TC.

2 Far details concemning sgriculiural aspects of the schema,
sow Chapter 8

cesses utilizing wasie heat. For exampla, 114 sal-
mongid hatcherias in the Pacific Morthwest are
releasing approximately 23 tons® of BOD/ day as
well as large amounits of nutrients into receiving
weaters [Bodien, 1970: Garton and Christianson,
1970). Table 14 illustrates BOD production like-
Iy from agricultural processes which may be de-
veloped in the type of system envisioned. by
Boersma {1870].

Assuming that 250 acres is available for use
in an intensive evaporative cooling system, and
the extensive system is designed only for cooling
and waste treatment, annbal costs can ba esti-
matad a1 55,188.00 /acre of intensive Sysiem, and
§7 50400/ acre of extensive sysiem [+ cooling
colls. Boarsma, 19701, Values and uses of each
of thesa systems within tha complex described 10
Figure 19 are judged as follows (Boersma, 1970}

i. Extansive sysiaent

a) Only used for coaling:- No additional ben-
afit gocrues, and the system must be fi-
pnancially supported by the operations of
the rest of the complex,

bi Simple fish farming:- Assuming fish pro-
duction at a profit of $0.10/1b, an annuisl
production rate of 25.940/1b acre would
ba required, which is not obtainable from
free-swimming fish species. Using a
cheaper, simpla flow-through systam writh-
out cooling coils, the tolal amnual cost
waould then be $432,400. which adds
SBB.00/acre 1o the operation of the rast
of the compléx

¢l Use for waste treatment only:- Not anak-
wyzad

fi. Imensive system

al Pool wsed for fish culture,- Operated in
e simplest form, using free-swimming
channal catfizh which feed on insects and
crustaceans produced by the fertilized
watar, a production rate of 1000 lbs facre
may be obtained. yielding an annual re-
turn per acre of 3100.00, at a profit mar-
gin of 50.10/1b. This system could not be
gall sustaining.

Production rates could be Increased 1o
2 A00 Ib/acre per year by using a heavy
plankton feeder such as Indian carp (Catla

5} Fr',pi-alrn 1o @ city of approo, 2700000 in foisl papu e
tipn, or an average af about 2,400 people per hatchary
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catlas ) B Much higher production rates
could be obtained with the high density
cage culture technigues. For analysizs of
this operation, a production rate of 48,880
ibs facre/ year has been estimated (Boar-
sma, 1970}, It also takes advantage of
growing seasan extansion, Since no oper-
ating or market exparience is available for
this system, the return analysis is con-
siderad in revarse. Production costs would
be 55, 188.00/48.880 = 10.6 cems/Ib
Labour and feed costs might easily raise
this 1o 50.30/1h, As channel catfish sell
for 0,90 /th, the operation might be fea-
sible, although it is questionable whethar
ar not the size of demand and the most
financially efficiant size of operating sys
tems are compatibla,

-3

Paol psed for algee produetion:- Assuming
200 acres are avablable for algas produc
tian, the anrual cost per acre is 54, 300.00
of S2.200.00, depending on whathar con-
crete- or earth-lined canals are used

Rates of rvturn for differen production
ratas and prices are shown In Tabla 15
Azzuming a value of 30.08/Ib dry welight
and a cost of 41,000.00/acra/yaar for
karvesting,. the annual cost per acre is
55 300,00 or 5320000, depanding on
canal Iining Thase figuras suggest that
prafitable operation is  possible uﬁir‘!-g
warth-lined basing and obtaining yields of
20-25 T/acre. A higher return rate can
be schiewed, for example, by conswming
algae within the sama complex in Soma
animal or fish-raising facility,

2 The impcriance 91 Ghganeg Ferfiifers son Aaaniasnang Ligh
Fisd production rates can b judged fram the iolbowing
Bustwiy compating pradiscticn {1BS /S scrd S anmum| in wild
waler and in managed b ponds (HicklEng, 1902}
Fish Pragdechion Pounds pif Acta Par Andium,

Wildl Watar
Sowilad B Gorman AIDing

Lakos 129 Gerrmany L R
Freshwaters of England

& Wales 206 Yugoslawa IEE
Lake Mendota. Wisconasn I1 [RERT 2000
Laka Makivali, Ligands 1668 Chima FECO- G000

Laka Knangin

Tanpanyika 28z {Hickling, 1962
Lake Wauhesa,
Wisconain 400 Mlithwraky, 1967

Oithar weotk gn fish culture wiing activated shudon from
siwaps reatment ot fenilized can be seen n Gopals
krishnan and Srinath [ 1963, Indial, Pelchenbach-Klnks
11983, Gorman Carp). and MacKenzie and Cambsall
| ¥E3 |
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IV. Fungal Synthesis, Waste Heal, and Sewage
Treatment
Treating food-plant wastes with fungi to re-
duce BOD to low lavels parmits shorter holding
times and the recovery of marketable products
(Church, 1970}, BOD levels of 4000 and BO00
mg flitre from corn and soy processing wastes
were rechuced to levels of BO to 200 mg/litre by
selected fungi., and the mycelivm was remowed
from digested waste by simple coarse filtration
Optimal process tamperatures wers around 30°C,
with half maximum rates at 20°C and 40°C. Ther-
mal efluent could be used to provide such low
grace heat, Fungal protein synthesis offers the
advantages of wtilizing inexpensive, widaly avall-
able rew waste materials, giving a rapid rate of
protain synthesis, and being high in the relatively
scarce crystalline basic amino acids. lysine and
tryptophan

5. General Conclusions on Agquaculture as a
Beneficial Use of Waste Heat

& nurniber of general conclusions can ba sum-
marized from the previous discussion on agua-
cultfura as a potential baneficial wse of waste heat:

i. There are many different forms of aguacul-
fure: It is adaplable te a variety of power
plant 2iting conditiens and technological con-
straints.

ii. Within each environmant, and {for each spe-
cies ar group of spacies cultivated, a largo
numbar of balogical restraints and limita-
tigns must be recognized, More research is
required ma aptimum conditlons for zome
of the more lTkely commercial species,

iii. Thermal aguaculture may not necessarily
make use of afl heated effluent all year
round, especially in summer, when the water
15 already warm,

k. Althowgh heated aguaculiure may provide
yvear-round production, the manner in which
continuous growth affects the physiolegy and
the reproductive and biclogical cycles of the
particular culture species must be Investi-
cpi il

w. The wse of heated effluent to incroase pro-
duction in natural and uncontrolled pogila-
tions is wary limited, but the potential for
this use In closed or restricted controlled
systams deserves further Investigation.

Wi, Te date, sxparimdnts in controlled marinde
aguaculture, particularly of plaice, sola, ovs-
ter, lobster and shrimp, hold more promisa
af being commercially seccessiul than fresh-
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water aguaculture. Though most forms of
aquacilture are theoretically reasonable and
experimentally practical on a small scale,
anuacultural products must be gompetitive
writh agricultural and conventional fisheries
procducts on an open market, Most of the
systems described are high cost systems
requiring large investment in equipment and
facilities, and much highly skilled labowr to
maintain healthy fish stocks and harvest and
process animals. Aquacultural production
should therefore be directed, on a large
seale, towsrds high priced luxury commedi-
tigs such as lobster and salmon, cheosing
whaee possiblo.fast growing Species.

It a governmantal, political. and financial
siructura 16 available and willing 1o accept
lang-tarm planning. then multipurpose
schemes, intluding deep-ocean water utili-
zation; algae/lungi — sewage treatment —
agro-industrial centres: and clozed system
recycling plans (e.g. in estearing @nvirgn-
ments), should be considered with caution
Althowegh some of thede schames may pro-
mise an efficient and beneficial use of ther-
mal waste in cooling waters and municipal
waste, and might soklve many problems of
conventional aguaculwre (e.g.. fish fead sup-
ply problem solved by using high protain
algae), they themsalves might also croate
environmental problems such as organic

Wil
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wastes fram fish farms, or the side effects of
imerferance with energy budgets, nutrients,
and water circulatlon systems on a large
scala. Many forms of aquaculture may still
not maet “safe’ temperature standards Tor
outfall waters. For these reasons, Such
seharmes will require extensive pre-pla riring,
madalling, and research, as well as detailed
cost-benafit analyses before they can be
considered arything more than preliminary
concepts,

Before any aguacultural system is developod
on a commarcial scale, waste reatmeant pro
cedure has to ba dafinad, marketing systems
should be developed for the products, and
rigorous economic analyses must b £OM-
ducted to integrate all costs and potential
profits to determing if enough predit can be
made from the thermal dischargne 19 warrant
the trouble end expense of wiilizing it. Ex-
perience has shown that such vantures may
only be profitable if there is sufficient pre
planning for aquacultural facilities in power-
plant dasign,

It is highly unlikely that aquacultural facili-
ties would utilize all available thermal ef-
fluents in summer, when ambient waler tem-
paratures are already high, and when the
critical period for thermal management ot
curs in Canada.




CHAPTER &

WASTE AND WATER TREATMENT

1. Heat Treatment of Sewadge

In sewage treatment, heat is required to su-
mulate algai and bacterial growihs® and the pro-
cesses ol drying, oxidation and incineration, and
pasteurization. Dallairg (1370} reports that &
10°C rise In tefperature nearly doubles the bio-
chamical rEACHion rale In tha ﬂ{-t:\-'-'ﬂ”."d"'-'-lUdgE
process. This concept could result in increases in
potential capacities of existing sewage treatmant
plants, It has also bean found that passags of

sewnage through the condanser in @ power plant ks
an efective dovice for speading up the rata of
decomposition of puirescible matter. Treatmant
fates can, at least theorstically, be doubled It the
girculating sewage temperature s raised from
T0°F 1o 100%F. The problam of transferring the
renuisite heat to the sewage could be solved if
prefillered sewage could be routed through part
of the power plant condensers in which the water
header has been modified to keep the flows sepa-
rated (Figureé 21). Increased activity, however is
fimited by the amount of oxygen available in tha
systam for the degradation of organic matiar in
the sewage, and the deposition of grease and
micro-0rganisma inside the cooling tubas posas
potential problems, which should be solved be-
fore & leasible treatment method can be devel
oped.®

Flocculation and filtration process lor treat-
ing water are more efficient at higher tempera-
wres (Camp ¢t al, 1940; Fair and Goyer, 1954:
Rann, 1957: Parker and Krenkel, 1970, and
gavings in the cost of water reatment chemicals,
for each 10°F rise in temperature, could ba $0.30
1o $0,50 per million gallons {Armold, 1862)° it
present average total chemical costs of about
£14.00 per million gallons {with a range of
$3.830 /million gallons, Parker and Krenkel

1 |Jse af shermal eMuent 10 incroase rotes of sinwaps troal-
et has alroady besn desceibed with rsspect 10 akgae and
furigi farming (page 42|

I Reasarch cuarfemiy underway ot Missisasppl State Liniwver
sity (Dallaire, 1970)

3 Aepart an e State of Pennsylvania’s 1962 Commites an
thie "EHects of Heated Discharges',

19701, considerable savings could accrue if
power plant effluents could be delivered at the
treatment site. A cost-benefit analysis iz needed
for this use, taking into account warm water, of
stearm, dellvery costs [e.g.. piping costsl. as wall
a5 e bonafite arising from the elimination of
thiermnal pollution

Although the low grade heat (around 100°F)
rejected by power plant cooling systems is prob-
sty wall suited to stimulating secondary bio-
ehemical reduction of activated sewage sludge
raising flocculation and filtration efficlency. and
Improving sludge settling efficiency (Crotty at al
19881, it is too low for pastaurization, drying. and
oxidation processes which, at current levels of
tachnology. require temperatures in the ranga of
160% (o 300°C (Bjorkman, 19693, 196890; Fishar
and Swanwick, 1977]

2. Powar Plant Fuel and Filter Treatmant

Heat as well a5 tha fuel of &8 power plant
might be utitizad for sowage treatment. Raw or
spcondary trestad sewago can be succesafully
filterad through coal, resulting in a 35% BOD re-
maval rate, at & coal to sludge ratio of 10 1. In
a high temperatura boller, the sewage sludge can
be burnt odourlessly and with |ess detrimental
waste combustion products than coal (Nutant
1aT0),

A joint Consolidated Edison and Westing-
mause Elsctrle Corporation tagk force (Bell et al
1970 approached the systems of coal filtratien
of sewage In two ways. The first, shown In Figure
29 arovides primary and secondary treatmant
while the sacond |Figure 23} adds thermophilic
gtabilization, As seen in Figure 22, raw 38Wage 13
filterad through a filter bed consisting of coal
crushad ta 20-mesh size, Approfimataly 10 Tons
af coal i% required per million gallons of sewage
During filtration, the top pertion of the coal ar |
sawage sludgs |5 scragad off and raturned throuah
g conirifugal or hot air dryar to ba mixed w ith tha
crusher feed coal, where it 18 erushad to 200-
mesh size. and burned in the boiler, The coal fil-
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tration process accounts 1or approximataly a 70%
roduction in BOD. Further reduction to 90% would
be accomplished in the aerated biological process.
Figure 23 shows the thermophilic stabilization
addition to the weatment process. This System
uthlizes o heated asration tank, lollowed by phos-
phate rermoval and final polishing of the secondary
efiluant. This wype of system has bean used as a
pilor plant in Cleveland {and is supported by the
Office of Coal Research), This system, howdwer,
suffers from machanical problems and difficulties
in pumping a slurry of the coal and sludge into
the boiler {or combuastion, While the systam has
conaiderable potential, it has mot bean considerad
further by Conzolidated Edisom, as coal will nof
be usad as a primary fusl after 1971

3. Urban Waste and Water Treatment Systems

Dissolved solids in wasta water discharges
should not excerd a maximum of 500 ppm [Beall,
1870a; 1970b). This limit should be considered
in the light of solids already in the water supply
As many city-discharges already excesd spie
[imits. 11 wall be fnecessary (o remove total dis
solved solids (TDS) by some process, evapoia-
tion, reverse ocamosis, or olher reaiments

Spiewak (1969) has invesligaied how st
age and waste water fram a city might be troated
for reuse with muclear powar plant axbacsl STeam
I hils schome, mumnicipal wasle waters arg oe-
minaralized by distiitation, Cost astimeies are
given for & number of possible systems using dis-
titlation o treat effluent from a city of 1 million
in population, The analysis indicates that although
advanced wasto treatments may incresse the cogl
of sevsage processing by factors of wp fo Touwr
tirmes, the ovarnll cost ol water supply and treat-
ment need not be increased over 50%. Distilla-
tion appears to ba & promising mathod of waste
treatmeni, although methods of contrelling Tubae
fauling and distillate quality. remain % he do
vizlopad

Beall (1970a: 1970b) has proposod an urban
water supply and reclamation system, using a
varfical tfube evaporator, and powered by the
wasie heat fram o 6.0 MW poveer plant [(heat
output: 1200 x 104 BTU /he_) The assumptions are
showmn in Table 16, and in the flowsheet in Figure
24, By evaporating 34.5 million gpd. which re
gquires GO0 MW heat, and biending the distillate
with B5.6 mgd filered and carbon-irested sec-
ondary effluent and 5O mgd from the treated
natural water supply, the full 150-mgd supply for
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tha city of a million in population can be provided
at a cost of 20 to 22671000 gal, Mo credit s
taken for ot polluting & stream with the sewage
afffuent. The concentrated nutrient stream from
the evaporator has uses in aguaculture, and in the
fartilizer and chemical industries, which might
rasult in further beamefits. The system alzao makes
banelcial use of waste heat and provides electric
power at installod capacity,

H reuse of waste waber is not reguired, stream
pollution can still be avoided by using wasie water
as the cooling tower medium. Beall [(1270a;
1970b) reports that at least 2 steam plants {one
in Los Alamos) in sater-short areas use such a
syatermn. The ower blowdown, containing maost of
the dissolved solids can be evaporated 1o dryness
toavoid any stream pollution, The system has tha
advantages of ellminating serious thermal water
pallution [though not thermal air pollution} - and
conserving pristing water for othar uses, as weall
as reducing the required capacity of sewage treat-
ment planis. An-,.- WaLle Wwaler evaporation capac-
ity, which can be varied depending on the avail-
ability of heat and the need for water, Is an
‘interruptibla’” load which tends to increase the
povear plant’s heat load factor, Thus, it is & val-
uablo typa of gad (Beall, 1970a; 1370b). Such a
gystamy wiou g, howevar, have o include the costs
of modifying cooling tower design, introducing
condensar cleaning systems, and rEMOVING pos-
sible pollutant assosols from cooling tower spray
rirjaction to the atmasphera, The last threa con-
srderalions may not pose 1o much of a prablam,
i1 wasia-water has already bean partly treated

in a survay of Potentials for Reuse of Wasie-
water in North Ceniral Texas, McKes (1871)
sirosses that Amarican axperiance in the direct
e of wall-raated municipal wastawaler in Con
denser |.'ﬂ-|.'|1-;|1g circuits has found lawar problems;
(i.e, fouling) and encountered lower costs, than
when well water or another pristine supply was
usad. McKoa (1971) lists the advantages that
Accrud to Wi poengr i|1r.'||.|.':'lf'.- el 1a |11uf.1':|:i|::|.ﬂ|i1i4}$
wihich use treated wastewalar A5 & coolant

i. Advantages to the power plant industry:

a. consistant availability of cooling water
for power plants in sufficiently great
guantibies,

b. location of cooling waler source. near
power demand centres, and

¢, allowance for futerg power plant expan-
sion because of ample supply of cooling
walar



ii. Advantages to municipalities:
a. ready market for treatad wastewater with
significant revenua from its sale,
b, availability of electric power in large
quantities, and
. glovated temperatura of blowdown water
that may benafit biological procassas,

4. Snow Melting Systems

Snow removal and disposal pose major fi
nancial and environmental problems in many Ca-
nadian cities. One aspect of this problem con-
carns the danger of ground water contamination
by road salt, heavy mateks, and sireet debris
{Smithers, 19771, Power plant heat could be used
to mell spow, purily wveater for reuss by evapora-
tion. and parhaps recycle soma of the chemicals
loft in residue. Snowmelting could, especially n
wirter, use very large amounts of heat.

To the best of our knowladde, there 15 RO
Ao melt feasibllity study on thesa lines to date
As a guideling 1o an economic evaluation of such
a sysiem, howaver, a cost-banefit analysis of 2
modern *jet-engine™ styla snow-meltar unit* can
bo considered, Such an anabysis indicates that the
savings to the community will depend on the
average winter snowfall, the method being cur-
rently usad, and the availability of environmmen-
tally “sale’ and aesthelically suitable snow
dumping sites with good holding capacities and
strateglc locations. in terms of transport cOsts.
Use of a “'jet-engine’” snow-melter system. with
epesating costs from $20/hour for the smallest
single unit to 5300 /hour for the largest perma-
aent installation, can create savings of $0.05 1o
50,50 per ton of snow melted {McDougall, 1871,
A power plant snow-melter scheme could bring
about savings by wsing waste heat; it might wall
ba operated at lower costs than standard smow
melter units: and it would not have to be limited
by the site conswaints of standard snow clear-
ance schemas, although the restrictions imposed
on powar plant siting would still apply.® The ad-
vantages of snow melter schemes are limited
from a tharmal pollution alleviation point of view.
as they can ba used only in winter when tharmal
pollution in Canada is not 8 real problam. Aluer-
native uses for waste heat would still be required
during the summear months

& Trecan Lisitad Cooksvilla, Ontario and Therymal Aessasch
& Engmneering Corp, af Conshohacken, Penn.

& Sea page 82, lor comment on powes plant siting. publlc
apinign, and enwirenmantal hazards.

6. Freshwater Production by Distillation of
Seawatar or Brackish Water

Waste heat could be used for brackizh-or-
salt-water distillation to produce potable and irri-
gation water. At gn experimental agro-industrial
power plant complex st Puerto Penasco, Maxico,*
a humidification cycla dasalting plant has been
developed (Figura 25}, This system has the ad-
vantages of reusing energy four times {multiple
effect operation); being simple and operating at
maderate temparatures gnd pressures thus re-
ducing tha gradient for energy losses; and having
the potential 1o evolve into hghtweight poriabia
systems (Groh, 1970; Hodges et al. 1965). A
similar system 5 wsed in another agro-industrial
projact at Abu Dhabi.®

An urban electricity-freshwater -supply sys-
tam was projected by the southern California
Matropolitan Water Distriot a1 Bolsa Island {Beall
18970a: 197001, The cost of water from that dual
purpose desalting plant was too high (estimated at
256 1o 400 /1000 gal, Wilson and Homar {1267}
quote estimates of 21.8¢ and 27¢/1000 galls.)
when comparad to the cost of other watar Sources.
This oroposition, howewver, 5 likely 1% becoms
more attractive to othar times and logations, par-
ticularly in water short areas, when gne gives it
credit for eliminating thermal pellution.

in Buerto Flco, a8 dasalination unit entirely
operated by wasta heat is being developed 1o
procuce 20,000,000 gallons of freshwater dally,
with the salt, recovered from by-preduct brine,
forming the raw material for an adjacent chemical
industry which will use wasta heat 1o produce
chamicals from salt [Swidler, 1870}

Beall (19702} hes proposad that by back-
pressuring the twrbine oxhadist slightly [ 100°.
120°F]. the resultant exhaust steam from a 1000
MWa station could produce 25-30 mgd of de
salterd water, Cost-banefit studies, however, indl-
cata that power plant-desatination units ard @co-
nomically impractical unless there is a demand
for axtramaly large quantities of water (Le. 150
mad] close 1o the production sita Becausa cur
ranl demands for fresh water at amy One site @re
unually lass than 10-20 mgd. it will De som s
hafare dual purpose plants ara genarally feasibla
iFoell and Benadict, 18701

§ Feasarch by 1Be Erwironitamal Resesrch Laboratory, Inetl
tata of Atmospheric Pisics. tha Unkversity ol Arlronn
Tucaon. For detaiils on sgra-in dustrlal complezes see
chaptar 8-

T Eor further Indispirial use af wasis heat ses chagiar g
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Tidball {1268] has summarized the overall
heat balance, material balances, and economics
for the combined power-desalination plant at S,
Thomas, Virgin Islands. Total cost per annum 1s
2641000 for the production of 825,000,000 gal-
lans of frashwater at a cost of S0.78 per 1000
gallons. A similar unit is operating at Eflat, |srael
(Tidball st al, 19268]. The technique usad s to de-
sign for higher condenser back pressures, which
wold allaw water 1o be desaltod by flashing tha
condensar outlel waler through ang or mora
stages of flash distillation [Tidball and Graydas,
1869; 19701 Resesarch i= needed 1o assess
limiting conditions of sea water lemperstuie,
power demand and watler needs, amorilzation
rates, and operating charactaristics.

Hodge {1870] feeiz thar powar-plant desali-
nation units will bacome particularly valuable in
devaloping arid coastal regions both in hot desart
argas (there gre about 22,000 mites of uninhak
itablg desert backed coastline throughout 1he
worldy and, perhaps, In cold Arctic or Antarctie
regions. Such widespread application could ag-
gravala already aerious waorld papulation prob-
lams, particularly if genecators fail for extanded
periods, or fuel supplies aré cut (by intont or ag-
cldent) or become increasingly scarce in the
tuture, possibly accelerated by such applications
[ .1, 19 70)

Britizh research workers are currantly nves
tigating the practicalities of water supply from a
freeze-desalinetlon process.! Cost data supplied

by UEKAEA showed tha freezing process to be

B Figrifier deiails o peivwsr-prand-desalination units and agro
lisk1fial Complexds may ba ssen 0 Anderson and Thomp
son [ 1970
Relerance i oy new dapalinsrion precsss. deaigried By
Siman Enginesring Lid. can be seon in EcoMrr wal, 1
a3, duly 18, 1971 Lomdon Tipes, July 7, 1971, @, 2
cal. 13: Civill Eaginesring and Pubfc Worke Review, July
V871, o 76T The Ecofegist, |(PUFEEET, & J.) vol 1, no
Py July, 18278
The prlnciple ol fienro-Eesalinaticer i A Tollows The
Froefe desafinstion process depanide an (e Tact that oe
Cryslals grocvn In seawonar &0 not themsalsal eamnigin galt,
& figuid ditect contact refrigerant. butane, |s pumped ima
i EfyEalhesr co shing seawater and a slunry ol koo Lrys-
yrated brine is formed as the bulane ova
porates, §hg slurry e pEsged o the Base o & wash column
wiheres fhe lop Crystaly ars moved upwasds Tfmming & cakie
and brine droina away. In addition, racirealaed product
WaTar ik daegd o 'wash the oo cake such that whion - 1tha (oo
reaches thn top of tbse wash cobumn it ks free of salt. The
ol |5 remaved 10 @ imales, eehars Tt B contacted wiih
chmprusred gasenus Butang fram (ke crydlalliver, Gawsing
Ihe ic@ i melt and the pasnous bulane to condensa lar
fecusa in fhe crystalliser. The meliod product waner s
passod through o Fnal debutanising process.” (Ciwll En-

Firserng and Peblc Warks Review, July 19717, p. TET).
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glgnificantly cheaper than conventional distilla-
tion under conditions appropriate 16 that cauntry,
Prodictions for the test planmt near Ipswich ahow
that eosts of watar from & freezing process, &t a
scale of & mpgd, in comparison based on dis-
countad prezent values, wera slhightly lowar for all
probable ranges of dermand growth, discount fate,
and power costs, than those of the proposed new
local reservale (Alten Water), Other work by the
LIKAEA has identified potential dgverseas markets
fof the process. Some problams in developing the
process rémain to be solved. These will reguire
investigations into the ecological effects of dis-
charging concentrated by-product brine back Into
tha ocean or estuaring source, and the effects of
wariation in temperature, salinity, suspanded sol-
Ids, and bacteriological contamination of the fesd
o the plant operation and on the product water.

Freaze-desalination offers aconomies when
compared with distillatlon procésses bacause of
the wse of direct comtact heat transfer and low
ehargy consumption due o the relatively low
lateant heat of fusion of water and the high ther-
moadynamic efficlency of tha heat pump cycle.

Cost-benefit analyais for any future plans for
desalination by distiilation, using waste heat or
surplus - steam emergy, must be compared with
cost-benefit analysas for alternative methods such
a3 froeze-dasalination, which may well prove to
B mora aconomic, The {actors of environmeantal
hezard, 1.8, In brine eMluents and pollution control
potenital, 8., M using wasty povwer-plant haat
should be considerad in all thase cost-bBenefl
analyzes

Combinations of nuclear generating units
and giant dasalination syslems have baan plannad
and discussed Tor a considerabla time. but mo
construction has been undertaken since the costs
of desalted water have bean subsiantially undes-
astimated. So far, estimates have been primarily
based on the need for desalted water only, & bet-
ter economic appraach 15 1o consider a siation
where power will be generated anyhow, The logl
cal guestion then is how to integrate desalting
units with powar ganeration, so that advantage is
taken of the excess availablie anergy. Presont dis-
cussions arg stll aimed at small scale desalting
urits, of the order of 5 to 8 mpd. For nuclear
powsr generation desalting capacities will ba
roughly betwean 50 and 100 mgd. By the time
thiz process is properly devised and axecuted per-
haps in tha late 1970, the cost of desalted water




will probably be down to about $0.35 to $0.40/
1,000 gal., as compared to the current $0.85 to
£1.00/1.000 gal. {Bregman, 1971).

6. Production of Industrial Salis

icalandic research workers [Lindal, 1970b;
Matthiessen, 1970) are currently investigating
tha possibilities of a sea chemicals complex using,
a5 raw materials, salt derived from seawater and
processed along the lines shown in Figure 26,
Thir salt is treatod with large amounts of electri-
cal power 1o produce more valuable products
such @5 magnesium, ™" soda, and other elecire
lwtic dissociation products of salt, Finally, chio-
rinated hydro-casbons may be produced in Gon-
nection weith an oll refinery, Tha initial salt plant
and the magnesium plant would require large
amounts of geothermal heat, and the latter would
also require much electricity, These processes,
howaver, are currently not applicable 10 a power-
plant complex bacause the grade of heat required
fapprox, 100° to 180*C) could only be supplied by
using “live” steam which, though it would reduce
heat losses ta a condenser cooling system, would
be at a cost proportional to losses in electricity
generating potential. The lcelandic magnesium
project is belioved o be profitable only because
the wse of cheap geothermal steam reduces pro-
duction costson of soda ash from $20-5330 ton
{for a fuel-based steam production} to 52-53/ton
[at a selling price for soda ash of 835/ 1on).

7. Lake and River Purification Sysiems

& different approach to using thermal engr-
gy in waste treatment has been demonstrated by
Hinde [1970), His "Air-Agua’ system is designed
o clean up polluted lakes by bubbling air and
heated water through them. The principle is 1o
supply oxygen to anaerobic lake bottoms. After
oxyqgenation, aeroble processes could be made 1o
procesd more rapidly by using warm effluents.
Thiz could eliminate a hypolimnlon and bring

1 | peder 10 avahd the need of chioring feedback nofmally
associated with magreaium production Froft §eawaner,
trine frosm the sadt pdant provides the chisride through
bon exchange. and Tima is galned fraom seaghalis for pre-
cipitating the magnesium {rom seavatst and supply GOy
for convesting tha magnesium hydroxide procipaialts 1o
magnesium Dicarbonate priar o the jan axchange. Mag-
mesiuim chiodide soluthon formed by ihe fon exchangs
pricege 4 concentrated by using geoahermal siesm, and
feduced 1o magnesiem and fres chiorine by wsing alecirs
cal power (Lindal, 197081

Bradley (1870 has emphazsiced the valua al mognesium
oxide ag & sigbatindis for the mare comemdn auiphis pao-
cass i paper manufactusre. This substitutbon may reduca
papaer mall paliutkon.

warm water to the organic sediments. The Florida
Game and Freshwater Fish Commission has used
the oxyganation part of tha system to recover the
Lake Francis recreational fishery, althaugh warm
watar was not used in this case 10 hastan aerobic
processes [Fletcher, 1971]). The total “Air-Aqua’
systam has bean successtully used in some small
Iinsts and Wisconsin lakes, and power and cost
astimates have bean worked out for the western
portion of Lake Erie (Hinda, 1870). The overall
pffects on lake hest balance and lake ecology,
however. seam 1o lack guantitative documentation

Mutarnt (19701 advocates a similar aaration
system that would use condenser discharge and
that would increasae DO levels to improve river
water quality, It may be easier 1o treat water in
the river rather than add tertiary sawagn 1reat-
ment facilities. One suggesied systam (Figure 27)
is to divert a emall percentage {2%) of condanser
discharge into separate loops, whare it will ba
prossurized and injected with pure oxygen. Tha
weater would then return to the main flow of con-
denser discharge belore final rejectlon to ihe
river. The systam could only operate during the
summer months of low flow whan dissolved owy-
gen levels are low. System efficiencies are esti-
mated at over 50%, and the cost/Ib of oxygen
added to the river ranges from 50.01 1o $0.04
(Mutant, 1970]

It s worth noting at this peint that, by the
same principle of ocxygenation, the use of Spray
modules necessary to cool tharmal plant discharge
water will have the additional benefit of aerating
receiving waters {(Frohwerk, 1971},

8. Waste Heat and Higher Grade Steam —
Economic and Usage Considerations

Although sewage and water reatment sys-
tems could, with careful planning, be excallen
baneficial uses for power plant waste heat, a
word of warning is necessary. If these and other
industrial and urban processes require higher
grade heat than that provided by thermal effluents,
and if high quality steam is consequently being
taken from tha steam cycle 1o supplement the
heat obtained from cooling waters, hen some
potential for electricity generation is being lost
toy the waste heat vse. Therefore, the guestion s
ona of 3 trade-off between more power and waste
heat use. Higher grade steam must be paid for,
and the price is high if sweam is taken from a
power plant designed strictly for alectricity pro-

51




duction. Taking as an examplo a nuclear plant
operating at 10059 capacity, the steam at the end
of the cycle after passage through the turbines
will be at 82°F and 1.5" Hg pressure. This plant
will have a heat rate of about 10320 BTU /kKWHhH
of alectricily produced. Using the same systam,
but taking the steam at 161°F, increases the back-
prassura to 9.07, Hg and increases the hieat rate to
12000 BTU/KWh. In terms of dollars, fusl costs
increase and additional expenditure/annum can
reach 52,240,000, azsuming a plant generating
capacity of 7 = 10% KWh fyear of electricity and
typlcal fuel cosi of 50.20/10BTU (Garton &
Christiangon, 1970}, Therefora. o Industry or
urban use takes all the 161°F steam avallable
from such a plant, it will have to pay albl the dis
tribution and hardware costs plus 2,240,000 1o
the power company 19 make the operation eco-
nomical. Of course, the cost of steam will da
créase proportionally with a8 decreasa in the
amaunt used

It should be pointed out that if there is a
guarantaed market for I".igh. gquality wasta heat all
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year rgund, then it may be worthwhile 1o sacri-
fice some gloctricity generation of better quality
steam, especially when the costs of damage to
the environment due to waste heat discharge
ara conglderad in the benefit-cost analyais,

As an alernative approach, the prospective
user of power plant heat showld compare costs of
high quality steam usage with the costs of the
fuel and hardware neaded to raise the tempera-
turg of only partially heated power plant efftuant
o rgguired levels Independent of the power plamt
Another alternative may be to utilize surplus off-
peak electricity production to increase the tam-
perature of itharmal effluent. This would have tha
acvaniage that endrgy is more essily storad in
water than electricity, and it would be wsing a
power waste, A dizadvantage. however, is thai
thig wser would have to telerate an intermitient
high temperalure water supply. This might be
maore sutlable for an “interruptabile’ process.
such as desalination, rather than for a8 continuous
use, such as controlled greemhousze heating or
urban Space |'I!'!."|fi|ll::.|



CHAPTER 6

INDUSTRIAL USES AND CONSIDERATIONS

1. Types of Industry

bost industries that reguire bhoat at some
s1age in the production process usually need large
amounts of high grade heat. The usual heat con-
tained in thermal discharge is only suitable for
a lmlted rargn al industrial useEs unless the
affluent is_taken out at a higher point of the steam
cycle or & slavis heating system is instalied.' Cer-
tain indestries, e, desalination, and by-product
chemical induztrigas based on waste and ‘Wasie
water treatmants, have already been discussed.?
At the present levels of techrology, othar indus-
trial uses for waste heat include:

i, the chemical indusiry (chioralkaii and heavy
warer production, and fotal energy use sys-
[EE |

il the processing mmdustries. associared with
agriculture and aquacwlture,

Although mast of the following discussion
will ba diracted a1 Industrial processes, It s im
portant that, for long term planning, these pro-
cosses ba viewed as part of 8 larger, edficient
integrated systom of otal energy use, which may
incorporate power production, agriculture and/or
aquaculture, sewage, waste and water tréatmant,
and possibly wrban space heating and cooling
negcls

i The Chemical indwsiy’, and Toral Erergy
Usge Concapts

The Dow Canada Chemical company has a

big demand for process steam in chemical pro-

cessing. This large demand has justified invest-

ment in two gas turbines to generate 102,800 kW

of slactricity for on-site use, chiefly in throe chlor-

alkali plants, and concurreénily, to recover large

quantities of steam at two pressures. A project at

Sarnla. Ontario, has developed from previous

1 Casziz af highar grade steam and wasio heat a5 discussed
in chapter 5. e 1

! Gee chapide 5, pape 47,

3 For mailliparpose systems, sas chapter 3. page 73

i Abstractad bargely from Camsdian Chemécal Processing
August 1871, Vol, 55/8 — Special Report on Plant Ensrgy
Syatems 1, ard from J, C. Swidler | T270}.

gxperiments in ‘total energy wsage’ by Dow at
Pittsbura, California, where threa 16,000 kW gas
wrbines fead 10 process units with 48,000 kKW
of elactricity and 450,000 Ib/hr of process steam
Increasing costs of electricity [8-10% increase/
annurm in Ontario Hydro eosts) and recent 1ech

nologleal Improvements in afficlency and ralia

bility of gas turbines, heat recovery sguipment
and centrifugal and adsorption alr conditioning
equipment, were deciding factors in developing
the total enargy facility et Sarnia. Gas turbsing
thermal eficiencies have risan from 16% 10 265%,
githy a fall in host rates from 27,000 BTUEW to
13,800 BTU/kW. At the higher esnaust tem-
perstures of large gas turbines, the use of wasile
heat bollers makes sconomic Snse, and with
recovery af this waste heat, system tharmal effi

ciancy rises to BB% (Figure 28). When tha Sarnia
wotal-energy Tacility goes ino operation, Dow will
continue to maintain éxisting steam-plant boilers
for low-cost standly usas, Tha major sleam sup

ply will came from the new waste-heat boilers

In Cansda, other plans for total power-plant
anergy usé are being made 10 utilize s1eam from
the Douglas Point and Bruce nuglear plants 1o
power an 200 ton/annum heavy-water exiraction
plant by 19813 In this raspect, 1the operating ax-
perience from Icelandic experimentis using gec-
tharmal steam in heavy-water production might
prove useful [Valfells, 1870: Matthiasson 13701

Anather variant of the total energy system s
the concept of the suplex (nuclear power Indus-
trial complex), which is currently being developed
by tha Consumers Power of Midland. Michigan,®’
and by B.A.SF., in Wast Germany. COonsumens
Power plans a twin reactor station with an elec-
trical output of 1,300,000 kWh, and a large
side production of low-grade gxporiablé process

% Fansdigs Chemicsl Processing. Specis Rapart am Plant
Enesgy Systems 1 August 1871, wal, 56 /B

& Jaker L5, stats mpency niuplaxes are prap agad for Texan
Kenjucky, and Punrta Rico

 On a smabler scale, wasto haat s used &l DuPont's Cham-
bars Works, New Jersay: and by Usign Carbide &n Seuth
Charlestan, 5.C. |Beegman, 1871],
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steam.® Industry can only ecomomically use mu-
clear-cerived arergy if the industrial opsration
i5 onoa large scale, and i it is remaotely located
from low-cost feal sources. This s the casa with
Dow Chemical (Midland), whozse stearm energy
requirgments will ba met by blesding lve steam
(4095 b and using waste steam [609% ), The present
(1971} estimated 1976-cost of coal to the Dow
Midland® has risen by 46% over its first estima-
tion in 1968, and the conversion to oil is likely to
increase fuel costs by approximately 60% over
caal, Foassil-fusl power plants (coal, matural gas
and oil} alse present the scologieal and technan
logice] peoblems of fly ash and sulphur dioxice
producticn. Therefore, for certain uses, nuclear
poveer is an acologically and economically sound
propositicn. Therg still remaing, iowowver, stréng
public oppoasitton 1o centrally locating nuclear
facilities, such as B.S.AF.'s two GD0000 kW
reactors, to 8 complex employving as many as
53,000 paople and in closs proximity o wrban
canurbations ke the twin city of Ludwigshalen-
Mannbeim, having 1o 1otal population of 500000
This |5 & mapor problem. as contrality, ong af the
major pramizes of the nuplex concept, is required
to minfmize anergy transport costes and make on-
site total energy ussge practical.

Although the subject of this report is the
wiilharation ol wastda hent Trom powed plants, 1T 18
andential to remambes that many other indusines
produce heated fluld eflluents, olten at highesr
temperatures than power plant cooling watsrs

Mueh of this heat energy B indusirial procoszes
could ba re-cyveled, within & tonal Engrgy fystam
comples by means of polvbloc heat axcha iJers
{Hilliarel, 1984, other forme of high tempearature
heat exchangers.’™ and in acid mecovery by ava-
paration [LCulotta, 1987

. Processing Industries Associared with Age
guiture snd Aguacuwiture

In legdandd, poathermal steam is uwsad for

1rEq'-_'!E-|.‘|l",'||'1_'!| It 12 astimatad that 200 1ons of fish

par hour could be {resra-diied with the haat ra

jected by & 1.000 MW steam electric plam

{Stewart and Bjornsson, 1969). The freeze-drying

B in o misdlear powes plant MW (1) are produced for aach
MW (=) ponerated (&, J, Milksr, ORML, S.F.0L 19700

¥ Hareld Bowscher, general managaer, Dew Ridland Divi-
sion, Pregantly, ot Dow Midland, {ossil fosls have 10 be
traraported fioam the Gull Caast reglons of Texas and
Lawisiana, which deubles fusl copts

0 Esa Carmadien Chamicsl Procasging, Auguest 1971, wal
B5 /8, Spocinl Report on Plant Energy Systems — 2 and
3 |1 Pahapi)
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process may alzo be appliad to vagatable prod-
uets, Tacilitating the production of perishables for
expori.

Since frooze-dried meat weighs 10 to 30%
of itz onginal welght, storage and transportation
costs are reduced, and it may also be swored for
sovaral years without degeadation. This weight
reduction is dua to tha distillation of watar from
the products, and since items such as fish and
meal contain up to B0% water, distilled water
could ba a useful by-produst of this process.

The Garman and British experiences indicata
thiat ﬂpp!’&kinm!crlv A5% ol the coits of processing
comprise emargy coats. High enargy demand has
tendad to limit freeze-drying of foodstuffs te dell-
cate and ralatively high priced commodities such
as coffes, fruit juices, mushrooms, shrimps, sic.
Frl':l._l.:'lz'u':l 1 kg of fish takas 1065 BWh or 36,000
BTU of heat EAEray Swndard freaie dfy pro-
cessing thereflore nesds a lot of steam at T40°C,
Thus, the large guantities of heat required naces.
sitates that the process be located close to the
steam source in order to minimize heat losses
and costs associated with steam tramsportation
Alse, 1hp grade ol waste haat in cooling water is
insufficient and additlonal high grade steam
should be bled from the twurbine. This procedure
would reduce overall reactor efficiency, but migh
be prafarable in the overall cost-benefit analysis
of a multipurpose scheme. 1.8., the powar-agri-
cultural or powar-aquacultural comgalax, which
includes a reduction i thermal pollutmon as a
firal gromi

Waste heat may also bo used in developing
rE1rIg|:'r.t::l.‘:|1 SyalEms, such as ammania ar fithlum
bromide absorption (Dallaire, 1870].% although
additional high-grade =zweam or a slave heaating
system would be necessary. According to Nutant
(19700, the ammonia swateér sysiem usabla with
an air-cooled condenser and absorbar requites a
250°F heat supply, and the more efficiert |(50%
effliciency Increase) lithium bromide system re-
quiras & heat supply of about 200 1o 220°F

Other Ilcelandic industrial projects wsing
steam from geothermal resources, which may be
adapted to a waste-heat and high-grade turbine
steam supply ina "nuplex” wial-énergy use sys-
tiEm, inglude:

a) drying diatomites (Lake Mywvatn, at Ma-

T Gas sl wilian spaca-cosling. chapar 7, page 58




mafjail, M. lcaland; Lindal, 1870a; Mat-
- thiasson, 1970} uses 260 to 280°C steam
at 6.3 atmospheres pressure; and
bi seaweed drying (Reykholar, West coast,
Icaland: Hallsson, 19859; atthlasson,
19707 uses S0 litres per sec of 100°C
water w0 dry 3600 tons/annuem of sea-
e

2. Total Industrial Water Reuse Concepis

Parallafing the concept of 1o01al energy use
is that of total industrial water reuse, which is
also applicable 10 a nuplex form of industrial da-
velopment, Waler reuse is essential 10 conserve,
gz an adequate Base for future industrial expan-
gion, an increasingly scarce, high demand re-
spurce which serves three major industrial func-
tions: process use, cooling purposes, and steam
oroduction: and to act as a tool for pollution
contral and abatemant. To these ends, the Water
Cuality Office of the U.S. Envirgnmental Protec-
tion Agency {EPA) i5 sponsoring a research and
development programme which has been briefly
described by Rey et af (1371}, Their recommen-
dations for closed-loop indusirial waste Water
and water sysiems are summarized in Figure 28.
Sama of the treatment costs involved, and 1o ba
compared with standard pellution control costs,
are summarized in Table 17. As a general rule
industrial water quality requirements for reuse
are less demanding than for municipal supplies
Accordingly, industrial water reuse should be
wchnically and economically achievable earlier
than comparable municipal walter reuse sySLEMSE,

3. Conglusions: Industrial Use of Waste Heal

Industrial use of low grade westa heat
{usually in the form of warm water] requires Tur-
ther investigation, and in this respact, lcelandic
axparience In use of geothermal steam could
prove @ useful guide. Possible uses in chemical
and processing industries usually require, and
must bear the additional costs of higher grade
steam or some form of heating system, to raise
thermal effluent temperatures 10 usable levels.
Higher grade steam and low grade waste heat
could b made available for these industries (and
for dezalination and sewage/wasta treatment
plants] by siting tham in a “nuplex” developmant
around a power plant. Future planning should be
towards total energy power-plant-industrial and/
or agricultural faquacultural complexes because:

i. energy usage s maximized and fuel com-
sumption and costs are minimized;

ii. energy transportation costs are minim eell;

iii, production cost savings are possible in large
scale vertically-integrated industrias

iv. ingreasing pressurg on water resources re-
quires the development of concepts of total
industrial water reuse, which may involve
saveral industrial processes working in har-
mony; and

v, It provides greater opportunity for caraful
pollution control once any problems of radio-
nuclide Ieakage from nuclear plants sitad
close 1o dense populations have Been com-
pletely eliminated.

[+1]
I




CHAPTER 7

URBAN, RESIDENTIAL AND RECREATIONAL

USE FOR WASTE HEAT

1. Urban Heat Demand

Table 18 shows the trends in total heat and
alectrical power consumption for urban wses in
the U.5., and it indicates high heat 1o glectricity
ratios of 9 to 1 in 1965, and 8.5 10 1 in 1380,

An cities use s6 much heat, they should at
least investigate the possibilities of utilizing some
bove-grade waste hoat

2. Urban Uses for Waste Heat

Many ideas for urban wusage of wasie heat
have already been discussed, These incluce:

i, Sewage and waste water treatment and re-
cyeling systams.,’

ii. Potable water supply by desalination of es-
tuaring or saawater.?

iii. Snow malting systems replacing municipal
siow dumps.?

. Developing total energy use industrial com
plexes which will act as employment con-
ires for sectors of urban populations.®

Low grade heat {115°F} may also be used
jor defogaing and deicing airport runways (Nu-
tant in &F.0., 1970). Approximately 700 MW of
heat would be needed to defeg one runway and
its approach path |Figure 30). Using heat avail-
able from larger power plants, and using a bank
of fan-driven heat exchangers, heated air would
be blown across the runway and rise 1o heat fog
droplets causing them to evaporate. This system
haz, however, limitad use {e.q.. 23 hours of fog
a1 LaGuardia Airport, Mew York, per year, and
instaliation costs of 53 million 10 use waste heat
from Consolidated Edison’s Astoria Generating
Station, Mutant, 1970: Bell a1 al, 1870],

Thermal discharge from a 1,000 MW nuclear
plant would deice over two sguare miles of run

! Sep chaplor 5; page 47.
T Sam chapier B page 48,
3 Sae chapier B page 42
4 Sgw chapier B; page 53
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ways, using an underground piping system [(Figurs
31}, and assuming a requirement of 1 inch of ice
maelt per hour (MNutant, 1970; Bell et al, 1970].
Again, high capital costs for equipment would be
nocassary for only limied use, although auch a
systern may be of greater value in the Canadian
Morth. A similar system may be used to kesp
sicawalks ice-frea

Another aspect of beneficial uses of waste
heat which Is often ignored is the control of un-
desirable conditions of local climata which can
rasult from the operation of cooling towers and
ponds, A typical 1,000 MW nuclear power plant
uses 10¢ gallons/minute of cooling water from
which almost 1% ovaporates [ Stewart and Bjorns-
gan. 1969}, Evaporation of such a high magnitude
concentratad at one location oftan changes the
micro-climate and can cause fogoing, icing. and
clouds under appropriate weather conditions. if a
benaficial use of waste heat reduces evaporation
of cooling water, this should be Included as an
advantage In any cost-benefit analysis of the use

Beall (1870b} suggests 1hat waste heal may
ba usod to keep recreation lakes and beaches at
mare comiortable temparatures for longer periods
in cold climawes. Using the sama principle as
alaberated for maintaining ice-free navigation on
the 5t Lawrence-Great Lakes system? it may be
possible. by using barrages, to creats lagoons
along the waterironts of the major Canadian lake-
ghore cities, Thesa lagoons could be pumpad cdry
and cleaned, or perhaps flushed and cleanad by
an air-aqua systam.® and then refilled with warm
and clean powar plant cooling watar This systam
would have tha benefits of:

i ereating large cooling ponds for power plant
affluent in an area of high urban popuiation
density whera the demand for greater giec-
trical genarating capacity is likely 10 con-
finue to increase, but where water is going

% Sas chapher 3; page 15
B Sa& chapter 5; page 51
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o become inCreasingly scarce dus 9 rising
wrban, industrial and domestic dem: nds:

ii. creating [with additional treatment uais) fn
an arga of high water demand, a clean water
supply for power plant redse and urban in-
dustrial usage;

iii. Fmproving the recreational value of the lake-
shore in high density residential arsas wheea
the demand for such facllities is kigh, Whila
it would not sclve the problem of total laka
pallution, it would improve thoze parts ol
thia lakas that are used most often. Swim-
ming and posstbly fishing facilities could be
improved and the length of the recraation
season possibly extended by the wie ol
waarmn watar: and by creating & rons of calm
waarm water near shore, which would protect
shorelines from wave and ice:erosion and
Hotsaim, dead fwsh, oil and sewage acocumu-
latioms

Some af the costs which might be ncluded
i @ cbst-banefit analysis for this scheme el
maste [ e luclinao compensation cosisl of al

1efifg axisting lakeshore facilities | BEVERDE

puttaliz: @tties: harbour entrance {acilities
atc.|, particulatly In urban areas where such
costs are going 1o be high:

ii, |nstallation and maintenance cosis of bar
rirfge construction: water freatment sy
Ficd aling vwate upply Systema; and
L1 of the initial laar pumplng and
BaErning oparal
This schame has several environmenta

prablams which must be consldered

I, What will be tha nature of 1the “natural’”

atosystem likely to develop in such heated

=

lagoons$ Are high algal blooms with con
comitan dedeygenation likaly in summer?7
Howw can the development of this ecosysiam
o8 controfied 10 give maximum amanity
banefits and minkmum problems T Would the
mosquito population Increase Y

i, How would the lagoon ecosystem respond
o 8 possible faifure in warm water supply
from & power plant ';Il:lpr_lagu'-"

ili. How would & »one ol warm water affoct tha
micro-climate of the ity waterfrent? Pos-
sible problams are:

[a} topging, particularly in colder weather
and at night:
() Imereased humidiny

T Bee chapter 2; pags 21
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{o) greater cloud formation and concomitant
lasses in sunshine; and

(d} a tendency 16 kesp atmospheric pallu-
tion closa 1o the grownd surface. [n sama
casas, smog could develop [a parallel
can b drawn on a larger scale with the
smog development over Los Angeles,
associated with the California warm cur-
rafit), Thiz aggravation of paollution in
urban argas may increasa health hazards
more than the cleaning of lakeshore
walers will réduce them. Poliution prob-
lams would be lessened if the idea was
applied to creating recreational ameni-
tles In more rural residential lakeshara
regions ‘Wwhare atmospheric  pollutant
BITISSIGAS arg |oveer,

Anocther urban wse of waste heat could ba
e utilization of steam storage tanks to drive
busas and switch engines [Beall, 1970b). & oity
bus with & full 40 cu. ft. tank of JBD'F water
could carry 40 passangers & distanca of 20 milles,

welth fum oEErating oosts of 0.2-0.8¢ 'mile
compared with a diesel oil cast of 1-2¢ 'mile
[before tax Steam BNging maintenance Costs
may alto ba lower. At & 1empecature of IB0F

5 necassitates a higher-grace heat than ava

able Tram power plant sffluant

Probably the most debated urban uvees of

thermal discharges ara In district heating, wsually
as pipad hot water and steam. and i alr condi-
tioming systams. Heat-driven ebsarption type alr
conditioners can, with simple cireditry modifica-
trong; supply fearino during the cold season u-:.'|'.-;|
hot water disiributed at 150-170°F (MNutant
1970}.® This temperature rangs is lower than that
of Z00-2580°F required by ammenia or lithium
bromide absorption cooling systems  (MNutant,
1270). In evaluating and proposing schemas for
urban energy centres and distribution networks,
most authors are generally concerned with dis-
trict heating and alr conditioning.?

3. Existing Experience in Urhan Haat
Supply Systems

There are already several operating urban
heat supply systams orlentated toward district
haating.

Of the B8 x 102 BTU of gaathermal anergy
B For dikcisidion of shdorgiron sysiems. see chapier §
g 54
B Review of soch svetems are pressated in chapisr T:
page 58 1o G2



used in lceland, in 1970, a large partion was used
to supply district haating for 40% of the country's

total population | Matthiasson, 19705, For 25
years, hot wateér has bean transported at a rine of
40 litres /second, from a geothermal source 10
rriles away to heat residences in Reykjawik (popu-
jation: BO.000), with 4 drop In temperature of
3°C from the original 86°C, and at 60% of tha
cost of hesting with fuel oil (Nutant, 1970:
Stoveart and Bjormsion, 1989 Dallaire, 1970
Matthiasson, 19701.% This flow is augmented
from wells in the ity [raising temperatures o
a0*c) and  distributed by sub-street  piping
(Figure 3%) for space heating, processing.
industry, swimming pools, and other sporiing
{pcilities. Duging the space hoating cycle, water
emparatures fall from 90°C to 40°C. Nor-
mally, 2 KW finhabitant or 23.2 watts/m* of the
house is eonsiderad as the maximum load factor.
Total costs fo the user are approximately $1.02/
104 BTU {eompared with U.5. costs of $1.45/10¢
BTU}. Besides lower haating costs, the service
replaces fossi| fuel burners which cause air pol-
lution, saves installation cost and space in housas,
and reducas the city fire hazard. Projected plans
include a 19 mila long, 16-in, diameter pipe ling
to transport 1B0°C water under préssure, at a
temparature drop of 5°C. 50% of the volume [at
1904C) will be used by Industry a1 0,50/ 104
BTU: and 50% (a1t 90°C) will be wsed by the
domestic market at $1.00/10F BTU {Stewart
and Biornsson, 1969

Technical details of the Reykjavik scheme
have been discussed by Matthissson (1970}, The
following principles, derived from an aEOMaMmIic
gyaluation of the urban usa of geothermal energy
(Matihiasson, 1970). can be applied 10 the use
of waste hoal:

i. Economic feasibility of using wasta heat will
depend on its ability 10 compate with othar
available enargy sources

ii. This eomparison should be based on the
patal cost 1o the ultimate user per unit of net
gnergy utilized. This involves comparing
eosis of entire systems, taking into actount
the desired return on invested capital of all
plants used, direct operating cosis, annual
load factors. efficlency of energy utilization,
ato.

ill. Factors affecting the economic feasibllity of
poveer plant district heating systems include:

{a} production costs per unit of energy pro

10 The Reykjauik schama is a praject of tha Mational Energy
Authoeity af lcatand

L —

duction. These costs will include addi-
tioral cosis invalved in using “live”
steéam elactricity generating potential.”
In the light of lcelandic experience
{Tabla 12}, it will be essential 10 use a
substantial guantity aof high-grade steam
io boost low-grade wasta haat energy.
in this respect, urban space heating is
not really a beneficial use of waste heat:
temperature of steam or hol waler at its
sourca and tha distance, heat loss, trans
portaticn, and pumping costs involved
in supplying it t© market,
[c} annual load density of the market:
[ d} annual load factor of the system: and
(e} pawer of the system (G, cal./h.].
iv. Capital Investmant invelves tha costs shown
in Takle 20.
v. Energy price to the customner {(average utili-
sation basls) can be broken down to the
costs shown in Table 21

b

In Lund, Sweden (population: 55,000}, the
BMunicipal Board of Health recommandad that in
view ol the high atmospheric pollution levels
(dust particles and 504}, centralized district or
glectrical heating be installed (Josefsson and
Thunell, 1970}, By 1863, an underground steam
distribution network was operating. using heat
produced in central plamis without producing
glectricity, Maximum heat demand in 1988 was
about 175 MW, and the estimates for 1980 and
2000 are 300 MW and $00 MW respectively. By
1968, there was o marked reduction in aimos-
pharic pollution levels. To meet increasing da-
mand for heat, two alternatives were investigatad:
an oil-firad, combined heat and power plant in
Lund, with a back pressure unit and an electrical
iha 600 MW e nuclear power plant at Barsebeck
10 miles from Lund. Steam at 160°C would be
gxtracied from the turbine into 8 main heat ex-
changer and hot water would be pumped al 2m{
sap ta Lund at 10O0®-130°C, returning at BOoC,
A sacarnsd heat axchanger in Lund would transiar
the heat into the local hot watar network vehich
would have a design temperature of 90°-100°C
Loss of heat in tha pipalines would be 5 MW, an i
alectric power reguirad for pumping woutd DE
1.5 MW for 2 watar velocity of 2.2 m/sec. Siave
boilers would be located in Lund for standby
PUrROSEs

Tha two altarnatives were found 1o be aqual
fram an economic viewpoint, wsing a 805 interast

%1 Sas chapber B: page 51
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rate and an of price of US $13.50/m? at tha
power plant, Ecologically, the pipeling system
would minimize wrban air pollution, but some
tharmal pollution would cccur at the electricity
genaration site and the pipes could cause soma
landscaping problems. Costs of putting pipes en-
tirely below ground would be prohibitive (Josels-
son and Thunell, 1970,

The lnuvik Generation Station of the Northern
Canads Power Commission is an example of a
functioning combined central power and district
heating system (M.E.C. 1877). By combining tha
heat loads of many buildings into a central powear
plant it hazs beon possible 10 burn resideal oil
insiead of tha more expensive high grade fusl olls
readed by small hegting plants in esch buildieg
Thiere has also been 8 marked reduction in tha
fire hazard present with numerous Tuel storage
tanks. The above-ground “wtilidor” ducts prevant
malting of parmaftrost by hot pipelings, and by

including these heating lines in the utihdor, the
dual funcuons of preventing fressing of the water
supply and sewer lines in thie utilidor and the

provision of a piped heating systam was met. In
reviewing the efficacy of centralized district heat-
ing, Imuvik should be regarded as a special casa
Ifis axtreme narthem climate creatad a high yaar-
round demand for space heating and necossitatad
that some means be found o protect sewer and
waler pipes trom treexing. Its small 1own size,
andl wary fecent urban expansion make for easier
development af the utilidor system than wosld be
the casa in large, older, Southern Canadian cities
Although the combinad systaem has bien Tound
1o he acanamical of Inuvik, i1 15 highly improbable
that such a gystem would be used in Southam
da (ME.C. TBT1)

In view of lnuvik's remote. isolatad location
and s climate, a high degree of roliability ks re
auired im thn pavedr supply and haating sysiom,
hance almost 100% standby capacity has boen
imstalled I the elecirie supply system, Tha design
is such that the heating system s not antirely
dependent on powear generation, mor is the powaer
ganeration systam limited n mesting peak do-
mancds by the contral haating systam. This could
fiat be this case if thie heating system was antirely
depandent on power plant thermal discharge.

Low grade waste heat has been usad in
Enaland, and in Finland for district haating [San
tala, 1966), Furthermose, the Puerte Rican
government is currently planning an urban-nuclear

G0

complex [Bregman, 1971). Experience in this
field is limited in North Amarica. Much of cantral
Manhattan recéives anergy for heating and air
conditioning Tram the steam system of the Con-
solidated Edizom Company, and the Rochester
Gas and Electric Company makes large commer-
cipl s1eam sales 19 upstata Mew York |(Swidlaer,
18700, It has been suggested that on the Hudson
Rivar. nmar Indian Paoint, MY, eleven power
plants planned or opersting could heat BOO0.000
housing units, and al the zame time supply
5. 500 BAW ol &Ie-ﬁ!rii_‘;i!',' [Bregman, 1971,

in Owihyhes County, ldaka, geosthermal water
at B5%-100°F is used for domestic heating. Sewaral
public swimming facilities in the W5 use geo-
thzrmal water with termmperatures of less than
140°F |Ralston, 1970), Such experiance with low
grade heat in Souikern locations lands mare sup-
port fo similar uses for waste heat than doas
northern experience in lceland, Canada, Sweden
of Finland. where a much higher grade heat | live
steam) is required with (as in the case of Lund)
concomitant lass of elecirical power production

4, Feasibility of Urban-Power Systems in
Morth America

Within the last five years there have bean
soveral feasibility stedies directed at the usze of
waste heat in urban-power systems, in southern
Ioeation: usually for domestic heating and air
candifioning. & critical réview of thase systeams
iz briefly presanted hareln

Tha Consalidated Edison and Wastinghousa
task force (Ball at al, 1970 accapted, as ong of
ithe moast Teasible uses 1or power plant haat. the
gystam shown kn Flgure 33, which utilizes live
steam from a genesrating station to supply a dis-
tribution substation. from which homes could
drawi haated or cooled water for home haating
and air conditioning. Advantages of the system
aree that it removes heating and air conditioning
systems from the individwal hamea, which reducas
air pollution from low evel house stacks, ramoveas
a poiential fire hazard. and frees home spaca. It
also wutilizes &l steam from a plant onee it reaches
a threshald temperature and preassure. Thus, o
waste heat is discharged to a water body, and
inevitably ultimate heat repection 1o the atmos-
phara is from widely scattersd points. It dpes
nol. hewewver, solve problems of dealing with
wastia heat rejected in coolant from elactric gan-
eration stations. This systam differs from Can-
solidated Edison’s Manhattan system in that the



condensate is not retwurned at the plant Tor reuse.
Same pconomic benefits may acorue if distribu-
tion substations are located no more than 3 miles
fram the generating station, and homes are lo-
eated with 14 mile of each substation. Increasing
thase distances incrgases transmission and an-
nizal costs, and pumping and heat losses, 10 im-
practical limits. To be economically feasible, the
system miust probably be buill 10 8 new city and
pot 16 & rofitted existing community, Alternate
gnergy Sources are still needed as standiny
muEasuras.,

Two major conclusions were drawn in an
on-going study on urban heat consumption for
the U.S. Deparfment of Housing and Urban De-
velopment! 4Beall, 18700}, In most Smerican
cities, more heat ¢an be used for air-cooling
during the crucial {from a thermal pollution
standpoint) summer period comparad o com-
mercial and residential heating in winter, and
300°.280°F steam from a 500 MW power plant
can be compatitive with othar heat sourcks,. Bven
if the power plant 15 10 miles from the heat dis-
tribution focus.

Soma critical comment can be made on the
above two conclusions, With respect (o 83 geanal
heat requirerments, problems will occur on days,
particularly in spring and fall, when demand for
heating and cooling is small, Waste heat would
s1ill havi 10 be either disposed of by conventional
atmospheric heat exchanger techniques or would

12 Thig reaearch is slaborated in Milker {1266 1988 1870);
“Eanes Heating in Urban Environmetis™ Only an abs-
fract ol Milkar's work was avallable. and is as follows:
The articls reparts the praliminary Badings of a sysiems
ardalyain of the uspiulnass of NeEleRr anergy Gantars In ar
pear large cities amd the application of efdrfgy Ceniarn
1o he dovelopment patterns and problems of Amarican
chbes. It is concluded that m VERD the haat fram a nu-
clear enorgy cenver should be used to haat angd alr
condition @ large portian af a large cily at a cosd fl unit
al hear smulvabent bo 1hat Aow incurded by district heating
in gowritown comemsrcisl and high-rise aparimeany areas
The ateas served cosld be misch larger and they oouid
consumn misch lass eak per urly ol area than those now
garend In thiz eoumry by disirict-hieating BySTems Ham
{rom back-presaure stoam and turbine bloed would ba
ysed rathes ihan hnat from prims steam) therefors e
wasts of heat Trom the plant generating electriciny would
ba significantly redwced. Such o system wauld roeduce
both chemical pollstion of the air and thermal podluticn
ad strpams, Catculations Indicats tha distribuicn piping
systems could be aaended 10 aervi lange’ Afaas ecomo-
mibcally, and that the wse of mediom or high temparaiune
water would be more ecenomical than high-pressura
steam. nvestigations of dystom reliability, Time varation
i load, economics, peographical influences, and accuracy
of calculatiors are eecommended. (Satected Wator Fe-
sources Abatracis: 1970 WI0-09132).
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have to be used by increasing such “base-load”
customers 4% waste-water and sewage treatment
plants ar Industrial wsers, In more nartherly Cana-
dian situations,. it may be that more heat 5 re-
quired in winter 1than in summer,

With respect 10 use of hot water from a
power plant, costs of utilizing alectrical produc
tion potential (live steam) must b borne by the
user.'® It iz also not clear whether the use of live
stoam reduces the waste heat rejection problem
of the power plant 10 an accaptable limit.

in the literature on the functions of heat in
urban environments, it is not clear whether the
main intantion is to use waste heat from power
plants, or o develop centrally located boilers.
These boilers would serve no function of electri-
city generation, but would provide cheaper high-
grade heat than conwentional heating methods.

Beall (1970h) has proposed a system which
lias between these two extremas. A city of 1 mil-
lion people could be served by an engrgy centre
of two 500 MW reactors, producing 3000 MW of
heat [steam) at 300°F, Oil-fired standby boiler
units capable of 1500 MW (thermal) woulgd in-
sura a 99% reliability of supply. Costs of heat
from the dual purpose centre would be approxi-
mately 30¢/10% BTU, if electricity were sold at
4.3 mille/¥Wh. Heat delivery costs for a reactor
located 10 miles from downtown would be 206/
104 BTU. The profit and cost of distribution from
deventown would increase consumer prige to
£1.00 (or more}/10¢ BTU. This prica could ba
§1 B0 and wvet still be competitive with fossil-
fuel heat in most Grlaes.

Mutant (1970} suggests that a population of
450,000 could be providad with electricity, heat-
ing. and air conditioning by extracting steam ai
220°F fram a 1000 MW design nuclear plant. In
this scheme,™ thermal enargy in one ol savaral
possible forms would be transmitted underground
to substations throughout the town. Each sub-
station would contain absorption rafrigeration
equipment and would provide a distritutlon sar
vice Into living space and working space for one
or more farge buildings, a clustar ol singla resi-
dences or townhouses 10 control 3ir temperature
Within a residence. there would be simple sys-
tarns for controlling the flow of chilled watar in
13 Goe chapter 5: pape 51
14 This scheme b sory similor to 1hat propasad by 1he Can

selidated Ed son i Wastinghouas task force, chaptaf 7
page G0
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surnmer and hot water in winter. There would b
no polletion, na fire hazard, no chimney, and no
space sat aside for the conventional heating and
cooling apparalus. Hieat exchangers on the rools
of the substations or large buildings would dis-
charge unised energy 1o the air throughout the
towen where it is much less of a problam than it
would be in the recelving waters. The owverall
effect should be superior to even the diy cooling
tower approach, since the rate of discharge per
unit areas is markedly reduced (Mutant 1870}

Mutant's argumant for “scattiering’  tha
problem of waste hoat disposal can be disputed.
Surely, the grade of heat used to replace many
individual boilers or electrically driven systams
would determing the reduction of tha total heat
dizcharge 10 tha biossphere. Admittadly, air pallu-
tlan from fossil-fusls would undoubiadly be ro-
ducod, MNutant's argumdent may hold true il anly
lo-grade wasthe heat 15 used, bt i1 may ot be
the caze | either vary high temperature steam or
supplementary slave heating systems are em-
ployed. Thera is a lack of ampirical evidence,
and, hence, energy balance models for centralized
and decentralized wrban heat generation systems
must b compared as a prorequisiie for fufure city
planning

Cuaestions of safery, public oplnion, and
othar non-thermal pollutant emizsions (S04, NQ,,
flyash) must be resolved before nuckear, gas-fired,
or other fossil-fuel power stations can be sited
clase 1o wban-residantial complexes to reduce
the cogts and haat lassas associated with steam
kot water'™ transportation o economically  ac
cepiable |ewve Futura devoloprment of nocloar
fusion reactors, and controlled thermonuelear

1% 54 thil deliwery imay be ecanamic and 1hat service moeis
Cuslamar fneds. 1ne hedl must be a1 leasl 300°F {Beal

1970
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reactors {CTR) will greatly reduce the large radio-
active inventory of a light-water reacior. Hence,
the reactor will need less swringent safety require-
ments. & CTR location closer to the load cenire
should therafore be possible, and would make
space heatlng 8 mare viable proposition (Foell
and Benedict, 1870). Present U5, AEC rulings
raguire that plants be located some distance from
population centres. Consequently, heat distribu-
tion for urban use is at present inefficient, expeEn-
give, and impractical {Foell and Benedict, 1870].
Other wiriters agree with this amalysis of the
present situation (M. E. Lackey, ORMNL Reactor
Division, in S.F.L, 1970; MNutant, 1970}, Nutant
{1970]. raviewing tha policies of Consolidatad
Edigen and Westinghouse, ™ feals that whilst at
present there i wvery linle possibles ecensmic
banafit likely from urban-poeer plant combing.
tionz, zocial benefits are high and should be re-
garded as tha mast significant choice factor. In
the future, use of live steam and condenser heat
for the space heating and air conditioning of rasi-
dential structures should be vigwed as part of a
larger long-1erm plan This plan would wse a
centrally located nuclear power plant as & mubti-
purpose anergy source [both of electricity and
heatad water| for urban area use. especially as it
helps solve problems of non-thermal atmaspheric
poliutian
'E Consolldated Edisocn (Mew York) and Westinghouse are
ourrently backing ressarch on all conceivable combana-
tiors af uwban avitems and power plant redaurcas. Tha
@l this programime 1§10 maks a Cursary
BN lwEis ol & pyalErmE. one [oF pve) for doteilad full
scola analyeas (for the real world shoation): plan & de
r praject: and finally bulfd sech a project 1o
wdlvddls the meal wodld svsiems analysis, and
vl degarmins the empirical parameters reguired Tar Tul
scals aparai=on | Nutane, 1TR7TD
The fostr phass of this project is o rank concepteE Ac
conding to techrlcal feasibllite. Tha basks of selecilon ai

variaus combinations will be the economic and [ov sockal
lenahiti dérived fram this combination

fgaciarg | precadige



CHAPTER 8

THERMAL AGRICULTURE

1. Introduction

Thermal agriculture may be defined as any
form of agriculture that uses Dot Water o assist
the growing proceéss. Current experimentz and
proposed systems in this area can be classified
according 1o the functions sarved:

i. “opor- fald” thermal agriculture (sprays,
diract warm water rigatien); and
ii. controlled envirenment agricultura

(a} greenhouse crop production safl heat-

ing systams using pipad kol water;

(B animel raising facilities; and

(c) combinationg ol (a) and i) and sys-

tems of totlal energy usageé n poWwer-
water-food production

The classification can also be according 10
the suitability of various forms of thermal agri-
culture to different climatic regimeas:

i kot arid land a__r|lr||:|.||LU|d {usually cosstal
frinpe deserts);
ii. temperate agriculure; and
il exiremse northern agriculiura

Since both the classifications are closaly inles-
ralated, an attempt will be made 1o combing tham,
and critically review technologies and feasibilities
undar the following headings:

i, “open-field’’ thermal agriculture in temperate
latitucles,

il. controllad-environment thermal agriculiure
in the northarn latitudes, e, loeland;

iii. controlled-envirenment tharmal agriculture
i power-water-lood systems] as an altarra:
tive to "open-field” thermal agriculture in
hot, arid lands [usually coastal fringes);

iv. review of proposed total-energy/thermal
agriculiure/ industrial systems mainly for
temperala lanudes;

w. general environmental problems of thermal
agricultura: and

vi. general conclusions.

2. "Open-Field"” Thermal Agriculture in
Temperate Latitudes’

The uses of warm water in "opan-field" agri-
culture ara being investigated on the Mackenzia
River flood plain in Oregon® [Miller, 1970a:
18700, The significant aspects of the propect are
briefly discussad harein.

I. Frost Pretection

Frost protection, by sprinkler application o
warm water, rallas on the releasa of heat by watar
gs it freezes. Follawlng a werning of an &arly
spring frost, 50 acres of orchard trees [pears,
peaches, $our ¢harrfes and filberts| ard sprayed
with warm water [95°F) from a staggered series
of ovarhead sprinklers. Warm water cooling and
freazing of the twigs and buds reéleasas heat 1o
the plant cells, thereby protecting them from frost
damage. A critical facter in this techniqua is the
proper menagement of water application 10 pra-
clude limb breakage by over-weighting with lce.
A heated “canopy’’ effect over crops is aiso being
investigated as a means of frost control (Millar.
19708}

Il. Piani Coacling

During warm summer months, wWarm Waler
may be applied by sprinkiar 1o cool planis by
avaporative cooling. This procadure recuces Sun-
scald, eliminates cold water “shocks.” iNCreases
vieds, and impraoves crop quality,

. lerigation

It has been estimated that a 1000 MW nu-
clear plant could provide enough water 10 irrigate
approximately 100,000 to 150,000 acres A
Springfield, Oregon, water at 80 10 130°F is piped
2 miles from the condensing systam of the
Wayerhaguser Pulp and Paper Plant 20 & soriss
of bleed valves and buried pipelines at the project

1 Tempoerats latinsdes ans datined hard as regions af 1he
worid usuadly locatsd im middle latitudes with climates
which ars markedly. seasongl in nature and wihich Lack
axeramas of femparatorss and ralntatl incidarcs

I Tharmal water demaonsiration project by the Fedesal Yeater
Qupliny Cantral Administration Eugers Watsr and Electric
Board, sévan Springheld farmers, ansl 1he Viere Cofpeds-
than, reporiad by Millar (18708: 18700
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site, with a heat lozs of 4 1w 10°F. Irrigation and
spray water evantually seeps through 80 i of sail
before re-entering the Mackenzie River at or Below
river ambient temparatures and with no signifi-
cant increases in nutrient lgvels, Irrigated crops,
which at the same time receive frost protection
(95°F water will give frost protection even at
ternperatures of 27°F, Dallaire, 1970}, includa
walnuts, Blue Lake pole beans, sweet corn, to-
matoes, bush bgans, potatoas, and a variety of
garden crops and nursery plants, & recent sugges-
tion has been to use hot water from nuclear power
plants to irrigate plantations of fast growing cot-
tonweood and sycamore trees. This scheme would
procduce substantial savings on cooling towers
(510 million for a 1000 MW(e] station) and pro-
vide valuable hardwood (Cona. 1970

In an experiment conducted at the Oregon
Srate Univarsity {Boorsma, 1970)1.7 initial resulis
hawe shown that heating soil by buried electrical
cables [which simulate heating by undergrownd
waler pipes) substantially increases the growth
rate and may triple the yvield of several erops. Tha
problem of kseping “bvailable (to plants) gail
maistire”” in the soil, though, has yat o be rfe
solved |allare, 1970}, Thermal irrigation may
be used In Canada to extend growing seasons

V. Economic Benefirs

Given a co-opecative agriculiural vantura
plentiful supply of cheap or free wanm watar al
a closa proximity, and the production of high
profit crops in small saoreages, open-field™ ther
mal agriculture can be an economic wenture in
temperale latitudes, as  demonstrated by the
5|1r|||l;:|f||:;|-:| axparimant. High initial outlay costs

or pumiping, piping. sprays. aofc. ) are a kandi-
cap. High capital and maintenance costs, as well
as heat losses increasing with distance piped

wiiled limit such Vopen-fleld’” thermal agricultura
ta small-area. high-profit ventures. Environmantal
lmiitatrons o be considerad are discussed later ®

3. Controlled-Environment Thermal
Agriculiure in Northarn Latitudes:
Exampla of lealand

In lceland, gresnbouse heating by geothar
mal wataer has grown steadily over the years 1o a
prosant land coverage of 115,000 m?. Seventy per
cent of this land is devoted fargely to tematoes,
cucumbars, and lettuce, and 30% 1w flovwers and
potted plants. The annual valus of greenhouse

A Sen chapier 2, page 22; and chaptor B, page 68,
& Sew chapter B page T0.

]

production equals U.S. $910,000 (1969). As tha
lealandic situation 15 comparable to that of north-
ern Canada (e.g., Yellowknife, B2"M: Reykjavik,
B4*M), It seems appropriate to briefly describe
some of the parameters of lcelandic greenhouse
heating

Glgbal radistion averages 74,100 cal /emi/
vear, and climatic conditions in lceland require
300 to 350 Kcal/m? of greenhouse area at maxi-
mium load. The annuwal load facter is 35 to 40%.,
and tatal vie of geothermal energy for this pur-
pose is 120 Tcal/vear at energy price 50437
Geal. Approximate gresnhouse construction costs
are 316/m? for timber framed houses, and 820/
m* for aluminum frame houses [Matthiasson,
1970 . Year-round grewth at narthern latitudes is
restricted by available radiation, Stewart and
Bjorngaon [1969) raport. howsver, that a recent
U5 Patent (Mo, 3.352.058) describes & mabod
ol comverting most of the incoming solar radia-
tion Imta the spectral range plants can absorb,
This would increase the percentage of radiation
absorbed, which, n twen, would increase pro-
ductivity

4. Controlled-Environmant Thermal
Agricultiure as an Altarnative to
"Open-Figld"” Thermal Agriculture in
Hot, Arid Lamds

Prafiminary research by the University of
Arizona. at its Environmental Research Laboratory
| Tugsen Airport).* showed the feasibility of con-
irolled environment agriculture In kot arid lands
by developing an experimental total energy-agri-
cultural complex and by investigating the physl-
ologies of crops grown in gresphouses, high
humidity chambers, and phytocells |[which allow
crop growih in full sunilght with complete cantrol
avar all other environmental variables). At Tuc
gan, all glectrical power reguiraments are gene
fated on-site from natural gas engines for four
reasons

i, The design, consfruction, and continuing
operation of the total-energy package pre-

U Heat units used oy Mathiassan (18T70), are

Keal = kilagramme-calosls = 3968 BTU
Qeal gigs-calarie 104 Kca
Tesl = Ters-calaris 10" Kcal

B Agsearch by the Erviranmedisal Redearch Labosratary,. Lini-
versity of Arizona, supported by lunds from the Rocke-
feller Foundation; ard the ruler of Abu Dhabi, Skaikh Taid
Bin Switan Al-Mabya. The summary of this resssrch pre-
sented in the Tollowing pages iz synbesized from: Hodges
& Hodges (19715 Jonsen B Teran (1971]: Anon [1088);
HModges et al (19701; Elder | 1970): Anan (19T0d1: Siaff
oV ERL (1970 1970-71): Dallabra (19700 ; Bazall (1871}



parad an engineering staff for the ultimate
dasign and operation of similar systems in

the more remote desert areas — Puérto
Penasco, Mexico and Abu Dhebi, Arabian
Gulf.

ii. Waste heat (24 of input fuel energy) from
the gas engines is used In a waste heal re-
covery 1o make steam for an absorption
refrigeration unit and 10 generate kol water.
Thus, with a given amount of a limited
natural resource, ie., natural gas, not only
iz alactrical power supplied, but also chilled
water for cooling and hot water for heating.
This srables temparature control in enviren-
mental growth chambers within a range of
A57 s 1705%F

ifl. Exhaust gases from the combustion of hydro-
carbans In the engines, instead of being re-
jgazed as an atmospheric pollutant, are
scrubbed and used to raise carbon dioxide
jpvels 1o 1200 ppm in plant growth cham-
bars, for the acceleration of the photosyn-
thetic process. Examples of increase in yield
galned by this method are shown in Table 22,

iv. By combining the power, thermal energy.
and carbon dioxide system as one unit, sig-
nificant econamic savings can accrue.

Following the guidelines of the Tucson ax-
perimant, Two commernceal total-anergy poOwer/
water /food complexes have been developed at
Puerto Penasco and Abu Dhabi. Both complexes
(Figure 34) also incorporate humidity cyche de-
salination units producing distilled water (for
domestic and agriculwral use] and salts from
gepwater uging waste powerplant heat, Dezalina-
tion help: prevent salt evaporation problems
uspally presant in the arid-land, open-field, irri-
gated agriculture, Open-field irrigation in hot and
dry climates requires large amounts of water
because of high evapotranspiration rates. To pro-

f Swsart [5.F.0 Bubetin #3714, Kay 1970} approaches the
problemy ol wasie heat on the barin ol abating thisernal
podlution and Improvisg ovesall sconomic efliciency of
power plant cperatien. Ha stabes that 1,00 seras of sl
are required to digsipate the waste heat produced by A
1000 MW plant. Use of spray ponds or resareairs rafuche
surface araa needs to 1 /2008 of cooling pond rEquiramant,
sinder 100 acres of water suriace per 1000 MWW ganerating
capacity. A racant study by S1ons & Wabeter indicatos 1hat
dry coaling towers afe economically Teasthle, sbout 18
acres being required led dry closed carcults. Siuart ea%i-
Frates 1hat about GO0 scres of plasic greenhauses would
diszipate half the heat produced by & 1000 MW plant. Ha
natad that the shading of discharge canals, by cutting off
direct inaulation will regduce thermal discharge wWalar
temperaiutes by several degress. and that induced tur-
bidlerice in the canal ssrves to mordase ike rité of heal
dinaipation

e —

duce such large amounts of desalted water would
be too costly. The alernatives to open-field agri-
culture used at Puerto Penasco and Abu Dhabi
are closed-environment greenhouses made of
plastic and inflated by pumped air (Figure 33)
These greanhouses may be regarded as horizontal
cooling towers in other powerplant/agricultural
complaxas, Stuart (S.F.0 1970) estimates a 055
in long wave radiation from plastic covered green-
houses of 48 x 10 BTU /minute/acra.” Within
the Abu Dhabi and Puerta Penasco greenhouses,
the required amounts of irfigation waler ara sup-
pligd to plants by one of four standard types of
irrigation systemns., Oné emits a fing Spray over
the growing area from above-ground sprinkiors
angd iz used for closely spaced crops such 53
radizhes. Another waters each plant individually
below ground. by a spaghetti-like network of tiny
plastic twbes. The two other systems rilease
walter in small droplets at soil surface laval. The
type of irrigation system depends largely on the
plant spacing. Water is applied as needed, and
some crops réceive as much as four waterings
gach day. In each application only enough water
is added ta moisten the sand beds to the depth
of root penetration [Jensen and Teran, 1371},

Humidity is maintained inside these grean-
houses at near 100% by recirculating air through
a seawater spray. This lovears transpiration and,
hence, water requiremant rates. For example, rod
kidney beans grown in 100% humidity used anly
14 of the water neaded by those grown at 35%
to 70% hurmidity, It also allows for a control that
raisas af lowers greenhouse temperatures in order
to maintain constant temperatures suitable for
optimum growth,

The greenhouses also provide protaction
from other external environmental dangers such
a5 sandstorms, pests, snd digaasa ! Within these
structures, crops are plamed directly in desart
sand. which Is leached free of excess galts. Planta
are glven controlied nutrient supplies mixad inta
irrigation walers

Some of the problems being faced in the
greanhouse cultivation inciuda:
i fallures of inflated structures dug 1o high
winds;
il. screaning of redundant solar radiations
whieh reguire sxpansive anvironmental con-
trols:

¥-S&a chapter 8; page 70
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iii. absence of shade can ereate some undesic-
able hipat tranzsfer problems in the plant:

iv. complex temperature and productivity rala-
tionships require long investigations of alter-
native physical conditions within the grean-
hause; and

v. continuous dripping of condensate from tha
plastic cover of the greenhouse onto rice
planis prevems proper pallination,

Solutions are now available for some of thesa
problems,

Large guantities of a number of different
vagelables such as beans, beots. broccoli, cab-
bage, cantaloupe, watermelon, etc., have baan
growwm and have matured more rapidly and with
graater yield tham they would have done in opan
ficlds. For example, cucumber and letiuce pro
duction have been at laast six times more than
woould be expected from open fields. 71 tons of
txmatoes) acre ware hirvested at Abu Dhabi com-
pared with good apen-flald vields of 30 tons facre
in the LS. This is expected 1o be fmproved to
196 tons/vear. Rapid maturation has bean do-
monstrated; normal 90 to 100 day periods for
tomatoes hive bean reduced to 80 days. Further
axamples af yiald and harvest date improvemants
are given in Tabtes 23 10 26

Cost estimates for & typical Puirio Penasco
graanhousa, and for the antire aperation of an
aba Dhabi greephouze. are shown in Tables 27
and ZB. It is axpacted that the Abu Dhabl faciliity
2 % 108 |bs /year of frash vagetables
from & aeres of such greenhouses, Due o high

wWill producs

capital equipmant and mainteEnance costs {initial
costs aqgual S300,000 ‘vear), the costs of this
typn of agriculture still exceed the cosis of con-
vantional arid-land farming techniques, and make
the technique impractical for most nations, parti-
cularly those which are very poor. The limited
size. of the operation restricls production 1o
parishable Wgel.‘!-hl-!: and horticuliural crops, After
capital invastment, It s, however, hoped © keap
production costs et 200/ which compares
favourably with imported vegetable prices of
E1.50/ 10 in Abu Dhakbi, Cheap labour is necessary
to attain low production costs, According to the
investigators, a 22% lnvestment return 05 ox-
peciad, aven in Tucson, Arizona,

Thiese studies indicata that. given money
and foreign ald, there is the potential for soma
of tha 20000 miles of desen coastling axisting

Ga

arcund the world to be converted into likely loca-
tions for integrated power-water-food packages.
Plants, poultry, or swing could be grown inside
200 acres of greenhouses next 1o a I00-MWIe)
gas-cooled nuclear reactor (Bregman, 1971).
VWhather thess systems could be converted to the
situation of the Canadian north, where the prob-
lems are axtremes of cold and fropen ground as
opposed to hot. dry conditions and salty sands,
remains to be tested. There is undoubtadly a high
tdemand in the Canadian north, particularly in
tovevnis around mining complexes, for cheap, fresh
vegetables, and meat production

B. Total-Emergy / Thermal Agriculture/
Industrial Systems for Tamperate Latitudes

a) General Principles of Controalled-Environment

Agriculiure
Waste power plant heat is usually within a

temperature range ideally suited 1o maintaining
controlled temperature environments for plants
and animals, in which energy loss to the anviron-
mgnt by processes of heatv-transfer, respiration,
evaparation, etc., [M'comfort™ processes) is mini-
mizad and energy expanditure on metabolism and
growth procasses is maximized for maximum pro-
ductivity efliciency. The advantages of wsing
waste heat in contralled-anviranment agriculiura
include:

i Optimum production and growth in farm
animals (Figure 36} and crops (Figura 37)
weually occurs within & temperature rangs
of S0*.20°F (10°-25°C])

i Andmal fesd conversion efficiency |z usually
righ within a S0°-30%F temperature range
(Table 29}, I enviranmental temperatura is
not controlled, animals will have 10 convert
feed to heat. Using teed as fual in this man-
nar is expensive, about 55/10% BTU com
parad to BOC to 51 /10" BTU for gas

e Labqour costs, an increasing problem in food
production, may be reduced by controlled
envirgnment or enclosed operations which
offar more possibllitles for mechanization
than “"open-field"" culture.

Beall (1970a) gives the following optimistic asti-
mates of possible ylelds In controlled environ:
menis:
ioncrease of 100,000 Ibs/acre for brollers,
amc
il increase to BO0000 lbsfacie for tomatoes
grown as three crops inogreenhouses wherg
complete envirenmental control {watar, fer-



tiliser, €O, temperature, turbulencel Is
maintainad, (high “open-field” yglds =
60,000 Ib/acre/year in Californial.

Estimates of wvaluas for some yield increases
range from 520,000/ /acre (pork] to 100,000
acre {tomatoes). A possible mix of crops for a
EQO acre range-controlied envirgnment green-
house complex, with yield and value estimates,
ig given in Table 30, Beall (1270b] suggests that
average annual income could reach 227,230/
T,

Although, as shown in Table 30, profits could ba
high, aconomic analysis should also consider:

I. imitial proft of am alernative open-field
operation

i incressed value from controiled environment
pperation based on increased productivity;

fil. space savings:

iv. costs of structures and environmental con-
trol;

v, the market size and situation {or the project.
For example. is the market likely to be
flooded as a result of increased productivity.,
and are prices likely to fall to a level which
will exclude the small farmer, and only maka
very large commercial farming enterprices
compatitive; and

vi. the elasticity of demand for each particular
commodity in planning controlled enviren-
ment agricultura with intentions 10 increase
yialds. The choice of commedity must be
made with a view to its elasticity of demand
and to the planned size of the agricultural
operation in terms of investmant,/capital
gauipment: economies of scale, and market
compeatition and compatitive ability.

b} Controlied Environment Agricuiture in the ffid
Western U5 A.

One proposal is to utilize the 120°F wasta
heat fram the Colorada Public Service Company
high-temperature gas cooled reactor? at Fort 5t
Vrain, Denver, to heat greenhouses and other
controlled anvironment structures in wintar and
ool them in Sumimar by means of an avaporative
cooler |Figure 38, Beall, 1970a, 1870b: Samuels
and Holcomb, 1968). Such a system |s suited 10
areas like the Western or Mid-Western United
States. where the wet-bulb temperatura depres-
sion |8 10°F or more. In Denver, at a wet-bulb
wmperature of 65°F, a summaertime greenhouse

q {I-p.-.l.il:lrbq;n AF0 AW [e) and 40% efficiency,

e —

temperature befow 75°F can be gained by ova-
porating enough warm water 1o cool the water
and air, and In winter tamparaiures can be kept
aver B5°F, as dictated by crop requirements. In
summmer, air is blown through the house 1o the
outside {as in a wet cooling tower}, and in win-
ter, whan it is necessary to maintain warmith, the
heat in the air is conserved by recirculating. A
plastic sheet forming an attic (Figure 39) allows
racirculation of air through warm water fram the
rpactor station. Ta counter high humidities, a
finned tube heated downstream from the evapo-
rative cooler pads can provide dry heat, keeping
humidities in the 70-B0% range. An integrated
agricultural complex argund the powerplant is
envisioned |Figure 401,

The Fort 5t. Vrain studies suggest that tha
use of greenhouses as cooling towers can result
in the following:

i. cooler water returning to the power plant
cooling system than would normally be gx-
pected from ordinary cooling towers in sum-
mertima, This would improve the electricity
convarsion efficiency of the power plant!

i, savings 1o the utility in capital and oparating
costs for usual cooling towar facilities. The
utitity can benefit In several ways:
al land otherwise unused, can be leased:

b} no (or less) capital investment for cooling

towars:,

c) tower chamicals and operating costs ar

reduced or eliminated; and

d) the public image of the utility is en-

hanced due 1o alleviation of thermal
pollution.

Profit to the utility, assurmning wase heat is
given away and cradit is taken only for cooling
power capital and operating-cost savings, can ap
proach $250.,000/year (Beall, 1970a].

fii. alr iz cleanad by washing as it is induciad
through the evaporative pad system:

iv. savings in food costs to local ity markets
Convenilonal poultry battaries and swine
ghads could sasily be adapied o accom-
modata the avaporative cooling system. The
Danver ares could support & 200 acre spread
of breller and laying houses {Beall, 19700|
Many large U.5. and Canadian cities depand
heavily on truck and rail shipmenis for fresh
vegetable, poultry, and fond supplies, Local
production would save on thase transport
COs1E)

v. savings in capital and operating costs {e.@.,

)




fuel Bilks] o greenhowse farmers, B the
present commercial cultivation of vegetables
in greenhouses iz profitable (it cerfainly Is
for tomatoes] with heat from gas- ar ail-fired
hexaters at $9.00 to 1. .650/10¢ BTU, reactor
heeat at 2067108 BTU would produce an ad-
ditional profit of $4.000 to 56,000 per acre,
A 202 /100 BTU charge would just about re-
turn the invesiment in piping, pumps, and
aqulpmant not normally neaded by the green
hougse. Depending on the location, profits 1o
growers en hedl costs savings may be as
high as 25,000/ acre /year (Beall, 1970a).

c)] Cortrolled Enviramment Agricelfure in Canada

Recently, Alberta has been carrying oul soma
successful exporiments at Wabamun Lake in a
2,000 sq. f. greenhouse facility heated by alr
which is passed through a specialized cooling
tower-heat exchanger in which power plant ther-
mal discharge flows. Major problems encountared
are high air humidities, freezing and condansata
mowinter, and, most important of all, limited
solar energy particularly in December, January
and February which limits crop choice (mainly 1o
reafforestation products) and the number of crop-
ping seasons. A future gresnhouse area planned
for about 10 acres at $1.25/5q. 11, gross is ex-
pecied fo break even. This use, howewer, would
reéguira only a small fraction of the tharmal dis-
chargd from the Wabamun plamt, It s estimated
that some 400 acres of greenhouses would be
required 10 wiilize tha total discharge. However
anvironmental risguilations concgming dischargas
may encCourags thiz qort of developmen

dl Greenhouse Facility for New ¥ork Srate

Beill at al {1870] describa a systam for haat-
ing aresnbouses with wasteo haat in New York
State (Figure 41). The loveer limit on the size of
the greenhouwse Tacility, that can ba supglisd by
wagte hoat from a given power plant, can ba
estimated by comparing tha maximum grean.
houge Beat Input required under the mast adverse
waather conditions expected with the minimem
effluent heat from the power plant &t minimum
giecirical load. This estimate is fairly realizstie
wiaste heat is supplied directhy to the greanhousea
through conventional heating équipment having
no intgrmediate storage facilities, Although this
may e the cheapest mathod of using waste haat
in this case, it leads to problems in correlating
gregnhouze heat load to power plant alectrical
Ioad. The daytime solar heat input greatly re-
Huces the artificial heat requirements for the
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greenhouse at the time the diommal peak ococurs
in the electrical load. A comparizon of standard
hpating costs versus waste heat methods indi-
cates thal greenhouse heating would be an eco-
nomical way to use waste heat, if space was
available. A 1,000 megawatt nuclear plant could
heat 4.4 square miles of greenhouse, This plan
was rejacied by the Consolidated Edison and
Westinghouse Task Force because of its large
space requirement and the problems involved in
matching greenhouse needs with powsr plamt
autpLt

g} A Power-Food-Processing System

Controlled-anvironment agriculture was fn-
corporated in a power-food facility already des
scribed in this report™ |Boerssma, 19701, Such an
integrated system includes a power generating
facility, a cooling cyele which incorparates an
aguaculture /waste treatment/algae growing unit
within an evaporative cooling basin and a soil
warming loop for raising vegetables, and animal
feading and food processing units whigh usa
products from the aguacultural and agricultural
units (e.g., algal animal feeds) and which are
powarad in part by waste heat and by slectrigity
from tha powar generating facility {e.g., for
freeze-drying and refrigeration processing). These
units fit wogether effectively because soil warming
showwn by experiments at the Oregon State Uni-
varsityl can stimulate & high rate of crop produg-
tion for the afficient oparation of the processing
plant, or for animal meaat production. The warm
water arriving in tha evaporative cooling basin
also agcelerates the decomposition of the organic
wastes from the processing plant, or from animal
rearimg Tacility, and stimulates tha growth of or-
panisms feeding on these wastes. Further refine.
ments which could be considared are the warming
of greenhouzes in winter 1o ensure & year round
supply of products for the processing plant, and
Spach I'|E|a1|ng: and coaling for tha animal enclo-
surgs. The saparate elaments of the system are
dascribed and discussed in datail by Boersma
(1970}, in terms of energy dissipation and bene-
fits derived from the heat in the cooling water,
The system proposed satisfies the general eriteria
for good beneficial use of waste heat " listed pre-
wviously in this raport.

Boersma (1970} recognizes several social
valugs, enumeratéd below, in the total system

1 E-uu_d:;a;t.nr d:page 43,
1! Sep chapler 2: page 22.



which might be included as benefits in a cosls
banofit analysis:

i, some pollution problems are solved in on-
cart and not as isolated events. The sysiem
parmits re-cycling of heat, cooling watar,
and nutrients such as nitrates and phos-
phates. When a closed cocling system is
used. the need to construct a poawer plant
ripar & large water supply is not critical;

i, Polentials for waste water and sewage irgat-
ment may be advantageous 1o urban com-
PNt ies;

jii. the system maximizes agricultural produc-
tion and minimizeés the space used at the
came time as it utilizes space which is nor-
mally left free near a nuclear plant for safety
purposes. fn these ways, the system helps
o =alves the problem that arises when pro-
ductive agriculture is practised on expen Sive
land that is desirable for urban developmant,
if this idea is extended. one danger is the
lass of conventional farmiand which acis as
a “green-beélt’” and recreaticnal zone thal
containg urban sprawl;

iv. as an industrialized concern with a capital
imensive operation, this agricultural system
cam. In the future, aim at maximum effi-
ciency [much higher yields per unit surface
areal a1t minimum prices 10 thg consumer,

In farmulating 8 cost-benafit analysis of the
total system, social benefis are not ugsually in-
cludad as they require future evaluation. The
input required for a systems analysis of the prob-
lem i% not available and can only be obtained
through additional research. The ultimate sysiam
and land area required for heat disposal purposes
will have to be decided on the basis of a heat
budget analysis, With these reservations in mind,
a4 cost-benefit analysis can be presented™? for a
subsoil heating system of 5,000 acres and an ava-
porative cooling system of OO acres. Criteria
considerad important in selection of the sita in-
clude: uniform block single ownership, flat-land,
good sofil. good drainage, and proximity to mar-
ko1, Total system costs argé shown in Table 31,
and annual system costs in Table 32 (for as-
sumptions see Boersma, 1970, page 230,

In ealeulating annual returns of the soil
warming systam, Baarsma caleulates that at a total
annual cost of $21,185900.00 and with 5,000
acres involved, the annual cost is $437.18/acra/

82 Annual returns of 1he svaporative system have already
been discussed in chapier 4; pags 43,
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year, He estimates that bean cropping would pay
for the total system and its operation at a yield
of 7.9 tons/acra for 8 single crop and 8.9 tons/
acre for a couble crop. This estimate includes
all charges. and It is suggested that the operation
waould actually allow the utllity to realize a prefit,
The profit would, however, be attained at the cost
of the farmer who would no lenger be able 1o
contract with the processor whe obtained these
beans.

Farming silage and hay, the system loses
money of is marginal at beat. Very high produc-
tion rates need to be achieved, followed by high
winter annual yields of dry matter of 5 to 7 tons/
acra In order to make a profit. Whaether this is
possible in cerain geographical regions remains
to be known,

Beef production could banefit from im-
proved feed comversion efficiency in contralled
environments and cheap feeds from ather parts of
the facility (e.g.. algal fesds from sewage Con-
version), At a prica of $0.25/ib live weight, an
annual production value could be $7,500,000.00
[Boersma, 1970). This is a profit of $1 766, 900.00
considering the following costs:

Soil warming system ... 52,185.500.00
Evaporative basing ... 1,297.200.00
Farmming the land ..o 1,250.000.00

Harvesting algag ... e rorrne 500,000.00
Handling catlld . ...coooommmmmeea 500 ,.000.00
$5,733,100.00

In semmary, the power-agricultural facility
raquires high capital investment and running costs
and. hence, is only efficient economically in the
production of high yield and high profit com-
modities such as beef which can benefit from
soveral aspects of the systam and which require
little space. The sysiem is al present tod expan:
sive to be practical, but the social values and
‘mcreasad efficiancies derived from its intagrated
natura make it worthy of consideration in future
planning of land use, particularly with the in-
creasing demands from wrban populations. for
building space, powar, cheap food, water, sEwage
disposal, and pofiution contrel in agricultura and
food processing industries

iy An Energy-"Step Dawn™ System for an Inte-
grated Power-Food Compléx
Siewart and Bjomsson [1269) dascribe &
power-food systam, the main elerments of which
are shown im Figure 472, The condensar cooling
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loop  (incorporating  greanhouses, fish ponds,
farmland irrigation and water storage} could also
accommodate chicken hauses, Evaporative losgses
are companszated by waler taken fram a river, A
freeaze-drying plant using steam extracied from
the turbine would greatly increase the valus and
storage life of the products from the complax,
and deeresse storage and transportabion costs
The freeze-dried products could be used for bal-
ancing oul varlationz in production and market
demands. Additional factors could be waste water
traatment. adding water to the cooling system
and food to tha fish ponds. space heating of a
reprby city during winter, and cantral space cool-
i:r'l\'._.] and air conditioning during  swummar, usinn
the same distribution svatem In the ity and the
cantral cooling lacilities in tha complex

This complex is designed to provide a step-
down mathod of using the aveilable energy as it
passes from high-grade, readily available energy
to low-grade, partially unavailabla emergy. The
result is an economically feasiblea complax which
rigcfucas thermal pollution aiter maximum use of
thit available erErgy. 1t may be used In Mot
climates by choosing thosa oaphiong which are
sultable for the areéa | Stuart and Bjornsson, 12369,

G. Some Environmental Problems of
Tharmal Agriculture

Despite the optimism shown by many re-
sgarchers in this area. many envirenmenial prob
lems have yat 1o be consldered in apphying haated
whater 10 aoriculiure, These include:;

i. changes in tamperaiurg of chemical charac-
teristics of grownd water:
il, flushing of pesticides [nto ground water
rivers, lakes, etc.;

iii. concentrated farmyard manure, fertilizer,
and procassing wastes rejgctad by the power-
load tacility;

v, stream warming through shari-cirguiting of
FElurn wales:

v. plant gr anlmel disease and pest prevaience
under high ternperatures, or under constant
temperatures which may alter the possible
seasonal nature of their incidence;

vi, adverse eflects of high tomperatures on
plants and animals, &.g9. exXcassive rans-
prration: axcessivg respration (carelul &s-
seswment of pptimum humidities and tem-
peraiure tolerance ranges for specific crops
and crop combinations is required in order
that such adverse eflects may be recognized
and contralled);

Ta

vii. alterations of soil micro-organiszm popula-
tions, iz influence on organic breakdown,
nutrignt availability, etoc.;

will. effects on sail chemistry systems, and on
heat transfer and moiswre relationships in
differant soils:

ix. effects of possible excessive soil drying
around heated pipes {will this aid soil ero-
ston? How will this influsnos nutrignt uptake
by plants?|: and

k. possible changes in local micro-climate re-
sulting from soil heating.

Many of these problems apply both to " opan-
fisld" and to '"greenhouse  controlled environ-
ment" thermal agriculture. An advantage of 1he
Latter iz that more control s possible in supprass
ing an unexpecied disease putbresk or cleaning
effluems of fertilizers and farm wastes before
returning the effuents 1o the water source of
recycling through a condensar cooling system

7. General Conclusions

A number of general conclusions can be
drawn from the previous discussion of thermal
agriculiura:

i, the choice of thermal agricultural technigua
and system 1o be used is in part dictatad
by the prévailing climatic ragime and local
geographical siuation, and i part by the
types of produce Tor which there is adequate
demand to justify the large capital outlsy
neaded by most systems.

ii. "Open-Figld™ Thermal Agricufiure in tam-
perature latitudes holds good possibifities
far improving yields, crop quality, and grave-
infl season langths for certain crops™ By
previding spring and autumn frdst protéc
tlion, sumimerime plant copling, and warm
water jrrigation. One problem is that these
uses will not be required constantly and
therefore. thay do not provide a total salu-
tian to tha wasta heat problem. High capital
costs, as well as heat losses with increasing
distance plped, restrict such agriculture 1w

B3 fn exception 19 ihis wowld be comlon groning i Taxas,
reported by Vabliang and Longnecher (1963}: “'Cortton
COOER warn Eriganed over 3 years with hoated water of
E5-85 dagrees F, temperatures ranges in an effory to de-
tarming tha afects an orop yield, Irrigation Ereadmant in-
cluded (1] proaplant Wrigaticn anly, (2] praplant plue 2
irrigations, snd (3] preplaomt plus 2 lrrigateors with heated
wiler, Haated and unheaied watér both redoced soil fem-
peratuce 1.0 degroes F. below air femperature. MHeoated
waler had no condbslehnt aMeadt on asflier Baweilng. 1he
mumber of Bolls o sarlisr coton production,’’




small ares, high profit truck farming, and
fruit growing ventures [usual co-operative].
" Open-field™ thermal agricullure is liable 1o
more  environmental problems which  are
harder to contral than those of “greanhousa
controlled envirenment ™ agricultura,

iii. Successful twuck farming methods in gea.
thermally heated greenhouses in losland™
could be adapted to a8 powerplant  heat
source and used to provide needad supplies
of cheap fresh vegetablas and poultry, par-
ticularly in towns around mining complexes
in northern Canada. However, in much of
Canpda the availability of solar energy in
winter months isa critical limiting Tactor.
Contralled-ghvironment cullure may also be
well suited to farming high-profit fur-baaring
anmarmals.

iv. Controlled-environment thermal agriculiure
incorporated into total power-food-desalina-
tion sysiems have been proved Far more suc-
cessiul than conventional agriculiure or
“open-figld” thermal agriculture in hot, arid
coastal-fringe lands, Waste heat, carbon di-
oxlde axhawst and seawater sprays have
been utilized to maintain greenhouse envi-
ronments in which productivity is increasad.
and in which transpiration rates and. hanca,
plant water reguirements, are drastically
reduced,

At present, high capital costs limit such sy
teme to small aperations In countries which
can afford them and to producing high valug,
perishable vagetable and horticultural crops
Potential oxisis, alven capital and fareign
aid, to develop such systems on much ol
the world®s 20,000 miles of desert coastling
Whather such technigues can be adapted 10
the situation of the Canadian north, whane
the problems are extrames of cold and fro-
zen ground as opposed to hot, dry comndi-
tions and salty sands. rémaing 1o be tastad.

v, Waste powerplant heat is usually within a
temperature range ideally sulted to main-
taining contralled femperature environmaents
for planis and animals, in which energy
fass 1o the environment by processes al
hoat ransfer, respiration, evaporation, elc.
("“comion’ processes) is minimized and
energy expenditure on  metabelism and
growth processes is maximized with an alm
to gaining maximum productivity and feed
convarsion efficiencias,

:Emﬁlai uses Tor geciherrnal heat are reporied in the USSA
[Dwarow. 19831,

A proposed evaporative cooles” technigue
sgams tachnically sound for maintaining con-
trolled-anvironmantal greenhouses in argas like
the Western or Mid-Waestern States wherg 1he
wirt-bulb tamparatura deprassion is 10%F or more.
Savings are likoly 1o accree 1o both the utility and
thiz growesr by using greenhouses as “horizontal”
coaling towers, A technigue similar to this has
been suceassiully applied to growing reafforesta-
tign crops in Alkerta. A powar-food complax in-
corporating a reactor. these gresnhouses. sWwing
and poultry units, and a food procassing plan
could weall supply a city such as Darver, Colo
racdo, with its power and poultry /vegetabla sup
plies. If aguaculture-algas growing facilities and
waste-water /sawage treatment planis are also in-
corporated ina otally integrated complox (Using
anergy in a stap-down mathod as il passes froam
high 10 lew grade energy b, usefulness o s aity will
bo increased, and food production [particulariy
beel) could be made mora econamically sound
High tnitlal capltal costs, lack of knowledge of all
Imputs needed for 8 proper systems analysis, anvi-
ronmental problems assoclated with the com-
plaxity of plant-zoll-water relationships, and haeat
balance problems Involved in matching grean-
house heat needs with powerplant heai output
thraughout the year [n temparate latitudes, have
g0 far limited temperate controlled-environment
agriculture to proposzals on papaer, and 1o Some
limited wniversity-wtility research. Jaske and
Touhill (19707 reject the efficacy of this use of
waszte heat on two counts: the womEl amount. of
heat that agriculijure can consume is ralativaly
much smaller than the hest potentially availabla,
and agricultural use of waste heat is a matter
of public policy. Hence. its usa would be handi-
capped in dealing effectively with the immadiate
problams. An Increase in demands by uwrban
populations in temperature latiludes for bullding
space, better control on fertilizer and pesticide
application and waste heat rejection, food and
water supplies. powaer and Sawage treatmant, may
ultimataly force this ssue. In a relative sensa,
controlled-anvironmeant agriculture is prabably
tha maost practical (technologically and e&conomi-
cally} af all bepeficial uses for powerplant low
grade wasie heat, Integrated power-lood-sewage/
water treatment-industrial systems are ultimataly
the most efficient means of maximizing anorgy
use and minimizing pallution and waste

Garton and Christlanson (1970} swess the
pneed 1o evaluata the benefits gafrned from wsing
waste hot water in agriculture. For example,
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whare warm watar rrigation s involved, the
valug of the contribution dug 10 warm Watler use
over the value of irrigation with water of ambiant
air temperature requires quantifying in terms of
crop valug (in dolfars). From this position, ona
Can il..-ujga howy much ong can afford 1o invest in
distribution and contrgl Systoms.

Distribution, Irrlgation and heating systams
must be designed to minimize cost while achiay-
ing the desired operational charactlaristics. Ex
parimentation is needad to find tha best methods
of supplying water and heat for Gplimum resuits,
In examplas of thermal agriculiura Systems cined

in this report, their economic feasibility and much
of thair {Insign is dictated by kocal circumstances
such as weather conditions (e.g., wat-bulb tem-
peratures), market proximity, and the range of
choice of alternative systams {8.9., lceland lacks
geod solid-fuel supplies, and has a poor climate
for “open-field” agriculure]. Future planning will
require maore cost-consclous optimization of en-
tire systems. Potential users of waste heat will
nesd o know costs and specific design criteria
far thair local heat or walter distribution Systems.
and potential suppliers of warm water will reguire
an evaluation of the overall economics of a pro-
posed systam [ Garton and Christianson, 1970},




CHAPTER 9

MULTIPURPOSE SYSTEMS AND

ENVIRONMENTAL PLANNING

A recurrant theme throughout previous
chapiers has been the development around a
power plant of multipurpose systems for ol
enargy usage,! which could encompass ranges o1
heat applications shown in Table 33, These sy5-
tomis maximiza efficiency in energy usage and
could therefoare-be Included in the logical objec-
tives of long ferm planning. Burgeoning demands
for emergy and olher resources, and increasing
pressure on poliution control may ultimataly force
this issua. Such systems, howiever, are somewinal
utopian under present social, economic and poli-
tical situations, which force the implamantation
of only parts of these systems as stop-gap pol-
jution control measures, ... beneficial uses of
wasta heat to alleviate thermal poflution.? The
objactive 15 still to maximize electricity produc-
tian, minirmize the cost of each kW (e}, and deal
somehow with resulting poliution problems, rather
thar airm at maximum efficiency in twotal energy
psage which would tend 1o minimize pollution
problems, but which also would involve very high
initial capital costs in most cases. The emphasis
may switch 1o the laner when pollution control
cosls bacome prohibitively high

Canada could start developing total enargy
use complexas since new housing and industrial
schemes ara still being developed in the bush
or “old-field” country surrounding urban and
mining centres. Advaniage should be taken of
this situation. as it is cheaper and technologically
eagier 1o implement total energy Systems in new
devalopments than to modify existing structures.
It would, however, be necessary to educate the
public 50 as 10 accept changes that may include
establishment of nuclear power plants near resi-
dential areas, or the loss of some comventional

1 Examples af teqal anergy systems ars dascrined by Killar
(1BEE: 1063 1970): Boerema [(19701; Beall (1870a;
18708} Mutant (1970); Stewert and Bjomsson [18563):
Hadges and Hodge (12711: Swaf ot ERL (18700 Swidler
[ VDY,

! Recent Canadian sxamples would be the Inuvik space
heatirg scherme and e Point Tupper powed-hsayy walad
plant. Nowvs Seotia, desoribed In MEC. (1971

forms of space heating and domestic appliances.

When a decision has to be made betwaan

two axtremes [i.e. cheap electric powar &s
against total energy usage and the conservation
ol resourcas), there is generally an accepied
compromise. Jaske and Touwhill {1370}, Joaske
(1870} and Jaske et al [1970) have presented
ong such approach — a ¢anal-leke system, that
would simultaneously selve at laast three of the
major long-range problems in the U.5.4A.7 These
are;

i. redirection of megalopolls growth, aimimng at
g mora even geographic distribution of the
industrial and populatlon bases whilst re-
taining the operational fiexibility of urban
clusters along arterial transport networks,
and zones for recredational naeds (6.9, green-
balts):
dissipation of heat from energy sources; and
mare optimum use of continental water ro
SOUFCES.

& brief raview of the available avenuas by which
organized development can take place shows
that existing weterways in the U.S. are already
highly developed or scheduled for redevelopment
to an extent that the availabllity of land and land
roning requires intensive study. Accordingly, ona
solution to the ditemmas of rising nuclear station
gosts, increasing thermal pollutien, and increasing
opposition to single purposa hydrodevalopment
near metropoliten areas, would be the creation of
a national system of canals of relatively largs size
[flows up to 15,000 cfs] which would serve as
glongated cooling pends for the dizsipation of
condenzer heat of large nuplex stations.

Use of the heatad water discharged from
power plants must be planned at the scale af
discharge water flows, which in a 700U BV
thermal station equal 800 w 1200 cfs (360,000
ta 580,000 gpm). In a recent study of the dual

2 The falipwing B largely taken from Josks snd Taidhill
LvaTal.
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purpose use of canal cooling for a 100 MW elac-
trical station operated in conjunction with tha
irrigaticn of staple crops in Phalps County, Ne-
braska,® the station was found fo be too small to
materially affect the temperature of the canal
system all the way to its extremities, Figure 43
shows the operations of the existing station at
100 BAW (e}, with the hypothetical addition of
two larger stations of 300 and 600 MW (e}, in
order 10 explore the additional cooling capacity
ol the canal. This systern, which currently has
flows under 100 ciz during the irrigation season,
appears w0 bo able to dissipate the heat asso-
clatad with a conslderably larger size power plant
fn a 30 to 40 mile stretch of the main canal,
without producing large changes in soil lempera
fera. The sudy further suggests that in the
United States, the irfigation network systeams, the
navigation canal systems, and other presently un-
used waterways may provide untappad cooling
potontial. The headwater canal of the axlsting
Columbla River irrigation system could support a
.':II_.IIII“l'_EI'-[ numbar of 1,000 MW plants, provided
iiEt the uncertainties of crop diseases and Wans
milscion instances can be resobwod

Figure 44 g a schematic illustration of the
basic copcept of & canal-lake cooling system, de
velopad on the basis of these supporting studies
and the gaperience of a study of thermal plant
siting in the Morthwestern LS. [Battelie-North
west, 1967]. It consisis of a seties of oithar nEt
ral o artificial watorways COvering an BxlEnsIve
fistancs and providing a central power sping Sys-
tem for redirecting the growth of population
centers. The canal systam could also supgaly water
for tha nesyr cities and nduestries along the routa
and far local transportation and navigation, if
dgsirable, Parks and green belt areas would be.an
inirinsie part of the development plan, lis prin-
cipal objective, however, would be 10 provide an
axiegnded heat sink of major proportions  that
would ba  away from the currently regulatod
public water courses. The candl system would be
capable of supporting nuplex sirad tharmal sta-
tiongs all along its route with the added advaniage
of reusing the water several fimes. It s assumed
hat the u|:||:,.|:|r|;|_|ni‘.i-.c'_; | o |'_'-u|'l'lj.'u!i| storage planis
along the canal rowta would ba lmited only by
the electrical roguiremenis. The éxperience of
large systems suggests that 2 kW of peaking
capability could be used for every KW of firm in-
place thermal capability, assuming thal the Sys-

& g siudy by the Central Mebraska Powenr and Irrlgaglan Ca-
operaive and Bacmslbe-Morthwess
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‘am would complermneant existing firm sources of
significant size.

Using tha COLHEAT simulation model
{Jaske and Spurgeon, 1968 for predicting hoat
sink capacities, Jaske and Touhill (1970) have
shown how the canal-lake system could be ap-
plied in theory to the Pacific Northwést [Pirkey,
1963}, The results are as follows:s

|, A totat of 30 GW (e). a substantial fraction
of the Western firm power reguiremenis
through the year 2000, could be sited on
the canal systam,

ii, The annual svaporation chargeabla 16 thé
tharmal plant system using the canal-laka
complex was 30% lower than the annual
equivalant in direct cooling tower capacity
(452,000 acre-Tt v, B50.000 acre-it]

iii., The total evaporation of tha canal-lake sys-
tom was substantial [approx. 350,000 acre-
ft/month in Julyl, an order of magnituds
higher than that required for thermal plants
themselves.

iv. Thare iz & threshold size for canal through-
put. & substantially larger canal throughput
would not increase the base evaporation
lgvels, and smaller systems optimized for
thermal cooling canals would sulfer relative-
ly large disadvaniages from evaporation un-
lezs considered as multipurpose for lrriga-
tian and land developmant n arid PE'I;iDI'IE..

v. The davelopment of an extended canal-lake
syatem for cooling thermal effluents is tech-
nically feasible, &nd is also suited to the
larga flows from thermal plants. Because of
the size of these flows. any project wsing
thiz warmead veater is immeadiately in a large
project category. This would provide added
justification for planngrs whao think In terms
of large waber redistribution projects.

vi. The multipurpose use of canal-lake sysiems
an cooling conduiis: in conunciion wiith
piver wses, appears to offer @ considerable
advantage in the radirection of metropalitan
growih ratas along planned lines

The advantages of the proposed canal-lake sys-
tarm ara®
i. Muclear stations can be located as far from
conlers of population as desirabla,
ii, The large transmission sysbem could paral-
@l and reinforce focal grids.
fil. Where impoundments can be made 10 de-

3 Jashe and Touhill (1970, p. 126; 120),
4 Jasho and Tauhkill | 1970, p. 120-130].
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cregse canal construction costs, the pos-
sibifity of large nucloar pumped storage
pedking stations. in conunction with basza
ioad plams could be axploited

.~ The canal-lake system provides wvery large

heat dissipative capacity without disturbing
the surrounding environment of existing
population cENlers.

The canal-lake system could be used 10 Sup-
plement irrigation requirements by using
and reusing condenser water in transit down
the system or 1o supplement groundwater
supplies. It could, however, pollute streams
with farm and fertilizer wasies.

. The system has possibilities for the use of

axisting resources [canal, irrigation, and
lakes sysiems), with possible savings in
4:.u.|;|i1i|'r,|:|55.'[5.

Developing the irrigation potential along the
line of the system offers a means of diversi-
{ylng the economic base and creating new
directions of economic expandion away
from present population centers, It tharaby
permits a more rational distribution of re-
sources throughout the country without the
concentration of energy releases in metro-
politan areas beyond the capacity of the
physical environment 1o absorb the impact

impounced portions of the route could offer
rocreational opporiunithes.

. The water quality of portions of the system

can be systamatically planned and optimized
for industrial, municipal, or recreational pur-
posas withoul upsetting existing fisharias or
relatad water uses.

. The eopportunity to plan and develop tha

transmission system from the beginning
roduces right-of-way acquisition costs and
permits closa control of and opportunity tor
pr-ite power contracts as a means of re-
locating industey along the line of the canal.

i Instead of asslgning the entire cost to agri-

culture, water redistribution costs can be
allocated more broadly and efficiently with
apparent Immediate benefits 1o the large
group of people participating in various aco-
nomic and Industrial activities along the line
of the canal system.

In conjunction with navigation projects. 1he
canal-lake system suggests major extens|ons

of navigation on an all-season basis 1o areas
currently limited by weather or physical
access,

There are a numbar of dizsadvantages with
regards to the canal-lake systerm which are not
covered by Jaske and Touhill [18370). Thesa
include:

i, The system is only appropriate, and proba-
by only economig, im particular araas wherg
some form of canal systam already exisis as
an undar-used resource, and whera there are
demands for canals to be wsed not Just as
heat-sinks, but alse for recreation, irrigation,
transportation, etg, This situation may be
true in parts of the LS., but it Is doubtiul
whathar it would axist in Canada.

ii. The system requires a certain degrea of in-
dustrial relocation. Thare is ng evidence, on

a cost-benefit basis, that the advantages of

the canal-take system will outweigh the dis-

advantages that result from relocation.

fii. The use of COLHEAT and similar predictive
madels Is a step in the right direction to-
wards careful water resource management,

To implemant the findings of such research,

as described by Jaske and Touhill (1370},

however, would require @ drastic alteration

of present U.S. land and water uses, and
waste dizposal laws and policies. vehich
vary betwesn states. Cooperative intor-state
planning would be required and new laws,
coping with cellective, rather than indivicual
waste treatments, would have to be enacied,
It is guestionable whether the present L.5.
palities and the lagal constraints would al-
love this. Perhaps planners should be maore
realistic and attempt 1o find alernatives
which are viable within the existing politi-
cal. instliutional and socio-economic frame-
WOTkS.

Despite the drawbacks 1o the multipurpose canal-
lake system, and although the specifics of this
particular system may nal necessarily be appro-
priate 1o the Canadian situation, itz principle of
raviewing and evaluating the potantial of existing
rasources ([.e., canais) in the light of long range
environmental planning is worth considering,

i)
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L PER ANNUM

HATIONAL EMERGY BOARD STATISTICS CaMADA M.E.C. STUDY FORECASTS
| 9E6= |97 5= | 966 - | 966- | 966 = 1875=-
| 975 | 340 964" [ayu"" [97S 2000
CANADA G.22 5.65 T7.28 Tl Tl T G.5I
TLAKRT | € .
shE?IHEES .00 .09 9,15 10.08 |0, 08 T.02
QUEBEC 5. B 5,00 5.92 §.7E §.76 E.76
igg;TLEES B.IB 6.96 10.72 0. 54 .54 %.02
BRI T14H 5 7 T 5.72
COLUME] A 6.73 .70 B.u5 £.72 6.72 G.
¥
Rl e 6.30 16. 10 12.03 12,03 7.28
" Aetual
"*Eirm |Intentions
TABLE 1. FORECAST GROWTH RATES OF ELECTRICITY DEMAND

{M.E.C. 1871}
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HEAT ABSORBED BY COOLING FOR VARIOUS INDUSTRIAL PROCESSES

(MeWELVEY RNWD BAOOKME, 18380

TABLE 3.




COOLING DEYICE

GROUND AREA REQUIRED®

I PONDS

a] Cooling
b) Spray

| GO0
EQ

Z ATMOSPHERIC (Matural Draft)

a) Spray-filled
b} Wood-filled

3 CHIMNEY TOWERS (Matural Draft)

4 CHIMNEY TOWERS (Mechanical Draft)

&) Forced draught

b) Induced draught

i | counter=flow

ii] cross=flow

|5 IRY COOLING

e

“Ground area Pigures all assume the same heat load
and are relabive 1o an assumed ored of 1000 enits
1

required by & ceoling pond.

TABLE 4. DEVICES FOR CODLING WATER
({ McKELVEY AMD BROOKE,

1858




CONMDEMGSER
REQUIREMENTS

CONSUMPTIVE USE

OMCE-THROUGH

COOLING PONDS

COOLING TOWERS

1965 . vuernes ) 0.3 0.4 0.5

980 s 35 0.2 0.3 0.4

2000 .ioioaes 30 0.15 0.2% 0.35
o 1 S 25 0.1 i 0.3
TABLE 5. ESTIMATED CONDENMSER WATER REQU I REMENT AND

CONSUMPTIVE USE FOR FOSSIL FUELED STEAM-

ELECTRIC POWER-PLANTS IN U.5.A.,1965-2020.

(Galls/Kwh)*

(*figures assume o temperature rise o

(RREMKEL AND PARKER, 18B3)

(.5, WATER RESOURCES COUNCHL, 968}

i 15°F;

the predicted decrease im unil waier requ renants
i5 based on ingroved technology)




INVESTMENT COST, $/Kw
TYPE OF SYSTEM

FOSSIL FUELED PLANT' NUCLEAR FUELED PLANT'

l:ln|:|z--thr1:u;u|_1i1:I 2=3 3-5

Cool ing nunda3 Y=5 6=3

Wet cooling towers:

Mechanical draught E-B B-11
Matural draught §-9 9-13
Dry cooling towers 17-21 25-312

IBased on unit sizes of 600 MWe or greater

Ieirculation from lake, steam or sea, involving no investment in pond or
FesSarvoir

Jgased on pond able to handle |1200-2000 MWe of generating capacity

TABLE 6. COMPARATIVE INVESTMENT COSTS OF COOLING WATER SYSTEMS
FOR STEAM-ELECTRIC PLANTS

{ INDUSTRIAL WATER ENGINEERING, MAY,1970)
(FOELL AND BEMEDICT,1871)




TYPE OF TOWER

APPEOX IMATE
CAPITAL CODXT

Millions $

-  Wet, mechanical draught G-B
Wet., natural draught &=
Dry, mechanical drawght 5=-28
Dry, natural draught 9530

TABLE 7. CAPITAL COST OF COOLING TOWERS

(BREGMAN,

1871




GAPITAL COST
COOLING SYSTEM

($/KW of plant capacity)

Run=of-river cooling system 5

Eay-lake cooling system &

Matural-draught coaling tower:

run=gf=river make-up 743
Cool ing=-pond system ¥
__;;It:;ji;ra:;nt cooling towers; i y
reservoir make-up i |
| |
Dry-cool ing towers | 22

TABLE 8. COMPARATIVE COST ESTIMATES FOR SIX TYPES
OF CODLING SYSTEMS

( SHADE AND SMITH, 01883
(LOF AMO WARD, tB70b)




H
OHGCE THROUGH | RECIRCULATED % |NCREASE
COOL NG COOLING
65% capacity factor:
Capital costs 2.295 2. 421 | £.5
Operation and maintenance 0.295 0.311 5.5
F'.E'] a1 EEII.' BEr mEt.- E.II:""I' EFIE? :.'
TOTAL ~ 4,634 4,858 3.5
B0% capacity fTactor:
Capital costs | .BER |.968 b5
Operation and maintenance .28l 0,275 5.4
Fuel at 25¢ per mBtu 2. 104 2.127 I.1
TOTAL 4,230 | 4.370 | 3.3
|
|
Size of generation unit: |,000 megawatis

oaling water requirements - once-through: 400,000 gallons per min.

Naew water (make=-up) for recireulated cooling:

0,000 gallons per min.

TABLE 9. ENERGY COSTS FROM WEW COAL-FUELED POWER PLANTS (Milis/Kwh)

{ Jackson and Wofeland,

|0B6: Nremse, Ayres and d"Arge,

raTan

gl
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TABLE 11.

ST.LAWRENCE SEAWAY STATISTICAL SUMMARY

$T.LAWRENCE SEAWAY AUTHODRATY, AGNUAL REPORT, 13V

(Continued next PGB aa )




{cunt'd}

1963 1§11 13967 1564 196% 1970 IRT

43,382.9 49,249.3 44 028,56 47,953.8 u1.0Q4.0 51,170.9 52,987.u

1.3 T3 0.9 6.0 Gl B.3 Bl
.1 6.8 6.7 7.3 6.7 - B,
2:9 6.7 Gy y .k 8.1 b7
$15.5 217.3 $16.4 %18.1 $15.6 $18.6 520.0
o5 1.0 .3 1.4 1.d 1.3 2:2
16,1 18.13 7.3 19.3 1E.H 19.4 22,2
E 5.2 E.0 6.7 7.5 B.5 10.5
11.¥ 13.1 11.3 12.6 9,2 11.5L L7
15.4 16.4 16.7 17 .2 17.8 18.8 1%2.8
[T | 3.3 5.4 b.G 8.6 .l B.1
y2.4 45.7 51.1 55.7 64 .13 1.7 Ta.7
3T7T1.3 aTs. 8 3L .2 390.E 99,0 4049, 3 Bl1%.0
1965 1966 1967 1564 1963 1874 1371
§3.420,2 59,271.7 52,809.4 ©58,074.,7 53,532.2 62,962.8 63,058.2
B.4 B.7 T.H T2 6.9 7.1 B.4
G.B T.3 T.H B.d B.4 B.8 9,4
bl 6.8 T-1 2.1 T.H &.H 9.2
$ -- § == § .8 $ 1.8 $ 2.5 £ 2.5 ¥ 4.3
] 1.1 1.2 3 1.1 1.2 1.3
] 1.1 2.1 247 3.6 4,7 5.8
8.9 1l.2 10.3 11.40 10.7 11.9 12.3
B.l 1.1 8.2 8.3 7.1 7.2 6.9
P | - = o7 B 1.0 2.0
B.2 19.1 8.2 8.0 1.8 8.2 B.9
33.6 80,2 Be.1 1212 1u7.3 185.0 237 .2

TABLE 11. ST.LAWRENCE SEAWAY STATISTICAL SUMMARY

{ST.LAWRENCE SEAWAY AUTHORITY, ANNUAL REPORT,IB71)




MONTREAL-LAKE ONTARIO SECTION 1971

Incoma § 22,188,382
Operating expenses and
replacement provision 10,500, 440
Net operating Income 11,678,942

Deduct inmterest on loans
19,769,491

Het loss for tThe year

§{ B,000,549)

1970
§ 19,956,995
8,523,004

11,433,901

18,803,280

&{ 7,360,3749)

VAR [ATION

-
i

+§ 2.231.3

=

+ 1,986,346
+ 245, 04l
+ 966,211

+$(  721,1M0)

WELLAND SECTION ~

Imcome ?
Operating expenses

5,603,153
12,543,363

§ 4,743,038

11,883,824

Net operating loss { 6,9u0,216)
Add interest on leoans 2,011,137
Het loss for the vear =( 8.4951,353)

+%  B6&0,115
s 659,541

{ 7,140,790)
1,024,326

= { 200,57u4)
+ ag6, 811

$( 8,165,11E)

+5( 786,237)

COMBINED RESULTS

$ 24,700,033

20,406,922

gl 5
Income % 27,791,535
I_-:.Q At 1r|£ Lk }','IE nges . E'.:.d
replacement provision
23,052,809
Net operating income 4,738,726
Deduct inteérest on loans
21,780,628
Het loss for the year £(17,041,902)

4,293,111

19,827,606

$(15,53u,L95)

+ 1,953,022

+$ 3,091,502

+ 2,645,887

. uu5 615

+%01,507,407)

TABLE 12

EINANCIAL REVIEW OF ST.LAWRENCE SEAWAY OPERATIONS

{sodrce: ST.LANRENCE SEAWAY AUTHORITY, ANMUAL REPDRT, 1971)




Trout 15 Poultry 21
Carp 20 Pig 24

Channel catfish 1.3 Beef catlle 2.0

TABLE 13. ANIMAL FOOD CONVERSION RATES

{piven in bs of feed/Ib of edikle FHless gainac




Source Pounds of BOD

| Ton of beans processed 20-90

| Ten of potatoes processed | 25

| Ton of corn processed 25=60

| parson 0.20/day

TABLE 14. RATES OF WASTE PRODUCTION BY SEVERAL




PRICE
PER POUND
3

ANNUAL RETURNS

PER ACRE ($) AT GIVEN

RATES (Tons/fAcre)

PRODUCT | GN

0.0&

0.07

0.08

5 20 25 30
|,500,0 2,000.0 2,500.0 3,000.0
| 00,0 2,400.0 3,000.0 | 9,600.0
2,100.0 2,800, 0 3,500.0 | 4,200.0
2,400.0 3,200.0 4,000,0 4,800.0

15. POSSIBLE ANNUAL RETURNS PER

ACRE OF ALGAE PRODUCTION

(BOERSMA, 1970
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TABLE 17. WATER TREATMENT COSTS

(REY ET AL, 18703




1965 1980
USE
ALL HEAT ELECTRICITY ALL HEAT ELECTRICITY

Residentiall 2.004 | 3,587
Commercial 2. 592 7,396
|ndustirial i7,803 31,501

TOTAL 29,809 3,238 52,574 7,991
Rati f
H:dtutg L | 6.5 I
glectricity

TABLE 18 COMPARISON OF TOTAL ELECTRICAL AND HEAT REQUIREMENTS
IN U.S.A. (Trillion BTU)

(BEALL, 1870k}

* The low-temparature users [food, textile, lumber, chemicals,rubber,
machinery) consume 20% of this total: the high-temperature users

[primary metals, storeware) also consume 20%. Paper, petroleum, con=

sume |5% but mostly supply their own; remaining 5% is various small users.




!
1943 Reykjavik 72,000 BO-128
| 9UE el foss 2,200 B0
1953 Hveragerd| B820 180
1955 Saudarkrokur 2,000 70
19614 Dlafsfjordur I,000 56
1969 Dalvik 1,000 60
1970 Husav ik 2,000 30
l I _ i

TABLE 19. ICELANDIC GEOTHERMAL HEATING SYSTEMS

SERVING MORE THAN 200 INHAB|TANTS

(MATTHIASSON, 1970




% OF TOTAL CAPITAL

i
FACTOR INVESTMENT COST (REYKJAVIK)

Heat Production

! 33
ar Collection System
Energy Distribution System &7
[+ land purchase costs)
Maintenance not included

TABLE 20. CAPITAL INVESTMENT COSTS
(TOEGA ET AL, 1970; MATTHIASSON, 1970, COQK,1871)




FACTOR % OF FINAL COST
Energy Production at Source 2l
Hain Pipeline |2
Storage &
Distribution 63
Final Cost to Consumer |30

TABLE 21. COMPUTATION OF ENERGY PRICE TO CONSUMER® IN REYKJAVIK
(PALNASOM ET AL, 1970;MATTHIASSON, 1970;C00K,1871)

A This does not include any high profit margin considerations




TABLE 22. COMPARATIVE YIELDS FROM TWO VARIETIES OF CUCUMBER

WITH OR WITHOUT CARBON DIOXIDE ENRICHMENT AT FUERTO

PENASCO, MEXICO, WINTER 1969-70%

* plant grown at a spacing af 75,000 plants per hectare.
Last harvest: 12 March 1870.

(HODGES ET AL, 1970}
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Puerts Pefascoe GCreenhouses Comparative Data for U. 5. {Acres)

APPToM. AV. Appror. A¥. zood
Kind of Marketable Yield from Yield ¥ield
Vegetable Yield/fic Greenhouses futdoors Cutdecrs

Carrots 800 bu - 380 buw EOO% Eu
Bs0 1b

Cucumbern
(European type)
Winter crop 3,000 bu - 155 buw EOO% by
248 1b
Eggplant
rl'ila!.':'u'.{"l' CEOD st L] - 160 1:_1'\: Enn B
Spring crop : b frév s 300 bu® SO0f bu
123 b
T -
Lettuce
Bibb & Leal
Winter ¢rofp 3,500 etn 3,500 ctn 360 ctn® EDD etn®
2 doz
Jkra
Winter crop 40 ton -- -- 5 tont
Feppers
Chili B4l bu -= -- --
25 1t
Fell
Winter cro| 1,200 bu == 2045 but 500 bu
o T
425 Lk
Radish
Winter crop up,000 bnc L, C bnch -- 20,000 bneh®
Jhnieh
quash
Hinter crc 55 LILL e i L D
i ST  Aaa hutids o] o 1 bu®
praing crog hgl D z
5 1l
[amato
Hinter crog HE tor O ton=m 10 e 20 ton
Spring crof 65 ton 60 tons® 10 ten 30 ton
Watersalon 5.5 ton -- 3.5 ton 6.2 ton
XFrom: Knot, James E., 1957. Handbook for Vegetable Lrowers, Johfi Wilay

&L Sons,
#fhEased on a harvest pericd of 90 days.

it increased vields due to a change in vﬁf:ETj and =

Ine., New York.

TABLE 23. VEGETABLE CROPS GROWN IN GREENHOUSES AT PUERTO
PENASCO. SONORA, MEXICO. (1968-1989)

{ JENSEM & HODGES, 10GO. JEWSEN & TERAN, 1811)




Fuerto Penasecno

s T s E .
LGreenhouses U.5. Field Crops
Cucumber
[ Eurocpean type)
I 1 B
Lelll e B | IRE  Eaf " Y
3 .! R R B T ) ], 992
£ ..".'-“' (FRa-
. P 1
- ) | = 5 20 l': b
] AR
1LA8
A o 1
= 1_I ] 5 0]
| |
L
L ; = 81 [ ‘!|. b1
- 1
- p 1 ey
N +
1k .L_.I"\.
} a3
= s = -
1 ¢ griculture, Lol Euna
....... s
)} I IT : " Jp W, PP . B S
3 P SETMLLEN A & I' r Ve HETQI e Ll LE TS, John Wiley

TABLE 24. §_IEIH|E YIELDS FROM CONMTROLLED ENVIRONMENTS IN PUERTOD
PENASCO (1968-1970), COMPARED WITH AVERAGE YIELDS
FROM FIELD CROPS IN THE U.S.. IN KILOGRAMS/HECTARE

(HODEES ET AL, 1970}




Puertoc Penasco Greenhouses

Comparative Data for U.5.

Field Crops Greenhouses
Kind of Growing Harvest Growing Harvest Growing Harvest
Vegetable Period Period Period Pericd Period Period
Carrots 70 - 0 e =g ==
Cucumber 100 B0 a0 0 -- ==
Eggplant 13g¢ 20 130 Lug = -
Lettuce 4o - 70 10 =5 Ga
{Bibb and
Leaf types)
Dkra Loa B0 118 B0 - ==
Peppers
Bell 1HE bl 155 85 -= ==
Chill 1LE Wl - == - =
Radish 30 g 30 - = .
Equash
(Zucchini) 105 6O 80 a0 =" -
Tomato Llei} B0 1u4 50 130 84
Watermelon 125 L5 120 an - ==
NOTE: Grewing periods and harvest periods depend greatly on lecal conditions.
Above field vields are based on summer data. Harvest perled - growing
pericd = no. of days to first harvest.

tEurcpean type

TABLE 25,

GROWING AND HARVEST PERIODS IN DAYS

WINTER CROPS GROWN IM GREENHOUSES AT PUERTO PENASCO,

SONORA, MEXICO.

(1968-1968)

{ JENSEM & HODGES, 1869 IEWSEN & TERAN, 1871)
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TABLE 26. GROWING AND HARVEST PERIDDS FOR SOME WINTER CRCPS GROWN
IN COMTROLLED EMVIRONMENTS AT PUERTO PENASCO (1869-1870),
COMPARED WITH AVERAGE FOR SUMMER FIELD CROPS IN U.S.,IN DAYS

(HODBES ET AL, 18703
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TABLE 27.

COST ESTIMATE, PUERTO PENASCO GREENHOUSE No2.

(HODGES L HODGE, 1871)
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TABLE 29. EFFECT OF TEMPERATURE ON FEED CONVERSI|ON

FOR SOME TYPICAL FARM ANIMALS
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01l warming systee

Soll warming loop 513,000 ,000.00
Opan camal 1,000 Q00 00
Land ($1,500.00/ha) 3,000 ,000,00
[rpigation system 1,000, 000,00
Tatal 18,000,000, 00
Evaporative cooling system
a. Intenslive systen
Cooling basins F10, o000, O¢
- § o e i o B e
<OOLINE COLLE £y LY L DR
e s ; e
1 | i 8 oLty bl g WL W RS
b. Extensive systes
: g basins ¥ U, 000,000.00
aling coil 25000 000,
§ 6,000,000.00

TABLE 31. TOTAL COSTS OF BOERSMA'S AGRICULTURAL FACILITY
(BOEREME, 1870)
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Warming system

Soil warming loop $1,165 ,400.00
Open canal g8,100.00
Land 2EH ,300.00

Irrigation system 88.100.00
Sub Total =1 ,58%5,900.00

|'1'l\..li.rl‘l"'t'_-.|' Tax {:"q,.:l 3EI|11D:U.:|-:|

fperation of the system 260, 000,00

Total 2, 185,900,.00

Evaporative coocling systern

LENSLVE SYSTEM
[ ing basar BEL, D00, O
_l‘ b l T '. v i 10T COE
£
ib Total $1,0567,200,0

peration (included above) e

Tetal 1,297,200.00
1

Extensive sysiem
pling basins 352,400.00
Cooling coils 176, 200,00
Sub Total 528,000.00

L]

Property Tax (258 120,000,000

p

Total $ E648,600.00

TABLE 32. ANNUAL COSTS OF BOERSMA'S AGRICULTURAL FACILITY
{ BOERSMA, 18710)

The amnual cesl is calcubated an Lhe Dakls of a 30-year mOfUgage

neriod and an @ per cent interesl rate (2nAUily $8A.10/51,000.00)
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FIGURE 1. ENERGY CONSUMPTION TRENDS IN THE UNITED STATES IN DETAIL

{Gaucher, 1BT1)
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FIGURE 2. REOUIRED ELECTRICITY GENERATION - CANADA
( ME.C.HATTY)
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FIGURE 4. PROJECTED ELECTRIC GENERATION BY TYPES
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(PARMER & KREMKEL, 1970}
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FIGURE 5. PROCESS HEAT-POWER PLANT EFFICIENCY

RELATIONSHIPS FOR SOME TYPICAL THERMODYNAMIC CYCLES

{BEALL, 15708}

RATI0 OF PROCESS HEAY TO ELECTRACAL DUTPUT
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FIGURE 7. COMPARA|ISON BETWEEN THE TURBOGENERATOR AND

THE MAGNETOHYDRODYNAMIC (MHD) GENERATOR  (mosa.isss)
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FIGURE 8. SCHEMATIC DIAGRAM OF STEAM ELECTRICAL GENERATION
AND COOLING SYSTEM

( PARKER & KRENKEL, 1570)
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OF PENAEID PRAWNS IN A SINGAPORE POND
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FIGURE 17 SCHEMATIC DIAGRAM OF A POSSIBLE RECYCLING APPROACH
TO CONVERTING WASTE MATERIALS INTO USEFUL FOOD STUFFS

{NIHURENY, 1 8ET )
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FIGURE 18. PROPOSED WATER RECOVERY PLANT
(GERARD & WORZEL,1857)
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FIGURE 20. SCHEMATIC DIAGRAM OF AN EVAPORATIVE COOLING SYSTEM
DESIGNED TO ALLOW COMMERCIAL USE OF THE WASTE HEAT

THE PROJECTED TEMPERATURE DECREASE |5 SUPERIMPOSED ON THE

LONGITUDINAL CRO5S SECTION. (BOERSNA, 1870)
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TREATED NATURAL WATER SUPPLY
S0Mgd, 500 ppm TDS

i

-t 150 Mpd, 500 ppm TDS

Euc:ycle

100 Mgd USERS

500 ppe i

WASTE WATER
100 Mgd, 750 ppm TDS

l

PRIMARY-SECOMDARY TREATMENT

$

65.5 Mgd FILTRATION ACTIVATED

150 ppm CARBON REMOVAL Of OREGAMICE T

[t e SLUDGE TO
EOREL LN INCINERATOR

DISTILLATION

¥
=
]
5
i
e

DEHYEEATION *

T DRY SOLIDS DISFOSAL

POWER - 6.0 MWe
HEAT - 1200 % 10° Btu/hr

Cost - 20 To 22¢/1000 gal.

FIGURE 24. WATER SUPPLY INCLUDING WATER RECLAIMED WITH DISTILLATION,

DISTILLATION TO DRYMESS (FOR CITY OF ONE MILLION)
== (BEALL, 1970a; 18708}




90kw, 2l6volt, &0cycle, D330T Caterpiller-powered

HEAT RECOVERY MUFFLER w DIESEL ENGINE| GEW, |~ ELECTRICAL POWER

S

— THERMAL EMERGY INPUT
TO DESALTING PLANT

HEATER "
| 70°F |54°F
i
l |800 1bs/hr. DRY AIR 1 -
I |
| I
I I
| |
L |
| I
| I
=== (D
| 2000 1bs/hr. DRY AlR I
| |
o | | -
= ! | g
o= I | =
=]
= ' | =
] | |
i T
| |
T e O
| 4100 Vbs/hr. DRY AIR |
| i
I I
I |
| |
| |
! 7900 lbs/hr DRY AIR |
L fead il—-——‘ | 16,000 1bs/hr
St BO°SEA WATER
AIR STREAM ‘
DISTILLED PRODUCT WATER
1000 1bs/hr

(2400 gallon/day)

FIGURE 25. HUMIDITY TYPE DESALTING PLANT
(GROH, 1970}




i Chemicals ". ==
directly 5
hgrmal Bring ¢ alt
Wasthar ’ from Polagsium Chloridef,
LLELERL Y piaiae ] - talcium Chiovide
Geothermal Stpas /] Eromine 3
and : L|1F|un tﬂnpnundl 4
Brine ofe .
3al1
Sodium
EINEY |
Electaicaty Todium Melw Ehinrine
Shel | sang
Seawatar Electralytic EE:'-'”“: sada
i - hiofine
Fuel Bil Ragnesiun L Dissociation Hydrogen
Electeicit Soda Ash Electricliy==1 products ol Hydrochioric
2 . Ehiorine $alt _ o Aoid
Gegthermal Sodium Chlgrade
Slean
Sodium = Ehlarine
Titanige Die ana lum Titanium
Electrigity Wetal
Chlgring
T~ J,a""'"‘"*-
/ -. Y
\ Mzphtha / Ethylene |

Ciude I:lll—ilI Retimery JT-IL Ciseker Illr

\R__#,xf ~\‘*h-.,_‘__‘/\-

Electricity f Acetyleme |
Cruge Qil Cracker ,.f

et Shaded aress: The presently emphasized seclors

Vimyl Chlaioide

Ethylenz fichlarida
Poly Yimyl Chloride
Chlarinated Solvents

chigrinated
Hydrocarbons

FIGURE 26. ORGANIZATION OF THE SEA CHEMICALS COMPLEX

CLINDAL, 187007
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FIGURE 28. SCHEMATIC DIAGRAM OF GAS-TURBINE AND
WASTE-HEAT BOILER (PLUS AUXILLARY BURNERS) UNIT

(DEVELOPED BY DOW CAMADA AND GEMERAL ELECTRIC TO ALLOW
RECOVERY OF 887% HEAT EMERGY RELEASED WHEN NATURAL GAS

'S BURNED (CAMADIAN CHEMICAL PROCESSING, AUG, 1871
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FIGURE 32. STREET MAIN CHANNEL3
(MATTHIASSON, 1970)




SUBSTATION BLOCK

REJECT

an” E| i
5 ‘:\\\

CONTRAL -H_'":--..i_ —l— —

| |L——~~ﬁ]

L-L.fl-L.-J\-J*-J. : IJ'_l—thu-“

3 STORAGE E 3

—
I
|
|
|
|
I
I
1

p— T |

| I
::;_cL___u_-' |
I

»

I

I

|

|

|

|

]

HEAT FROM
POWER FLANT

COOLED -—!— CONTROL

HEATED FLUID ]:} FL LD
—

A

e i prrmns SRR S

|
|
|
I
I
; |
|
|
|
|
|
|

DISTRIAUTION MWETWORK BLOCK
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FIGURE 37. IDEALIZED GROWTH CURVES FOR SEVERAL CROPS (ONTARID

DEPARTMENT OF AGRICULTURE AND FOOD - PUBLICATION 526)
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WATER IH AT 92°F
/ (40,000 - 80,000 1bs/hr.)

COMTAINER 154 |N, MESH
GALVAMIZED WIRE

AR FLOW
INDUCTED BY A
FAN AT 150,0001bs/hr,

8 FT.

PACKING 1S ASPEN FIBERS,
SPANISH MOSS, OR OTHER
ABSORBENT MATERIAL AT
PREVALING WET-BULB
TEMPERATURE

FIGURE 38

{BEALL, 19702 ORML DWG.E@-13B62; COOK, 1871}
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rRery Cidrard @f @ Thenamaghilne Alga &t High
Tomnperatures™ Sciwnee, 183 737371 p. TAS-THE,

Bastolle-Morthwest, 1987; “Power Soacior Sicing o the
Paciffe Northwesi™ Consvltand Roport fo Jonnevilia
Py Adrnindstrstion, July TOGE7

Barsll. B, J. 1971 {Maseh|: "Arid Land Agricwliurg Shaikh
up A Aripong Research™ Science; 78 (39780 p
S85-990.

Beall, 5, E. 1970: “Agricalivral and Urben LUises of Low
Temparafurg Meat™ Proceadings: Confarénce o0
Beneliclal Uses of Thermal Dugcharges, New York
Siate Departmend of Eavirdamental Conservairon.
p. TAS-201. Albany, New Fork,

Beall. 5. E. 1970 (Decambar|: “LU'ses of Waste Hear”" Pager
pregavrad ag phe Winrer Anncal Maebing. Amarican
Saciery of Mechanical Emgingars, Maw Yok

& Brlef But compeehenzive review on soveral continuing
regsarches on polential spplications of waste heal has been
peesunied. Altemnative mizes or packoges of enérgy LERE
im dlvarss reglons of the United Siaies is soggested §0 that
a large percenidge. il ot all, of tha heat fdfmally wasted
can e wiiliced with banefis. Even i waate Fear is ceed on
a mon-profit basis. i1 would still have the advaniage =]
mitigating the advarse affects of thermal pollution. Nuffsr-
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pus promiging banebiclal wses of waste heai have oceon
sumureaiizad, amd thelr engineering-Ecensmilc emplicalsons
v b discussed.

Esauchamp. B. Ba.. Ross, F. F., Whinhouwses. J. W, 1370
=TFha Thermal Ervichment of Agquatie Habilais™
Paper preseoted ot the Fifth (ntavostiomsl Water
Pollgrion Sesearch Conferdnce. Jufy-Avgusn T8I0,
Eah Framorsco.

This paper is concesnecd with pawer siation coaling weator
discharges into rivers, lakes, estuaries and Maging walers,
ard thaeir eMects on the ecology of such walery, Eighizsen
wears” work by 1w biotogists of the C.E.G.H. and |is pre-
docedsars it Ule ame summuribed, The vie of rheer walsr
wtunlly improves B guality ard capacity to support o
warkaty ol aguatkc 1ife. In Treabrwaater there would appesr (0
b Y problema, provides the temperature does nat excesd
tha sppropriate liemit Toe 1ha Fah cancarmed, with no lemdca-
rlon on tomparabife-risn. i has 10 e astaldiahed whnther
i l= justifisble vo Insiall sspensive enginoeding works 1o
resirict maximum lemoeraiures by Mes than 30°C in marine
wabers, |t will be sconomically advansagecus to discharge
& small quantity of cooling water per KWh ot a nigher
(Emporaturs than has besn the pracikca hitherto. 1§ this
discharged warm wotar is sgread out ower jhe swrface of
(e ewtuary it will esal rapidiy, no harm 1o Sish will reaul
and ihe bemthios will not b atlecood

Beckar, . C, 1269, Decomber: “The Food ad Feedrag of
Jivgnite Chimook Salman fd he Calfamfsia Reeer ar
Hardard™ Bliological Efestr of Thermal Digcharpes
Anreual Progress Report for 7564, Sarmelle N grth:
wagd, Kichiand, Waslirgriom,

Eromoch camenis of $45 young chino ak salmon taken nest
Hanfard wess geamined, They fod primarfly wpon sguatke
insects, mainly chironomids, and secondarily an 1eqrescrial
jrsecis. Bo pvidonce was found 1o suggest 1hat Pseated
eFluents discharged in midwater plumes and which rapaly
with 1hn colder river wator adwersely aflects sithar
ifngact production or feeding activity af fish, Food imako
wae magriciad In a {ew shicelinge Eraas rI?-I'.l'l.wIi'lg warm
warer wia intragravel ssepage, The suhior 1eels that thesmal
dischargn g the river, whin Waiers &re below preferred
leveds durirg spring runal, may aclually he niefit tha Figh

Ball. R. A.. Cahkill. ‘W. J.. Chisfuiz, & 5., Cowhstd, G, T..

Jakn, A, Matant J. &, Wreight, M. 1870 “"Cambiasiion
Urhan-Power Systems Ukitizing Waste Hear” Fro-
eoredings: Conderence on the Hereficiel Uses of
Thermal Disobarges. New Yok Siade  Depanment
of Envirenmental Canservalion, Albary, Mew Faork
Sentember 17-15. 1970. p. 202-213.

Benedice, B, W. 1971 May: “Fugl Cell, Jong seon 85 slec-
tricity dowien, mowes shigd ia teses’” Wall Srrear
Jawingl T, 29, My 12, 1071

Tha fuel cell s undergoiig & fenaissancs that could have
broad sconamic ard ccaldgical ssgrificancea, it's a =mall,
prveniially pollatich-free device Wil no MovIND PSS that
produces slectricily vheasgh a chemical reaction of hy-
drisgpen. Sl payEpsi. This hydrogen can come frodm many
cememan fupls — sech as nadural gas — and the Gxypgen.
frarn the alr. The first fiekd 1es1 of 3 now lower-easl vargion
of thes fusal call ks undenaay in a display hama in Farmingion,
Connecticut; 59 piber units will be 1siled cwvaer 1ha next
yuar ardd & hall In such diverse |oeatbhid 88 & Lok Angeles
drugstore, & Chicago hamburger stand and a Brooklyn
apartiment. By the ardd ol nexp yaar, 6 backess, Pratl &
Whienay diwisian o Wndped Alreraft Corp.. and 3T ges and
elecerical itilithes, Wil decide whether they will pracesd
16 eammerela) fusl-coll asrvice by 1976

Beuiama, ©. 1874 “The Pamongirainan .5, Sreel Ship
ping, Winler T3T0-7T Seaway Aaviow 2] 10-15,
Sumwer, 1971,

easton, M. D, 1971 “Decapad crusiscesn snd froh poou:
latfons in esperioremial masine ponds  receveing
freated sEwage mailer” Srecioes and Fuenciioning

[+

of Ezivarine Ecospsrems expozed 1o iraaled Sewape
Wasres: Annual Repovt 183-204, Uindversidy of Marth
Caraticg, tnstitle aof Marine Seiwoces, Chapel Hill,
Narely Caraliv,

The a8ect of sewags plant efluents on cEiudfing FC0SYSBMS
Is ifvesiigated wilth emphasis on the décapod crusiacean
anil Tiah populations, Expetiments weia conducted in six
marine ponds (3 sewbspe-anriched and 3 control ponds)
This paper doaiu chisfly with the population SIrLETure,
blomass, and growth rates of some of the decaped crusia-
ceans in the ponds, Populations and Biomass detsrminations
were accomplished for the fishes alse, The comrol ponds
comained twice as many species a3 the wasie ponds. Blue
criba affar & possibility for harvestable food from ssiuarineg
ponds racalving rraated sEwago wastes.

Bienfang, P. 1971: “Taking the Pallwtion aut of Waste Heat™
Naw Scientist and Science Jewaal ST/ FE6) 485.
457, Avgust 26, 1971,

Tha contiruEng risa inman's demand for energy Brings with
iy tha corresponding dangars of thermal pelluticn af intand
waiers, A solution |s discussed in which cold, desp acsan
water g used to neutralize ite &ffect and 18 provids a bonus
i b form of greater marine pradustivity and aguacwutiure

figge. J. G. 1968: “"Wadte Heat 1o Extond the 51 Lawrsnce
Spaway Sesson” Atomic Energy Commission of
Canede, Ropovt AECL-205 1.

Blawas. A. K. |Ediior] 1872 Proceediags’ Iaddradtiomsl
Symposinm an Maodeliing Techrigues in W aer Re-
gources Sysdeens. ¥ val, 77O B

Biorkman. & T968: "Thesmel Treament of Sewage Siedge™
Proceedings, Fourth Rmaragional Congrass of the
fnterparionsl Ragehrch Grovp on fefuse Dishosdl
BT0-551, Bauad, June 2-5, 1083,

Thormal freatmeny plays a growing rele in the disposal of
sewage shudge. |t ks used b0 pasisurize sewage for agr
cultural use. Hyglsnists recammend & \smperatire of 30
deg C for 20-25 minutes for pasteurization. Heat and pras-
sure coagulate the aalid materials conjained In slocge.
destray the ¢all walle &nd rebesss the strong binding of
sludge walss v solid materials, Trestment st 200 deg ©
ahd unider 15 -atmoaphares pressure allows mechanical
debiydrglion procasses 1o obtain residual water contant of
J3-44% . Hgat troatment |8 also spplied in several drying
processes swch as multiple hearth dryers. drying drams,
fasn drying systems or & ball dfyer. M tha sewage cannot
be wsed it can be ncinecsted and 1he smallesy possibie
residuss then dispossd of. Fluidized bed incineration and
wel inchneration are dascrilied. Liguld or dahydrated sludge
can alsg ba inclnersted in appropriate devices jointly with
good rasuls

Bjpskman, &, 1963 “Thermal Treatment of Sewage Sludpe"
Froceedings: Fouth Internativng! Congress of the
intarnational Research Group o Refvge Disposal.
Ga2-688, June 2-5. TI69. Basel.

Warking Group iz of the 41b Imternational Congriss of the
IRGR discussad famr main Bsues of sludge 1reapment
higieniration, Sslydration, dryleg, asd  ingiraration of
sewngn. The necessity for hygienkzatian desiroyving the
pathogenic germs In order that the aludge can be vied in
agriculture without any darger of infection was discusssd
Froblems concerned with use of sewage for brrigatlen vweda
slso discussed, for exssmpls groundwater pollution and
heavy metal accumialatnn in sl Thermal treaimant lor
the parpoes of delsdraring was evaluated emphasizing the
paclusion of soll pollutlon, wusing drying beds. digesiors or
chamicsl admictures as advantages. The discussion dealt
mainly with the problem of what 1reaiment should be apalied
tr the highly polluted efuent of debydration. Mulli-ues
plamis for both deying and inckneration wore desctibed,

Black, D. 5. 1368 Keynoie Addrezd. Sialogical Aspects of
Tharmal Poliotion. Proceedings; National Symp-

gium on Thermal Polturion, sponsored by the Fad-




gral Waer Palfwtlon Cowrrgd Admindstrarion, 3-9,
Vamderiilt Undversiy Press.

Bodien, 0. G, 1070 “Ar Evalvadion of Salmonid Matchery
Wastes™ L5, Deparirment of the fnterdor, Federal
Wiled Qualily Adanidigifaficn. Narthwest FHegion.
Porilapd, Sregan,

Bowrsma, L. 1970 “Warm Waer Unilrarian™ pragenisd
before the Conferenca on Bencficial Lises of Ther-
mal Discharges, New York Srete Depasrment af
Envirpamental Corservaifon, Albany, New Yook,
Semlember 17-78, 1970,

An msagracod system Tef the management of thesmal dig-
charges 1o & @team  &lecbric genarating station was
sufgasted. Thae major slaments af the systam ware: soll
warming facifities, coaling unls, précesasing plant, and
arimal reanng. A cost analysis indicsted the soonomic
ndwaniogas and himdistions: o the piopoied aydfern. Five
baslc criterla wers proposed lor propsrly selactling the
plements of a suitable sysiam fod tha banaficisl uies of
wiasls hast

Bagh, P Zamd, H, 18I0 “Tha Comral of River Heating by
Aecurgre Digirel Simrrlation’” in Envirommiemisl 45-
pecid of Nucioss Pawer Statipns. Procesdings of a
Symipagiam o the Ervirenmenial dspecis o Ao
cleay Powayr STaripas, fnrefrafionsl Afomic Energy
Ageroy v cooperaindn with Liailed States Addomic
Energy Tommiirien in New York, T0-14 Advguse,
1970, §T5.624, LAE.A,, Vieana, 1971,

The ihormodynamic behaviour of rlvers and riviir sysiens
ln corefully investbgated in Swirzariand which, 25 & cowsnary
withoul access 1o the sea, moro than moat other natlons
depends on river cooling for sconomic neclear powes gensr
atham, The answer to the goesiion of how 10 use the imibed
caoling Eapebility fto a manimum withouf harming the
Fivers @nd sist sdings s 60 uigent problam. The optamm

i@ ol the planta musl ba determined. considering the
caplling capabilig ol 1heé river, thé @vailable planl oiksd i
additian to & nembes ol sSonomic factiars. The poisibility of
combining caclng toward with river Copling sbguitas de-

rermiination of aplimism ower capacity, In order 1o ks abls
1o approach the problem with the accuracy reguired by 1hase
Imporont aconomic consbdarations, 1 was decided o pre
parg a digaasl sbmiulatian program to repraoduce thi ghaermi-
dymamic bohawiour of the rivers, The program was based
or a formalism apocially developad for this application. Tha
basic requiremont thay all basic paramaters were o be
allowed fo wary. so that the comparison betwesn measured
ard compufed river temperaferes wowld pedmil the hedt
ranafer conficierts 10 be improved, The resuliing program
wias devetopod to hawe considerable fexibility. allowing
far tributarios with wariable iefmperatuies; Savedal diMaram
tima-varying meletralogicsl conditions along & rivar, Raal
pogirces wilh tima-varighls intandify, varialls river goomacry,
girmulation of tho digparsion {lengiteding) mixing) by having
i [padily changeable s more) chamnels wath ditferant
Waler wilacitias, el The fime imtarval in vha simulagion can
b mads rather shiort (dovwn 10 kall an hour) allowing ons
1o folbow closaly che mporrant dakly temporaiens varfations.
&N tha abowe characrarsstics of the program ara necessary
1o simubate the fast-flowing rivers of Swicerlond satisfac-
torify. The pregram s described and comoutations cam-
menied on. Sample resulis are compared with the measused
natural tomperatures and it is shown how the daily (empess-
iure wariglions |due 1o dayfems heating and naight-tims
coaling] can be witd Eo adpst the heat transfor coaMiciana,
Up 19 vy prirmarily measengd in lakas, for the simulatson
of riveds,

Bowers, A, 1970: “Wharever Happened 10 Figh Faramg?™
Naw Seentisf, 48728 J80-387, London, Decem-
bar 3. 1970,

Several complex probloms have 10 be solved bofore a suit-
akle farming technigue for mark.culivre can be developed
in Great Britain, Though the great potentials of artificial sk
farmiimg Fave been well publicized, its problems and dil-
ficuliie have asldom bien sdeguately discussed, Moss af

these problems need immedisce atisntion ram the re-
saarchiors &0 that o commercially faasshla hak Tarming
L hnology can be devalopsd. Britakn, 0 order va maintain
its leadership in this fisld, will have 10 wderake an Ba-
Eefnive resasrch program.

Boyd. W. 1958 4 Sy of Possibility of A Yesr Navigs
tign an the Si Lawremss Wararway, A, D. Litle af
Canada, Lig.

Bradisy. L. “There's Gold in Them Thar BT " in Trans-
#ctions of the Thermal! Effuent informacicn Meeting.
July 8. 1970, Bovse. Idaho. p. 4757,

Brandr, D. H, 19863 “Michigan Unilites Thermal Efects
Surdeps.”” Citatiar No, 71-2T8-C303 @, #5-57, Can-
sumers Power ©ompany.

Water conbral studbss underiaken by Consumigrs Power
Company 1o delefmine the behaviouwr of the thermal dis
charge from their genoraléng stations showed that tha 8.E
Bigsrow Planl on the Kalsmaroa Rivar and the B.C. Cobb
Piarm on Cedsr Crask met Stats Wates Temparature Stand
prds, A combinad blologicsl and fEmperdIure Suivey was
canducisd At the 1, H, Camphball PIan e svalusts thse ingun
of heated waisr dischargs on the bEot of sputhessiern
Lake Michigan, with results showing no apparent gross
tharmial damage 1o the berhic fauna of the makn plumes
prea. A five-year biobogical and temperature survey, pos
sanily In its second year In cornection with the Palisades
Plant an Lake Michigan. i described

Brawn, R, E., Jones. J. & 1970: “"Theymal Losding in
Dummidrk Harbowr™ Lake Ere Eaviropmental Stodies,
Tachmical Dara Report, Mo, 5. T6 5. New Fork Stade
Limivaegiry Collegs. Fradaria

Tharmal losding dus 1o warmsd gHleents fram § powes [lant
locatad on Dumkirk harbour, sputhsst Laks Erie, has hasn
sivdied ower a 1d-monih period. To date o serioos deird
meninl pfects have besn damonstrated.

Bregman, J. |, 1REE: “Putting Wasie Mesd fn ity Mace™
Keyrofd addrass m Parker and Krenked: ch, 1,
a3-14, 1968

Bregman, J. 1. 1868 “Therma! Patluiion Control — Nawd
for Action” Thermal Pollution Spmposiwm of rhe
Coaling Tower institute Mesting, New Orieans. L.
Jeayary 30, 1868, p. 1-8

By T9B0, gne-T1h of ke tocal frash warar rurofl of ghe LS
will b wsad for cooling. The 98% of thermally-generated
glectricity that Is presently produced by fossll fusl will
decline jo 85%, and the nuciear plaris reguira 40% mare
condaensed water for & given femperafeie fids than Fosdil
fuel. The result will be larger. more cancentsatad fopds of
waste heat, which fhraaten thd Suryival af e squagic Kia
im ehe sErearms o which power planee aes locaied, The 1905
Waker Qaalicy Act has resulied im gha setiing of intersmie
waler quality standards n all stotes, with different tyoes
od waters (warm, cold, marine] and differamt uses asigned
diMarany fimils. Thoss standards will be &darced by the
staten, alded by 1he federal gowernment © nacaseary. Many
gtates hows sot siandardes Tor Infasiats areams whiech
Inchude temperafsce changes. The Tederal goverramdant Is
warking to sel an example By condnobling tharmal waiies
from nuclear reaciars oaned by the Atomic Enssgy Com-
mission. Progosed conpols include issuing ficgases Tor
cangtructian of plasite anly when thermal pellution 1§ pra
vented and providing depariment review of pending power
applicalions

Bregman. 1. |. 1971: “UVsalul Energy from Unwanied Heat™
Chemical Engraparing. 782 G3-87, New Fork
danuaiy 25, 1971,

Onoe through coaling is certainly 1ha most economicil way
of accomgHshing heat dissipation, The rosules of @ sfudy
sonducied by Federal Power Commission shew ihat about
21 staglons bn the 1.000 to 4 000 MW rangs arp capable
of being supporied by reservoirs, 24 in the 4,000 & 12000
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P range, and 8 at 12.000 MW e groater. Efficlenc, of a
cooling pond may be eressod markedly by inbrodising
a spray Enem the sysienm, Common problems connecbed with
large coollng waters includs wood deteriaratian, bialogical
fouling, the formation of deposits, carregien and scaling.
Ancthar majar problem s drift and tegging. A typical tower
with a Tlow o 250,000 gal. per minuts cparating on séa-
waber with a salinicy of 35000 pam, and a drift loss of 0.1
per cent will emii about 4,400 |b, per hour of sodium
chioride, Cosis for dey towsl rens Trom 525 15 830 par
EW, compared 10 S8 to 313 per KW for wet 1owers, Cooling
wypbar Tram & nuclear povwar plant may be panicularly sulted
1o aguacultsre. Passibilley of placing o chemical plant nex
18 & noclesr plant Appears attractive, N kb concludod thai
potentlal does palst for fuming waste hbat Bnto a dselul
Ccommoaity

Breq, J. B, Shelbourn. J. E.. Shoop, ©. T. 1869 “"Grawih
Hate and Bady Compagition of Fingerling Soeckeye
Salman, Decethyaces nevha, (n relpfien Lo FEFMEERa
fure s ration size' Jourmal. af the Flaherios Re
soured Beard of Conads: 26, 2363-2394.

frazing, E. A, Campbell, B, 5. Whitey, 3. A. 1970 "“They-
mal Blscherges and Water Quadlty In o 1,500 Acre
Aeservoir” dJowradd of e Water Pollutian Camtral
Federation. 42771 24-32. Sanvary P870. Washiag
ton. LT

Thiz ciudy repodis on 1he offects of tharmal discharges from
a 625.000-EW fossii-fusied steam-glectric plant inmo & 1.57
x 107cw m (4.5 & 10%gal| resaryalr with a mean depth of
2B m {B.2 11 The bocation s central Missourl The maost
sigaifican: atlect phaervad dufifg the ZE-maonif ~ludy Was
(emaaraturg alevatlon which averaged & dogrees to 8 da
griss C with a maximuoif diMsaancs In mean iemperiiuee
ol 10 degrees C. Dilferences in D0 wers always less than
1 megdl. Tha arsa kaated By tha thermal dischargs i ine
fiucnced by the diection of the prevailing wind. The
rofatively shallew dapth of the reservair with the wind
sfeciy minimizes with thormai stratificatian and mainaine
sudpeniich of fiss partiches Aursn# wabier mabngaing the
high lewel of ftwbldity In the tedervols, Thore was no
signilicany diffarence In living manes present in the heated
ard unbaatod areas of ihe resarygir

Brogan, T, P. 1970: "Russiang Fush Magnetohyrdrodynamic
Pawer'” Pomar: TO0-71, May 1970,

The Aussisnd ate dovelopmg a magnealyydrsdynamic power
genarating plant which will operste on natuzal gas and
devalop 75 MW, 26 MW of which will ha produced by the
geewralor and the semalnder by o Bojtoming steam plant,
I the generaior plani, known as U-25, power s reméved
via A8 shictrode pairs aleng the channel, and there are 48
imvesters which can be imssconnecend in a muftitude o
wave o pravide aperating Rexibillty. The main advantage ol
this melhod of powet generation (s its eflickency. soma 15%
abowa 1hat of tha comontional coal-fred statiand, The ap
pararl ahorcomings of the Russian plent are its low com
Eustion prassdrs and field sirength.

Brown O 1870 “Trends af Powver Gendrarion and Evpecied
Heat Dischadtget™ paper presented of the Conlerance
on Bensficial Uees of Thermal Discharges, Albany
Kew York, Seprember 17-18, 1270,

It examines the gpredsent and futuers trends in the sulpur ol
ihermal eshausts af fessil-fonl and muciesr stisam-sleciric
poweer plants, Stringent environmental guality crifesia - may
reguira abodr hall the total installed eapacity In the Lniled
States 10 use cooling ponds, owets ard lomg ocean ol
falls. This, & planned davelopmant of the power indusiry
could only overcome 1ha anbicigiated environmental crisis

Butlaw, J. 5. (ed ) 1953: &fgal Culture fram Laboratory o
Fitar Piang, Carnegre Ingtituie. Washingion, O.C.

Hisns. W, J. 1966 "Beaelicial Efecis of Warm Warer
Discharges frovn Power Planis™ Paper pregeaned
By Lowg fslamd Lighting Company a1 Seuth Eastern
Elpcirie Exchapge Prodeotion Sacéion  Meating.
Clearwarer, Fiorida, 13 p. April 22, 1963,

Jusinoss ‘Week, 1970 "Liilities put Faith in OMd Faithiul™

Businasy Waok, (2144): 50, 52, Ociober 3. 1970,
With willitbes theowghowt the Unied States trying 16 Balancs
& pavesr crisis l:ln natl an environmental o8, hea 5 0
craased interest Inogeothermal anergy. Scientists hope [t
will eveniually be possible 1o tep gecihmrmal energy any-
wihiare en sarih, Ta put 1Ris waderground heal to wark. @
shatt would ba dieg and an underground cavity blasiad inthe
reck whh & nuclear device. Water would then bs pipad into
the hot cavity, turning 1t Into an underghaund bailar. The
reauliing sieam waould rise through a shall te spin & furbine
genoratod, snd then would be codbed and returmed uncer-
groursd in & eomplately elasad eycle, Thar would minimirs
the radiatien harard: afsn ibers would be no émcks and
lle wasts haat, Geoihermal power has besn caled ~ab-
salubely pollutibon fres.”

Calrns, J. Jr., 1968: “We're in hor wargr,” Scientist and
Citizen, TOI8): 187-1596, Ocraber TIEE,

& bialagist seplaing the scokoglcal Imbalance which resuies
fram thermal discharges o sireams, lakes sad fhdal waars
arcd makas recommendathons: The aquatic sEslogy of waters
v b used % & source of coaling wabter shauld be siedied
puiengieely hefore approval of any rew sites for penerating
siatlons, and a continually Gpadaring manitoring program
should start when the plant begine cperations. A slmaler,
though more drastic approach. would be for a state ko
require all Rew A1sRm #laciris generating plants 19 inctuda
closed systam coaling towers in their design.” (Al eleceric
geEnerating plants in England are required to have cooling
fawers), Another approach would be fadersl support for
fesgadch and developmant of afbemalive DOWAET SoUrCEs
Tha author assarts, "We capnal conlinug 10 expand our
produciion of eleciric pewed with presens penersting
mnthods without causing a majar ecologlcal orisls.”

Calns, J., 198%a- “Heat ERecis Upon dhe Aguatic Envirgn-
ment” Paper pricfented at the Goversaor's Confgr-
#nce an Thasmal Palution. Julp 18, 1903, Traverse
Ciry, Mickigan. p. 27-30.

Dlschargs of heated wastewdies may oaflect the entire
suatic acosystem and, i the temperature change iz jarge
iy dastroy the capacity af the SCOSYS1EM 10 Sarae a variely
ol Bansficlal purposas. Hawevar, It is possible 19 dischargs
heated wasiewator in carpfully contraliad amounts without
spriously degrading the aguatic ecosysisms, Four alipr-
natives of the Feated wagtewater problem are: placing. ali
heated water In straams, lakes and oceass without regard
to the e¥ects; using, but not abusing, existing eCosysiems:
finding alermative ways fo dissipals o benafically use
waste heat] and modifying ecosysiems o fit the new
temparature conditions. Today the non-expandable scaleg-
ical portlon of pur Ife-duppest gyatem I3 endangered By
tha sxpanding indusirial partion, A varlety of descrintions
and views must conperate and work fogether. Jince wasies
In amounis thal are sccepiable taken one &1 a time may be
|mihal collectively, @nvironmenial managemant should be
o a regianal basis,

Calrms, J. Jr, 1860h: "The reésponse of fresh-waler prodo-
roan comimumiries 1o hesred wastewalers.”” Chigs:
peake Scienge. 10 (340 77-185. Septamber
Dacamber, 969,

The tesponss of resh-wales prataroan communiiles expasad
10 Both savore acute lemperature shocks os well as small
gradual longtenm increased are discussed. The dormer
weperiments wede carfiod out In plastic froughs with a
caneiant Pow of unfilterod ke water, Severe acula shocks
isomea 10 nesily 50°C) resulted in & marked reduction I
number af species presant, Howewer, recovory was qulte
rapid (@ matier of a lew days] once (he Temperaiurg S1rpSS
capged, Observations of the effecis of small graduat torg-
i increases wers made an thp profozosn eommunities
of the Savannah and Potomac rivers sach of which received
heated waste waler discharges. Esch af these sivdies
covered & period in excess of nine wesrs and cbservations
are st haing made, At the time the papor was prepaned
hars wWhE no gwldenca thatl indicamed the proiDFasn Com-
munities of thess rivers had been degraded by e small




gradual temperature Incroasss fasulting foom the discharge
ol hoated wastewaless, Howawer, thete W evideéncs thai
congielilive exclusion of plgs) spociog by aifae fmbare 1alerent
algal gpacies My cause qualitative sNils in tha codmmunity
glrutiurg which moy be undasirabie. It is prebabils that
aimilar ghilty oCccdr In proiozoan communites — § Tactar
wikich shauld ke considered in foiors studiey.

Cairns, J. A 1870 “Ecofopical Managoment prablams
caused by healed wasle waler discharge into the
aguatic envireament,” Water Resowrces Bualladin,
66 ) 868078, Decavithey 1970, Papaf présenbed &l
the Govaran’s Carfarance on Therma! Pollvbion,
Traverss oy, Michigan, Juiy 15 1863

DHschargs of haatod Wwasts walsd may afléct the aftire
auatic ecosystem — the ingrrlaied hislegseal, charmical,
physical, sysiom andd, IF 1 temyperaturs change is larg,
may desiroy fha capachy of ihe ecosysiom 10 sedve & variniy
al benaficial purposes. Howesar, it is possibile 1o dischargs
heaied waste waler in casafully controllad amounts wirhou
seriously degrading fhe aquaiic esoaystem. Four bashc alber-
nafkves 19 solve the heated wasiewater problems are
presenied.

Cairmd. J., Hisnghiay, P S 18369 A4 Mesources Ecalagry
Capaiuiity far the Waleiways Exparioment Siation
dad he U5, Army Carps of Eagivadrg,” LS, Lreavy
Corpga of Enginesrs Conlract Repard 0-65-1. 26 g,

Cairms. J. Jr., Koosler, B, L 1969: “Cluster Analysiz of
Fafomac River Swrvey Stations Bazed on Profo-
coar Absence Dhata.” Hydroblodogia. 34/3-£5 474
432, Drecevmber 1969,

Fawr high-water dnd e low-water limnaglegical aurvavs ol
A partian ol e Potomac Rlver were mads irom 1956 10
VEED, samples werd collecisd ar 1hrps stalkong an e&sch
girwny 1o detsrming ihe aMects of coearation of 1bm FEPCD
Dickprson Pawar Seatlan on the aguatic blota. Clustor
analyras wire made of varkowus comblinathons af Jdaccard
conficlenis elating 468 agpegetions of 647 prolozoan
species. Similarithes of aporegations of specins within &
survny wers nearly always groater than similarities amandg
apgregaibons from different surveyd. indicatirg Tinear or
along-ctrearm snwironmanial influeaces. Within-survgy §imi
laritles for the sarly and lele surveys waia uiually hsghigr

than simitarithes. within middie-yaaf sursdys. 8 posdis
Indication of anvirdnmentd] changs ot 811 sEationE, including
the oo Bubpegusng it |'|:J-|J||.|'| trpnd, Clusiesin 0

ol the 135 Eaticng, thkan uider igh-water conditions
beeloie @l aparaions bagain, with agaragations from oihior
piarveys Tor any ana scotion indicate thal 19506 may have
beearn diMagrant Toam other survays years. One  explaonation
i thml incroasad whanizaibon dpstiodm from ik POraviEr
gtation afver 1956 caumad somo enwironmenial change. Ko
chonpes in aqpumic bsotn could be pitributed 1o thenmbl
pollaition &g a dlrect rasult of aperatbon of the placiric powes
ginaraling swotion, The clustering method wsed provides o
corvoniant moans of guantitative anabysis ol limaslogloal
survey daia

Calrne, J. Jr., Paterson, A A, 1978 “The efects of heafed
wirshe walers upon microbial communities.” Vinginde
Palylectnic Inglitute. Warer Resources Research
Cenlre Bullatra Mo, 430 131142 Decombeér 1870

Rasnarch was inlilaied towards the study of e eflects of
el siress on distom popalstions, The magpe aporoach
Ivolved the dewelopment of effective ataining Wchniguns
o demonstrate physiclogical alteraiioni EHducsd By oX
posurd fo such sbhess. Prolooan $tuediss consiated o1 fhroe
categories: lesty conducted bo delsrmine the offects of a
sudden beat shack on natural protofesn communities cal-
leetedd froin Badiss of water anoungd Blacksnurg Yirginis:
vimse gl degtl cwevios canstiucied with various Individual
specins of protczoans recording both maximum survival
temperature and madian survival jemperature ofier  the
lent appllcation: and a simulatfon of tho passage of wals:
containing protoroans through the candensing cells of &
sipam eloctric ginerating powor plant. Rasulss of thia week
Endicate thal fheie Wwis na sigribcant feducticn B divarsiny

botwasn controd and exparimanal communitiogs, and 1hat
thera may be sublle differences in colonlzation rate and
ultimate maximpm papulation denslity betwesn control and
experimantal Communitiss

Camp. T. R., Rood, D, A., Shoota, B, L. 1940 Jocrnal af the
Armericen Weter Works Assorision, 32, 1813

Campall, . J., Wi, A Jr., Whitety, J. B, 1870; "“"Posci.
Bilitdis fav Benelicisl Uses of Head Waler Dischirges
e Copling Ressrvairs.” Fager prassnfod af the
Firrh Annuad Wate® Rédoprces Rapdarch Conféarence,
Fetwuary 3.4, T970, U5, Daparimpnr of [he faheriar,
Washingion, D.C. June 1570, p. 57-64.

Mofitiose Loke apd Thomas Laks in Missourl ware siedled.
Btk wese prilicisl coofing ressrvairs. Studiss Included
WRINF Qubliny, primary produclion of algae. plankicn amd
Boviom fauns snd figh, ngact of haated watst upon the
ecology of @ eesarvair will bo lesdened ag the volemns af the
rosarvair in increasad. Emplayment of & larg cosling canal
rosirlis In loss of haad io 1he aimosphoera prioe 1o deschargs
inta the reserveir. Under the conditlons axising in Thomas
Hill A=ssrvoir, na leikal afecis from hieated water infow
wore obsarved, Beanedficial a¥ects which may be deslved fram
codifralled discharge of hoated water sre: (o) Migratbon of
Fahaa may fesull in 8 bulldup of fish densities, [b) Tha
Increagsd demgity of fighes may provide an exiended harvest
I e windar pasiod, (o) Comtindied grawlh of gome fighes
may ooour dufsng the winled period. (d) An  InEreassd
produciion of commercially ralaad Bl may be posgible,
fe] The location of the powss plant might ba plamned 1o
pravids oplimal conditlons for figh hervest and for ase of
heated waber effluent in hatchery and rearbng pools

Canadian Chamicsl Frocedssing, 187Y: “Speclal Mepord on
Plart Engrgy Systems — 1.7 Canadian Chermical
Frogessing, SOy gL J1-33. Avgust. 7971,

Chapman, P. F. 1578 TEmergy  aduslion — A world
Lmdf?™ New Sciemtipn, 477201 §34-6536. Landan
Sepieimber 24, 1270,

Changda [n the power inpll b6 the cadbh will Sauke & chings
n the surface tempirpiore s dorfbved Iram Soelen-Bar-
manm's law, Thus 1he percdant changs In 1the suslace tem:
pardleng 8 foud fimel the percent changd In ke pows
anput. Ueing the value of 280° K for ihe girface temperature
It follows ihat 8 one percent riae In ihe power inpud cor
responds i 0 femperaiure rlse of 7" K. i i this affeck
which Imposes a limit on the production af shefgy or
warth. This limlt on - &nes produsction anly resrects (ha
production of enargy whi s not normally inefuded o the
warth's 1harmal equilibieium. AL the prosant ime only {=1n]
parcan] of the world'n srergy production s denyed from
nen-aqibilibrium gourcas. virmaally gl this emergy &nds up
&8 hesr. Tha global aguiilaridm will not be affecied by
eoitraciing moargy fram thea tidal, sobsr, and geatharmal
sources. To pravent thermal pothdfen of the sanhk’s g
moaphtra, thers s an urgent peed For & negaarch and
development grografm il the uiilization ol solar powar

Chigreh, B. D 1870 ~Fungel Spymibes's ofers advpntapes,”
Food enginpering: reporied in BOESMA, 1370
"Warm Water Liilizatian’™ Paper prepenied Ff he
Conderince af Beaeffeial Ueeg of Thermal O
charge. Mew York Deperrment of Environmearal
Conservatian. Afbasy, Aew Fork, Feprambar [7-
18, 1970

Churchill, &9, A, Woralhe, T, Ao 1969 TENfecis of heared
diegharges: F.V.A. erparionce. Nucloar NMewd
$3/9) 80.88, September, 959

tince 1965, TVA hag hean obierving the givaributaon
Jueams and resarveirs, of heabed waters discharges bogm
TWVA's thermal-glscirke powss plani, Dozalied DiGlegi<al
survays hawo Besr made at all of TWa's Siedm AT £ |
ancepl the Shawnen jocated on the Ohio River. No sign
Boort éFEcts on aquatic Tile hive baen found Sxcens at tha
Paradise plang on the small Gresn Biver in Kaniucky. Hars
chessvad sfaces oa fish-food organiams ndicated mEre

B



contral of maximiai Lresm empacsl 88 o Do o]
Coaling 1owers havs beon buifi hisa, At the dw  ucloal
powar planis Aoe under canatreetlion, multipart dillussrs
on the bottorm of e obd river channel in the secelving
reservoirs will provide diffeslen and rapid mixing Siream
ternneraturas will not Be allowed to ncisasa more than
10" F, nor o oxcead 33°F, at amy fims,

Civil Enginesring and Public Warks Ravow, 1871, July:
Tarwictk Freore Dosalinption — Plani: Shewn by
the Water Resowrces Bowrd,™ p. #5T.

Cona., B. W. 1070; The Ecomamig Feasibiliy of Estab-
lighing an lerigated  Faresiry Erlerprise on the
Handord Reserivation, Warhingros, Sarieie hfomo-
rigl fngritutd Ressarch Reporr, YRIZS!, 43 p. Fa-
cific-harthwesr Laboratories, Richlang, Washingren

water discharged {rom reaciors and processing plans,
temipataturs Climare, and contrglled acceas may provide
the residies 10 sustain o foresl on the Handiord Resesva-
fian, Washirgion. The regarvalion i in a deserl, wihare the
ralanive humbdity falls 1o 6%, and tho lamparaisre rises o
115 gt ans S Tried dpicids survive iR faw isclated
araan as the remans of an older origetad s@riciliure To
datarming ihe ecanamic Teasthiflity of irrjgating rees, awall-
abla lamd. waper and atmospheric fRCIGE &0 inftially
nscngand. Eatlrmaies are maede on ihi guartity o wood Sbes
which could Bo produced with & glven water guantisy
Finally, el aturng on ihe Mol Al TS IFg irrigated specing

; resa pine, Douglas B, Pogler and Sycamoni] ans
d. Irrigated omdéEmeiilals also snow consldarabila
growan. The analysis concludes that |t s ec aeEmicE
feagible tn establizh an iFfkgated cotlamwoad of SyCAMCHN
farast, providing 1ho 1Weas e mechanically harssiied awvary
& yoarg, ond the chigs sre usad in an adjacend pulp midl. et
anmual return fa eoftanwsod antd sycamizhe arp Srimated
&t §F3 .52 and #4554 por acre, Forest exiabdishinand under
those ciroumatanced is a caloulaled risk, whesa lhase B an
B35 probabitity {fal present vahie ol The SOTMMHTWOGE arber
prige woukd ba greatar than 0. and an 85% probability that
it wauld excesd O from o sycamare eRlArpLSe,

Costant, . C., 1550 Lifersdore Haviaw TAET. §Thidrsal
Pallrion-Biologicel Efecrs). Journal of the Warer
Bodfetion Contrpl Federarion. &0 (6§ 1Od7- 10537,

This arilche fevberws the leraiure of 1987 dn the Bigdoghkcal
olects of thermal polludon. Tho main 1opica aed tha bio
logical problems associsted with nuclear powar planis
wialer critaria o prelect aguatic e, DO in streams in
earraldricn whh themmal pollution. infligence of emperaierg
or aquatie life, resistance of cells 1@ Righ Tempersture.
relatiandkin. of water lemperature (o growth of some fish,
profeisncs tamperaliTes ol some fieh, constructive uses of
wenstd haal feom thermal pdwer plants

Cawlant. C. C.. 1863, “Thermal Poliwrlon — Bisdogical
ERecrs”,. Jourpal of the Water Poilution Conrnral
Fedargeon, 4T (61 FRTE-TOEN

This review sinmarizes the rosulin of the makl recent
regearch concemang His hlalogical atlects ol ghérmal polbu
tian: Sobjects coversd epeciiically include heated- dis-
charges, revisws of wmperaiure eMects, thermal rosiaTance
emperaturs Lalection, primary production. and wasia sia
blilzarion, Alsp eoverad are the efecis of samparaiue on
reqiraduciion, performance, growil, leanilng [eamditioned
rogponaa), and physicloegical poiivities, as well as synes-
gisic eflects of temperaturs ard othar pollutants.

Coutant, C, €. 1063 “Behavioe of Sonic-Tagged Chinmak
Saimon and Srealhess Trow Migesting Pasr Hand
Fard Thentsal Digcherges'”. Biologickl ENschs af
Thesmal Discharges: Ananual Progross Repovt for
Foed. Fanelte-Marthwest Labizraroriis, Richland.
Washimogion, p. 3736,

Elghty-mine chinpak walman and 279 sieelbepd sens marked
with senlt lags 16 detarming thelr pathways ol spawning
migratians as 1hay move through the warm walars sur-
rounding the Hanlord facilities. The fish woee found 1o

i

nigravs malnly I|DIIE the shorelire, principally utilizing th

i1 bank opposile the reacicrs dufing peat river fampora-
tures. Mo statistica? diffesencs was Found Bepween migration
ratas of the Lwo dpacies or betaoon rates along shorelines
inside and putside the reaciors’ thenmal influsnce. Averags
migratlion rates were studied and found 1o be distiacly
nonuslorm. The authars feel thess is data available 10
idantify the causes of anomalies B disiribution and migra-
10N rate

Caowgtant, . C. 1970 Thermal Poliviien — Siolegical
Efacis, & Aeview of the Literarura of TH53, Jowrnal
af ehe Warer Pollition Costral Fedavation, 41 (6]
TO25-TOST, June 1970,

This article révisws tha literaturs of 1963 on 1he bicioglcal
sffocts of thesenal palluiban, it sles o number of other re-
views published during 1989 dealing with temparaiins
eflecin in squntic acosystems, industrial thermal dischanges.
ated siblle respenses of organisme 16 Emparature changes
Thes masn opkes covered are 1ha blological problems giso-
Elarsd wikih Bloegeography, synangism, resistance, reproguc-
then, polymorphlsm. feading, growth, 1emperature a=lacton
physiodogy. disease, primary preduction, waste assim|lailon
and boreficlal uses, Anpther toplc covered brislly is on-alte
finld studims of binlogicsl saffects resulting fresn shermal
dischargas

Cautant, ©. C.. V870 8: “Biological Limiparions on the s
of Wasre Head In dguaculiure™. Procesdings & Tha
Coafgrence on Beneficlal Ussr of Tharmal DV
charges, New Fork State Depariment of Eaviran
mgneal Conservaticn, Afhany, New' Vork, Soprearher
TT-0E. 1970, p. FY-QT

Coitant, & 0. 1971 I970 Literatwhe Review, Water Pollu
tign, Thermal Paliuiign — Biofepica) Efects. Jour-
nal of the Water Poliction Coatrgd Federation 43
IG i 1253-1334

Erticle redlews thae IHaergtdre of 1870 on Blological Efecis
of Therrmal Palluikan bn SAgualks Efvieanments

Coutaml, T, C,, Sacker, C. D.. wnd Prentice; E- F,, 1863
Prssage of Downsirasm Mipranis, Biologicsl Efects
al Thermal Polution, &npual Pragress Repart foF
19EL. Batlelle Morthwasr Laborsiories. g, 2-71.

Juwenile chinook salmon wese confined b Vv boxes which

wnfe driftied through rescior dischargs plumes  below

Hanford on ihe Colurmbla Bleer. Mo disect or 2d heur Lateny

monalitles were inguced during spring and summer. Shofe-

jing areas aflected by [mragravel sespage of heated waler
raached lethal Sevels for chinogk, In thete ares |osses of
tant Fish during mbd-aommer aeeurred. blos) tsmpesaturs
rizes ditl nat sxcoed fhe ultimsns inciplent bethial lewel for
the species. Emigrating jwenile chinook trappad In May

{aliowing passage throisgh the warmest part of tha 1harmal

discharge plume showed mo morality equilibriem loas or

cis bulible' disease. The auihors fesl| that most emigrating
juvaniie salman are succassful in passing aroas of maximum
thermal changs a1 Hanlorg,

Sranin, L. E. Dafher, J. C., Hubast, E b 1862 "Uuaraiive
seaspng! aspecis-of reoplarikion in the Delaware
River gifuary,” Chogapeake Science. 372} 83-08,

Cialty, P, A, Feng, T.. Skrinde, B T. Ausminskl. L M
198E: Firez Mortreastern Regions! AntiPoflision
Fonderanes, Unlvgrsity of Rhode Inland,

Culata, J. b, 1988 “Evapersrion Syshed Recovers Chemi-
calg trom Pladtieg Wastes.” Water and Wasres
Enginedving. p. G-64.

Significant ddvances have bidn made in handling cyanide
and chromic scid plating waste operations by new sophls-
sieated aystemp that recowes the bulk f the wwasies by
avaparation, and naulialinge or chemically destroy only fhae
small fraction which is noq economically recoverabla. Das-
eribed are: the closs-loop system, in which a single-effoct
evaporator concentrates flow fram 1se rinse waler hatding
tank. gnd the open:docap syslem. The eirculation laog



throwgh the evaporator ks openad by creacing another leop
for ibe cyanides. The dragout solution can bo rereansd
beefoes sewering. fn economic table-analysis of this sysiem
% givan, In ijhe third sysiesn, called aptimized systam, BO-
0% ol the chramic acid narmally lost by dragout I ra-
convorad From wakts, Ihroaigh avaparation, by utilizieg waste
haat, This halps pravont tharmal podlutian aleo.

Dallalrs, E. E., 1970; “Therma! Pallitian Thread Draws
-';';;5’- Ciévil Englnegring, 40 (10 67-71. October
The thermal palbution threat will be mst by, dispading of
excess heat through cooling towers, cooling pands, or
apray pands, by upgrading power generating afficiency, by
fanaging the recaiving waters 19 reduce tha harmiul impact
el haay on water hadies snd by making use of wasie haas
Encegasn in ampecatore of the water body causes incraass
o maslaticlan, decraads A deprodective ability of fish and
other organsems, Thay becames mare sdsceptible 1o diseass
and poisoming and tsaid ability to calch food decroases,
F|1:"I:|'!I'|I:|II|I:I'!I:II|I-LI| Fludias at aaversl pawer plant sltes around
the W.5. {ound that thermal discharges had no significant
shart-derm Impsct on aguatie lile. The wss of pvaporaiive
cooling tower rather than onga-through systems increasas
the cost of gedferating powsr by about 5%. Same of the
mnse frequently heard proposals for patting 1His beat Lo
fpotd usf influde space heaging, industrial pocesges, agri-
culture, aguacultuns, water and wasie traatmaent, dosaliniza-
g, de-icing harbors, and recreation, Tempetaturs recom.
megdfaticns proposed by the Motlonal Technical Advisory
Cammiiies on witer quality standards are discussed

fda Sylva, O, P, 1963: Spstematics and fife fistory of the
graal harrstrds, Sphyrana barrsouds. | Walbawnr)
Stiedies im Trapicel Dcearography, 1o 1178, Miamd,
FiariiE

de Sylva, D, P., 1969 Thepropical congideralions af the
gffecis of hreatpd affuemEs of orafnaE Foher, Prg
ceedings Marional Spmpesiom a0 Bialegioal As-
pects of Thermal Bellution. Vendarhails, Unlvergity
Press. 228.253,

The caimples long-term efects of hested eflluents on maring
Iimbag a1 all stages ol their lives have baen described. The
iy canthidas 1hat & thareagh Irvedbgation s meceddsly
lar sach geegraghie loEatian Tor the henahicial utifization af
Fiaatagf warar, rgm tlie standpnint af akarmean as wall as
oA lE hiologists

imarca. F.. 1988: Persognal Commonication. Fisheéry
Marked News Editor, Burear of Commercial Fisfy-
pries, Chicage, Mingls.

Dimgman, 5, L. Weeks, W, F.. Yan, ¥. C., 1967, December,
Thig EMarrg af Tharmigl Pollurieah an Miver icae Can-
ditrang. T, A general method of Calevimion. Cokd
Regiong Rezearch and Enginesving Lakarsiory Ra-
search Repart 206, 35 p. Army Terrestdal Sciences
Canfer, Hamaover, New Hampshire,

An attemipt Is made 10 calculase the Pengih of the jce-lres
roach which dowvelops during the winter below o 1hsrmal
sobltion slie on a rlver. A& diflerendtial equation lod 1ha
stoady state heat balance of a volumea slemert o1 8 fiver 15
divelojed, which leads to the sxpression: X = (O sub x)
the infagral fram (T sub wal 19 (T sub we) of {$IT SUB
W1/ ) whare x is distance dewnsieeam frodm 1he pallu-
pion site 10 ke Sroas saciEon whars The wated lampoaraiure
dlaaly T aub wxl, (T sub wal @ water mpersiareg at x
equals zero, O (%) I8 e of heat loss from the wales
surface, and C sub % I8 & conatamt which Includes flow
valocity and depth, The value of % a1 T sub wx squals O
deg G is taken as tho langth of the lco-free reach. Q (%) i
thi swm of the heat losses dus to evaporation, convection
leng and short wave radiation, and oiher processes. each
of which iz evabuated by an empirical or theoretical -
piEasion, The fwo principal limitations In accurately £al-
culating downsiream lempérdture changes are retated (6
difficulyiss i svaluating the degres of lateral miking in
natiral Flvars Al (e Sorvestive and evaparalive haar
lagses under unstabls pmaspherie conditians, Obiervations

of lengifg of ice-free rmaches on 1he Mississippl Alver are
In good agresment with the calculaged valuss, Significant
partions of theé St Lawrence Seaway can be Kepl ice-free
:1_1' the inssallation ol nuckpar reactors at appropriats loca-
inns

Dingeman, 5. L., Weoks, W. F.. ¥an. ¥. C.. 1068 "ca-frae
Shipping Lanes.” Waler Resouwrcos Regsarch 4
860, 1968,

A roceml stedy by Dingmen ef al. showed that it should
be possible 1o keap significant portions of the Sakng
Lawsence Seawny opan the year round by the judicious
lecation of central station eleciric power complenes. This
wirlld save tansporation cosis of several million dallars
par yoad, It s estimated 1hat a G0 MW rescior could kasp
@ strateh @1 1he river between 11 and 16 miles (ea-Tras.
Mo study waz made of the scological affect of gech A
underiabking, hewawver,

Dingman, 5. L. Assar, A 1968, August The Efects of
Therma! Polivilon on Rlver loe Condiioas: 2. A
Sirmpiified Wethod of Calcwlation. Cofd Redgion
Resparch and Engineerimg Laborarories Research
Rggarr Mo, 206,

Equations are presanbed and sxplained Tar use in calculating
Fida1 ioss. rotes, demparanurs profiles, snd leangihs of fce
lres reaches caused in rlvers by tharmal polluticn sosrces
The e of computers is not necossany 10 sobve the sdgies-
targ, wirich are |inear funcikbons of the diferencs bHebwsan
water 1empisdklhire and alr temperaiure. Ancthos slrmale
procedury tor calculnting oot los=es is based o0 alir (6m-
peraiurn, wind speed, sclar radiathon. and gensral atmaos-
pheric condiilons

Dingman, §, L., Assur, &, 1969 b, Awguit, Thesmal Pollo-
ren Efects on River fee Comditlpng: FParr 3. A
Simpiitfied Method of Cafcolarion, L5, dsmy Cold
Regrons Research and Engineering Labarsioriss
Regearch Repord No. 206, T4 p. Hamnover., Now
Harmgsflig

This paper describes & samplifiod siigifroach 10 a8 meihod
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programs to apprafss environmantal aspocis: thus. in plan-
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The spesias studies were collected fram ibe reacior «ieem
straama &t Savannab River Planmt. Unialgal culfurss Wars
daveloped In inorgenic moedia, All (el wars conduciad
using 1he continuous Mow culture system describod by
Wadis and Harvey, Water temperatures of 23, 28, 29 and
30°C Rad no aigniticant efect an the sorpibon of 137Cs.
B5%r. B58m, 59Fe, 5T Co and 5484%n by the flamentoul grean
alga Silgaackonium lvbricum. Radionuclids cencenirationg
b gha unicaliutar distom Mavicils saminalum wese 2-5
iy Bigher ot 32°C than those ablained ol lowar MEmpens
1wras, Water lemperalures of 25, 30, 35, 20°C had no
shonificant affect an ihe soipiian af 137Cs. 859%r, 8880 and
S89Fn by the filamamous blus-grogn alga Plectonema hory
amam. Howkves, 570 cancantrations in P. boryanum de-
creased with tempareiure, and B0 concentrations bn-
cransed from 25 i 36*°C, Growth rates of M. seminulum
and P. Baryvanum werg inhibited at 32 and Z5°C. reapac
thealy, Growih of &, lubirkcum waa nat FAflusnced by 1ha
oaratues - tested, These data skow (hat nonbethal
pak i water temperature hsd ne magoe infaance o 1o
giplion of essential alements by the algas studisd
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Laboraiory &cpeil/mants an thermal alerancos, death paints
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imcluding prévious womperaiors experierscs ard noote of tids
nr smasom Al which asperimontal material wai Gathdatad

hawve questicnabls utlilty In refersnon 19 what the arganis
ray actually do In nature, Infensive Hiskd studiss with in sigu
TP S L TETB T al 1he ernviegrmenl and 1the GRS, COIM-
hined with cantinuous monithgreng, sdpecially ol tharmok
gradiomts, are needed. Fisld éavidencd dicapes thol soms
Interildal herbivords dod vedll AEjLEVTEE 10 Eha POMDETE IS
rafges from geswatss o satngs high oir omparaiures for
varying pesiods of tima, gnd (e inddsd such 2 femperatuns
rarsje may be an stolegical requirement, raither than an
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mnan. Howewar, such iemiperature reguiremeids 456 nol vl
patnblished for many orpenismE, fings MOl expefimenis
Imvalwing laboratory oulture aee of comparaiivaly shart
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Inftettion poinis whan ploited on a d=imi-lag &chba, snd lall
at higher temperaturea. The wpper fimits of sarmal taler
arsco for two apecies of copepods 1rom Chesapaaks Bay
wera Taurnd 16 b= fear (Be normal temparations of 1hes habetat
during the gummer, Acclimation 1emperature had lhe af
fuct gn he wg timaite of tharmal tolerancn. Esjuarineg
cogepods warg kb | by passags ihrough the condensers
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mortalibag. The ocperaticn of the powee plant did npt ahes
fhe sspsonal patlerns &f digtebiticn &F producieon of
aflpsring copepods
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ik 1hehinlgus, swpacially 1or amall lakss, &nd may vweell
prove to be pgually enaliclal Tor farger ones. Howessr, no
assewpment was mads al the cvarall relationship bateeen
hnat balance and ecojogy of the ek es dus fo such measures

Mintr. W, F_, Heitman, H,, Wak, W. C.. Torrell. D. T.. Mayer
o H., 1988: "Warrithans! Value of Algae growa on
Seware™. Journal af Animal Science 25 857

Hintz, H. F., T867: “Sewasge froor algss a8 4 prodaln sup
menvent far gwing,” Arimal Protin 8720 138,

Hirayama, K., Hirano, A 1970 “Influerces af high lempera-
twre and residual chilarine on maring phyioptamk -
i, Marine Biolegy. 7.205-213

Hoak, |t D, 1983 Therme! Loading of Strasms, Aqmerican
Socwely lar Teatrag Aarerials Speipl Reporr Na,
daF, i Fapey Mndusiries and Wager  Iedusrries
Waste Waldrs, (1802 ) 20-3T

Hedge, €. G., 18970, “Coaseal! Desery Studies™. in Sra® of
Envirenmental Research Labovarories, AMay 7270,
o, ahd.aTh,

Hodges, C. M., Grah, J. E. Thompson, T. L. 1965, “Solar
powerdd duehidifkcation cycls deselination & reporr
dazdd &h the Puetlo Peaaileoo polod dasalination
glent”, demernsronsl Spmposium on Water Desalina
ram; Procesdings T: J25-459.

Hodges, C. M., Jensen, 8. M., Hodge. C. D, 1970 " Waire
Heat Use in Conmfrabled-Environmen-Greaemoute™
Proceadings of the Comlefénce of he Senafcial
wses of Thermal Discharges, Mew York Stare Depart-
ment of Envirenmentsl Congerviiion, Ay, Mew
York, Sepdemibor T7-18, T97T0, p, MOS- 1 Ve,

Hodges: C, M., Hodge, C. O., 1871: “An fetegrated Sysiem
taw Providéing Fower. Water and Food far Derer
Coanig,” in Procepdings of fhe Symposianar o8
Environmentsl! Factors- m Vagelable Productian
Wazhingion Srate Universdy. Piliman, Weshamgnan
August 21, 1069, Peblisbed ia Harmied orsl Sognce
B {1k 10-16, Febrsary 1871

Hudinaga. #.. Kioka, Z.. 1966 “'Stedies on Food aod
tirewrh of Larvad Stage of @ Prawn Pevmis [apari-
ok, widh Referance [0 the Applicalion 1o Praciical
Krpss Cultvre™ Bullelin of ihe Plankion Jocisly of
Japan, 1383

Hudhaga, M., Kittaka, J_, 1887 “The Large-Scale Frodee-
tian af the Yourg Kiruma Pravs Penles lapanicus



Hate™. Bulletin of the Plankton Sacsery af Japan,
T 35,

lles, B, B, 15483 "t'u-.lmlarmg figk for food and spord in
power. Statign waters.” Mew Sciaapise, 17 220229,

lles. R, B.. T0R6E: Jowrnal of the Insfirdte for Elecirical En-
grigaring. 9, p. 246,

Inelusrinl Watar Engineering,. 1970; Special Repart: Coaling
Fowers. indusirial Warer Engineering, 7 (5): 22-53.

& special repori conslsting of several conirfbutlons s pea-
senbed. This report s divided inte e sections: (1} 10wt
section: (2] water-consumption: (37 chemical treatment;
[4) suicmatic conirdls! and (6] feld evalwation of the
towar. The use of evaporative cooling 1towers rather than
prce-through sysiems could incresse the cost of generating
pieirr by as imuch ak 5%, Cooling tewer sslection |s depend-
grit on (1) amount of cooling water, (2] entering weaisr
teimparatere, (31 beaving water temipsratene, (4) tsmperaturs
il ihe air ehisciig the lower. The pbasibility of waler réeuss
% discusred, The cosling oparaticn can be sviomated and
aulomatic contrl syitems are described, Four type:s of
i uinn exisl, el Stebm. 8 dnd land which have 6
ko taken ifMa Becaunt when iowers are considensd.

Jaske. . T.. 1860 An Independent View &f the Thenmal
Eftecis and Radigaciive Roleases from  Muclon
Flanrg, papger pragemied fa the apiversity of Manrang
gwumaf an Hydrologic Probiems, January 15, 1963,

B g,

Jasks, A, T., 1970 “fmorovad Mechods for Evalinaiion of
Thermal Discharpe Pracrices and dlrerrative Ao
trans'". Paper presenied of dhe 1230 Annual Tech-
nical Aeerting of the insidtute of Envirenmental
Sciences. Boston, April T2-76, 1570, p. 261258,

Cothaat, a deterministic siream tsmperatuss prediction sys-
tom, describes the thesmal regeme of o fives ar E8Ewary
and parmiis advance estimates of thermal effecis of im-
poundmenis, fingle thesmal planis, or an extended serigs
of thesmal and hydro installationa with averlapping efecis
en a single or regionally combined watershed. The Basic
operation i3 a two steg procass: maltiple shebl of Fonal
tramsport aysiem with adjesiabls aliccation of ines- and
intra-shell trandport, Asswming that most siresms will b
turbulent and relatively homogeneous in hydieulic Charac-
toeriatlics, the distribution of velocily coniour withim 1ha
siredrm will Be similas for widith (o depth raliod sxcosding
24, Based on this concapd, the model S&18 wup & aarss of
difference egualisng and, usng applicable budpsl mathods
based on conlinuily, itergtivaly compites the downsiraam
temparatures o 8 funclicn ol 1he npyl parameners, n s
milial opération, 1he fudimantify Ey31em wis used 10 sval
wate the manipulation ol the discharges of Grand Couloe
Dam, Deerfield River simulation, and on the upser Missis
#ip@il Rivesr Bagin fyileat with gréal 8isscass, Tha aennomilcs
@nd technology of theomally avaluaiad condangor dischanges
for agriculiural waage besr oritical examination. The study
covareng tha opeiation of 4 1000 MW tharmal statlon dis-
charging heated sffuent nto the distribwion canal system
ol Phalpe County. Mebraska, raveals that the present plant
it land i Tully atrenunted within the arror moasursmant,
plus or minug 0.5, in 25 miles of main canal. & 500 MW
mucloas plamt cowled ba sied on tha present system and tha
it attamuated ot tha rate of 9,13 dag C par mile.

Jaske, K. T, 18971 “Use of Simuizfion in the Developoet
of Reglonal Mlaps for Plant Siting amd Therrogl EF-
fugnf Mapagement”. Presenied af the Amavican
Society of Mechanical Engineers Winrer &anoer
Meeting. Washingion, D.C. Novamber I5-Decam-
berd, 1971,

Jaskn, R, T.. Kare, 8. H., Toumill, €, J., 1970; “Multiple
Purpose [ga of Therma! Condenser Discharges
Fram Large Nochear Spstams lo Svpolensent Imher-
regional  Water Supply™, Chemical Erginecring
Progross, Sympasiom Sereg 6F TA7F ) 26-39,

The multipurpose uso of canal-laks systems as coaling con-
dwits, in conjunction with other uses appears 1o offer con-
siderable advantags in the redirection of metropolitan
ROl Files aleng plarned lines. A& 1000 MW thermal sia
rign feduires the passage of from BOD to 1200 cfs of water
mrogh the condenser syslam. The flow of two ol thasa
plaris wiuld supply e entire waler Fé ndeds of 1ha citigs
of Chicaga, Log Angales, or metrapliten New York, A el
of 30 GWa, a substantial Tractian of 1R WesTEn Fam power
reguiremants through ths year 2000 could be shed oa 1he
canal system, The annual evaporatbon chargeable 1o the
thermal plant system using the canallake complox was
J0% fower than the equivalent in direct cooling towaor
copacity (452000 AF wa, 650,000 AF) annuwally, Bul the
1otal evaparation of the sysiem was considerably larger
A dubstantiblly larger canal throwghout would nat increase
1he BEpe evaporaticn |evels, and smaller systems aptimized
for thermal cooling cansls would sulffer relatively large
disadvaniagad Trom avagoraiion wnless condidered as mulfi-
purposns Tor irigalicn, pavigalion snd land devalopmant in
arkd raglons,

Jaske, B. T., Spurgoon; J. L., 1968 A Special Cage, Thasmal
Oigiral Simuterion of Waste Haar Discharges. Warar
Research, vol 2, p. FTIT-802.

The description and designs of mathematical modals for
ihe prediction of conservative and non-consardative mate-
rials in sbreams ks presented. The major emphasis {8 on the
predicibon of temperaiure changes in streams duss 10 anergy
plarits using atomic eneray. Tha hydraolic part of tha madel
is based cn similarity of furbulent low which leads 1o tha
conclusion that there is a fized relationship botwesn tha
vilumie and the surfsce area of & secilon of o unbearsal
channel. The enérgy budpet methed was used for the avalu-
ation of the mass or heat balance In 8 sectlon of ths modal.
The model considers the weather data as one of the majar
Inputs. The input dals are grouped Into three paris: (7]
weather parameters: |21 reservodr or river dimenslonal data
and (3] advected heal or material cards @p fo 9300 Indl
widual cards. The particular procedurn was doveloped for
dantity ourrenin which occur with densimetric Froude
fsifibars legs than 0,28, Tha model permiia the advection
41 heat intg any of the ingut defoed tfroughs, Twoe streams
carrying haated dischargss ware used for testing of 1he
et

Jaskg, B, T.. Tewhill, C. J.: TAa Independanr View ol ptha
Wag of Tharmal! Pawer Stanien Cosling Warer ro
Supplemant Injer-Rogional Water Supply” Paper
presanmed & the Conference on Seneficial Dises of
Therma! Dlscharges. Mew Vord Spate Dopartmomd
of Enpironmenia) Conservation. Albeny. Mew Fork
Septermbar 18, 1970, 2Ta,

dackson and Maraland, the., 1968: Costs of Large Fossll
Fual Fired Power Pladts, Sosfon Massschusedis,
April 30, T958E,

Jonsen, B, H., Hedges, T, M., 1989: “Plasrics pnd ol
Use in Vegetable Praduction in Dease Repiong of
ife Wovrld.” Paper pregemdaed & the Sch NMadtanal
Agricoftaral. Pregries  Conferense, Fort  Callins,
Coforade. Qceober 20-22, 1965, See Stalf of En-
wireameacnl Aegeareh Laboverories, May, 1970,

Jorisan, M, H., Teran, B. 8. A, 1971 "Uiss of Controlied
Environment for Vegelsble Production in Desert
Rogiors of the World,” Precesdings af e Sym
posicm om  Eavivorsrentsl  Factors ifn Vepeiable
Prodociion, Washinglon State University, Puliman,
Washinglon, Acouer 27, 1969 Publshad in Herr
Sclence, & (1) 10-T8,

Josalsson, L, Thonell, J., 1870 “Neclear Drxleipt Heating
A Snndy for the Towa of Lund.” in Eavirgnmentsl
Agpaces of Nuclesr Powar Stations, Procesdings of
# Sympasium on Enviranméntal Agpescrs of Noclear
Pawar Statlons. International Arormnis Energy dgen-
ey, United States dtomic Enecgy Commission. New
Yovk, Awgest 10-14, 1970, LAEA. Viemna. p.
587552
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Kaligr, F. B, Sowards, N, K., 1970, Capslrpinrs and Lo ide-
fines in Harpessing Nwclesr Power Plant Wasile
MHegl Transactions of the Therma! Effuents infovina.
pion Maering. Boize. idaho, July 9, 1970,

Potentinlly wseful applications of the low gréds wasls heat
produced by nuclear power planis are discussed  and
pvaluated. Constraints of goocgraphy, climaike condltions,
arid populations e considered as i is essaniial 10 faks
inip accoimt the relationship of each plant i (ts particubar
sriveronmendl. Wiklization of thérmal eflluars  hae baed
progosed for bealing greenhouses, Brigating crops, En
farming. eaeling public ponds far recraation and for heating
homes anid business buildings Recammandationd afe drawn
up ler & working prowp 18 sludy the possible aiting al a
niuckasr power plant Ta Idake with the chisctlive of ulidlzing
W BT TEsE

Eannedy, V. 5. Mibarsky, J. &, TRET: “Sidliography oa the
Ffaciy of Temperatie in the Aguatic Eneironment’
Livergidy of AMarpland. Nalura! fesources fnstifole
Camiger Mo, 3306, May 19867

KAy 1061 | Téa 50 Lawropoe Walsrway. am an
L o and widy désp roufe.” Enpinssring Jocrnel
4. BR7, dune 1951

Ebnmnn. 0. Y863 The ENeciy of Temsrpdrature and Saiinity
on Karap and Erachizh Water Animaly [ Tom
pefptins,” Decanography end AMaring Hiclogy A n

nual Faviow. 307540

Kigek. J. W., 1068 "Thermal Engrgy Consgedsation and
Sequontial Blotagical Processing Applied 10 Sewage
Lagaon Qesign,” Emnginesning Hezearch L dnfer Ne
port. Deroher 195828 p

This study incorporatad iho Tollewsig principias Inio @
rulishle snd simply coerated lagoon system: (a] thermal
enetgy comenvatian, (b sacuentlal phans processing. and
{1 wtllization of thin plastic fikms 10 ftarm channel Biarrisrn
and Beat trantler Intardaces. The legoon was deaigned on
in S-day fawsthrough-tima with approximately  ane-hall
af this period in oach of the el and pecond phaies, Phapn
| was fntmindeod 1o be prfincspally = bacierial culfure and
phass || was an alpsl eubiure followed by liiniled growth
ol orusiaceans @nd agualic Insecis. The twoe phagps are
wuperimposed to improve heat utilization and prevend poa
mature  algsl growth &nd nutriént fixatioh. Lagoon per
farmancs was noteble By [t reaiment wnifpemity through
gt the year, ranging from a fow af 758 in the fail to
high of 78.9% BOD remaval in the spring. The ksgoon wahk
elear with minlmal surdsce solids and ng odors At any
flms, Tha phats | etfioemt was o clear liguor and 1he phese
il eMusnt had o pale gresn of & diline algal culiere. Seasans
performance  was evaludied with swdies of sospended
molide reduction, depoatited solids accomulation. Eh-timn
and pH-time patterne, BOD and COD roductions. pretence
of H25 snd malecular agygen, and algal activity

Krmase, &%, dyres, AU, dorge. R C2, 19700 Ecomamics
and the Enwironmant: 4 Materials Safaoce Spproach
The Johns Waphins Presd, Batineors, Maryinnd,
128

& new praghens of redasrch has been infiated ar Resaurosd
for the Funiria. desling with the managsman; ol residuals
and &l ervironmental quality. This repael prosenis same of
(ki bisad concapis on which e pregram is besed and
pifassnls soma riew emplirical matsrial an well, (b reprasama
s afort to break out of the reditional spproach B pollugion
palicy mnd research. which 1rears alr, water. and solkd
wasies problems an aegarale categories. A Frameweods s
doveloped for idemtifying pelodty research, and soma im
portant ressgrch aress are described. The matariale balancs
canceil appiles tha spproach that all rEAGUFCEE &nipring
sha acamomy ahould be considered b3 a sirgio flow wilh
rasidials rpcyeled, roused, or added o Invenory, with
minimum wasie designated for dispoanl

Knate, J. E., 1857 [raviged 18021 Handbook for Vegerable
Growere. Johin Wilsy and Sans Inc,. Mew Tork.
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Kalllal, T. 0. 1968: "twul:rpuw;ru Drebate Needs Clanl-
n;ﬂm;ﬁ'é!mu]:n ard, 170 (&) 23-27, Aupgust
15, 1968,

Tha quanikly of heal addasd 16 tha caaling 1ovwers I8 sggan-
thally ogual to that exhauged from the turbino. This sxhbust
heat tan be reduced by modilying the baskc thermal oyche.
Each §00-psl incraase bn prossore of steam antering the
turbimg will decreass wasis hest 0.4%. IE the steam genor-
afad in the Boilor ks passed through o suparheatar the heal
refictan will be reduced by sboul 1.49% for poch S50F
added, Anather method of reducing hast Trom the tusbing
prhaust 16 10 eairact a pedtson of the gieam from warlous
poinis In the turbing &nd uge (1 10 heal witer entering the
boilgr. This can reduce haat rejection up 1o 37%, There
sanms Eo be suflicient ovidence to serjcusly guestion 93°F
a5 .a water limit, hMany plants have dischargod walss 10 rivers
at VOB F kn sumimar with o odeerse sffect on aguatic Kifs
fish have bean caught alive in 105"F water, Flsh acclimatize
to higher tsmperatures snd migrats oo and from aredd nod
to thels IRing, Tolersnce lavels wary with ditferan) tpacian
and digsolved oxygen i% abowes the minimen for figh at
tamparaisnes as high o 105 dag F

Eramar, J. W 1972 "Discussionof “Stae-of the A Waler
Gralkiry.” A dHcrssion anisidg fram the fnternations)
Sympodium on Madeling Techniquas ln Water Re-
eourcEs Shafems. Oftawa,

Krenbsl, P, &, Parcer, F. L. 19639; Slofogical AspscTs of
Thermal Pollution, Praceedings of the Nafranal
Lympagiom aa Thermal Pollvtign, Faderal Waier
Bailitton Codlra) Admindzrration, Veasderbor Dl
Fersity, Porfland, Gregon. June 3-5. 1968, Vander-
hilt Lfasverady Press. 407 p. Tha Bagi. most com
prehanies revew of the shject

Kriahnamaarthy, P N, 1970 "Methads of Effuent Candral
in Nwelssr Piantr,” Envivammenial Aspecis of M-
clear Pawer Stations. Procesdings of @ Symaesism
&n Envirpamental Aspects of Nuctear Powar Ste
fians. fnhernational diemic Energy Agency. Uiniled
Seates Aromic Emergy Commigifon, Mew Yark, 10-74
Acgust 1870, LAE.A, Viemna p 17-324

Currort methods of aMaant  control develsped o meet
srandards set in respeel of nuclesr facilities ace digcussed
Problems ralated to the controd of thermal pollutlon framm
game of thess facilitias arn alse considsred, Methods of
treatment of aolid. liquld and gssscus radioactive effluenis
prior 1o dispoaal or dispersal to the ervirgnmens are consefad
in thile review

Kunrdler, E, J_ Chestrwdt, A, F, {ediicrs) 1971: “Seructure
and Fupctioning of Estusvine Ecosysiens Exposed
to Treated Sewage Wasies." Universiy af North
Cavolime, inagiete of Marine Sciances, Chapel Rl
Apaval Reparr. Epbrugry 1871, 745 p,

Faculty and students from the University of Morth Carolina
Fnve studisd various phases of community struciure and
mestabalism of six sxperimental brackish-water pands. thres
afl which receive treated sewage wastes. and of a small
tidal cresk and ite salt marshes. Chapiers inchude produc-
thity, carbion maetabollsm, the phosphesus budget. nitrogen
arvd bacterin hateroirophy: standing crops of phytoplankren
decapod crusracaanz, fehes. meEipfauna, foraminiiess, in-
g, molluscs, and birds csledum analysis; and groswth
and reproduction of abges. The wasis ponds have develaped
into produciive, wall-inegrated. but shightly sndtable sys-
t@ms. They petfarm  soma ol the functiana af tertlary
treaiment and hold promise for production of harvestable
seafoad profein

Lafend, £ €, Lafond. K. G.. 1967 “Temperatunr Siraciure
in the lipper 240 mensrs of the Sea, ‘The New
thrust seavwerd ™, Ses Hedgepath and Gomar, 1HES,

Largem, B, J,, 1887: “The nfuenes af Water Temperatone
gnen the Life af the Doeg-Wheik. (Thats lepliius)
fGartropods: Pragobranchial”™ Journal of mimal
Ecalogy 36T 207214,




Lowes, G, Eorsvard, B, 1870 “Sprrimg up the Oceans for
Profi™, Mew Scientist, 20, Avgust 1870, p. 378,

Lawas, G, Kenward, M., 1970 "Soending the all-in-one
= pucloar diwim™, Mew Sciantist 45 (6896 p. 69, Aprrl,

& muclear povwer station = reacior and shislding, heat ax-
changers and Wwiiings = all contained within ana largn
cooling towar, dissipating the wasts heat o the @ir, I3
recormmendnd For s low cost and negligible harmal pal-
futfan of suflace waiers.

Les Sorang, 4., 1971 “What Price Power” ™ Seaway Review.
220 BY. Bpmmer, 1971,

Lindlal, B, 1970 a: “The Livg of Maturad Siream dn Dislomile
Plane™ UN, Spispaiam on the Devolopmbaf and
rfication of Geathermal Resources, Pigs, /ey,

Lindal. B.. 1970 & ""The Prodisctian al Chasmvicsly Froum
Brine and Seawater Using Georhedsmal Energy”.
LLN, Sympoesivm on the Develeprent aad Liiliraiion
af Gegibarmal Rescurces, Pisd, Jraly,

Lindnar, M. J., #edersan, W, W, 1956 “Growth, Migra-
non, Spawning amd Sire Distribwbion of Shramg,
Bnpass Sefiferud,”” Frphary Bullatin TG frour Fish-
ery Bultetin of the Figh and Wildiife Seevice, 56555,

Lendon Times, 12749 "UK, Esperiment to Freeds Fregh
Water frov Spa~, 7 July 197§, p. 2 cal, 13: 8.

& proposal by the UK, Atomic Authority and Wator Re
cources Boord to bulld & plant for axteaciing 1 mililon
gallens of fresh waler a day from the aah has Dean appraved
by the LK. Deparimant of the Envirenment. The objectives
ol the experiment afe 10 prove 1he econdmis practicabliity
al the secandsry (reazing desalination procsse,

Lol, G, 0. Ward, 1. C., 18989: "Ecenomic Cansiderslions
i Thermal Discharge @0 Streams™ in Engingering
Aspeciz of Therma! Pallution, Chapher 10, p, 3652-
207,

The economic congequonces of thermal discharge frosm
sipam-aieciric powad plants, the largest weers of cooling
wabter. are modeal moreases o cperating costs by the
downeiream ukers. I k8 observed thal ihe oparaieng cost
of recirculation cooling meraly b feducs tha (emperakune
of an inlel coaling watsr supply s gre@ss than the berefit.
The anngal sapenss © sub | in cents ped thouwsand gallons
al water circulated s given in tarms o Tha coaling towar
ingostsent par undt copacity [dellar/gpm]: r, the Interesy
rate: .o eooling 1owes service lide (years|; P, anmial propery-
weation rate: and B, the load factor, Costs of operateon ara
funcisons of A, tha cooling tange in F; C. the cyeles of
comesntration: ¥, alkcalinity of make up water; W sub &,
cost of make wp water: K. the relathe rating faecior o
capling tpwor. R, 1ho height 10 which water must be pumpad
for fBow ihrough the coaling tlewer (feel! and A. cos of
elaciric power (oants fkwhrl,  Resulte of a downsiream
prwer plant using warmer condenser wator than would
FatE=ally have been availabl® pre in decreass i votal abec
wical generation and & decreage b thermal efficiency,
hance, an increase in costs per kilgwan-hr genesated

Laf, G. O, Ward, J. C., 1870: “Econpwsics of Thermal
Diecharges™, Tadusirizl Water Enginearing. T (1)
12-18. Jamuary T8RO,

Econaimic Implicatlons of thermal discharges were axam
ined. The discharges Trom power plants and the potaniial
effeet that the discharges have o0 downsream wilsh-Unors
that i, on downstream water used for cooaling purposes,
wern dasceibed, [t was pointed out i the fteralure chat 1he
gamporaiure of water used for Sooling purposes was ofien
ol maorg significance than the composition and ehemical
quality af water. The main abjeciive was ta imFicate tha
approkimate rangs of coste invalved B complataly pre
vonting thermal dischargs: B8, by clreulating wates through
cooling towers, and 1o shew The approxsmals Costs o o
downtiream power Elant baing forced to use codling watar
containing thesmal discharges from an upatream alectric

station, The cost of cooling water recircialation included
capital costs. primarity of the cosling tewar nstallation.
and operating costs, which were the make-up water, chemi-
cals, and powes for operating fans and pumps. The cagital
costs were dependenl upsn water Tlow required. pravailing
wet bulb temperaiure of sha aif, the waler tempiraiurg
change throwgh the towet, and 1he temperatufe al waier
delivary fram the cagling tower 1o the condensar

Lef, G. O. Ward, J, £, 1970: “Econemics of Thermal
Patluiion Carmral’”. Journal of the Warer Palliiion
Conrral Federadion, 42 (121 2102-21716. December
8T,

The Increasing use of water for indusirisl cooling i ra-
quiring the electric arifity industry 10 pay mors AARErTign
t3 fhe techricsl, scosemic, and environmental faciors
ralated to heat dischargs Trom laege power plants, The paper
shows how anca-thrawgh vs. recirculatbon costs are de-
termirmd, and sxtonds thp meihod 10 the year 2000, The cost
of thedmal pollution 1o downstream casling water uaers is
algo ahvown, A discussion |5 included of the use ol nucioar
peowenr plants with tower thermal afficienciag, future grawih
of natural draft coalng towers. shilts 10ward lasgas plards
gite requirement restricticns. and 1he use of higher con
densor temperalunas,

Lowurmals, L., 1971: "MWdmare sur la srfvation dans le Golfe
di Sainf-Lavranl ef Famdnagernent oo 'Cariesay”
de Canad”, Pargoral Correspondence,

MacKentie. C. R.. Campbell, D. R., 1963 Hygioais evelie-
ran of the food fghes, tilapis melfgnoplacra ang
nlapie messambica cwitvred o sewage efTeenr
Sowrh Afriesn Medical Jowrnal 37268 (1865

Margalsl, A, 1868, “Ecalogical Correlations and the Rela
rgngiin Aerwesn Primary Productivily ard Som
munidy Serpoture’’. Primary Prodiucrion o Agquadic
Envirommenis. Memorie dell” fafitiute Iraliano ol
rdrabipiogla doft, Milen, p. 355-304.

Markowski, 5., 1988: ‘The cooling water of power siabions
= g paw facior Jn (ke @énvirenmend of mavine and
frechwater inverrebraras”. Jowrnal af Animal Ecolo
ay. 28-F43F

Barkawskl, 5., 1980 "Ohgervations an the responty of
some emilie organisms fo power station cooling
water.” Jowrnal of Animal Ecolagy. 29 F49

sariing, P A, Marchelis, J. M. 1988 "Uaing Waste Hexl
for Fish Farming' Ocean indusiry, April: 535

Manhlason, M. 1970: "Bensfeial Use of Heat in fealand™
Eaper precented af the Capfergnce on Bensficial
Uigws af Thérnral Digeharges Mew Yook State Copart
gt of Envirammenial Conservation, Seprember 18-
19, 1970, Atbany. New Fork.

In lesland, in 1970, geothermal snesgy was primarily weed
far disirice heating, greschoiss faoming. industrisl pea-
cepaing in the Dlatcemic Earth Plarnt, and slacirif [eOvnkr
gemeration. The future development (n the wriliation of
gaathenmal energy i axpacisd 10 include production of
chaemicals fram sas watar and heavy witer, Consumption
of heat energy in his form has doubled in lcoland during
the last decade. and similar trend is articipated in 1he
fuiure. The petential of gecthermal rescurces are estimatad
gt IR0 = 10 12 BTW /year, whils the to1al currant candump
tion s anly B8 x 10 12 8TU fyaar

WM.E.C.. 1871: Thernal Inputs dmio Canadien Waders ev-
ciuding the Grasl Laves Sasin, 1900-1000 AQ
Montrea! Englnsering Company, 83 p.

Merlin, H, B 1987 “Beview of 15968 Forecast af ingrailed
Noplpar Capacity T970-1885)" Aiomic Energy af
Canada, Lid. AECL 2875, April TRET,

parriman, D, 1870 a: “Does fndusirisl Caledaction Jea.
pardire the Eco-Sysiem of # Leng Tida! River?”
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in Envirgamantal dspects of Nuclesr Power Sta-
tigns, Pracecdings of a Syarperien an the Cnviron-
mental Aspocis of Mecledr Poweor Stations. inter-
relignal  Atomic  Endegy  Agency, United States
Aramic Epergy Comurugsion August T0-14ph, 1970,
Mew Fark, LAEA.. Vienna, p. BO7-533,

Tha Connecticul ¥ankes Atomic Power Company dischames
ity oPluent inle 1hi Comnecticul River st a wmporaiure of
12.4 dogron C above that of intsks and st & rate of 1400 m
ciafmmin, To deteming the effecis of “he ollusnt, the pre-
pngrative phase while the plam was boing ballt (1866- 1967}
was compared with e opirative phass [VREE-presant).
Included I this 1_'|}|‘|'|F|u|'i5|:|r1 Waro pregent ael R (11T |11
of phyzical amd chemical characierislics of 1he bower
reachas of he flvar, al the bemthic Tauna, af the populaton
dymamics of the resident fish fauns. and of ihe fish kills,
Sxlman restaration Im the river would nof ke affected by
eleclsie genmraling planis. Aives walsr was being aflectivaly
weed Tar 1 prodoction of efscerieity with mirimiam Bl
whwirpnmental disrupifon, The short mrm ocbservation tailed
o toke into mccount subile, long-jerm sffocts which ware
nat peediciable a1 that time. By 1971-1972, much maore
Imfoermation will Ba avallable o detenming the sugoogss o
rhad smmigrating past the Cormecticul Yonkeo aHlseni
bt predently, s karm (5 oubesighied by the beaotics,

Btarrienan, O, 1970 b “The Caolefacnea of a River”. Scien-
tifie Amerloan, 222 (5 47382, May 1820,

Calalacifor, acoordeng o Iha author, means o Eracual
warming process, Tha taim geems 10 have been ussd lor
i first time Tar (barmal poliutdon. 1t seems 19 ba the baiter
of the two tarma bacauss tharmal pollution seggasts ihat any
additiom af hapl o A naiural body of waler i3 abways
harmiul, The article dlscussas o recent siudy on caloniaction
carried oul oot Connecticut River. |8 was 1oend that. no
dradtie hasmiul sfacis can be {gradedn = the near fulure
digs 1o the condanser cooling waler balng discharged into
thas riwnr irom a nuciear power plam &t Haddom Neck.

Mihursky, J. A, Caoey, B, L, 186E: “Tharmal leadiog sad
fthe anudhic avargnmant. An ﬂﬂj'rﬂﬂl'.-"' 1 A s
gtarding 0 ostvaring scosylsm'. Pepmt oreseniod
al the Inlermariaaal Conderence an indusriiad Elec
franict/ Conrgl fnstramaentation, Sepigmber 810,
F955, Phitsdelphia, Pennsyivania

Miburaky, J. &, 1987 "0 Pagsibde Comstrecrive Uaes of
Thermai Addilions to Estvares”. Bigscience, 17
10 G38-703. Cetober 15967

Eiabarates the ldas of developing enfegrated systems ol
water and suilant recycking 1o conweri wasied to usalul
Tood products

mMilter, &, J.. Payne, H. R., Leckoy, M. E. Samuels, G
Flesth, B, T., Hagen, E. W, Savolalnen. & W.
1971, Jamuary: “Uses of Sisam Elgciric  Power
Plarrs e Provide Thormal Energy o Urban Arass™
s, Dopartmont of Housing and Urban Deedlop-
ment. ad Ridge Nationa! Labovalary, Oak fidpe,
Tennesses,

This sludy his shawn el with coprdaasd planmsng af
EnEchy oEnlErs andl fdw o cities, I would ba fessible o
priovelda tharimal anargy Trom sieam elociric powwer planis
16 wiban arvas, An analesls wae mado of 1980 relerantn
elty of 2B0.000 poople with a climate sinilar e har of
Philadalphia. Thesmal ensagy extracied Toom 1he lurhnes
al & genorating plant that emplayesd light wator reaciors
would be weed {ofr providing spsce heat, hat water, and
alr canditicning tor bath commaccial angd domestic oso
This wie af Fead would réduce the average heat nejeched
i ghe plants caolng water 1o B32% of that which would b
rojectad from @ singlo purpose plant, with a reduection 18
21% of st dinghe purposs plant during the perigd of
mazimwm hoal conswmapibon in ithe swemmed, & o8t Shalyiin
{or by disiribation of 1his heat was based on currant | 194638
TO1 codis sscalabed 4% per year during & 5 yiad CoNSLruciion
perbad- a 14% annubl fized-chaige dati. a6d & chargs 1o 1he
consumer For abeciricity sgual to thal which would have
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bennn incdired from & single purpose plani, Fufihar cost
astimates wire made lor sefarence ciies in cther climatic
regions. Costs were determined o be competitive. Apsnt
from prowiding low-cost thermal energy, such o schams
woould sharply reduce alr and water poliuiion,

Killor, & J,, Y963 “Space Heating in [rbaa Environments™,
Papgr prasensed af the Conference on Abundam!
FII;EH;EF;HH[]. Gallimburg, Tennesses. Avgust 36

TR

The findings of an on-going resserch o0 the panem ol
urban heat consumgtion wete summagited, Tha ressarch.
financed by the United States Daparbment of Houding and
Urban Deyalopment, conclsded that high tsmperature (300
tg 3S0°F) wasts sceamn or hot water fram the nucioar or
Forkail-funled power planty could ba quile campatitive with
the exinting sodrces of hest, even i the power plani |
nituated some 10 miles from the center of the fonsumation
arpa, Ay coaling  during Summads, gendrally 1ho most
critical pericd Por theemal pobliseon, wowld conaums 8
substantind asmbun] ol Rear, Furthar ressarch s seggetbed
for whilialiss ol low temaaraturn wasts heat

Filles, &. J. 1970 " Wasie Meat Ufilizarian ir af Linban
Area”, Papor presented ai ihe {onference on ibbe
Beneficial Uses of Waste Heal, Oskridge Mational
Laboralory, Dakridgs, Tannesies, Apref 2021, 1970,

& comgdehonslve study af 8 @) energy system with respeci
te thp light-water-enetgy requirements of a lasge urban
complox wos undsrtaken. The purposa of such a system wis
i maks maxlmurr dis & ke availabie nylural resources IS
optimirs the todal consumplon of energy B8 well as o
glieviats the warssning thermal polfution problem ol the
recoiving sireams. A cost analysis (ndicatsd ket 1he pro-
poied aysiEm was guite competitive with tha axisiing
altarnative endsgy prodoction systems that creste poliusian,

Milker, H, H,, 1870 a: “The Thermai Warar Hortimoftoral
Oemonsirabion FProjger & Springffefd, Qregea
Papar Prevamied st the Conference on Bensficial
tises of Therral Discbarpes. New Vork State De-
partmierd af Envivammenis) Consefvabion, Jeprsarbar
1716 Athany, Mew York, p. 62-68

Apgriculivral utilization of thermal effiuerts from industrial
plants and powes plants 5 being investigated, The Eugens
Watgr & Electrle Bbard s spcnaafing 4 Hald demonsiralion
project 10 stusly appllcaticns in fréat grotection, suminsr
coaling, snd irrigation of crops and pechasds. The thaemal
efupnt is supplied from a pepsr ard polp plant, Data s
being cemglled on rate and smount of water applicaikon,
atmosphetic temperature, humidity, soli maksture, sall 18m-
peratury, and crop-vield comparisons. The projsct and
methads ara described, Wirg, a division of Atamagion
IPnduatrles, ks manasging e projact.

Miitiar, W, €., 1870 "California lobsher inereste busivess-
mima, poachars”. Nattonal Fiskenman, Camden,
Maide. 59 /61 114, 224, Oetober 1970,

D, Gadargs 5. Schwmann, Tialwry Bikologist, is raiging aagtarn
fabisiers In the warm water discharged {rom tha San D'lﬂ:
Gas and Elecirle Co, pewes plant a1 Chuls Viela, Cal. T
s4a watar which has cosled tho plant’s condentels is there
by heated about Alne deglens. and it speads larval develop-
mend from 186 10 ghirty days. The bnporiance of lobsber
culture is indicated by the foct ibat the American lobater
hat khe Righast untt valos of any mMajor commercial Apecing
im ths Unked Sates and supparts (e fourih most valasblo
fiaknry im Moribh &merica

Biord, E.. 1980: “Wiarer Culfure of pendedd shrimp wsing
power-plant hasled effuent. Fish Colfune, & (67}
113-115,

McDougall. H., 1871 “Merera Make Snew Flow Like
Waier'”. Civie Adavnisrration, Séptember 1877, p.
Fd-a1,

A niudly of a new *jet-enging”” gnoe maiter installatien



MeKas, J, E., 1971: "Parentigls for Revss of Wanlawales
ia Mowrh-Central Texas"”. Waler Regources Bullapia,
T4 T4 40 Avgust 18971,

McEoluey, K. K., Brooks, M., 1959: The indastrial Coaling
Towar. Efsevier Pross, New Fork,

Mckeil, W. J., 1970 "Heatod Water in Agriculture”. Trans-
actiorns of the Therma! EMuent informadion Meehing.
Tdaty NMuclssr Emergy Convmission. July 9 Tﬂ?g.
Boize, idaho, p. 2428,

Ueitizatian of ihermal dischargos from electois powar plars
for tha devslopment of fish ferms and shellfish fasms B
discussed. Much of the current resparch i directed fovwand
binlogical studise to detarming what techrological problems
miuast e salved lor the commarcial procduciien of fogdilish
and shellfish, Expeiimenis show gheal patantinl for o
freabwater dand seawater fish Tarming, 1t will ba necessary
g6 contrel and manitgr oMleenis  Coniaknang chemicals
metals, and fadisactive Botopes 1o protect the fish and
redulls 1o date &ra ancouragmng,
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Makamnl, A. E., ®iller, D., Tokar, J. V., 1870 “Therm
un iy acd Mociear Power Sialions in the U540,
Ie Envlroamental Aspecis of Nuclear Pawer Sra-
rlons; proceedings of @ Sympoesiver an the Eaviten-
mendal Aspecis of WNechear Powed Stationt, farer-
nattomal Afoniic Energy Agenacy) Uaded SIares
Aromue Cnergy Comvmigsion, in New York, Auguil

FouTdely, 1970, LA EM., Vienna. p. 557-573.

Steamvolectric  stationd  discharging heatsd SordSongaT
ooaling wabtar inio public woladg will magily 1ha Bguatic
environment. Thare in na question thal soma changes will
poour, but the bialogical problem & 10 dotarming tha degreo
afl changss, bBoth shoer-term and lang-term, the axient of
these changes, and 1o detesming i fhary signilicanily affoct
waler uses. Pressing Biological problems are kdentified
and perded resanrch and devalogment are recommendod
Examples ol problems consbifernd are as Tollows: {1} Com:
plianca with water emperature standaeds; (20 Lack of
dufinitien of mixing 2ones: (3 Lack of approved state wiled
FIpArATLTE & rels; (47 Prediciing jemperature diElfi-
i im recoving water: (5] Assessmeni of biolegical

chpnp (6] Design of Imtake and outfall struclures 10
minimiza blolegical damage — fish protection Taciliaes:
|71 Mulsance growth of plants and algas) and (8] Sublethal
offacis of 1eemparaiure on aquatic life

Mash, C. E., 18970 “Marine Figh Favmmag ™, Marne Sollu
cion Bwiletin 1 {30 FE-J0. Fadriary ra7ro.

The British sguacwiurg proggramme (s lergely concemmed
with the upe of condepssr cooling water discharged from
coankal elacirscily genarating planis. This repressnts 8f
prcrraus yalume of aeawater with Nuctusting temaeansturs
differsntialé up 1o 10 deg. above ambient. The efects ol
tamperaiure on ghowlh are well onown, and the &im 4 0
wig the warm wabter 1o malnialn growh of poental farm
specien hrowghout the winter snd so Ffeduce The . overalbl
i feam hatching to haryest

Maylor, E., 1805: "Effects of healed sfuemis upon marnne
and estuarine ongaanma’. Advances (n Marine
Biclegy. 2 63- 103,

Mutarl. JA.. 19700 CLrilizey Waeste Hear for Lirban SyE-
e’ Tramgaciions of the Thermal Efivents In-
fareration AMeering. Idaho Nuclear Energy Carameg-
i, Jiily 9, 1970, Badve, Idabo. p. T8-230.

Consalidated Edison of New York and Wastinghouse Elec
wric Caorp. are investigating waste Reat wtiligacion in various
combinations of urban systeme and powaer plants, Sovoral
concepis which shew promisa Tof furthsr m.rd'lu.il:lpn are
gescribed such as space heating and pir conditioning for
residential and business buildings: river aeration to Im-
prove Walsr Gublily! sewags plani-power plant combination:
do-icing and do-feqging alrports and heating greenhousss.
Thoae concepta are specifically for the Mew York Argd.
Detaibed analysis will be mado 1o select 8 demongtfation
projeat.

Deean Industry. T9E9: “Japan and the Ses. Exchange Rate!
0 poawrds af Sheimp for T pound of gold™ . Deasn
fadirstew. & T2 0 43,

Cawald, W, J,. Goluaks, G, G., 1367 “Large Scale Froduc-
tion af Afgae”, Paper presented af rhe {mernational
Confevence on Single Cell Protein. Cambridge,
Massachuseiis. Ocioher 811, 1967,

It was reported thal o combination af wanm Lamparalunes
@l midtrienl supiply [sewage allluans) could gararata hkgh
viglds of algas. The algae sedved as a highly productive
lood Tar eultuea af figkag, fowis and animais, Thus, squa
culture Wil warm waier can bo profitable and could parily
Bhear the hurden of wase heat disposal costs.

Oiswald, W. J.. Houghton, C.0. TBEE: “Edikle Algse Frami
Patate Waste . Seer Boersara, L. 1970,

Pakaplll, J. V971 "Specigl Repad! an Plan! Edergy S
ey — & and 3,7 Canadiagn Chemnsal Procesging,
55 (84 34-39, Augusr 1571

Paimason, G, Zoega, J.. 1870 “Seottermal Energy De-
walfopmens & fopland TOE0-71959°, Unlred Nadlams
Symposivm on the Developmant and Urilization of
Geothermel Resowrces. Siza, faly. See Madthias-
sav, TR70.

Parker, F. L, Erorkel, P, &, (editors] 196D Engineearing
Agpects of Tharma! Pallintvon, Froceedings of ibe
Natraral! Spmiposivm on Thesaral Pallufion. Fededal
Walder Palliniion Cantral Adwministration, Vanderii
Chrivarsity. Nathwille, Tearogzes, AcpuEr F&-To0h,
1968, Vandarbill Uriversnty Prags, 1965,

Thie ek, Mokl Comgeaneniig wodk on the subjeg

Parkar, F, L., Krankel, P, A, 1988, “Spmmary and Srapus
of the Arr. Engénegring Aspacts of Thorma! Foilis
tror, Vamderditt Univarsfity Pross, Chapter 17, p
13338

fnalysds of steam-abaciric &caling didchangas far 1965
mdicates an avarsge 13F fids In Whtar Tempadatirs Sliar
pagRing Whrough the Condenkars, The amouny ol Waler
withgdrgam fod thil purposs B approsimately 42 awillien
gallons per waar, which is roughly 10% of tom! flow of
water in the WS, The aleciric generating Indusiry ia
doubiling kn mapgnluds svery 10 wanrs. We can expect that
the jhermal problems assocclated with cooling waler dis-
charges from sbeam-sleciric geseriling planms will aven
further excesed the problems from induitiinl §ourens, b
cause it appenrs that indwestrial plans have, by and Large
alrsady regched the masimum sconomically afclent klzn
The Basy efciencios fof prasent day fossidusled planis
#re About 40% and for light-&ater reactors abowt 34%. The
MHD sysiems with aingle cycles can achieve thermal af-
cinmeies of B0 B85%  which possibly coald be beosied o
60 to 7O% by uslng a blnary ccle. H 8 Birary eycle using
@ gas turbine s utllized, the thermal polldtion problem is
avolded enirely, fGnather pegtibiliey Tor cenfral staton
asneratbon of slectricity is by coatrolled thermonwclesr
weion. Of all ihe elacts of 1he increased heat 10 our Stréasmd,
pozzibly 1ha mest siriking & the indeotion of siratifed Tow
by the dischargs of thase warmed waters 1o surface siredmE,
redicing the waste-assimilative capacity @f 1hg sweam
changing 1he algal population, and causing chemical res
actians o procaed at a fasisr raie

Parigr, E. L., Krenkel, P, A, 1970: Physicel and Dnpinesring
Aspocts aof Thersral Palietion, C.8.C. Press, Clave-
Tand, Obie, 100 5

Penttand. . L., Reynoids, P, 1, Blswas, & K., 1873; “Water
Cealitg Modelling: Siere-af-the-Arn.” Faper pre-
gEared a7 the internationsl Sprmapasiam an Mathe-
magical Modelling Techaigues in Warer Resources
Syehems, Oiiawa, Camada 1873, Ta p.

Petsrson, D, E.. Jaske, R. T.. 1970 a: “"Podentisd Thermal
#facts on an axpaading power industry: Qhia River
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Bazin 1. Batlelts Memrarmal fngtifie. Cofumbus.
Ohig. Pacific Nerthwest Laboratovies,  Rrchland,
Wa:rr.i.n;mn. Fepart no. GNWL-1288. 6F p Fab-
ruary. 1970,

The average steeam wmperatures of the Qhip Rlver System
wore abmulsted for 19689, [ was estimated that the coaling
waker raguirements will egual low monthly average direct
coaling capacity of the Ohia Basin by 1980,

Patarsan, D, E Jasks, . T. 1870 b “Potentiad theroral
effect of an expanding power indusiry: Upper Mis.
sissippl Aiver Hagin', Baitelle Mamarial lestitute,
Columbus, Ohla, Pacific Navhiwest Labaralories
Richland, Washinglon. Repare pe, T405, June 1970,
104 p.

Direct cooling capacities of the main stom Mississippd River
and odght majar iributaries berwesn RBoyalben, Minnosols
and Aktan, (Hinsls Tor avarage and low fow conditians wang
simulated within @ ismpeature constraint o 5° F abowve
natural Backpgraund. Total assimilagive and dissipative capa
city of 1ha upper Mississippi Basin ranged {ram a hegh of
130 GWT 10 @ low of 48 GWT. Analyses of prajected power
growth patiems Indicate fhat the main sj8m |sas soeguals
enaling copacity B0 ac codtradatg forocasted loads through
i year 1990, except. v the 51 Paul-Minfeapalis area
Partlal recircalatary eaeling Facilicies appear 1o be 8 powsl
tis solution 8 1Fehinary Basle cooling waebar reguimsifancs
beyond the yéar 1980,

Potasgan, . E.. Jaska, B, T.. 1970 “Fronulsrioa Aodeliinmg
of Thermpl Efipend in an Irfigatian Spstem™. AEC
Resoarch and Developarens Repors, 85WL- 1277,
LET0. Paclfic Nortfwest Laborarories, Aichland
Waskingron, Jarwary 1970, 210 p.

Simulatlors of Kosifly Svirage wrier iempersiures along a
A0 miie reach af she Phaips county canal gl aauih-£amtrsl
Mebraskes were catfisgd oul by utilszeng mdyiig Maans of
hourby riglonal weather daia as [nput to e COLHEAT
computss grogam, The COLHEAT stmulation model applled
o hest budgsl 1o @ gleen section of a fiver of canal. The
walar tamperaise for & section Tw is dstermined. The
gimulateon ol the addition o @ S00% Increase in heat
tepsction 1o the canal system indicaied o large potential
pindk capabiiity for fubure sxpansion of the systam bt
nxEonsive modification ol the simulated thermal higian.
The computed rates ol lseat transfer from the canal indicats
pecerall coeflicientd s high as TOOSBTU {day] (Tt 2] (deg |
compared 1o T0D-200 BTU, (day) {1t 21 |deg F) for laies
and ponds: Meither benelits nor Habifities 10 agriculiore
resulied fram waar temperatuns modification

Philbin, T. W., Philipp, H. D. 1970 “Thenma! Effecis
Zrudies in New Tork Sgate”™ da Environoremial A s-
pecis of Nuclear Paower Statlong. Proceedings of »
Symposiem on ke Envirormental Aspects of No-
cledr Power Seagians, International Aromic Energy
Agency, Unitad Siaies Aromic Ensrgy Commizsion,
Maw Fork, 1O-T4, Awvgest 7970, LAEA. Viemaa,
g G75.88Y

Thu increasing size of moderm base-laad generating statwons
and Increasing proportion af mcledar plants have made the
affects of thermal dischirges a major factor i WS powar
smtion slte sebection, regulstory approval and Commnily
acceptance. Extarglve pea- and post-operatbonal studses of
thee lake, rheer, epupry or other cooling waler Soieica for
fhee s1atian have become an important and integral parg of
auersll power  project management, The pre-oparational
snsdiey niternpi 10 establish base-laa charsctarketion of 1he
witar sourca and to provwide data Toe 1ho design of cooling
woiar Iniake and outlél sEuciwes. The post-oporatianal
mindiss repest similar pra-oparational work to ettahlish 1ho
actiral effecis of the thasmal discharge. This papér descriliss
the thesmal afecin studies Deing carried oul in Mo York
Seate by thi member companies of ESADA. The snudies
thpmaslves penesally fall iMo twa cotegaties. Ona is the
prcdicibon ol tamperature  peobiles arcund cooling watiss
dischargas: 1hiz iz sccamplisghod by model sodles, nedial
surviys, caloulaticnal methods, and measuremani of ex-
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ining discharges that ore simikar 10 he one undsr conskdera-
gion, The principsl benefiis of this type of study have been
in providing daa for design of the acwal discharge in
compliance with state criteria, and in #stimating possibia
effecis on aquatic life. The second ca ry cavess 1ha
scalogy of the body of water 10 bo used coofirg. This
involves obiervations ol fish populations By moefting and
use al & unigus hyperfne fmhometer devies, sampling of
various Torms of olher aguatic species. and chemical and
hydrological measurements, The studses have been per-
formed pre-operationslby 81 cpecite sitns and on Sodme
exlsting discherges. The data will be used principally as
the base-lirs lar comparons with post-oparationsl survays
whi:h re wsually ropeats of the pre-opstalional acoioglcal
WO,

Flekaring, €. W, 1970 "“Caifish Farming — A Ben=ficial
tze of Wasfe Meal™', Propasdings of the Canferencs
on the Barefcisd Ueps of Thermal Discharges. Maw
York Stare Deparrmand of Environmental Cangerva-
tior. Septamibar TT-18. TOF0. 4lbany. MNew Yok
o, 4-50.

Pihay, F. 2., 1883 “Warer for A1, Secramenta, Califermia,
Movember 1963, See: Javke and Tenkill, 170

Proffice, M. &, 1970 "4 View of ihe problerm of thermal
poliutian. with gpecial reference o the White River
in Iedlare™. The Environmental Chelfengs af fhe
70z, fastigcre of Envirpnmentel Sciences, Sivfesnth
Anavsl Techeical AMeeting. Aperl 12-T&. 1970,
Boston, Massechuselis, p. 258-760.

Based o5 8 Sovenr siody of the esotymam of the Whits
Aives, it b concluded that eMectd of fhagrmal giuents from
pover plant instailations have Beam minimal. Thers (8 #g
wvidemca to supporl the Tesrs af thermal palimtbor Tem:
poralery standards can e developed which will pasmit
gconomic coalting by industry and still protect the fishes
and man's other s Of 1hass Water resoUrces

Pruden, F. W. ‘Wardlaw, B, L, Baxier. D, €., Qrr, J. L
{954: A Siudy of Wintertime Heal Losses From &
Water Surface and of Hea! Coagervation and Heat
Additipn rp Combat fce Farmagion in ihe S
Lawremca Siver, Natioad) Research Cowncil  of
Cangds, Fapoyt oo, AMd-42. Orrawa, 30 June, 1854,

Puflar, &, J.. 1871 “Ecatechnics”’. Tiw Ecofogisr, T 713
Fr-32 Jwiy 1871,

Rabanal, H. B, 1970: “Agracuiiveal Dewvelopment and
Bublic Health”, Factures Biglegigees o Auto-fpu-
vation, Cellpgue international @' Oedanograptie Meé-
dicale, Quarrigme. Naples, Qetober 2-5, 1989,

There &ré certaln public healih problems associatad with
aquatuliural development. Environmental changes Braugnt
plraul by Empoundmient af ewmuarkne and cosdtal areas may
regult in Increased hazards of water-barre dinsases. Sewags
eMuants and animal manures as fertilizers for aquaculture,
tha uptake and sccumulation of pesticide msidees, Indus-
irial byproducts, sadicactive wastes ard ather pollutants
and the danged af saring contaminated fish or shalllish
gronen in polluted water are 8l dargess 1o be condidered.

Ralsten, O. B, 1070 “inilization of kot grousd water in
Elemrare and Owpben couvnties. Idabe’'. Transgcticns
of the Thermal Efuants infarmatian Meatiag, Idaka
Suclear Emergy Commissian. July 9. 1870, Boise,
idaha,

Thie uae of hot ground wates from thermal springs Ard wells
in Etmors and Owyhies Countles in southern ldabe is re
counied. Residents 158 the heated wates dar greanhouses,
domestic home hedating, public swimming peals, and irigs-
flon of cropd, Agriculural usage Is e miost dominant
Wall waters range in temperature from 90° 1o 180°F. Tha
probisme asscciated with the wuse of these het waters Tor
iffigatian of crops and tha solutions applied by ldaho
larviers are prevented. |t ia suggested thal thase areas
oMér opportunities for fiold studies inte the utliization of
thiarmal effluenis,
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b Groat Britain, muech progress has bean mads during tha
tast five years in dewelaping the techniques of hatching
plaica in quantity. angd o determing tha feasibility of
rearing linh to madkatabla gize. 11 has been possibie 1o
eslabiish the viatdlivy of the lamer, while the former wowld
requite  fudiher investipalions 10 soive several comples
prablems
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Epecies in s Portion of the Peromas River.” Hydro:
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Limnodogical surveys ol § partion of the Potomac River
were made fram 1956 e 1965 o datermine the alects of
aperatian of 1he FEPCD Dickerson Power Station an fhe
aquatic bisa, Sampled wera collected at three gLaticna on
wach al four high-water and six low-woler Suvays, Clustar
snalyies wera made of warsous combination of Jaccard
coaficientz relating 50 aggregations of 370 insect speches.
Similarities of aggropations of species within a survey were
im all ehses greator than similarities among agoragations
froem difforent sureoys, Indicating relatively strang within:
yest of along-stream environmental infleences.  Clusters
ol apgregations from middle-yesr surveys shiow o gredaled
shmiixrity io sach other than s the sarlier or later survays
possibly Indicating envitonmental changa at all staticns,
including the control. The marked disskmitarivy o aggroga-
tipns from the last sureey o all others sugoests Dhmsc
change in the rivesr, Dne sxplanation s that incressed
urbanization upstream from ihe power station afier 1956
caused sorme ervisgrmental changs. Mo changes in aguatic
bicts can ba aitribied 1o theemal loading as o ditect resul
ol eperation of the aleciric power generating station.
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Thig papsr analyees the case far and againet matropoditan
siting of nuclear plants, using as & model the New York

City-aria, The pcamdmis bonefils of peoximily 10 losd cenira
are axplofed with regpecy o ransmikeicn o0sis and bo
ppporiuniting Tor waste-lear wilizaticn in urban areas. The
rolative savironmmental impact of mnuclear and fossil-fool
plants ara evaluated. 1t s thesse considesations which will
be assessed Inoa given society. The paper notes thal the
benefits are discounted by residents of & smeropeditan
aren becauss ihe obvidgus pér capiles benshis are amall, By
contrast, retidents af smaller aur-of-Cily |OCATDAE percano
conatructicn and aparation of a plant as vielding large, and
langible degnomic gaing (ihrough wklhy tax paymens. jobs
ali b, This kas obvious ramilicatbon for relative public ng-
coplance, The paper sxploves how a mebropolitan siis
presenis unique advaniages and dissdvanisges with rag-
peot 10 geolegical, metearclogical and hydiological ceiteria
for sitimg nclear plants. For exampla, Iafge cities thrgugh-
opuf history have tended to be lecaled an navigabla walens,
This has ramificaticns Par coaling water availability and for
dispossl of radisactive wWasls,
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The possibiility ol reguiating environmenial EmperanEs
within greenhouses and pouliry-housed By use ol o
tamparature (bolow 100°F) waste heat bt Denver, Calarado.
wah discussed, Cheap evaporative coolar-heaters conld b
gnd lor haating during winter saasons, and coaling during
gumimars to masimize the producthon of vegotsbles and
poai by,
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A Jdphns Hopkina Wniversity cosancgraghar disputed the
baliet that discharges of warm water from the $38T millian
Calvert Clifle nuclear povesd plamt would have adyeiis
sffecis an maring e, Dr. James H, Carpenier aaid he
baved his opinion on a study af the first year's operation
of & plant in Mew Jersey whers the discharged wiltar reached
03 degress, 2 degrees higher than would be permitted ot
the Calvirt Clifs plant being constructed by the Baltimara
Gas & Elactric Campeny,

&chumann, G. 0., 1870: “Hot Water Used in Harchery™
Air dod Water Mews. vel, 4 no. 19 My 11, 1870,

Warm water fram a San Diego Gas & Elécires cooling watar
autfall is being successlully used 1o hatch and raise fish,
ichatae and shrimp, Commarclal applications will begin
sean, Or, Goorge 0. Schumann, a bislogist at San Disgo
Sate Collepe and president of Mariculigs Research Carp..
which has been condueling the exparsmants. plans 1o divert
samn of the utility's hot water effluent 1o a S0.scre =501 pond
giocked with BOD.O0D shrimp, The pend is simated nesr the
picwor plant discharge canal, & supplémentary fesd will b
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rieeded 16 rarsn the shrimp, whach will e harvesiad in :lh-qul.
& year, Dr. Schumann also belives 1hat lobsier can b rapid-
Iy maered in the warm waler. Mormal four-to-seven-year
madurity, b says, may e cul 1o Iwo.
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Enmoy Oweypen Reguireménis in Bialogicar Deids:
tion. " Jdowrmal af the Water Polluison Conrral Ad:
miristragion. S0 PPN HET,

The treafment 6 wasbes dapandant on blological sxidatbon
POCE TR which, B i, ik aftocied by amp-aralisa I s
shawn that temparatunn acclimatnd biological grawih ghauld
be esfablshed 6 thal emperatures indeced changes con
be medgtured falaably

Shiracy, M. AL, 19700 ThermoelEcinig ganorsors  powersd
by Fherma! Waste Fiam Efesiic  Fower Planis
Federal Water Quality Adnopinizerarian. 1 ater Pol
heffon Contind Redgarch sanas 10730, Semternbar
970, Presdmted af the LE.C.ELC. Energy 70 Lon
ferance, Lad Veges, Nevada. Seprembar 1870, p. 27

A erogaflow tvpe hieat oxchanger with ibe plate fin guslsce
geamalry H describod. The plate separalng the hat Pald
fram e colbd Pauld contabng the thermoelsstric wne, EQua-
ward Tor calculating carvective hesl ansder conficienis
ihe fricilon powor cxiended per sinil wurlEce area and the
maEimum convershan aficiendy are dascribed, The alloys
congbdered b this stisdy wess BiZTed - Bi2Sed in typel
and Bi2Te - Sb2Te 3 (g tvpal. Whils conduciing the latenl
hioat from the condensing Fleam 19 the cooling waier, the
Ccouplas comved! 8 peslhon af fhig heal 1o aleotricity A second
soierce of wabkle keal 16§ comvemional fassil-fusled slactrie
pawer-pleng 1% 1the hot stack gases relpased inma the at-
menaphers, Ancther sousce s hot echapst gases from & gas
turbie slsem e povwe sysiem, Condenser perfonmsnds st
are prasentad in three separate tables, Power penaratéed
Increasns with twhine back pressude. & capital S04 asbmats
far thees plate madele thickness of Q0% 00D &t 505 inch
arw pstimaied st SE260, S9BED akd 43720 pad kW, res.
poctively, Aatio ol the codl ol thermcalsceric 1o stream
elecirbc generation incragiad with plata thicknass and Is as
high as 14 for & plate thicknass of 0,08 inch. it is un
econcmileal. o1 the presant time, o use thermoeslacisic
dawicey 1o ganarate alscmicily Troom wasis hest,

Ciohodkin, L. 8. 1980 “Ecofogival Erergr Reldipnsfips
ar rhe Popudation Level". Amevican Natwratiin 94
213-2386.

Smirhers, Do, 1971 "Summer srow ol ity Plowes harni-
fud waren inro el Oniawa™, The Ottawa Citiden,
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Southar, J. G, Halstead, E. C., 1963 “"Aieera) @od Ther-
mal Waters of Canada”. Inessaiional Geological
Coangiedd, Raparr af the 230d Session. Crechosio
vakia, 1968, Procesdings of Sympoasivm i, Mirerad
wad Therma! Warerg of the World, B-Oversess
LA T Tt T

& roview of Canadian Tharmal Water Resources
Epiewak, 1. 1969 “investigatien of the Feesibiliey of
Purifying Municipal Waste Waler by Distitlation™.

ake Aatipan! Labovatary Repord ORNL-TH-
2847, Dadvigdge, Tennessee. April T8GH.

18

The report focuses upon the technical and ecoromic
fessibility of applying the distiflatian process fer deminesal-
ization ol manicipal waste watdarg. Principal applicstiens
ol the maethod wiuld be for improving the guality of effeents
redeased from ireatment plans 1o recolving stroame, and 10
supplement woler supply requirements in wrbén COMmiE-
nities. This invesiigation Is one of a serigs sponsored Dy
HUD 1o determine the feasibility of nuclear power plants
Tor the prpyision &6F bw coil thermal énaegy 10 urban areas.
Distillmean kag ree potentisl roles n municipal waspe
Waatmenl, ondé §% o means of purifying waste water for
rogss ared second as a step in the ultimals disposal of
sollds, The wchrical problems of waste water @istillation,
gescribied in the lijorature, are summariced. O SFIMates
are given for 8 numbaer af poasible syslesnd viing diillation
to freat eBluent from a city of 1 million populatlon, The
arnlysis indicates 1hat, alchopgh pdvanced wasia treatments
may incresta the copl ol sowage processing by {actors of
up to four fimes, the ovarall cost of water supply and trest-
manl nesd ot b increased ower about BO%. Distillatkan
appoars o0 be a promising mathod of wasis {reabmant
althowgh mothods of contralling fube Fowbing dand distiiiais
gualliy remain 19 be developsd, Ebecirodialyris, raverse
osmosis, Treozing and Mn-Exchaings aré §las discussad

sl of EAL. 1970 The Developmant of a Zystem far
thie Praduetion of Pawer, Waisr and Food in Costal
Dpaas Areas and e Development of a Large Fcala
Coprsgifed-Environmsment Besearch Facifity far Age-
ruftvre Productian, Propress Regod! 0 fhe Rocks-
taller Foundarian, Environmerdal Regsarch Labore-
tories, Tostituie of Aimgspharde Phpsres: Linfversoy
of Arizong, Tecson, Aritona. 10F g,

Sia# of E.ALL., 1970-71: Aspual Feport Emvironmental
Resewnclr Labargrary. Dpivarpiry of Anrone ang phe
Arid Land's Réaeareh Candys, Abw Dhabi. 58 p.

Sesasnn. B 1970: “MHear Wasie®, Sea Frontlers: FE £330
I52. 163 May-Jumpe 1970,

Feorida Power and Light Cofmpany s sarstructing & com
bination convertipnal Jin opErgtbam) &nd mucisar fdndes
canstucibon) eleciric pewerplant a1 Turey Point on the
souibwesierm shorsling af Biscayns Baw. This area is of
wpacial Imarest dinea 1 fa the first neclear powes plant
unibar conktruciban & iropical ar near fropical aseh. N
was abservsd tha emperaturs at the efffuent canal exism
pveraging B deg 13 11 deg F above bay ambient amd 1he
tharmal plume position |s persistent. Sigrifzan damago
of hotlam vegetations was cbserved, Many coaling mathods
wire discussed, Due 1o the buge size of plans, huerlcans
fores winds and deift problem, o estlsfactory cooding
method can be achleved, The guthor supgesied that whale
population controd or popelatian density controd should ba
done Before we can sblve 18 problam aof incraasing power
demands

Swavens. D, B, Saiyendra. P.. 1870 "Tharegl Pollintron:
Couse effects and solvtions’”, New York Srade
Depariment of Health Wenogranh 16

Thermal paltutian can be mduced by Improving tharmal
afficloneies of powar plants, by evaporative af ROGEVADOTA:
tive cooling. or by generating elactricity by matheds that
di net use steam cycles, such as thermo-slegiric, thermionic
o magnoto-hydrodynamic gensration,  Impresement of
tharmal eficlencles, as a methad sf thermal podlution wn-
trol, s limiled by the condenisr prassure and ambier
temperatare of cooling water, Evaporative cooling fa the
most cofdan malkod af redocing thermal pollution . at
prasart, Morg progress should be made toward utifization
ol wasre haal which might be vsed far sguacullore, fo
beat higuses (3% houses In loelend are hasied by geothesmic
wialls) or 1o hant greechousss in Grder o extend the growing
RSO,

Siewnrt, A, Bioraseon, &, 1980 “Beneficial Uses of Ther
mal  Diacharge’, from Adiverddsck  Conference
sponsored by Industrial Scieaces and Technology.
KNew York State Department of Commerce ard thi
Atmospheric Scignces Rezearch Center, Statn Liny-




;;r:llr of New Tork, Aleny, Ocrober 14-17. 1965,
T g,

This artichs iz the swmanary of the Adwondachk conferenco
and deals with prasant and fubure wies ol hel sater and low
grads ataam, i lceland geotharmal descharges ann being
il Tor space heating, procBssing. Industry, swimmeng
pols @nd ather sporting facilities, This leelandic fish culiure
dusigrad to rakee snbmsoriaids o release-slze In eighi manihs
inspsad of the noemal growth poriod of two years, uses the
penthermal dischasgs 10 malmiain the proper femperaiure
rangs [0-12°Cl. Q1 greater economic significance is 1he
e af tha a1esm Tor Troeze-drying. A freeoe-dried produc
weoighs abaet 10-30% of s original weight and may b
stivetd B years. Te freaze 1kg/fish akes 105 EWh 50
digchasge from 1000 MW plant containg sullicient haal o
fresde-diy 200 1ons of fish per hour. & T000 MW reacios
could heat a 500 acre greenhouse 1sm (edeptively haore
roftal cooiing towers) producing $12 millian S year in crops

Subrahmanyam, C. B. Dppenheemer, €, H., 1868 “Food
Proferegce and Groweh of Grooved Penadid
Sheimp’’. Procoedingd of the Symposivm an Food
and [rugs fram the Sea. Universdy of Bhoede dsland,
Eingstan, B0, Auvgusr 1965,

Saitton, A, H. NMain, G.. Ronald, &, TE68: “A&n ieilvamant
fgw Ceuraring e Layvae of the Frawn, Paladowan
Sarratvg, amd phe Brine Sheimp. Aflemg SEfong .
Laborarory Praciice 18 f41 473

Swiglur, J, €, 1970; “Problems and Qppoviumitios i Waste
MHoar Dizposal” in Proceadings of the Conference
o the Beneficial Uses of Thormal Discharge. New
Fork Stare Depariment of Environmendal Conserva
tion. Sepiember 17-18. 1970, Albany, New Kok,
g 132- 138,

Tamidyn., H.. Sasa. T.. Nihel, T.. Jshibashi, 5., 1955 "EMacr
of variation of day deagih, day and night tempers-
fre, and mrersity of deplight opon the growth of
Chiarelfa”. Transactions of o Conferdfce on he
Wae of Sofar Energy. The Scientific Basia, Vol, TV,
Phorechemical Processes, Urnivergily of Arnona,
Sranford Research Iosbfule ahd Asfoecisnion for
Applied Sodar Energy. o547,

Tanaka, J., Suruki, 5. V866 “High resuiits of Servds cullore
by wiitization of Meared effoent waber Fram Fassil
freel power plasrs™. Figheries Caltwre 3 (81 15-TiF,

Templewon, W, L. Cowani, C. C., 1870 Siudies an the
Biotagical Effecis of Thermal Digcharges from No
clapr Resciovs to the Cofembia River ai Hanford"
in Emerpnmiendal A spects of Muclady Poiwer STafions.
Frocesdings of a Symposium an the Environmental
Aspacrs af -Muclear Power Sialiens. [erernatioaal
Atgmic Erergy A pency, Uimiled Srares Aromic Ensrgy
Commission. Mew Yoek, T0-r4rh Avgust, 1870,
L&.EA, Vienna, p. 53T-613,

Bn 1045, within & few months aftor the startdp ol Une
original Hanlard resctors, atudies wara beguen o determing
whethar the coaling water discharged 1a the Columbin Riwver
might aMect thie important fsheries resources, The broad
approadh b e problen included pragmatical idenilicazion
and ipvestigatban of the physical and bislogical facets of
i Fiver, complemantiod with rigorously contralled labora:
1ory experimenis, This integration of the fisld #nd laboratory
wark has yielded a much better understanding of the
possibbe biptegical effects of heated eMluenis and the
mechanizms irvolved than could have baen derived by
separate studies not carried oul in &ifu, This paper reviews
highlights of same of the research carried out over the pasl
tweily-five weara on the bicloghcal effects of slevated lite
stages o galmon, Including the eggs, tha fry, the juweniles,
and tha aduis, Now technology was developed 19 evaluate
thi riaks 1o young salman as they pass the rescios dis-
charges an route 1o the sea. Fleld and laboratory data ware
combaned 1o create a hybeid computer model That prodicis
thii hazards to young fish in the mizing sores. The bebaviour

af adult =almon and Erout oo their spawning migratsaon upg
Siream post tha resctor digcharges was sadied with 1ho
uie of fonic tags. Same fah disesses are known fo be
aggravated by mcreasas in emperature and studies were
made an the Bcidence of the bacterial disease columneris
The informaiion derived from these studies s essential 16
the darivaiion of appropriato temparatene ofiteriy #pplicabls
to cold-water fish and 1o the specification of béurrdary condi-
tlons ihat must be met by the enginesding datign ol ourtall
strisctures,

TN &, Repart, 1968, "Figh and Fighing arcund TV A, Steam
Bants™ Tempssas Valley Asthority Report. Division
of Fovestry Develapment. 8 p.

Some of tha hmaviast fishing in the Ternssess Valley takes
placy In the discharge channels and bagins that recelvs
warm water from the condensars of T.V.A, swam plants.
Warious spocies have been chaervsd in stoam plant dis-
charge channels at termnperatures up o 100 deg. F. Jahn
Sevier, with a dischasge hrea of 6 acres, has the heavias)
concentration of fish in the spring but throughowt the yaar
there wore moars fidh in tha discharge charme) than in 1he
river, Bloeglll and channal catlish sre the principal Tahes
and average catch af fishermen was 3.5 fish weighing 2.1
pounds per Bip and success rate was 62%, Colbarn, with
feshing ares of sbout 4 acres and dischargs temparaturs o
9-13 degress abovn loke temperature. has  carpsuckor
catfish, shad, carp as the principal fishes, Faluary offered
the bast Fshing lollowed by MNevember and average catch
wag 2.5 fish and 1.1 pounds. Bull Run hap a 3.5 acre basin
ard discharge temperature 10-13 degrees higher than lake
tampnrature. The basin has 36 fish species. Both Kingston
and Johnsonville discharge 10-14 degress warmor wales,
Tha Lacter plant discharges 19 an 80 acro basin. The best
manihs for fishing at Kirgaien are Septomber, Octabar, and
May and average catch is 2.1 fah walghing 1.4 pounds per
irkp. At Johnsonvilbe, the best maoniks for fishing are October
and Januwary and sverage catch wan 1.9 fish weighing 1.3
pounds par 3.8 hir 15

Tibball, R, A., Gawdos, J. G, T968: "High Tempersiure
Desalimarion Plants for Nuclpas Ponwar Stations™ in
Huclew Desalipation. Procesedings of inzernational
Aiomie Energy Agency Semipegivm, Wadeid, Spain.
November 18, 1565, p, 455-506.

The maximum mparaiure o which ihe bBilne a6 ba hgatsd
in & MSF plant alfecis bodh the capial costs and energy
cosis charged 10 the product water. A1 the O5W East Coast
Toal Facilry fresh sea water cam bs treated wbith sulphuoric
acid and heated In @ "once-thwaugh’ plant o 300 deg F
wiltkiput scale formation in 1 condenser twbes. When this
sma waber s recirculated with or whhouf concanlratios,
scaling will aceur &t tamparatures above 270 deg, F. A
rombinaticnn of & ‘onco-throuwgh' high 1empersmure afect
with either & singla-aflect multi-stage (SEMS) flash plant
o a multi-affect mulii-stage (MEMS| Tlasgh plant can bes
wiilized o rodece both capital ol and @nangy charges
The purity af the product wotsd from most MEF plants
waries batwaen B and 100 ppm TOS, Purer water can bs
made &1 an Increase in capital cosi. Make-up waner for
madarmn fossil-fual bollers of for primary systams of nuc|sar
fRACIOrE reguire watet containing as listle as 0U05 ppm
Gamarally o small pan of the prodect waler of @ dasalina
fign plani ks possed thiaegh a demineralizer 19 obtain tha
dogired purity for make-up. However, a metkod s awvallshla
o produce o few percent of the total praduct as very high
purity water. This process [s presentad and Included in the
dasign of the propased plants,

Tidball, B A.. Gaydas, J. 3. King, W. M., 1968: “'Operating
Exporiences of one MOG Desalination Plant on the
Aed Sea”, Paper presented ai the Symposium on
Western Watar apd Power, Los Angsles, Cafifaraia
Apvil 8.9, 1965, p, C43-C42.

A one BGD desalting lant was mrecing In conjundtion with
a 8700 kilowstl steam generating #watkon in Eilat. lerasl
The design, manlacture and cansucifon of the plant ame
discussed, The opsrating history and perfoemance of the
first 314 vear perigd are swmmarieed, The effscts of brine
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chamistry on corresion. scaling and heat ransfer are dis.
cussad with methods of sslecting praper operating con-
ditions. Mo calckum nor magnesium scale deposits have
formed a1 any paolnt fn the system. The results of Wha
corrasian teats, chomical snalyses and visoal indpection
indicats that the plant shauld have an cperaiing lifa In
pxcess of thirty yeats, From Docember 21, 1865 10 Decem.
ber 30, 1966 the plant produced 343 millipn gatlons ar
03% of the design capaciy on a corlinugus basls, On a
daily basis, the plani actually sversged 110% of design
capacity. Hewavar, scheduled davertimg for maintensncs,
abopg with periods when thers Was no demand far wiles
raduced the te1al annusl prodisction. From Janusry 1, TOEY
ta the presant, 1he plant has averaged about 105% of design

Tiduall, &, A. Y963 “%r. Thomas 25 MDG Combinad
Deseiination Pawer Planr”. Papar presented o Pu-
regua, LL5. Exhibdtion and Irteinatiéonal Conference
an Waeter Purifiesrion and Desalination. Some. ftaly,
Febvuary 17-23, 1969, 5 p

The ovedall haar Balance matarisl balancas, snd econtdmics
far tha combined power and desalination stalieon s 5
Thamas, Virgin Islands are summariced. The boller 5 fred
with 18 140 |bs. per hawt of residual feel ail. 233,053 s
par By oof the 600 pelg B25 deg F. steam is piped to the
rwhine generaior sel which produced 15500 kW of
saleable powes, Elesad stoam Is pemoved §1 J6 psig and
plped 1o the bBrins Peater of the desaliing plani, which
produces 2500000 gpd of poiable walsr, Tha waior plani
wias desigred 1o produce water conthinlng leus than 10 pom
1l dlakalved solids, wsing not mare than 110,000 bs./h
af blead sraam from the turbine. Scaling of tha heat 1ra il as
aurlaces in 1he stage condenssrs and the brine [eated wal
o b prevented by 1he uie of sulferic acld treatmiant to the
make-up viresm. The plasnt was designed for o 300 avall
ahdiviy factor. The 1ous) cos1 |8 B84 000 0 per vadd, TriFing
ths year, the plan ¢ould produce B2E,000,000 gallang of
waler at.n oot of 7B cants thousand gallena

Tidball. A. A Gaydes, 4, L. 107 "Dwaadinacion Lsing
Wasre Head from Thermal Powar Srationg Paped
pregented ar the Srd Indevnaiionel Sympesivm on
Frash water frovm the Sea, Doebvovank, Yogoslavia,
Soprember 1.3, 1970, 11 p,

The use of vary [arge stnam turbines in the Wnited Dlaies
has beern sccoampanind by & trend townrd designing fo
higler back prossures, Thesa higher back prassures in the
condinder iy aconomic production of desalied waler
by Mfashing the condenser ouwllot water through one or
mora stages of flash distillatkos, Design ol the systems
and tha sconomice of the water produced are discussed
Thiz analysiz ks baséd an a nadiow rangs of conditiars
Additional work §s required o delermine limiting condi-
tlons of sen vwalel (emgeiature, power demand and waler
needE, pmarliration fates, and operating charbclaristics.

Tithom, J, E., Kelty, J_F_ 1970 “Experinrormial Cage Cwlture
of Charel Calfish ictaluricd Punctaticg in the Healed
Discharge Water af the Movgan Craek Steam Diec
tric Ganerating Statian. Lake Colorada City, Texas™.
Boecond Aracal Workshop, Workd Mariculiore So-

|_;.i;:|-_ Fargn Roevge, Lowrslana. Febroary 5, 1870
i,

Bomafclal effects are summarized of bapted discharges (o
tha Fah populstiom of inland segervales in Texas. Tha
sample fish wers caltred in a dischargs canal for thres
manths. & net ncreass in weight over 300% in a cage of
wriall okt Rak b B2 daye was abierved. bn the coniral psond
[with no temperaleng crease | the fish sampia showod ne
ircroags |m o welght, The eaperiment was perlormad in
Jamuary 18970, Tha controd freh were fed By they wounld
congumn feed only when seversl deys of warm air tem.
peratures increased pand Wwaler tempaialudes,

Teednhlay, F. 1., 1985 “Efects of cooling waler from
atpavr-elacivic  power planis on siresm bicld” n
Tarrwall, ©. M., ed., Biplogical Probienss in Warer
Poliution. Prhiic Moalth Service Publicarion Mumber
oo W25 334345,
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US04, 1967 ULS.DUA. Yearbook,

W5 DA, 1968 Matignal Techmical Adwisory Cometithes
Water Quality Criveris, FIWACA, U5, Depariaent
of the interror. 5. Governmern! Prialing ONce,
Washiaglan, 0.C. April T, TR6E.

LS, Degparimant of the Interior. Fish and Wildlifa Service,
1970: Physical and Ecolegical Effects of Wasre
Head on Lake Michigan,

Comprehensive review ol the scolagy and likaly impact of
theemal [aading an Lake Michigan. A majar conclesion s
that ne sbgrificant discharge of waste heal to Lake Michigsn
shauld ba parmitied.

United States Water Besources Councll 1268 The Mations
Warer Bescurces, U5, Gowermment Printing O fce,
Washinmon. 0.0 32 p.

allefls, A, 1870 “Hesgwy Waler Produvction with Geg-
thevenal Staam™. United NMations Syarpesivm on dhe
Dovelopment and LUifizstion of Geshermal Re-
EOUFEEE, Piga.

walllame, J: €., Longneckes, T. .. 1989 Bficro Climade
Evalvaticn of Hesnmg Irrdgatron Warer on Cartnan
and the Resulting Efect on Cofton prold and Quality
Spmpozii on Thermal Agricoliere, Sinhh, Arlania
Georgre. JARUAry F2.23 10&9, p. 20-41

Winek, W, F. Maurer. H. &, Lephasdini, L. 1870 Eng
meering Satedy Faciors and their fnflgace on Siting
Pracrices for Noclesr Fower FLanis /0 the Eurgpaan
Communities. Proceadings of ehe Sympozium on
the favironmental Aspecee of Muclear Power Sia-
riows. internaticrsl Atomie Enargy Agency, United
Sisdes Atormie Energy Commizsian. Mew York TiQ-
Td, dpgust 1970 (LAE.A, Vienna, p. 867585

The papar relers primarily 1o the nucleds powsr plants
wistalled of ynder conasruction in the Eurapean Communisy
Emphasis is given 1o the technological aspects of safety
seimggpmants and o the engicearing ussd 10 préwent or
mitigars the afects of abnormal occurrencas, ragther than
1o & discussion of the limits permined by salely ASsess0rs
Mantion s alsa made of the problem on cooling capabilitiag
and s influgnce en site aslsciian, In tha discussian of
abnormal and accidentnl sijuations, the loss-of -coalant aLcl-
denis are btreated &3 & abgnificant axample. Préavertve and
mitigating syilams (enginoered safeguards] Enatalled in
recent Eurgpean nuclear power plangk aos eansidered
Emphasis i placed on the Imporiance of high sfclency and
rediability in such sysiems. The poseibility o1 Impraving
sysieend design by comparative reliability analysis is fis-
cusseed. Emphasls is placed on spacilic problems of con-
fainmant and reacior presdure wegpsel design, the safey
{actors considered in ibe detign of ihese companents and
thalr Inflsence on shing practices, Information ia finally
ghven on site canditions, disance rones, population cantres
and denslties ol some impomant nucbear pewer plants in
Europe, mast of which are Installed or plarned In popu-
lous areas

Whaaler, B, W_, 1981: “Experimanatil Fearing of Pastlarval
Srawn Skrimp o Markerabla Size in Fonds, Cem-
mercial Fisharles Soview 39 73 )0 43

White, D, E., 1957a; “Thermal Waters of Yalcarie Origin™,
Geplogical Soctery of Amevica Bulletin, Vol 88
LT A

Useful for dofimarinne.

White. D, E.. 1957b: “"Magaranie, connrte and matamorphic
warers . Geological Sociely of America Builenim,
Vol 88, na, 12, p. 1G53 1642,

Ueetul for delinitians.

Wilson, W, H,, Homer, W, A., 1967 “Dual-Puspoase Nuchear
Power and Oesalling Slant”. Enginesring digest.
November 1967, Val, 13 na, 71, p. 37-34.



Wik, A., jr., Cempbell, A. 5. Whitley, J. R, 1970 "The
Ewaipatian of Envirarerendal Alferairon by Thermal
Logding and Acid Pollurion in the Coeling Resetvodr
af & Stesm Electric Sracion’. Compledron Repov,
Missourl Water Resources Reseprch Centey, August
F1. 15T0.99 0,

Wright, J. H., Champlin, J. B. F.. Dayvis, 0. H._ 1970 Tl
impact of Environimemnial Hadisticn and Discharge
Haat from Nucless Power Plants™ in Epviranmenisl
Aspocts of Nestear Power Statiors. Proceedings of
a Symposiem oa the Envirommendal Aspects of Wi
clear Powes Stations. fntermatiamel Afomic Energy
Agency. United States Alomic Engrgy Commission,
Maw York, 10-148, duguig 1970 LAEA, Vienna,
p. 549-55%

The management of radioaclive wastes from [eessurized
wates teaciors B rtoviewed on the basis of dasign and
paperinnon o date Tho radiation released from these
pgerating powar plants ks wped 1o estimate incremantal
armelrondreniinl FEfosUres GEourring Trom guch nearty plonls,
Thi wasts managemegt of iwitium and its rasuliing enviren
mental concentraibans and posshhls impacis are o parl

the resuly of fue] ckaddirg matesinl, & part operaling
proscadifss, gnd, in pas] wasis dispoaal precasses, Wiays ard
meais of aliering thase Thguns in ths fuitiiFe are axplared

The sxpaflence and prapgctions on the impact of discharge
heat fraim noolesr powes planis is presenied for coastal and
inlard sites. A& reviaw of environmental prodection sysiems
JuGEess that many moans are available for alleviating
enviranmenial stresees which might accwer ahrough dis.
charged hnat

Wang, W. T.. 18370 “Maricullure in J&pan Ligimg Hoaled
Etlvend Water™, Proceedings of the Confersnce an
Banpfeisl User of Thermal Discharges. Mew ¥ork
Sigle Deparrment of Envirgamental Copsereddion.
Spplenthar PT-T8, 1970 Albany. Mew Fork,

A camplote overviaw af 1he maricuflural sctivities in lapan
the world's largest fighing ration. was presenied, Studios
have beon carcied aul @ the ude of hoatsd aflluenis 1o
o -|I1rir|1.;|= daped .gi'l'-'uﬁ:i.)glﬁ |Sarapda ], Much hahavicural
Infoematicn abaul tha 1wo species has basn collectiod and
can be used &lgedhaa

Yag, W. C.. 197D “Seswaier Upliranon im oan Ermargy
Cantar”. Paper prasented ar the Mationel! Weeling
of the American lesvrure of Chemical Engiaperi
Atlarts, Georgre, Febraary T5-T8, 1973

Wae W, C.. 1971a: “"Tharmal Aguaciifure Desiga™, Phper
preginred ar the 2nd Annual Meeting of the Warid
Mariciliurs Sociedy. Galvestan. Texas, January 28
29, 1971, 12 p.

Yen W. C. 1971h: “Food Valves from Heated Warer dn
Dvarviaw, Praceedings of the 3200 Annual Meeling
af the Chemurgic Council. Washnghan, O.C. Oe-
Tabgr 22-25, 1970,

Yae, W. C.. 18710 “Potentinl of Aguacufivre ot Muclear
Energy Condres — A systemg Study. USAEC Rapart,
Dakridge Nationa! Laborglary Hepori no 488 fie
b pubdished ).

Toie-Eldan, 2. P Griffh, G. W., 1988: “Geawih and Sur
vival af Past Lervad Penseus Aftecis Uader Con
tratied Conditions of Temperature and Zalirity
Biological Bullatrn r29: 7899,

Zaln Eiden, Z. P.. Aldrkch, D. ¥, 1966 Tike Efect af Tem
perature Lpon the Grosvth af Laboratory — Held
Pagrfarval Pensers  Arecws Biologicsl Bulladin
1371-185.

Zoega. J., Kristinsson, G, 1870: “The Ropkfavik Distrer
Heating Spztem”. Paper presentad ar the Fiest (-
ternational Heal Conventipn Leadon, 1870, See
Marrhiasson, 1970,
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