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S CHAPTER I .
o - INTRODUCTION
Yoo, '
The Problem . 5

Thermal power'plants.iFjAlberta, and thfoughout the
: : - : R e o :

rest of the world, are rejecting tremendous quantities of
. energy to the environmént, Approximately oﬁlyh40 percent'of,

the total energy chsumed:iﬁ a new fossil fuel power,planﬁ
: a ’

 ié used to producevélectricitykoi; e:iés & EnvironmentL

‘Canada;-October>19573 p; 8). jThe rem 'nihgrSO perc§nt is

 réjéctéd'as‘&ésbe-hea£ioé whiéhlésiperééﬁf is'femovea:by

COﬁdenser cooling Qéter and’IS percéht-i; last vié-ﬁhé stacki

Nﬁcleér‘p&Wer plénté aréleven lessvéffiéiént,\hbout 30_pér~"
: _ . , : R

‘cent with the 70 percent ;eject heat consistiné o) '5_p¢rc§ﬁf

kil

miscellaﬁéous_losses and'65 pércent‘removal“by fhé.c oling  \ '

'water. In other words, for every kilowatt of electrici
- (xW) produced‘in”thermal power plants, from one and a half

to over two kilowatts_Of energy (kWt) are IQSt;f

Unlike hydro‘eleétric plqpts, which use fallihg:

_water to spin turbinés tHht drite electric‘generators,i



.thermal power plants utlllze the heat energy of f0551l fuels,

and uranlum to produce steam pressure to turn the turblnes.'

Unfdrbunately, the basic pr1nc1ples of thermodynamlcs 1lmlt

- L
kS 1‘\_ ¢

the eff1c1ency of energy utlllzdtlon in these plants;_ Flg—
ure l"l 1s a slmple schematlc representatlon of a typlcal
f0351l fueled power plant Briefly, the fuel 1s fed w1th df
N
i an ample supply of alr,\in\o d b01ler where 1t ‘is 1nc1nerated
and the resultant heat 1s used\to convert the cycle worklng
fluid. (water) 1nto steam. The eff1c1ency of’energy‘con—
-ver51on in thls portlon of ‘the operatlon\can vary w1dely
"w1th bas1c de51gn.and operatlng condltlons.h In the large'
;unlts, 51mllar to those in place in the newer'power plantsff

in Alberta,.eff101enc1es greater ‘than 90 percent .can be

achleved (Skrotskl & Vopat, 1960, p. 152)

The steam, whlch at this p01nt exhlblts extremeLy’~
high temperatures and pressures, is then allowed to- flow_ '

rthrough a nozzle to a lower pressure'ln’the turbine. This""

®

Vconverts part of the steam energy to klnetlc jet energy at_
‘_Wthh p01nt 1t attalns a hlgh veloc1ty. The steam jet flows:'w'
over moving blades.whlch are fastened‘to therrims'of rotating'l

disks mounted'on the turbine shaft. Theseimov1ng blades

chnvert the klnetlc energy of the steam jet to a torque

actlng on-the\turblne shaft causing it to spin rapidly.

The spinning turbine shaft then drives an electric generator

v
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which produces electricity. .

To malntaln thermal eff1c1eﬁc¢es as hlgh as poSs1ble,;f

K the spent steam, after 1t has passed over the turblne blades,-
“,JlS condensed and the condensate 1s returned to the b01lera -

'oCoollng watér, drawn from an external source, is c1rculated
A " . : B Y
through tubes 1n the condenser wh&re heat from the exhaust

N O - ’ L,
steam 1s transferred to the water by convectloh v The c1rﬁ_p3

,i"culatlng water is’ then pumped out of the plant and the heat
- rs allowed to dlSSIpate to the env1ronment BY“condensing”'
‘lthe steam exhausted from a’ turblne, the condensers malntaln l»h:{

T a low pressure at the exhaust whlch 1n turn 1mproves the -

"_eff1c1ency of the power plant cycles (Skrotskl & Vopat 1960)

The amountwofucoollng water‘utlllzed and’corres-;ﬁ
\\\\pondlngly the amount:of heatvrejected is of consrderable.
':oproportlons.k For example,‘the 582 megawatt.(MW) Wabamunv

‘ power-plant at Lake Wabamun, operatlng at max1mum load

’M .

| ac1rculates 886 462 11§res of water per mlnute (195 000 IGPM)
o . ! S

. b .

L‘ia%d rejects 2030 x 10 BTU's of heat energy per hour (Crosby~
'_Dlewold & Rallton, 1978 p. 64) ' The resultant temperature

1ncrease of the c1rculatrng water 1s approxlmately 17C (30F)

Igabove amblent durlng the w1nter and about llC (19F) durlng s

L the summer..

" The problem;_therefore;lhecauSe thermal.power‘plantSh



reject so much energy 1n a tlme when energy 1s becomlng an

- 1ncrea31ngly crltlcal resource,'ls to develop methods of

ut1;>z1ng thls waste heat for benef1c1al purposes leen

oy

ex1st1ng technology, 1t 1s hlghly unllkely that the 1nplant

thermal eff1c1enc1es can be 1mproved.apprec1ably 1n the near
future.. Nor is the answer llkely to be the convers1on to
,alternatlve energy sources for the productlon of electr1c1ty. L

DIy

5 In fact over the next. thlrty years 1n Alberta, thermal power“

‘.,lS expected to occupy a much more predomlnaht role 1n elec—,"
. . . \ ~
tr1c1ty productlon. In 1977 hydro power represented only

Do -
" . -

10 percent of the total electr1c1ty produced in Alberta but

thls flgure is expected to decrease to 0. 8 percent 1n 2006
./

(Electrlc Utlllty Plannlng Counc1l 1977 p II 9) , Durlng

vle
1

L the same perlod the demand for electr1c1ty 1n.thls prov1ncefd

4;5:15 projected to 1ncrease from 3, 084 MW in’ 1977 to l7 287‘ﬂﬁ :

¥

1n 2006 (Electrlc Utlllty Plannlng Counc1l 1978 p 12) < _3<y

4 Moreover, the vast coal reserves in- Alberta are estlmated tov-"

be suff1c1ent to supply 39 OOO MW of generatlng capac1ty forf

*3=conventlonal coal—flred unlts capable of prodﬁc1ng base load‘
».

energy fOr thlrty years (Electrlc Utlllty Plannlng CounC1l

B977 p. VI; 6)4 Consequently, the amount of waste~heat y;hugll’gmg

- released by'thermal power plants in Aiberta can be expected

to. 1ncrease by several orders of magnltude over the next

< Jr .

- . S
thlrty years and thus now 1s the tlme to con51der and 1mp1e— KRERRRREE



}@gﬁt,pract;cal'uses;of}this’resource;jg'
. Ob‘j'e'cti‘ve' SR R vl R DR P .

S ';“",”' L

*“h The-purpose.qf thlS study 1s to rev1ew the varlous

“'benef1c1al uses of thermal power plant reject heat w1th the

'nultlmate goal of determlnlng whlch uses appear to‘have the

-1greatest potentlal for development ln Alberta.{ Due to the f_'

_) “ '>

:?low grade nature of the heat ln“power plant coollng water,

research efforts have largely concentrated on. 1ts use for'M
‘enhanclng blologlcal processes. These 1nclude greenhouse
g:heatlng, aquaculture, wastewater treatment open fleld s01l

L.

~warm1ng,'and warm water 1rr1gatlon. These appllcatlons w1llv

ffbe 1nvest1gated 1n detall 1n thls the51s.h The fea51b111ty

_'of upgradlng the reject heat fo heatlng*urban areas w1ll

- also be dlscussed Waterfowl habltat enhancement wh;ch has fj5

. e
~ Tl -%,‘,

T;been an 1nadvertent result of power plant thermal dlscharges{‘g

~Fw111 be’ descrlbed as well

Impllclt 1n thls study LS the approach that the,
theme is- not to be con51dered one of*“thermal pollutlon"

",jreductlon but rather, one of energy conservatlon and effi-

c1ent utlllzatlon. Durlng the,past two decades,_mllflons of'

S .
P

h;dollars have been expended on research de51gned to examlne
the ecologlcal effects of waste heat addltlons to water
.ﬂbodies. 'Some of the ant1c1pated effects were lethal and sub-

-



"‘-\\l\ethai i‘nvolvi‘ng food chain modi fications and “habitat .c.:hangés |
in the équatié systems. However, the feSults of‘this in-
tensive reseéfchAhave failed toﬂdorgobo;gte mogt.of:the dire
prediétions and itjis;now widély recogﬁized'that the effects

of power plant thermal dischargesmin large water bodies are

13

minimal and locélizéd. " This is Substéntiatéd'b§.various
bsources;\ Fisheries and Epvironmen£ Canada (JuneAl97%, é.“lB)
reporté éhat: "the results to date fail to indicéte that
étability of aquatic communities in largé water bodiesliS'
deleferiously affec£ed by thermal discharges;" Griffing

3

(1978, p- 7)’alsovconfirms these conclusions: "from the lérge
body-of accumulated documentatiOnvthe‘OVerall fesults'have

not borne out the.eérlier dark pfedictions of the high még—
nituaeé of:imbaété that*soMe'people thopght migﬁtwreéﬁlt.
'Levfg et al (1972, p;2?9) conclude tha£f with a few exceptioﬁs,

" there has not been any major damage to the aquatic environ-

ment from the heated effluents of power plants and ©.. the

satisfactory performance of existing steam electric plants- - e .

supports the belief that controlled amounts‘of.heated water
- can be added to aquatic systems without producing adverse
qbiplogical cdnsequences."

-~ o <.

L e Another‘factor £o bevconSLdered 1s ‘the scale of an

- s @

'f0peratlonmthat would be requlred to utlllze all Ehe reject

Wy, e ,,_

§ heat dlscharged from a thermal power plant "The ,S.l'l'erco"'?"’a -

-

-

o



- v L. P . o " L e e
Sreenhouse Project in Becker, Minnesota has.been utilizing

the warm water effluent from a coal-fired power plant to

heat a 0.2 hectare (1/2 acre) greenhoﬁse‘(Asﬁley,,l978).

N

The greenhouse, at maximum heating reguirements uses only:
about 2,728 litres per minute (600 IGPM) of the cooling

water. Therefore, efforts to utilize the 886,462 litres per

N

minute (195,000 IGPM) c1rculated at the Wabamun plant would

require approximately‘lBO hectares (321 acres) of greenhouses
S R o L
with a heating system similar to that used at the Sherco

greenhouse. ‘ L

" In llght of the above, the emphas1s of thlS thesis

¢

will not be dlrected towards allev1at1ng thermal pollutlon,

noxr utilizing_all the heat rejected froﬁ thermal power’plants.

v N

Rather, an effort will be made to outline what can and should
be done with some:of the_wasted energy that ts‘available from

steam electsac generating.stations. This_shoglg hopefuily

-

»prov1de a ‘conclusive arguﬁegt for developlng some form of

~‘> o - - w - .
. . a © e e L x 2 . . " e r
- . R - e W 0 ‘ - ) .

~ - R [ I S

waSFe b%at utilxzation'in Klbetta. ' - - - s
QAREEQEQEwA'ff-" T e e

The first part of this thesis is an inventory of the
thermal power plant waste heat resource in Albertal‘ In line

~with thlS, the source of thlS resource, the power plants,

~

willtalso be déscribed; Flve thermal power plants in Alberta
T L e T ¥ :)L )

2 <




were Selected for this purpose asfwell'as three new faCillties
thatware schedqled}to come‘on{line.in the léSCts. The locaeb
tions of these statlonS'are indicated ianigureJl:2; afhe |
flye power plants currently in operatlon are the Wabamun and
Sundance plants at Lake Wabamun (Calgary Power - Ltd ), the
_Rossdale and Clover Bar'plants in Edmonton (Edmonton Power),
and.the Eorestburé station southeast of.Camrose:on'the Battle
\Riyer (Alberta Power Ltd,) lheselgenerating stations were
selected for 1nvest1gatlon -on the bas1s of thelr size and
together they produce approx1mately 90 percent of the total
electrlcal power produced 1n the provlnc R.’ McLary,,Electrlc y

‘fUtlllty Plannlng Counc1l personal communlcatlon, Octdber

1978). o o B o

‘.v’The three proposed fac;litieswto"be discussed in—--

clude the Keephllls (CPL), Sheerness (APL), and Genesee (EP) S

. Some o on
I

' power-plants, Constructlon of the Keephllls plant has begun“'il»-

“n @ o e [

d the flrst unlt is scheduled for comm1581on1ng ‘in 1982 T

' (Calgary Power Ltd.-, - l976) . Alberta Power has recently been

"granted perm1ss1on by the Energy Resources Conservatlon

v

Board‘to‘proceed'With COnstrﬁction Of'the Sheerness power -

plant whlch is expected to begln produc1ng electr1C1ty in.

“r- o~ .
= N e -~
. 5
Fot T .

-1985 (Edmonton Journal January ZWF 1979, p“ Al)”q Ai the. R

~

tlme of this wrltlng, there remains some doubt and confu51on

as to whether or. not Edmonton Power s appllcatlon to con— -

-

S
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-._struct the ﬁenesee power plant w1ll be : approved by the Energy
Resources Conservatlon Board The date for comm1ss1on1ng of
'f'the first' unlt at the Genesee plant was orlglnally scheduled

A

for - 1985 (Edmonton Power, l977a)

A detailed‘analysis_of~thebgenerating-capacities,'
methods of‘coollng, average q1rculat1ng water quantltles,
vwaverage amounts.of heat rejected in the c1rculat1ng water,.
-and-the average temperature'increase of’the COoling-water'
‘ above the ambient’ condltlons for each plant w1ll be dlS;
~cussed-1n the second chapter.. The\relevant geographlc;fea;.
turesZOt each site_will'aISO bepdescribedi vThls~wlll,put
_the‘various-practical constralnts into contert.for.the'latter_
',:chapters of the thes1s when p0551b1e appllcatlons of thev

reject heat w1ll be outllned

-.Chapters IIi, IV, and V. w1ll be a descrlptlon or
greenhouse heatlng,.thermal aquaculture,;and dlstrlct heatlng.\
'respectlvely whlle Chapter VI w1ll be a brief descrlptlon of
some mrscellaneous applrcatlons;- There.isrconsiderable docu- .
mentatlon,in}both the.Canadian'and American llterature.on“
lthedse-subjects.*' This wealth of inforrnatlon, bal_‘on'g with the

documented ekperience»of some pilot projects, will be incor-

Lporated to provide a detailed-description of these waste heat

applications and will be the basis for some basic conceptual’

11



: Theipilot.projectsftoVbefdescribed.are,anpaquacule,'_
_ . . o o RN R, f‘»cff.»?”
ture operation at-Grand‘Lake;'New Brunswick and..the now T
defunct greenhouse,heatlng pro '.:at Lakenwabamun} ;wah o \;_’7f

Amerlcan prototype studles,.the prev1ously mentloned Sherco ph

L '.-)'..-

Greenhouse Progect and an aquaculture prOJect at the Mercer‘,

generating station in TrentonL_New Jersey, W1ll also be

' 4— f
descrlbed These prOJects w111 ‘be’ rev1ewed ln con51derable'
idetall so as to prov1de an 1nd1catlon of the beneflts and ;

;constralnts aSSOC1ated w1th attémptlng to utlllze thermal

:power plant.waste heat'fortbeneficialdpurposes.

. Chapter VII of the ‘thesis W1ll be an analysls of the |
market in Alberta for some . fresh vegetables, flSh and floral
1crops.' These products would be produced in some of the.waste‘
heat appllcatlons to be outllned 1n thls study. Thls anal;
tySIS is belng included in the thesxs to prov1de addltlonal
‘welght to the argument for the need to 1mp1ement benef1c1al
uses of:waste heat in Alberta,

'

Flnally, Chapter VIII w1ll con51st of . the conclu—‘k

;!
4
i
R
3

sions and recommendatlons. Thls w111 include a- summary‘of

"'"":'14' REPIF YN ‘n‘ C .

bénéf1c1al“uses~of powen 1is provlnce
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CHAPTER II
’ THE MAJOR THERMAL POWER PLANTS IN ALBERTA
-Introdﬁctibn

P N R RN A > o
R ; Y o RE
. "-. W e ue g L e ‘~ 23 Faivee

The dbjectlve of th1s study 15 to 1nvest1gate the

/7

iea51ﬁlllty of utlllzing waste heat from thermallpower plants'
'len AIberta Thus,'it is- necessety to flret 1dent1fy and take
.;fanﬂih;entory-of thls resoerCe.; Topaccomp}ieh;this,ieach of"
:the_previdusly ﬁentioned generatiﬁg“stetioﬁsﬁwill beVaes—'
cribeafindividually,' Thle w1ll 1nclude some basic informa—
tlen about.the ex1st1ng fac1lit1es such es eleetrlcity gen-
erat;ng;capaeities;_mOnthly éfodﬁetien.dete, heat rejection‘
'tetes;Tcooliﬁé.Qatefifiows,“teﬁperatutee'of'thé discharge oy
water,_and.the~§eii0ue'methqu empleyed’by‘eech.plant fori
eondenSet cbolihg}:jReletant'geogtaphical‘inferﬁatiqn per--
'tainihg'to-tﬁe lecatiqnief'eéchfstatioh will:alsoTbe~pre4;v‘

sented; .In,additidn, the applidations submitted to thel

“?é;Energy Resources Conservatlon Board by the three ut111t1es

X

vr‘be rev1ewed to prov1de an; indicatlon of what’these statlons

'v' n."u". ':n- .'. I .‘ . r - T . ‘ .
T ennn 7 T pfed uiF N e . N - .-
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'Jf‘*forﬁlhe Keephllls, Sheerness, and Genesee power plants wlllg]j]%f,




‘,~.., ~E - e » . man

J'~ . .15

j This‘information_wiii'bevnseful in detefmining which.
waste heat appllcatlons have the greatest potentlal for
. development in’ Alberta. Although‘there*are.numerous potential

fuses-ofip0wer Plantlwaste7héat not all are feaSibleTfor im—

B 'plementatlon at each generatlng statlon due to practlcal con- . .

~;zstra1nts. These,constralnts may relate to the waste heat

H v . . ‘\_’ h‘.. T we - n
e LAY IR SIS o ° :

. resourCe 1tse1f or may be geographlc 1n nature. For, exampletg

’f%the Ros$da1e and Clover Bar power plants) because of thelr

-

: 1ocatlons in the c1ty of Edmonton, would probably be prac— o

Z’J;tlcal srtes for oﬁly those appl;catlons of waste heat that
Sy .

_are urbanhrelated,,,This chaptef:will‘outlinefthese-con—

4 stralnts and assist in determlnlng whlch appllcatlons would

Ry

be de51fﬁble from a development standp01nt. S



General Plant Description andboperating Statistics-,

,_l" e~ )

The Wabamun,generating statlon, owned and operated

by Calgary Power Ltd., 1s ‘a mlne mouth coal- flred thermal j

o

power plant located on- the northeast shore of“Lake Wabamun‘

’.approx1mately 72 kllometres (45 mlles) west of the c1ty\of

Edmonton (Flgure 2: l) Coal for the plant is obtalned from ’

the Whltewood Mlne whlch constltutes part of a large coal
- seam found in the Paskapoo Geologlcal Eormatlon (Research

Counc1l of Alberta, 1970) Thls coal mlne is located just;g

north of the plant and about l 8 mllllon tonnes (2 mlrllon o

tons) of coal are surface mlned each year for the Wabamun O

ivstatlon (Calgary Power Ltd 1975) ' ihjflth,,y : ,

The flrstlgenerating unlthat Wabamnn; wdth”avrated'
net capaclty of 69 MW was commlssroned in 1956 (Calgary
.Power Ltd., 1975) | This unlt‘was fueled w1th natural gas
from the Alexander Fleld 50 kllometres (31 mlles) to the

northeast The second unlt w1th a capac1ty of 67 MW was

& e .

P

//also gas—flred and became operatlonal in 1958.. Coal mine

| and coal handllng facrlltles were flrst added to the Wabamun

. ) ) ) ) b\\\ .
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statlon 1n 1962 w1th the comm;ssronlng ef Unlt 3. ft'

. -.‘.~-”~‘av : A

capacitywls rated at 147 MW In the: same year, Unlt 2 was

°’fExpans1on of the plant was flnally completed in 1968 w1th
N

L% --r‘ :-ﬁ‘-bv
.

~

: unlts prov1de the Wabamun statlon W1th a max1mum net capac1ty |

i e ’ B

of 569MW I T

Y .
b

The wabamun generatlng statlon was flrst constructed
as a base load fac1llty but 1t is: now gradually belng used

to meet only peak electrlcal demands The reason for thlS%

: - e e e s
U v oga e e
: » e ‘n,,._..‘., T 3 ,.\-

sl e

ﬁ;:;:fjié“ ‘é hrgh coal mlnlng coéts assoc1ated w1th the Whltewood ij;“q L

"D \, |‘

*Mlne, relatlve to Calgary Power S’ other coal flred statlon,

_ the Sundance<power plant on the south shore of Lake Wabamun

converted to coal whlle Unr% l contlnues to burn natural gas..

};,&the ;nstallatlon of Unlt 4 rated at 2&6 MW& Wmhesewfbur 'fhfﬁ;a

o gt

(R.rWay, Calgary Power Ltd., personal communlcat;on, October

1978) Thls Shlft to a peak load faclllty ;spev1dent 1n the

T NS , W

'{ﬁf”i piant's I97é monthly mean gross generatlon statlstlcs (Flgure
| :?V;2§2)}” Thls graph reveals that the dally average productlon
for 1978 was about 252 MWH per hour, cons1derably less than

?x; the rated max1mum capac1ty.‘ Durlng the month of November,:7[

.‘whlch had the hlghest average grossvgeneration fon the year ;/
the Wabamun plant'was operatlng at only 61 percent'of 1t'

.y’rated capac1ty.w On the other hand the plaJt operatedbat PR

an average of only 26 percent of capac1ty durlng the month

s of September. On the average, the Wabamun statlon was -

. . .
ot L e e A e . T . . S, P
e T g . e L -
T : '
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.§\.
operatlng at approx1mately 44 percent of rated capaC1ty 1n '“5 o

-7

1978. _“"

Physical Characteristics of the Plant Site -

Tl

The,area 1n whlch the Wabamun generatlng statlon is-

'ilocated ‘is characterlzed by genfly rolllng to rolllng topog— E

7'raphy. Max1mum~re1;ef in the area 1s about 68 16.m (200 ft,

'Canada Department'ofhEnergyr Mines and»NaturaI Resources,;‘

-

‘}‘NTs Map 83 G79 1970) with 5 tb.ls percent slopes (Lindsay |

“

et al 1968) The surf1c1a1 materlals con51st of sands and

.

: gravels overlaln by t111 Whlle the px1nc1pal s01ls of the :

v . -

”"3".reglon are’ typlcally Orthlc Gray Wooded rated as fair to

”}lmf,falrly good for cultlvatlon (Llndsay et “al, 1968) S

‘_Wabgmun.l;This lake is mildlyfedtrOPhie ahd'iS a popular

‘The major waterhresource in the plant area‘iefLake”

recreatlonal area for cottagersa There is a prdvincial'park
at the east end of ‘the lake as. well. ‘Groundwater in the

area-ls.of_falrly good quallty.f The_prineipal chemical -

‘constituents of the groundwater. are sodium, potassium, car-

bonate_and'bicafbonates.(Resea:ch Counci.l bf Alberta, 1970).
Traces of calcitm‘and-sﬁlphate‘are also found“hOWeQer.‘ The

.o~ 3 . - >

”total dlssolved SOlldS are 1n the order of’ 1000 mg/l. 1¥he

water table 1s very shallow, about lake level whlle the -

probable well ylelds are in the range of 22 7 to 113 6 lltres -



per minute (5 to 25 IGPM).

Condenser Coéling

_The metﬂod employéd at the Wabamun generating planﬁl
“for éon&enser'cooling_is a once—thrgugh cooling system with
£he lake acting as the water source. The inlet canalffof
ﬁhe Waba&gn plan; is located on the west side of thefstation 

while the outlet canal discharges warm water into the lake

on the gast side of the plant (Figure 2:1).

The»l978 gonthly circulating water flows for‘the
Wab%mun plant are presented in Figure 2:3:ufThis“gréph il-
lustrateg thé large éﬁounts of watéf that are circulated
through ﬁhe coﬁdensers on a mbnthly basis. During‘the sum-—
mer months; at maximumlload, the cooling water diséharge may
" be as much as 2,045;684 litres per minute (450,000 IGPM)
.which is the equiviient toimoving 0.5 éercent of¥the lake'é

volume through the éondensers each day (Nursall et al, 1972).

The correspondiﬁg heat rejection rates and the
monthly average inlet and outlet water temperatures are
presented in Figures 2:4 and 2:5 respectively. The amount

of energy lost in the condenser circulating~water is of

12

- aisturbing proportiong,Jamqgﬁpkngﬁto more than 12 x 10

3 ~ ﬁ’v 3 v“ /.

BTU's during 1978..ﬁThi§ figure is relatively small
. T . | J .

-

,2l<

.

~
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" WABAMUN 1978 MONTHLY. HEAT
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- parison to previous years when the Wabamun station was being

operated at production levels closer to the'plant's,maﬁimnmf'

capacity. ' . - RPN
By . . . . . P € e e me el X )
’ * e a » w - o & - ] P - T S P ) ~.,_s -~ ..._-v,‘-u_o-,'u. N 2
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‘The water temperature data (Flgure 2:5) prov1de a

. P
good indication of the prpblems aSSoc1ated with.attempts to
utilize the heat rejected in_thiebﬁatef:7”fif3tly; the out- f”" ot
;let water temperatures are qu1te low durlng the w1nter months.

- These temperatures are substanttally hlgher durlng the summer‘V

months but thlS 1s a perlod when heat 1s not requ;red by many

R - !

of the applleatlons that‘are de51gned to utlllze power plant
re}ect heat. The~sebond‘faCtor port;ayed-in the'graphtof'

“ the wate;‘tempe;atures is the fluctﬁating:nature of these

' temperatures.' These flnetuations,are even more prOnonnced

-on a daily basis as various units are started up or shut ~

| doWnﬁaccording_tQ electricity demands. Furthermore, with

jthe continued use of the Wabamun generatlng statlon as a .

peak load operation,ethese'cigculating water;temperatures

can'bé_expeeted‘to exhibit even greater?fluctnations over a
daily cycle.

x,).‘

The heat rejected‘to‘Lake Wabamun in the condenser
cooling water has led to serious environmental concerns.
‘Consequently, -a considerable reseafehhand technical effort
) . . . R . B - ‘ ) - T a
has been spent over the past fifteen years in an attempt to

B % ) o




26 .
document the 1mpacts of the reject heat on'the aquatlc eﬁ-~ﬂ_f"j"

"Vlronment;_ The prlmary cause for concern at Lake Wabamun .

s

. was the 1ntroductlon and rapld spread of the macrophyte,“"

R TR % 9 ¥ v o e R R ‘uo'.au B Ry «zo
. CoET

- e "0 " S o w
. P . . C e L,
R R PRI ). - . hd - e

‘G,f‘lao,‘.m_i_'«‘« e »

Elodea canadEnsis. Thls aquatlc weed is qulte rare “ih- centrai

Alberta but it became establlshed in Lake -Wabamun durlng the f

¢}¢f;,¢ .1960.5.(CrosbyrDlewoldr&-Rarlton,“l978)‘_vOnce 1ntroduced

- . - e e " ) .‘”J.‘

thls macrophyte spread rapldly throughout the lake and tesi= . i"

“ L e . A'.' -

ome L,

dents often complalned of weed raftlng creatlng a nulsancew,d

i 3‘,-’5-"3’~~A“,,‘q

W » -
et

nerd - SN
: E . S S, : D~ ; \
o - AEy ) ; s,

Calgary Power has conducted ‘an aquatlc weed control programm -

&

-ty b

51nce l972 1n the area of the lake rece1v1ng thermal dis-

- P AR e n'" Y

RN

charges (Calgary Power Ltd., 1978) ThlS program has. -con—

51sted largely of mechanlcal harvestlng and a floatlng weed
Bl . . n " s ‘ ‘ﬁ?’ :),.'. ,'n

s BN PR
2 l;f . g,r .

boompbut some’ experiments with;herbicides were attempted.h

Ly e .
. In 1973_the-Energy:ResourcésmConseryationvBoardwref;f

quested a-study into the effects of‘the discharge of waste

| heat.into\Lake Wabamun.(Crosby—Dlewold & Rallton,_l978) To
.meet this request Calgary ﬁower contracted Beak Consultants
‘Ltd; to 1nvest1gate‘the problem. This study was to be cOm—.v
pleted in 1975 but an application was made'in_that year_to
extend'the studies until 1979. 1In the lnterim,‘the study

has been an"lntensive effort to maptthe distribution and
density of Elodea throughout theglake» The final report.of;-

&

‘this study is not vyet available but'the preliminary resu1tsv

sy o S



f_the<rate Qf Elodea growth has decllned s1nce its earl;er

hcharges; There are also strong 1nd1catlons however, that

e - - s e

< -

EET P -
" b . o ,.., * e e e ‘& ‘_‘A,. R ,-.,.- ® v e
.. e i . B s S

levels of productlon (Crosby—Dlewold &. Rallton, 1978)

If the Energy Resources Conservatlon Board should

o e IO . [ S

s .

flnd the results of thls 1nvest1gatlon to be unacceptable,

“Caigary Pawer could then be faced w1th ‘seeking alternatlvel

coollng fac111t1es for the Wabamun plant ' There 1s 1nsuf—

%

”f1c1ent land in the area to bUlld a=coollng pond thus the

alternatlves under con51deratlon are coollng towers or dlS—

charge to a deeper part of the lake (Crosby—Dlewold & Rallton,

1978) 'Neither'of these altérnatives are particularly‘

be blologlcally unsound Coollng towers also operate at

relatlvely hlgh noise 1evels and can create . fog problems_ —

durlng the w1nter months : These will be factors that thei_v"

Energy Resources Conservatlon Board and the res1dents of
s ] . % . - - .
the hamlet of Wabamun w1ll haVe to- take into cons1deratlon

when a. dec151on is made. .on. whether Oor not to allow Calgary

- Power to continue operatlng a once—through coollng system at

the Wabamun plant.



- SUNDANCE

N (%1

General Plant Deséription and Operating Statistics' -

!

. .. N . /
L T - - e

- Ly e -

“The Sunaance genefatihg station‘ig a’ﬁihe mduﬁﬁi.goél{
“fired ‘thermal égwérnplagg'loééted on the south shore of Laké
vWaﬁéﬁuh fF;gure 2:6).  Tgé“éajécéntnﬁfghvalé,Miné proVides”?“
.thé‘éiénf wiﬁh4its sOle‘é6urcé 6f fuel. ‘The SUndancéhplant;
liﬁeithe.ngghun*étation;li$ owﬁed andﬂbperéted by Calgary
Poyer’Ltd.v Togethe?; these %Wb'pléﬁfs provide“approximately B
_,éO pe;qenﬁ-pf £ﬁe electricqeﬁérgyvsuppiied(thfouéhéhp Céigafy

PoWer'Svsystém (Calgary. Power Ltd., ‘1974).

. ThéisuﬁdahgéVthefma}‘pbwe:”élant first commenced

commgrciallproddction in 1910 with tﬁe'cémmiésioning'of

Unit 1, fatéd at 3povmw (éalgaryféowef Lﬁd.c 1975). Since
the installation of this first unit, the plant has under-
gone a répid"aﬁd*dontinuéus expansipn:program. ;A sécond
 $§0.MW'uﬁit qas gpmm%SSioned in 1973 with two.375wMW>ﬁnits
‘éoﬁmiéSiéhed'iﬁ'197S and>1976. Unit 5, also rateafat 375
 MW, éaﬁe qn iine;iﬁﬁJuly 1978'with ﬁhe sixtﬁiénd.final.375j.

MW unit scheduled for commissioning in 1980. When the

N
. ..
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: 31xth unit is flnally 1nstalled the plant s total capaC1ty »

,w1ll be 2,100 MW, ‘the’ largest in the prOV1nce., R

»

The'l§7é;monthly mean gross generation statistics
.for the Sundance plant are presented 1n Flgure 2:7. This
"graph demonstrates a falrly large varlatlon in the plant
output‘over the year:\ The peak output on avdadlf ‘basis in .
1978 was 32 220 MWH -on DeceMber 19 whlle the minimum dally

’

electﬁﬂbal productlon recorded was' Only 13, 286 MWH on July

e Uhe

1, a dlfference of- 18 934" MWH These th flgures represent‘
78 percent and 41 percent respectively, ofrthe plant's total
capacity atathese tines...on-the average,pthewsundance plant
'operated at approximately 67 percenttof capacity.in 1578.
This ffgure ié cOnsiderably hiéher than the average output
:of 44 percent recorded for the Wabamun plant in 1978 and

should 1mprove in the future w1th the 1ncrea51ng demand for

electrlclty.

Physical Characteristics of the Plant Site .

The topography’in the Sundance plant area‘is gener-

_ ally gentlytrolling ta hilly with a good portion of the land
‘ ln»slope and maximum}relief.is about'136.3 m (400 ft, Canada
Department of?En;rgy,VMines,and NaturaliResources7 NTSiMap
83 G/7d&&83 G/lO, l970).»dThemsurficial materials consist ote

unconsolidated sands‘and clays.which o@erlié’the‘sandstones ,
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‘;land shales of the Paskapoo Geologlcal Formatlon (Research__‘
‘Counc1l of Alberta, 1970) 501ls 1n the plant area are
largely of the Solonet21c soil group wlth a scaeterlngﬂof‘
LPodzollc, Gleysollc and Organlc 50112 found (Llndsay et al
'1968) .These s01ls are rated from falr to good for culti-

_Vatlon by Llndsay et al

L : :
‘There are . two major water resources in . prox1m1ty to

iwthe Sundance generatlng statlon- the_North Saskatchewanu,
Rlver approxlmately 13 km\TB ml) to- the southeast and Lake
Wabamun,p As was preV1ously noted Lake Wabamun is mlldly ......
'eutrophlc and gﬁprglar cottage resort area.‘ The Sundance}
plant orlglnally employed a once—through coollng system’ -
'draw1ng water from, and returnlng it to the lake but thls

was dlscontlnued 1n 1975. Condenser coollng for the plant

is now maintained by a coollng pond with make—up ‘water

being w1thdrawn from the North Saskatchewan Rlver., Thls

:aspect w1ll be elaborated Jpon later in this sectlon

Groundwater in the area of the plant 31te; as docu-
mented by the Research Counc1l of Alberta (1970), 1s‘of
'falrly good’ quallty with the major chemlcal constltuents
vlbelng sodlum, potas51um, carbonate and blcarbonate. Some

unde51rable—calc1um and sulphates are also found in the

‘ groundwater however ‘The total dlssolved”solids content is



"ahout lOOO mg/l. The depth of the water table can range any—

Uf'where from 17 0 to 85 2 m (50 to 250 ft) below the surface

..whlle the probable well ylelds are in the range of- 22 7 to

113 6 lltres per mlnute (5 to 25 IGPM)

Condenser Cooling . | g”'-- L ‘ . A e

t

14

Condenser .cocling at.the Sundance power plant:is;
" maintained by a semi-closed, cooling pond system (Figure - -
2:8). The pond is situated adjacent to the plant on the

. southeast side;and occupies‘486,hectares-(l2od'acres)

- Inltlally, a once—through coollng system was employed at'
the Sundance plant W1th Lake Wabamun actlng as the water

-source. The orlglnal 1nlet and outlet canals are’ ev1dent

in Figure 2:6. Shortly after the first unlt was, 1nsta11ed

_in 1970, the macrophyte, Elodea canaden31s, began- to grow
'ln the area of'the lake receiving.thermal discharges from
_the Sundance plant.and.hy 1973 was a,dominant member ofathi.
aquatic’plant COmmunity (CroshyeDiewold & Railton; 1978). |

There was also some - concern expressed about the potentlal

1mpact on a whlteflsh spawnlng ground located 1n that same

1

-area of the lake (Nlelsen, 1972). .
- : . A : - . .

' ! . .
These ¥actors,” in conjunction with the Energy

: @ - ‘ . :
Resources Conservation Board's request in 1973 that Calgary

Power determine whether the heated effluent was affecting
. . N ) . . ,‘ R s .

\



Figure 2:8

-the warmer side of-

@

The 486 Hectare L?Oa’acre) Sundance coollng

pond on Miy. 11,1

the pond’to th ;qgh-;oL the dyke and circles
around’ this® d&g%ikf Brning to the intake canal
on the left 51de* iy can -be ‘seen rising from
¥, pond. Dredging of the .
former ash’ disposal Site 1s notedgin the .right

roreground in the pond.

>0

7%;: Thermal effluent enters

34
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the growth and spread of aquatic weeds in ‘the lake, led

LS

Calgary Power to construct an off-lake  cooling pond. "The -,

¢ o
M- 4 N
A

pond was coﬁpleted in 1975 at & capital cost ef'$23‘miiiion ' ’
(Ceigary Power Ltd., 1975);,UIn addit;oﬁtto.the_$23‘miilion'
expenditure, approximately $17 mi%iipﬂ was_spent.byfthe

utility for ancillary fac{;ities (L.y?anek,~Calgary Power -
Ltd.,~person;l communication, May 30, 1979). These iéEiudea
convert{ng‘from a wet ash te,a'ary ash dieposal system, a‘: ’
pumphouse on the North Saskatchewan River, blowdown and

meke—up pipelines from the.cooling'pbnd to the river, épd

AN - -

land right-of-way purchases for the pipelines.

An American industry standard rule of thumb that is
applied for cooling ponds is that they be sized at between

0.4 and 0.8 hectares (1 to 2 acres) effective surface .area
per Mw, of planeﬁeepecity'(HarmsQorth, 1974). Operating ¢
expéfience at the Sundance plant has indicated that this
,standard only applies for the summer months ae this ;atitude
'as“Qiqter air temperatures are sufficiently low' to dissipate
the heat in fhe cooling pond (R. Way,.Celgary Powe; Ltd.,
pefsonal,cd;munication, February 19,1979). Coﬁsequently,

as the Sﬁndance pient expansion program ;s approachi;g
completiohmat 2100 MW, the cooling pond,’at.48§ hect: res,
will be too small to diesipate the vast quantities of £eat

v

rejected in the cooling water dering tHe summer months. .

™



Therefore, in order to supplement the cboling pond's capa—b
,city,'Calgary Power has instalieﬁfl?bvpower.spray.moéules‘
in tﬁe discharge canal (Fiéﬁre 2:9, Calgary -Power igd,;L
1978). \By-spraying_é pprtion of the warm effluent into‘thé
air, these moduieskaid invaissipating tﬁe.rejéct'heat.to
thé atmosphére.‘ To date, theséASprays have réduced thé
eff}uent température by only about 1.6C (3F) before i£ enters
the cooling pond (R. Way, CaLgéfy'Powgri td., personal com-
munication, February 19, 1979). Thi; ﬁgs resulted in,ths
pond becbming less, effective in dissipating the ﬁeét, and
because the sprays requifg a considerabie amount of‘energy,
"Calgary‘Power h;s not yet been”ablg to calculate whether °
this sygtem is actually a benefit. Néverthgless, they are
planning tovConétruct a cdolihg tower at -the Sundance‘plant

for summer cooling.

The 1978 monthly condenser cooling water flows are
preéented.in Figure 2:10. The corresponding heat rejection
lrateslas well as the 1578 average inlet.and outle£ water
temperatures are illustrated in Figures 2:11 and 2:12
respectively. The total amount of water circulated thréugh
the condehsers at,the>Sundance plant in 1978 was approxi-

9 litres (200 x 10° Imperial gallons).

mately 909 x 10
Furthermore, during six months of the year, the total plant

capacity was only 1350 MW. When the plant expansion is

<



Figure 2:9

The Sundance discharge canal containing the
power spray modules. At the time this photo
was taken (May 1l1,.1978) the modules had only
recently been installed and were not yet
operational. A portion of the intake ring
canal and the former discharge canal can be

seen in this photo with Lake Wabamun: in the
background. ' '
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Figure 2:11 - » : Co o
SUNDANCE 1978 MONTHLY HEAT
. REJECTED IN COOLING WATER
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: completed the quantlty of water c1rculated through the
condensers could reach 1818 x lO lltres per year;(400;xl109'
‘Imperlal gallons per year)
. -An even more startllng flgure is the total amount

i

‘of heat rejected from the Sundance plant in 1978, more than
3

40 x 1012‘BTU1s (Flgure,Z:ll). The inlet and outlet‘water
»temperatures craph (Figure 2: 12) illustrates that the outlet
- temneratures‘are relatlvely high durlng the coldest months
of the year, about 12. 8C (55F) in January and 15, 5C: (6OF)

in becember.‘ Durlng the summer months, the outlet water
temperatures arevery high, 28 7 to 31 8C (83.5 to 89. 2F) .

These temperatures can be‘expected to increase only sllghtly

after the flnal unit is comm1351oned

f,Make—up water for the coollng pond is obtalned from

the North: Saskatchewan River via a 106 7 cm (42 in) dlameterjw"

plpellne (J. Rallton, Calgary Power Ltd., personal- communl-
cation, January 1979) Blowdown from the reservo;r is re-.
turned to the North Saskatchewan Rlver-ln a 61 cm (24 in)
diameter plpellne. Make—up and blowdown pumplng are main-
tained in such a manner that the pond water concentratlons
dO'nOt exceed ©Ohe and one—half tlmes the concentratlons of

the North Saskatchewan River. 1In order to meet this cri-

terion, the make4up'andyblodeWn pumps are started up
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every four months and aliowed to continue running until the

I
N

desired concentrations are reached (J. Railton, pexssnalwe' S
communication, January 15, 1979). The make-up water flows

are approximétely 1.9 m3/s (25,000 iGPM’ while the blowdown -

water rates are in the order of O.36_m3/s (5,000 IéPM).

Data on theicooifng éond water quality have béen
Vp;ovided by Célgafy Po@ér. 'The results of tests conguctéd
on the cooling pond wa;er in December 1976 are_preSenEéd in
Tagié 2:1. When Comparéd with the results of tests con-
ducted on tﬁe Nofth<5aska£chew§n River af‘DéQon'juSt d®wn-

o §
stréam from the point of withdrawal (Table'2:2), the co ling
pond water 1s fbund Hto ha_ve several'paramétersm_e‘xceedﬁ
ﬁhgse of the river water. fhis is to be expected however,
as the pond water éoﬁcentfations can be quite higﬁfdue‘to
- -losses from evapofation and consumétive usages wiEhin tHe
plant. At th? time ofrfhese tesls,-the.Sundance plant‘had
v 6;iy‘fQur uﬁits.in Qpefation (1350 MW). When thé plant has
reacﬁed a total capacity of 2100 MW iﬁ.l980, the évaporative-;
and consumptive.iossés can be expécted\fp be much higher,

wiﬁﬁzthe result that make-up and blowdown pumping will have

'to be increased..

Calgafy quer‘ébntracted Internationa} Environ-

~mental Consultants in 1976 t0 conduct a study of the coo1ing i



SUNDANCE COOLING POND WATER QUALITY

. . : ' ’ L,,, %@, s ‘ N
. . RSEEE " ;5?5; : : -
: - M;:“; Inlet . Dlschafge
PARAMETER , ) ¥, tanal ~ Canal .. -
: ”_(m§715"v, (masl)’
pH : " : : , 8.15 _ 7.95
Alkalinity-T CaCOy 168 V168
- Conductivity ' . umhos 440 ‘”$7O
Turbidity o FTU 0.55 0.84
Colour APHA 5 ' ‘ 5 . o
Total Dissolved Solids - o 254 240
Sulphate | S04 | 59 .- 62
Chloride Lo Cl 4.3 - 4.4
Silica % . ' 8i0, 5.4 5.4
Calcium Ca 44 Y44
Magnesium i Mg 9.5 : 8.3
sodium N Na 37 37
Potassium | o K - . 6.3 6.5
Total Hardness EDTA CaCo, 150 . 145
Phosphate:- Total P , : 0.012 0.014
Nitrate - Total N : - 0.03 " 0.03
Ammonia ‘ , N 0.052 0.040 .
HEAVY METALS (EXTRACTABLE)
Iron v : , Fe 0.01 0.01
Copper ' o - Cu 0.01 ’ 0.01
Zinc ) S Zn 0.004 . 0.008
Manganese T Mn - 0.010 0.010
Lead . ' i : Pb ' L.0.02 LO.02
Mercury . - ug/l Hg ' 0.14 0.09°
Nickel ' Ni - 0.01 0.01
‘Cadmium cd ~0.001 0.002
Cobalt Co 10.01 L0.01

Source: Data provided by Calgary Power Ltd.



. Table 2:2 o o
#  LONG TERM KorTH SASKATCHEWAN
RIVER WATER QUALITY DATA AT DryuoK

PARAMETER o : , , mg/1
}\‘ ' . i . . i
. -pH s po : . 8.14
_Alkalinity—T ’ CaCoOjy 139
Conductivity ~ umhos 349
Turbidity B ) FTU o 29
Colour _ .APHA 13
Total Dissolved Solids. ' : v 265.7
Sulphate , - S04 ' 48
Chloride C1l . 1
Silica - R Si0, - 4.6
Calcium - ; ‘ . Ca | . . 47:6
Magnesium \ Mg % 13.9
Sodium - Na _ 5
Potassium R . K’ 1
Total Hardness EDTA CaCO3 176
Phosphatef-_Total P o ) 0.2
Nitrate - Total : N .0.15
0.3

Ammonia o ' ‘ N ’ .

" HEAVY METALS (EXTRACTABLE) -

Iron . ' “Fe - ' L " 0.15

Copper : - Cu : 0.004
Zinc L | Zn i . 0.021
Manganese _ Mn i 0.016
 Lead : . _ Pb : 0.010
Mercury ug/1 Hg . 0.0004
Nickel ‘ Ni : 0.010
Cadmium ca - : 0.001

Cobalt - : Co 0.003

Soiife: Calgary Power Ltd.,épplication to the Enerqgy
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pond and its associated. aquatic yiota. As part of this

study, submerged vegetation observatiéns'at{seven different

©

G L T : .
locations within the pond weré made throughout the year.

Thé'results ihdicated that of:the”maciophytesffound, Elodea

canadensis was the dominant species at all :]ecations but
this weed never represented more than 30 percent of the//
. /

bottom'cover'(Interhational Environmental Consultants, 1977).

At all loéatidnS'testéqf the'propértion of the bottom covered

b4

with aquatié vegetation ranged from only 5 to 40 percent.

These results are presented in Table 2:3.

‘;v. »During the course of ﬁhis study, no direct evidence*
was obt;ined duriﬁg minnow seihihg, d%&}ng or profiling to
suggest thé presencg of fprage fish in the pond. lMany
waterfowl species were obser&ed feeding in the cooling pond
but these birds may have beeﬁjattrqcﬁéd by benthic organisms
abundantly present in the pond. However,'receﬁt{Sampling by
Allerta Fish and!Wildlife netted thirty suckérs.and six
perch in only two hours_at the cooling pondA(A. Chamberlain,

Alberta Fish and Wild life, personal communication, June

1979). This suggests that some species of fish are being

introduééd”into the cooling pond through the make-up water

D pipeline.

45
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FORESTBURG -

.General Plant Description and Operating Statistics

S

bMW unit was commissioned in 1975;a‘Currently, construction

is in progress to compiete a 3353Mw,unit scheduled for

This 360 MW, coal~fired thermal power plant), owned
and operated by,Alberta,Powef Ltd., is located on the Battle
. ‘

Rlver approx1mately 190 km (120 mi) - southeast of Edmonton

(Flgure 2:13) . The.plant_f;rst began commercial prodyction.'

' of electricity in:l956 With the comﬁissioning of a 30‘MW

unit (W Peel Alberta Power Ltd., personal memunlcatlon,

November 1978) The statlon was expanded to’60 MW in 1964,_4

while a 150 mw unlt was added’ln 1969.Y-An additidhalqlso

=

.
,ox

A

coﬁﬁissioning in 1981. Thﬂ# will brlng the total statlon

F.@’§ }g‘

capacity to- 735 MW,
. ‘?‘.\

Coal for the ForeStburg power plant is obtained _
0

from surface mlnes located 1mmed1ate1y north and south of
P

i

the rlver, on: the plalns area. In 1977, the plant coal

consumption was approximately 1,260,000 million tonnes

(l,400,000‘hi111bn tons, W. Peel, persovnal comﬁunication,

November 1978). The monthly mean gross"generation figures

47
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for the Eoféstbﬁrg generating sﬁation are presented iﬁ

Figure 2:i4. This graph reveals that.a'fluctuating demand
foﬁrelecpricity from the plant occurred durin§ 1978 with the
mon£hly average production ranging from 186}6 MWH/ﬁ'in June

to ,325.6 MWH/H in December. These figures represeht 52 per7/“\
. cent and éo'pegcent respectively, of the total station
qapacitys In 1978, 2;358,139 MWH of electricity wére pro-

duced at the Forestburg power plant, representing about 75

percent of the station's capacity.
t

Physical Characteristics of the Plant Site

L=

The Forestburg thermal power ﬁlant is located on the
valley floor 6f the Battle River (Figure 2:15). The area
adjacent to the rivef is a young,,streamweroded pléin with
a maximum relieﬁ of approximately 53.4 m (175 ft,?Canada
Departmentvof Energy, Mines and Natural Resources, ﬁTS Map
83 A(B, 1975). Most of this relief is concentrated in the
slope of the valley wélls. The topography of the plain is

level and undulating (Bowser et al, 1951).

Surficial matérials of the pléin are lacusgrine
clays and sands thét are underlain by tke sandstones and
(shales of the Edmonton Geological Formatiop (Le‘Breton;
1971). The soils throughout the plant area afe loams frqa:

'the Thin Black and Dark Brown soil groups. These soils are’ N\,

(4
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Figure 2:14

FORESTBURG 1978 MEAN MONTHLY GROSS GENERATION.
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Figure 2:15

, X : \
The~Fore$tbufg power plant on the Battle River
in June 1978. :A portion of the discharge
canal and an ash lagoon can be seen in the
middle right of ‘the photo with the reservoir
in the foreground. This photo illustrates

4he lack of flat land in the immediate plant

vicinity.

51
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rated fair to good for agriculture (Bowser et al, 1951).

The only major water resource Qlthln the plant area {ﬁ”
is the Battle Rlver. This resource is limited in quantity
- as evident in Figure 2:16. T?ujﬂlong term hydrograph of
the Battle River near Forestburg indicates near zero and

\
zero flows are common occurrences during the winter months
whlle the dischirge during the spring tﬁaw is uery hlgh ln
comparison. T annual mean discharge recorded for the ten
year period, 1966 to 1976, is 3.7 m3/s (132 cfs) whlle an
extreme discharge of 243. 0 m /s (8580 cfs) was recorded on
Aprll 30, 1974 (Fisheries and Environment Canada, 1977,
P. 12). The common occurrence of zero flows on the Battle
River may be partially aﬁ}ributed to small storage facilities
located upstream at Coal_and‘Driedmeat Lakes. Accurate
water quality data of the Battle River cannot be reported
here. Wwater quallty studies of the river have been com-
missioned by Alberta Power in the past but the results of

these studies are not available to the public from either

the utility or the Alberta Department of Environment.

! "

The groundwater in the rPlant area is generally poor

in terms of quantity -and quality. The water table in the

mine area is shallow, about 15.2 m (50 ft) below the surface



Figute 2:16 ' N

LONG TERM MONTHLY MEAN DISCHARGE OF
THE BATTLE RIVER NEAR FORESTBURG
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and the probable well ylelds are in the order of 4. 5 to 22.7
lltres per minute (1 to 5 IGPM Le Breton, 1971). The main
chemlcal constituents are sodlum, pota551um, carbonate and

blcarbonate with some chlorlde present . The total dissolved

sollds are in the range of lSOO to 2000 mg/l while the iron

content is from 0.5 to 2.0 mg/l (Le Breton, 1971).

‘Condenser Cooling

The Forestburg thermal power plant empioys a once-
through cooling systemjidrawing water from, and returning
water to the Battle ﬁiver, .To ensure an adequate'supply of
water for this cooling metnod &ﬁfing the winter months, when
river flows are near zero, a dam wae conetructedvon the
>river‘below the plant in 1956A(W. Peel;‘Alberta Power Ltd.
personal communication, November 1978). This control
structure resulted in the formation of a 300 hectare (550
acres)‘reservoir from which +the plant drawe water. The dam
is outfitted with‘a syphon which allows approximately 2 cfs
(0.06 m3/s) of water to pass below the dam when the river .
level is 5eiow that of the structure (Harvey, 1978). The
intake pumphouse is located below the plant while the thermal
effluent is discharged in the old stream channel above the
station (Figure 2:13), Alberta Power recently constructed

a dyke along the southern edge of the reservoir above the



plant so as to lengthen the discharge canal ahd provide more

*surface area to aid in the heat dissipation processes.

The condenser'circulating wager‘flows are’not moni-—
%ored at ﬁhe“Forestburg generating sfeﬁion ana thus are not
available:, The heat rejectiqn rates and the montply average
inlet and outlet water eemperatures are monitored howe&er,
andhthese data for 1978 are presented in Figures 2:17 and
2:18 respectively. The total heat rejected‘in the condenser
cooling water from the Fofestburg plant in 1978 was greater
12

than 11 x 10 BTU's. The outlet water temperatures for the

~station in 1978 were quite.hggh, particularly in the latter .

°

months ef the year. The outlet water temperaturee'for the
last five months averaged 27C (éO.GF), considerabiy above

the ambient conditions. : *
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Figure 2:17

FORESTBURG 1978 MONTHLY HEAT
REJECTED IN COOLING WATER
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ROSSDALE AND CLOVER BAR

General Plant Descriptions and Operating Statistics
. \\\\ v
v . -

- These two natural gas-fired thermal genéfating
stations are owned by thg City éf Edmonton and operated by
ﬁdmonton'Power. The two plahts are located adjacent to the .
) North Saskatéhewan River in the &ity. Thé Rossdalg_station

is éi;uated close to the city core on the north shoné §f |

-

the river while the Clover Bar plant is located .on the east

bank further downstream in the Clover Bar industrial sector

of the city (Fiéure 2:19).

The Rdssdale géherating station origin dates back
to 1891 when it Was_privately owned‘and situatéd néar the
river on what is now 101 S£§9et (Edmonton.quer, 1971).

In léO4 the plan&KZis taken over by the City and relocated
to its preseﬁt site\one yeaf later. Over the yéars the
Rossdale plant haé undergone considerable expansion to ité‘
Qpresent capécity of 405 MW. This consists of three dif-
' fereﬁt tfpes of generating ﬁnits; a.low pressure, steam
e
turbine plant; a gas turbine plant; and a high pressure

plant. -

58
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Figure 2.19 ) o Y

ROSSDALE AND CLOVER BAR POWER PLA.NT SITES

(SEE FIGURE 1 2 FOR PROVINLIAL LOCATION } .
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The low'pressure plant has a‘total generating capacity

of 120 MW with five turblnes and seven bollers. The five

turblnes cons1st of two turbo generators rated at 15 Mw

)
o

each and three turbo generators rated at 30 MW eacH. ¥ The

[

gas turbine plant also consists of two 30 MW. generating
units. The high Pressure plant has a total-capacity of

/225 MW with three 75 MW turbines. | /

The, Clover Bar thermal generating station is considf

erably more modern than the Rossdale plant. The first unit

of this plant; rated at 165 MW, wds commrssioned in 1970
(Edmonton Power,-l97i)., Srgee then;‘two,additional lég MW
units have been COmmissioned in 1972 and i977 with a fourth
165 MW unit scheduled to begin commercial productlon of

electr1c1ty in 1979 (R. Johnston, Edmonton Power, perso?al

3

communlcatlon, November 1978} . ._Thls will provide the plant

with a total capacity of 660 MW. Although the Clover Bar
. station is a natural gas—fired.plant, there are provisions

on Units 1 and 2 to burn oil. . e
+

The 1978 monthly mean gross generationrstatistics for

v+

“‘the two plants are presented in Figures 2:20 and 2:21. The
‘graph of the Rossdale production (FigureHZ:ZO) indicates"
that two periods of high electricity demand occurred in

H

1978. The first was in January and. February whﬁn the demand

60
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»Cbndénser_Cooling
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<

for electriciry is traditionally quite high due to cold
weather conditions ahd longer periods of darkness. This
trend is also evident in the. Clover Bar 1978 output (Figure

2:21). The second peak occurred in July, August and Septem=

ber. This high output was,prbbably necessary to makeup for .

"lost production, due to scheduled maintenance, at the Clovéf’.

Bar plant during the 'same period. . Overall, the Rossdale
station operated atsonly.about 3% percent of total capacity
in 1978. The Clover Bar plant operaﬂ%d at a somewhat higher

rate offcapacity in 1978, approximately 41 percent. ~

~uted'to low flow supplementation pioyided by the Brazéag

-

-

The Rossdale and Clover Bar plants employ once-through
cooling systems with the North Saskatchewan River providing’
the’ source of water for both plants.. A hydrograph indiCatiﬁg

the‘long term mean monthly dﬂscharge,of the North Saskatch-

"ewan River at Edmonton is presented in Figure 2:22. Al-

though .the ‘condenser circulating water fiows are not moni-".

3

tored at either plant, DUnsmoré (Edmonton Power, personal
coMﬂpnicatién, December, 1978) reports that even the minimum

flows of the river are sufficiént to»meet'the-cooling water
demands of the two&Statigﬂs. " This may be partially attrib- |

~

v

and Bighorn dams upstream. One integestiné aspect of the



/
F|gure 2:22 =

LONG TERM MONTHLY MEAN DISCHARGE OF THE
NORTH SASKATCHEWAN RIVER AT EDMONTON
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Rossdalé qbndénser cooling water is that a considefable_'
portion’of the heated efflﬁenf‘is used by thé-adiaéent‘
municipal water treatment plant.‘ Theiwarm WAter is used
as a preventive measure against wéter main breaks; This
aSpeét will be discussed in more detail‘in Chaptér VI.

M

The heat fejection rates at the two piants'aré'not
monitored as well.“The inlet and outlet watef temperatures
are'recOrded aﬁ tﬁe Clo§ér Bar station.on.an hoﬁrly basis
but these data are ﬁo£ condensed in;o avconcise report.

\ ,
Therefore}‘it is,imp:actical to attémpt a palculatipﬁ of -
the monﬁhly average temﬁeratures. The iniet watefltemééra—»
tures at the RdsSdale‘station ar? monito;ed buthot reéorded,

Although thé heat rejecté& in‘§he condgnser éooling
water at the two plénts is not mé;itored, an approximéte
figurevéan be determined'for'the,éﬁnual rates of heat‘energy
lost in the water. This is possible beéause the net thermal
effiéiehcies;ﬁ*the Rossdalé and Clovef Bar stations are
.known;'é7-§ércent andv32 pefcent résﬁ@ctively (R.’Johnstqﬁ;
'Edmontoh:Power, ﬁeféonal communiééfibh;"January 1979). oOf
the 73 peréeqf and 68 percant input éneréy‘ipsffat the two

plants, 10 percent .is lost via'the_staqks;' Thefegoxe,

.appfoximately*63 percent‘of tﬁe inpﬁt'éhergy at the Rossdale

' station is lost to the condensers while this figure for

T
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66
‘Clover Bar is 58 percent. Furthermore, the amount of gas
burned per kllowatt hour (kWh) of electr1C1ty produced
(measured in BTU's) is available from Edmonton Power in the
form of operating statistics for the two plants. Therefore,v
by.the simple process of multdpllcatlon, a very rough figure
for the amount of ‘heat rejectedlln the condenser coollng
s

water at the Rossdale and Clover Bar power plants‘can be

‘determined.

The monthly heat rejection rates for these two plants
are presented in'FigureS'2:23 and 2:24.} The patterns appar—

‘ent in these- graphs closely resemble those for the monthly

average gross generatlon“ O se&tlons The total

heat rejected in 1978 was approx1mately 9207 x lO BTU s
9

for Rossdale and about 10132 x 10 BTU's for Clover Bar.

These f;gures are comparable to those for the other power

plants‘preViously described‘in this chapter.



" 740 S

BTU's X 10°

Fﬂ‘igvuve 2:23 L ' .
_ROSSDALE 1978 MONTHLY HEAT .
'REJECTED IN' COOLING WATER

‘900 m
880 —
840 —-'
840 —
820 — -
sho
780 —' .

760 —

720 —
700 —
- 680 —
660 —

N

40 __{ - To;ol Heat Rejected in"Cooling Water in- 1978 - 9207. X 10 BTU's

V

20 —

AN
FEB

MAR —|
APR

MAY —
JUNE =, N
LY
AUG —

1978

g ':/Source:' 1978 Production Statistics Provided by Edmonton Powér

i

- SEPT  —

o

Nov o+

DEC -

. 67



- Figure 2:24 . - ' ‘
CLOVER BAR 1978 MONTHLY HEAT
REJECTED/IN COOLING WATER

BTU's x 10
o

b

600
) ¢
500 ~
400 — . ‘
‘N . e
300 — Total Heat Rejected in Cooling Water n 1978 — 10132 XI0' BTU' o
" 200 — . o . -
00—
0: T T | | T | T T =T T P
. W ’ o .
4 =) % ac ?( 2 > ) 0 g B ' 6 s ’
< @ = % s 3 2 2.4 5 - 9 By S
1978 \/
_ . . ) ' -
Source: 1978 Production Statistics Provided by Edmonton Power v A



R4

o o | KEEPHILLS

General Plant ;zescription

my The.Keepnills plant, which was originally named the
South/f}ndance plent, will be located approximatel? 10 km
(b'mi)vto the southeast of the Sundance olant'(Figure 2:25).
It will be a‘nominalu750 MW. coal-fired station, supolled
with coal-frqm an extension to the'Highvale Mlne. fhe plant
1s to be constructéd and operated by Calgary Power Ltd. at
a total capltal cost of $37l mllllon (1976 dollars), -in- |
cluding an allowance for funds used during construction.
'éhisicost isfexpected‘to.escalate‘to‘$5l0 milliOn by 1983
w&en the plant is expected to be completed. A breakdown of
the capital. costs (excludlng an allowance for funds usedv
o :

during'constfuction) is presented in Table 2:4,

o

"The power pdant w1ll 1n1t1ally con51st of two, 375

MW'generatlng unlts.‘ Unlt 1l is scheduled for con1551on1ng

1The 1nformatlon used in thlS section was obtalned unleSs
otherw1se noted, f¥om the follow1ng source-
> Clagary Power Ltd. .Application fo the Energy
: Resources Conservation Board for Approval to
' Construct, Connect and Operate the South
" Sundance Plant. Calgary: Novenmber 1976.

X

v
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Table 2:4

-KEEPHILLS.PRELIMINARY PLANT COST ESTIMATE

(1976 Dollars)

UNIT 1

UNIT 2

DESCRIPTION 375 MW 375 MW _TOTAL
Land . y "1,864,000 - 1,864,000
Structures & ' ,

Improvements 21,867,000 13,175,000 35,042,000
_Water Supply Systems 9,236,000 3,485,000 ‘&12;721,000
Boiler Plant Equipment 66,706,000 50,972,000 M.7,678,000

71

Turbine Generator 28,188,000 26,118,000 54,306,0dO
Accessory Electrlcal o '

Equipment 7,389,000 3,626,000 11,015,000
Miscellaneous Plant 1,985,000 302,000 2,287,000
Generator Transformers 1,244,000 1,244,000 ,488, 000
Undistributed Overhead 39,419,000 21,042,000 60,461,000 .
Total ,: - 177,898,000 ll9 964,000 297,862,000
$ PER NET KW . 489 330 - 409

s ASSOCIATED SUBSTATIONS . X

PRELIMINARY COST\ESTIMATE .

(1976 Dollgrs)’

o UNIT 1 UNIT 2 , _
DESCRIPTION 375 MW 375 MW TOTAL ‘
Substation 6,761,000 3,192,000 9,953,000

~_Undlstr1buted Overhead 325,000 155,000 480, 000
Total ‘

10,433,000

A &

Source: Calgary Power Ltd Appllcatlon to the Energy
- Resources Conservation Board for Approval to Cohastruct,
Connect and Operate the-South Sundance Plant Calgary
November 1976, Table 3- l p. 3—2




&

S

{ in the area to support further expansion of the Keephills

plant beyond 1500 Mw at a later date. With two units fully

in October 1982 W1th Unlt 2 scheduled for comm. s51on1ng one

year later Prov151ons have been included in the plant

design for. at least 750 MW of addltlonal capacity. Current

Plans are that thlS additional capacity will be commissioned
\

within two or three years of the comm1ss1on1ng of Unit 2.

Furthermore there are apparently sufficient coal .reserves

2,888 x 10° kilograms (3,184,000 tons).

¢

AN

Data relatlng to the plant energy balance are

‘Presented - 1n Table 2% 5 These flgures 1nd1cate that the

b01ler eff1c1ency i1s expected: to be 85 perge/t but the net
electrlcal output or the plant net thermal eff1c1ency, will

be only 34 66 percent -Of the total input energy, 48.05

. percent w1ll be rejected to the condensers

. Al " -
-
A

Physical CharaCteristics of the Plant Site

The 51te selected for the generatlng statlon is in

‘

an area that is characterlzed by undulatlng to hllly topog-

-raphy. Max1mum rellef in the pro;ect area ranges from 76 2

to 91. 4 m- (250 to 300 ZE/ Canada Department of Energy, Mines;

. and Natural Resources, NTS Map_83‘G/8, 1970). Surficialﬁ

. Y4 ‘ Ly

72

N

operational, the annual coal consumptlon will be approx1mately



Table 2:5

KEEPHILLS PLANT ENERGY
BALANCE TWO 375 MW UNIT

6

10°BTU/hr __ %
1. Input
Coal input to. furnace 414,000 ‘ ‘ 2o
kg/h (912,800 1b/hr) 7,156  100.00
. 2. Distribution
. a. Steam Generator Losses'* ‘H‘l,072 15.00
b. Net heat available to turbine B ‘
and auxiliaries Y 6,084 -~ 85.00
- c. Gross electrical output . T 2,644 36.95
\ d. Auxiliaries consumption and : : -’
R ~cooling pond pumping 164 2
: e. Net electrical output 2,480 " 34.66
o f. Heat rejected to . o o '
fa S condensers - — L 3,440 48.05
W | | 3
o - ~; i .
e

‘ﬁdECe: balgary Power Ltd. Appliecation to the Enerqy
L Resources Conservation Board for Approval to
Construct, Connect and Operate the South Sundance
© Plant. Calgary: November 1976, Table 2-3, p. 2=7.
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' materlals in the area cons1st of glac1ally derlved sands,

silts and clays The .soil is of ‘the grey wooded variety
from the Podzolic soil group. This'soil is rated fair to

fairly good for‘agriculture-(Lindsay et al, 1968).

Presently, 56 percent of the area to be dlrectly
affected by the Keephllls progect is devoted to agrlcultural

productlon, pr1nc1pally coarse grains. The remaining 44
S

percent ‘consists of water bodies or wetlands, native grass

lands, treed areas, recreatlonal land *farmsteads and road

$

allowancess Approx1mately forty—three‘famllles res1d1ng

-

s 9

~within the area w1ll be displaced by the project. A

3

The major water resources in the 1mmed1ate v1c1n1ty

of . the plant area are Lake Wabamun to the northwest and the
/

North Saskatchewan Rlver to the east. The North Saskatchewan

Rlver is to be the source of make—hp water for the plant as
it is for theFSundancevstatlon.; The ‘only complete data
anallable for North Saskatchewan River flows near the plant
. Site are for RockyiMountain House and Edmonton stations.
The p01nt of w1thdrawal of water for the power plant w1ll
be at the Sundance make-up water pumphouse,‘a locatlon
1ntermed1ary between the two flow recordlng statlons

Hydrographs 1nifcat1ng the 1ong term monthly mean dlscharges

of the rlver ‘at these two locatlons are presented in Figures

v H
|

8

.74
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2:26 and 2:22a-'Monthly water qﬁality data. for the North

Saskatchewan River at Devon,-Just downstream from the with-

drawal point, areipresented,in‘Tablé‘é:Z

The'groundwater quality in the proﬁectfarea isvfairl§

~good. Test drllllngs conducted by the Research- Counc1l of
Alberta (1970) in the Keephllls plant area ;ndlcate that the
water table is approx1mately 30 5 m (100 ft) below the sur-
face wfth probable well ylelds of 22. 7 to 113. 6 lltres per

mlnute (5 to 25° IGPM) The total dlssolved SOlldS range

from 1000 to 1500 mg/l whlle sodlu@, pota551um, carbonate

. and blcarbonate constltute the chemlcal characterlstlcs ,of

<

AR q%
a7’ . -
r L] ) o . .

4

14

the‘groundwater, Some undesirable,calcium“and sulphates are

present as well however.

v

ﬁ i ' .‘ i‘ ’ . ’ ‘. N l .4 - ) |

-«

. Condenser Cooling -

»

3.

Condenser cooling,fbr the Keephills-plant Willfbe

provided‘by a.semi—closed -cooling‘pond‘facility;- This

reservoir w1ll be constructed adjaCent to the: plant (Flgure"

2: 25) and w1ll be. sxzed at 0.4 hectare (1 acre) effectlve; l

- C
-

surface area per MW of initial station capac1ty The

d'estlmated capltal cost for a 300 hectare (750 acre) coollng

kpond 1s approx1matel§'$l2 m;lllon, excludlng land costs.

Alternat;ve‘coollng systems were‘con51dered'e;ther-lmprac¢-'

R
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'LONG TIERM MONTHLY MEAN DISCHARGE OF THE NORTH =
SASKATCHEWAN RIVER AT ROCKY MOUNTAIN HOUSE
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. tical or\unecohémicall, The topographlcal condltlonqk}n the .
, S _ . -
1mmed1ate plant area are “also favourable for an exten51on of B

the;pond to serveifuture generating_units; T

T Lk . . . .- o -

| Water to flll the pond andbhakefdp water.fer thel |

flrst unrt w&ll be obtalned via the e;rstlhg‘plpellne fromhﬂ‘v'
qthe'North Saakatchewan’River-to the Sundanqe plaﬁtr This
:’ pipeiihe paSSes jdst south df the new plant Eite;. Bidwdown‘ ‘.'1,‘
ifrOm'the firstvunit_will be ihcorporated‘into;thehexieting
Sundance'blOdewn line with‘additional puﬁpind equipmenti‘
jrédﬁired} The blowdown is rethrned to the North Saskatche&anw;':i<
‘Rlvef‘at a p01nt below the w1thdrawal pumphouse ' Make—up v
ahd blowdown plpellnes‘and pumps w1ll be prov1ded for the‘
eecond-unlt.' Thesefplpellnes are'to be;31zed_att610-mm (24
in;pand 4%? mm (lé,in)hréépectively. The ﬁake=up‘water d
‘“EfsupplyqreQuirements wiIl be approkimately 0.é%1m3/s (34 éfsi
.for a 750 MW station. The blowdowh pumphouse w1ll 1n1t1ally -
n“have a capac1ty of 0. 48 m /s (17 cfs) w1th the assumption .
that make—up and blowdown w111 be requlred for elght monthsi

out of the year.

Calgary Power proposes that the quallty of the
coollng poﬁd water, and therefore 1ts dlscharge, ‘will be
-vmaintalned so that the-concentrations will not exgeed.twice(_

" those of the water‘sburce. The:predicted éompoéitioh\pf~‘

)



[

- are 51mply doubllngs of the data presented 1n Table 2: 2

1
’

r

blowdown concentratmons fbr the coollng pond water are

”‘ .

presented 1n‘Table 2 61 Wlth most parameters,‘these fi@ures

I
H

O

——

. jthe water quallty of the North Saskatchewan Rlver at Devon.

~ e

-

» The estlmated coollng water flow for each 375 MW

4. ':»«Qﬁf':

unlt is l4 S m3/s (230 000 USGPM) with'a temperature rise

across the condensers of approx1mately 8. 3C 615F) _The heatw f

rejected to the pond w111 result in a maxrmum pond tempera—'*.'

g

ture of about 32C (89F) dur;ng the summer months when the E
v) “' C _-\ .

plant is- fully operatlonal. The ant1c1pated annual Qafl—'
atlon 1n the coollng pond water temperatures 1svpresented.r'
in Flgure 2 27.l By employlné the'heat rejectron rate of
3440 X 106 BTU s per hour 1ost to the condensers'as llsted
in Table 2 5, a very rough annual flgure of 30 b 4 lolg“BTU s
Y
can- be expected to be rejected 1n the condenser coollng

water at the Keephllls power plant when it is. operatlng at

maximum capac1ty,.



‘h Table 2 6

KEEPHILLS COOLING WATER POND

TGENERAL CHEMICAL

COMPOSITION’DF.BLOWDOWNfJ

'PARAMETER ff

pH : ‘
Alkalinity - P ~
jAlka}lnlty = T
Conduct1v1ty

thTurbldlty

Colour ‘f”

"Total D;ssolved

_ SOlldS
Sulphate

‘f;Chlorldev'“.'J:_sﬂ
S Silica 7 sir

Calc1um
< Maghesium

Sodium' . -, ""\jzi

Potassium

- Total Hardness "ﬂ

EDTA

',NUTRIENTS'
.‘Phosphate—Total
i _Nltrate—Total
Ammonia: .
'B.O.D.,

-k Assumed tgit
' chewan River

- _that ‘sulphiri
formatlon in

Source- Calgary
. Resource

TR ey

L om/

O 02— 0.
0 002

Iron' L
Manganese»f'fl
s'jCadmlum, . .
"Chromlum_r' 0.004
Cobalt . . 0.006° -
»jcopperu‘”vjj;M”O‘oz I
..+ Lead "”w“ ' 10.02 -
(vMercury L 0 OOl—
, Mplybdenum" 0. 014
Nickéld 7 0.020

- Silver e 0. 002:
Selenjum ©0.D2
- Tin . o

. Zinc 1 0.02:~

kS

0.001

0.04

source of coollng water is the North Saskat—'“"

at Devon, that the coollng pond will be

operated at an average two cycles of concentratlon and

¢ acid: w111\be used. to p; event scale';
the power plant equlpment o

Power Ltd Appllcatlon to the Energy R
s Conservatlon Boazh for Approval to .-

. Construct, ‘Connect and Operate the South Sundarce

" Plant.

Calgary: November 1976, Table 2-8, p..2-17.

T
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ANNUAL TEMPERATURE VARlATiON
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SE ;a
Calgary (Flgure 2 28) , The plant whlch 1s to be constxucted

S
R E ¥ . e
- A : ﬂ»‘ .

and operated by Alberta Power Ltd ‘w1ll be a mlne—mouth‘

s

)
X

. The 1nformat10n used Ain’ thlS segﬁlon”was obtarned/ unless
o otherw1se noted; from theqfollowlng sources: - -

Alberta Power Ltd.. . Sheerness Power: DeveImeent

- Amendient:. of - éppllcatlon No..:.9759. LOERCE te

~Constrétet aggfoperate.« Edmonton._Vols 3 & II

. August. 197%. - :
Alberta Power-Ltd. . _Sheerness Power Developmeﬁt

‘;," L

ngplementary Infqrmat16n°1n Respéct. of- Appll— /

-cation No. 9759 to ERCB Edmonton Aug.v1977

" Alberta’ Power Ltd. .Sheerness Power. Develqpméht.u_j}f~-'
EEa Suppleméhtary Informatlon in: Respect of. Appli~'
catlon No. 9759 g’ERCB ,E@monton;.Aprll,iQ78y;

o

D
S e



Souvce Albemo Powe( le Sheemus Powev De velopmem Amendrﬁenr

v ool Aggl-cohon No_ 9759 lo Ene!i?esouvcei ‘Consetvotion’

Boord 'o Constvuc' ondO ole mon!on Vo 1 Augu!l et e




PRGN consrst of two, 375 MW un;ts wlthISPace allotted L@ the

;i7fﬁplant %;yout for two addltlonal 3%5 MW unlts g&e,statlon
. ,‘ . .

o 3/ - v K

s d) r;ff."’, 15"
energy balance &1th tyo un1ts 1s presented 1n ﬂgble 2 7.‘“

i
The aﬁt1c1pated boller eff1c1eacy 1s llsted as 83rpe£cent.

'4\:»

The net electrlcal output or%the overall plant net thermal :

.=‘ N -a'-- Loy

eff1c1ency“ 1s expected to be oniy 33 9 percent ThiSQis-*Ix

N T

ﬂthe Keephslls planf‘V The princ1pal cause of 1ost energy is:

. .,\

10 BTU s per hour.h’g' AT AL PILEREE ST S -ﬁﬂa‘f S

The scheduled commlssaonlng dates for the.two unlts

; . "'\.

3 o R

.83

the heat rejected to the condensers, 46 9 percent or 3438 x'f”¢

'f;d were orlglnally set at July P”J1983 and July l 1984 but the‘_lﬂ

4

o '»»-";Table 21 8

IR ."f"' X

appl;catlon to construct and operate the Sheerness plant wassi

«delayed flnél approval by the Energy Resources Conservatlon

-

"ThBoard The commlss1on1ng date of the flrst unlt 1s now ,'

.' .
R .

'*dexpectediioibe sometlme 1n 1985 The estlmated capltal cost

.‘lffof t‘% project 1s $347 l mllllon (1976 dolfars) ‘A’more

S e

‘kdetalled breakdown of the capltal costs is~ presented 1ﬁ

E?-9PhYéical'dﬂaracteristicsfofhtheﬁPlant‘site‘»'

- L R
e N

The terraln 1n the area to be developed 1s gently
. 3

':)undulatlng w1th lodal rellef seldom exceedlng 61 .m (200 ft)
,hThe surflclal materlals con51st of glac1ally derlved sands
Lo . oW - .:y L ) S ‘v' .

T

i




SHEERNESS PLANT ENERGY BT

BALANCE TWO 375 MW UNIT:-

. ~ . .
. . ‘ . . VoL - .
L : P v _
s : AP .
N L]

6.

_‘;‘%

V;Coal Input to Furnace 503 800

1, ’Irqptnf[’ T '_“;f“ IR SN

° > - 10%Tu/mi

rA
T

N\

kg/h (1,110,600 lb/hr) -Fg.r;7‘1f: 7,330

{

2. DISTRIBUTION NN _'}§<4

‘r'a.

b

el
'd_

e.
g il

Steam Generator Losses'? vt i“;5 . 1;246[
Net Heat Avallable to¥ o ’ S

 Tarbine ‘and Auxiliaries e 6,084

Gross Electrical Output S 2,646
Auxiliaries. Consumption T
and Cooling Pond. Pumplng o . 166
~Net Electrlcal Output ' N\, -
Heat Rejectlon to
‘Condensers -

Source- Alberta Power Ltd Sheerness Power Development

gAmendment of Application No. 9759 to ERCB to

Construct and Operate. Edmonton- August 1977

- Vol. 11, ‘Table 5-3, p. 5-8.

E

84



: ,ﬂ"'.‘ o r -Tﬁble'2:8"’
’SHEERNESS,PRELIMINA?YVPLAN% COST ESTIMATE S
. : - ‘ . .I‘; :‘.m' "n ‘ ‘7' !’/_ .. .' 6

(1976 Dollars) ’: [y q(f_

N

I | E fUNIT 1 ':-5; UNIT 2 ,
7DESCRIPTION _ L. '375 MW 375 MW~ TOTAL

' Land ST e 871,000 fi->'j,',.fgf 871 ooo e
Structures & ~ T - ,f“' T ‘ ' 3 |
Improvements . 22,607,000 13,067,000 35, 74,000

‘Water Supply Systems o.27;809;000T7".‘250,000 ) 28,059,000
Boiler Plant Equipments . 73;505;000-'“57{135;000 130 640,000 .
Turblne Generator - ~28,702,000» 23,588;000 52 290 000 '”

- Accessory: Electrlcal s e T T .
.. Equipment . ,-.:_1 7,230,000 3,625,000 1o 855, ooo%
Miscellaneous Plant’ . 2,206,000 ' 302,000 -  2,508; 000

_eefGenerator Transformers 1,244,000 - 1,244,000 '2,7488,000
’”<Undlstr1buted Overhead* 49 914 000 - 24 873,000 74, 787 000

(*2/3: Unit #1 1/3 S SR _.;_,' . BRI
 TOTAL . T 214 088 000 124 074 000" 338,172,000 .
‘_s per Net KW e 590"~ ; 342 : - 466 . L
. ,\.‘; . ) - o ' . ‘_? - . . . . .

. - - NSSOCIATED SUBSTATIONS . . . g

T - PRELIMINARY COST'ESTIMATES

P
SN (1976 Dollars)

o , » ;-UNIT 17 UNIT 2 v RIRRETs
'DESCRIPTION - - 375 MW 375 MW - TQTAL —

substation - . 7,196,000 _ 1,774,000 8, 970 000 o

Source-'Alberta Power Ltd. Sheerness Power Development
‘Amendment of Application No. 9759 to ERCB to:
Construct and Operate. Edmontono August 1977, Vol.
11, Table 6-1, p. 6—3 :

SrE Sy
3 .
'

.



Ttwhlch contaln varlous proportlons of clay, 51lt sand and

z:gravel Thls s01l 1s relatlvely fertlle and has the capa—gt

v'ﬁay-he‘usedjb"

Newton, 1927).

vxreglon whlle numerous small natural and man*made sloughs,f
Aponds and dugouts dot the landscape.{ The 1mportant drall
efeatures 1nclude the Red Deér Rlver,,located south and westdf‘

f;jof the Sheerness’area, and twd\of 1ts trlbutarles,,Bullpound“w-f:

X .
~1n the area. are Coleman Lake, Oakland_Lake and Traung Lak
,all reserv01rs/én 1oca1 CIeeks‘

"F_follows? '

““jf‘/f

h,fand~clays whlch are underIaln hy the Edmon}on Bedrock Form— u:f{

,”,atlon (Canada Department\Bf Energy; Mlnes and Natural

oy

“;‘Resources, 1967) : The 501ls 1n the area are prlmarlly loam;hisf

.3

I R

4

.:c1ty to retaln relatlvely large quant&tles of m01sture that'

s in perlods of low Preclpltatlon (Wyatt & ‘\p

et el

P

N \

L -ThereVare;some-deépl?{erbded'hadiand“areas?in the'"

'ifcreekgandeerry Creek, The 51gn 1cant surface water bodlese'? )

PR ; \

e,*

b Soen L

. -7 Buildings and environs

) The water resources 1n the Sheerness plant area are;gd;if

llmlted 1n_both quantlty and quallty._‘The/Redﬁpeer;RiVerfff’

e



"ff,near future w1th?the constructlon of
"7}¥51R1ver upstream from;Red Deer_

;bfﬁ?dam 1s to regulate t‘

g;fls~the major;source.of/water*in”the.area‘butvituls?characei

(, .

hﬁpterlzed by low ylelds 1n the wnnter and hlgh sedlment loadS?{;djv

v

N"Tﬁln the,sprlng and summer. The 10ng term<mean monthly flowsf7~f

».,I - \'_ Lo

TﬂﬁfVﬁof the Red Deer Rlver at Drumheller and Blndloss are 111us-'”

A

'pﬁtrated 1n Flgure 2 29 . The proposed polnt of w1thdrawa1 foni,f

”ttthe plant water supply is located between thesé two statlons.”

ton.the rIver A summary of water quallty measurements 1s

'-fffBrndeszand Drumheller areulllustratedrln“Ergurei2:30ig1~

i EThenStreamfflow.data:presentedmin;Figure42ﬁ295demone“;ifV“,5

-~

'strate the extreme varlatlon in- the Red Deer Rlvef annual

oy

.

i.ls close to 141 6 m /s (5000 cfs) In“additiOn;jFlsheries-dd

.‘” ,,:

'rEpRand Env1ronment Canada (1977 p; 263 & 266) llsts the mlnlmum

~_ifda11y dlscharge at Drumheller and Blndloss as 1 8 m3/s (64
"f Dec 7 1922) and 2 5 m /s (88 cfs, Dec. 21 1961)

‘4ﬂThlS 1arge varlatlon 1s expected to be allev;ated &n the

: dam on the Red Deer

vstreamflow w1th a de51red mlnlmum .ﬁ.
-~

w'idlscharge/ef'between 17 l and 21 9 m /s (605 to 775 cfs)

(Alberta Envrrbnment 1975 p. 50)

: "..”"1 e

P

' The ’véaté_f- quality ‘dai,t'af iirﬂe-séii,‘@éa? in Table 2:9, and

}The prlmary objectlve of thls =

“fff‘fpresented 1n Table 2 9 whlle the suspended re51due levels at”t-’ -

i f?ylelds. The varlatlon between the hlghest and.ﬂowest months;f,;*'”7



- . ‘ , 88 :

o “F‘l‘gur.e 229‘ LT e . ST e L .’. D B
- LONG TERM MONTHLY MEAN DISCHARGE OF THE
© RED DEER RIVER AT DRUMHELLER AND BINDLOSS S

150 i

i .:
B 130 —

BRLI S B

o blld_ SR B Long Term. Annuol Meon 56.9 m’/s(?OlO cf )

& - Long Tevm Annuci Mean. * 62. 0 m /s (2190 c‘s) o
. ~

N
f

"""'-;‘,1915 1976 (Drumheller) 1%0 1976 (Bmdloss) S

e / Source Fnsherles ond Envuronmen) Cnnudo Hlstoncal Stream"ﬂ Summorz RS
// e : Alberto to 1976 Oﬂowo lnlond Woters Dlrectorqre 1977 P.. 262 266 -




\V s

- ecadmium 00 0 0.01 0 7
ChrOm:Lum o IR 0. 057;
“Cobalt: .. iv o= .0 7700002 940,001
.. Gopper . io;oz’~ S 0,003 02002 -~ 0.013 0.012"
..;1tIron ._; S o 3 ;:.,g,};o 22 0%;6; '1’5 C3.4
"-;Manganese[ﬁ-yfff“fo 05"'”¥GEﬁT?O;0121f

Table 249 *‘}?f’;‘”

WATER QUAL;TY SUMMNRY OF . RED DEER
RIVER AT DRUMHELLER AND BINDLOSS (197@1

L )‘ . > : £

Sl
3

’-,PARAMETER R o mg/l mq/l mg/l _ mg/1

SRR STy PRoVINCIAL (OCT TO MAR) (APRIL TO SEPT)
- ‘j SURFACE 'DRUM- 'BIND- H DRUM—' “BINDfL.
. WATER QUALITY HELLER LOSS- HELLER j'LOSS"

. 'fTota1 Alkallnlty “_,:;f'}'214.4.w;2 9. 146 143 iﬂaaﬁ"hg o

- Dissolved Res1due “'Tm 2825.»'4318
',Suspended Residue’ *ﬁ-'wfyu;lz 45 st . o
~ ‘Total Residue . - U e e s e
. Sulfate . ;Aﬁw’,~J*! el B2 ;784Y4r15137;3'»aj58_11‘vfsnﬂm'
.Turbldlty'iiﬂ. .25 JTU. S T N T TR

g

L_Chlorldei'5_ *T"':¥“' -’~'f]”i¢2~1“.‘i7§*3i‘ 1 7 “a3§zﬁ‘3ofl7-'
: APParent"ﬂﬂ,“' 30 above: v'j'f‘ \; f ST e _74, ‘w. f:ff?

Color . - il matural ', . 11 8y - 24 .. 38

"*rfFluorlde e f” s o o. 18 o 17 o 17 "o, 17

é

- Hardness- ”'ﬂ R T 240;-f '289 1155 7: 156
. Amnionia’ Nltrogen ”.;-;1A'1* L S A D fhg*fbfz;_
S Nitrate & - e e T Ehe
: ,fngltrlte Nltrogen l 04 Lo O,3O7gi_053ﬁﬂ

S

H@te459ir”a#f3,n° lrldescent Sheen ”"gl' t.\i': Lf;'I/",3?v'°1ﬂ‘.?
e t . 6.5-8: 5 8 1 8,0f~ 1 B;o} .,:8.2;'*

: Ph05ph°r“s 0 15 _f "*ﬂ 0.008 011 . 0,082 0.19
“210ﬁ?z, 241,,:,,,;wv,¢

.over - naturai - 15?:"€ 13 Llééﬁu.e l37i

—

L]

““'Gf7Arsen1ch}7-f5jﬁ-._o 01 . . 0:005 ‘0. 007 0. 0061 0. 0010

10.009
0:015.

o 002 03001 .0.001 -
' fi,O 015, 0.015.
©0.012 0.007

10.007.. 0. oos'

.0.16.". :,‘o 20"

. Mercury -7 . ,.0.0001%' . 0.05 0205 'a 0405 .7 0505

lfanlckel e -1~_,-;-.;_v,‘f«‘-o 004 76.003$ 0,030° 0. 015

elenlum)j,:- }'”7O§01Rﬂ-f¥f_'540 0005 0. 0005? 0. 0006 04 0007

fffSource- Alberta Power Ltd. Sheerness Power Development e
"fggj ?fv Améndment of Application No. 9759 to ERCB to. Construct &

ft_ZlnC ":-;_-a'~»_o;05- ]L%;;;fo 005 0. 004 0. 063 o 1020

OEerate. Edmonton, Vol 1, August 1977, p.\4 6-16 ;;,gviarj
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mg/ | -(~‘|O‘g )

90

Flgure230 A | ?

'RED DEER RIVER SUSPENDED RESIDUE . -
LEVELS AT DRUMHELLER AND BINDLOSS,

g
10000 _\ N
, ——'4-‘_—‘— Mean Drumheller -
———— Mean Bindloss
1500 A
250-';‘_
40 1
ﬁ
5 1 .
1.
0 T T T T T T T T 1 ~J.' T 1
c 2 05 5 3 & 2 ® ' % 3 gy
3222223 IROE O
1976

‘Source: Alberta Power Ltd. Sheerness Power Development. Amendm nf
. Application No. 9759 to Energy Resources Conservation Board to.

Construct and Omrote Edmonton Vol. 1, Augusf 1977 p. 4. 635
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% A
R -

the sUspendéd_residueﬂievels_iliustﬁated in Figﬁre 2530,.éfe,

‘also very significant. A review of the water qualify‘data‘

~

’réveals_that sevéral parameters have bééﬁ'foun&gtb exceed

‘v‘the'Provinéial‘SurfaCeHWater Quality Criteria, especiéiiY"“fﬁf

‘ltotal phosphate phosphorous and several of the héavy metalé;
The suspended residue levels are also very high during the
~periods of peak discharge.

'ik similar situatioA’exi§ts ﬁbr/Buiip§ﬁnd1Créek as
evidéht in Figuré 2#3;7 AThis hydrgéraph aémonstrates?that
;'zero/flqws.ére exhibited.by thef¢reék dﬁring the wintér
,fﬁégﬁhs. Table 2:16_is.a'suﬁmary of water quaiity.téét
:}resulﬁs:conducted on Bu11pound:Creek and én almost identical

- situation as that for-the Red Deer Rivertis noted.

The groundwater found in fhehshéerness Power Develop-

ment area is of very poor quality. It is élSo'very_difficplt

to extract from wells because Qf_l@& aquiferapéfmeability..)
D ERoraRE SEE TEASE PEEE Sy Y-

is extremely slow and -

3,

Consequéhtiy;'groundWater recharge

occurs . largely as pointsrecharge under ponded surface water._wA,'“

" The quélity of thesgrpundwatér:is often outside the limits
‘designated for human ¢onSUmption: Chemical analySes have
indicated very high values of iron, sodium, sulphate,

chloridés ‘and, 'in genéral, all total dissolved solids. As

a result of this poor quality, there arg‘ﬁeiy'few.usérs of

2
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'
i

. E-gure 23] .

LONG TERM MONTHLY MEAN DISCHARGE OF BULLPOUND-W
CREEK NEAR THE MOUTH AND NEAR HANNA

T

19621976 _

Source F-shenes and Environment Conodo Hustorlcol Streamflow Summaty: -

b~ \
, 1
: \
10— \
s b o , )
09— l \ Long Term Annuol Mean  0.29 m's(10.1 cfs)
. '?‘:)f Long Term' Annual Mean, 0.1 m5(3:8 cks)
o : . .
H
0.8
0.7-—
- 0.6 —
05
0.4 —
0.2 — 4
0.t —
T Near the Mouth i
0 T T T 1 T l T T T | —
[ . :
> o : o :(. Z : V] = G v (>3 . ¥
< o 3 T 3 2 2 2 & o z B8

" Alberta to 1‘976 Oﬂcwo Inlond Waters Dvrec?otote ]9]7 p 54 55

92
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R
Table 2:10 .
. WATER QUALITY OF BULLPOUND
. CREEK NEAR THE MOUTH (1976) .~
L L TSURFACE WATER o - R
- PARAMETER ' 'QUALITY CRITERIA ‘BULLPQUND]EREEK»
' : mg/l ' mg/1.
- Total Alkalinity 318 .
Chemical’. Oxygen .
. Demand . 52
Chlorlde SRR . : 9.7
- True.Color 30 above natural? .40
Fluoride:: 1.5 ' 0.23"
Hardness’ » N 174
.~ Ammonia Nitrogen L ©.0.09
 Nitrate & Nitrite - S
Nltrogen ;.l.OSj ‘ 0.02
pH - 6.5 to 8.5 8.2 -
Total Phosphate ~ T
Phosphorus 0.15 ‘ o 0.74.
Dissolved Residue 588 -
Suspended Residue. - 7 -
" Total Res1due ' . 595 ‘-
 Sulfate - 120 .
Turbidity 25 JTU over natural 3.5
- A¥senic 1 0.01 0.005
Cadmium .0.01 "0..005
Chromium 0.05 0.005
' Cobalt ~ e 0.01 o
Copper 0.02 0.005: L
Iron” - 0.3 .0.30 S
Lead - 0.05. 0.01 " ”
‘Manganese . 1 0.05 o 0.072
. .-Mercury 0.0001 -~ . .0.001 :
~ .Nickel e ©0.,005
' Zinc . .0.05 0.005 ..

" Source: Alberta Power Ltd. Sheerness Power Develodpment.

. Amendment

of Abpllcaﬁion No. 9759 to ERCB to: Con—'

struct and: Operate.‘Edmonton- Vol. 1, August 1977

p. 4. 6-19
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S S,
B SR Y <
‘- K¢

| g'roimdwa't'ef with'in‘ the sﬂ-‘tudy "‘afrea"with’ 'onl.’yﬁrt'h“e"'1ocal7" 'fame‘r‘;

'and the mun1c1pa11ty of Sheerness utillzlng thlS resource

rThe town of Hanna wlthdraws 1ts water from local surface
vwater»sources. S

JETURINN

" condenser’ Cooling

\"ThéhpropoSed method'offcondenserfcooling'athﬁhe,v; -7r1-“;

SN

éheernessfpower‘plant-is?alsemi—ciosed" coollng pond system;h;z
:TThls pond w1ll be 300 hectares (750 acres) 1n slze t?he';t
"coollng pond w11i be - located to‘the west of the power-piantv;h
jl.and w1ll be formed bylerectlng.a dyke across the mouth of a%;f"'d
»‘natural depre551on (Flgure 2 28) The temperaturevrlset

‘across the condensers s antlclpated to be about 8 3C (lSF)p]h@b
Wh'and the max1mqp pond temperature w1ll.be approx1mately 30C.
‘(86F) in the summer at full load‘. The dec151én to emplo? a"-h :
cool;ng pond‘system was basedtstrictlyﬂon;economicsx\fThere
'are insufficientbwaterrresources\inthefprojectfarea'to;fl
twarrant'a onceethrouchfcooiinéhsystemgq;ﬁdcomparison;of}‘s’
‘:costs for constructlng coollng tomers, as opposed tohagm
COOllng pond .rs presented 1n Table 2 ﬁl 'Thesevdata»ine'.-

"_'dlcate that the capltal cost of constructmng a coollng pond
is hlgh relatlve to a mechanlcal draft coollng tmwer or an fT

‘air—Cooledgcondenser, but thlS hlgher_cost‘is offSet~by the

high operating costs ofsthe.Othéi\SYStem$?i : L R
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777fj:2ﬁ~»_ mable 2 11

“« . U SUMMARY OF ALTERNATIVE-COOLING
S -@-SYSTEMS FOR SHEERNESS PLANT

‘f‘;/i:fr-;:ft*' (1976 Dollars)

S B r;' WET COOLING TOWERS\) .,”,,;s;_
o _~A/‘?;ej,gs¢jo . cooLiNg “ MECHANICAL ' NATURAL SO
BTSN, ':'*J e POND f DRAFT 3 'iﬂ DRAFT e

. Capital. Costl St $37 038 ooo $33 617 ooo $45 ooo Boef
- Water M‘ke—up CapaC1ty . _ T e
(6 moriths’ pumping) 1. 22m3/s _ ,l Om3/s f. 1 Om: /sv]'._éb '
SR Aux111ary Power: = P e ERETS
B Capacity (KW) .° -+ g 900 , “*11 360 = 9 96Q
, Energy (MWH/yr) ].,;,.31 sso,_i‘u 63, 910 V_‘,57 890
Present Worth2 of Power andﬁOperatlng and Malntenance T

-f“{fﬁ-Power. R R L . : = L "“V“.ff_¢
’5*nﬂ CapaCLty ($150/KW) $l 035 OOO $1 704 OOO $l 494 OOO R

- Energy (2. 9m111s/KWH) $l 271 OOO $2 551 OOO $2 311 OOO o
'Operatlng and e

o Malntenance (excludlng e ‘ ”

S Power R . $3 lOO OOO $5 800 000 '$4 800 OOO

&.'Total Investment o §42 444 ‘000 $43 672,000. $53 605 000
"Relatlve Cost Estlmate ,l,_;fwr‘u. 1. 03 R l 26

L

A

gIncludlng pumplng equlpment and plplng..; PRI ‘.»Qﬁ" T
‘Thirty ‘years of operation ‘at 6 percent discount. ' = . - a
fThe relative cost estlmates for mechanlcal draft and

,natural draft dry coollng towers are I, 25 and l 30
_respectlvely. ”ﬁ"ywi;';;“ C U : -

,qu

—j'Source. Alberta Power Ltd Sheerness Power Development :
;\;";, Supplementary Informatlon in Respect. of Appllcatlon
' No. 975§4to ERCB Edmonton..August 1977 p.zs,fﬂf
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© via ' Sl4n

f;of<Withdrawa1‘willube'1ocated approx1mately

SN » A
’f._pose problems of plpellne abra51on and could also_be detrl—x;mvl-~

.vfimental to 1np1ant uses If thlS becomes the case,_AIberta e
,'"Power proposes shortenlng the perlod of wlthdrawal to

':élnclude onlyvthe‘months of May to Septeﬁger

o
[t

ENIEE [ ST T
-up water for the coollng pond w1ll be obtalnedﬁ

Y . \

'°(36fin){diameter steel plpelln from the Red

" Deer River .some 40 km (25-mi) to the southwe . -'.The' -Jpo-i'ntf,'

(f o .(.» J P \

5 km (9 3 ml)

vi'fupstream from the confluence of Bullpound Cre)k and the Red'f:

\,,,'\. o

“;Deer Rlver.ﬁ After the reserv01r has been fllled watep«W1ll

'ube pumped in suff1C1ent quant;ty to prov1de for tw1ce the E

' fyearly evaporatlon and lnplant consumptlve usage losses
o SlmultaneOusly,;water~w1llnbe'dlscharged'to compensate for«f

‘_fevaporatlve concentratlon effects over the annual perlod

(16 OOO acre feet) and total volume of the pond w1ll be

";1;'approx1mate1y 21 426 OOO m3:(l7 370 acre feet)

P I

7: The proposed w1thdrawal of make*up water from the o

L

‘~because of flow reglme constralnts The,rate.ofiW1thdrawa17

e

:’_Lf”W1ll be constant over a six month perlod (Aprll to September)

It 1s ant1c1pated that the hlgh sedl—’

%

mént load of the Red Deer Rlver durlng thls perlod could

6

g ~..‘ . 5?.5 /.:
hrft”ﬁﬁe

A iy

“or
RN SR

LA v e g i

‘ v'ﬁerlod of w1thdrawal to the months’of Maywto ectoberﬁm,ktﬁw@ﬁf’

: ed Deer Rlver 1s scheduled for the summer months mnly fj‘"sf;ﬂ

“fThe annual w1thdrawal volumes wull be approx1mately 19 736 OOO _JET



Jo—

| 1s also proposed that w1thdrawa1 could be halted durlng

.A/ . [~

perlods of exceedlngly hlgh suspended re51dues levels such

as occur durlng thunderstorm act1v1ty.f Howeyer, thlS

fdssChedulingjmaylbe_unnecessary.upon“pompletionpof.the RedﬁtV

' .Deer River dam. .

=,;1nto the Bullpound Creek system via Coleman Lake,.W1th even—-

Blowdown from the coollng pond w111 be dlrected s

“:dtual'dlschargewback 1nto“the=Red Deer'Rlver;h The schedule

":water. The annual blowdown volumes w1ll be in the range: of o

for dlscharge w1ll be c01nc1dent wath w1thdrawal of make—up

.'v e n

'

‘f',9 868 OOO m. (8 OOO .acre, feet) The flow at the p01nt of -

:dlscharge w111 be approx1mately 0. Glrm /s (21 5 cfs) overi'

<
>».,'

"*t;the 31x month perlod Thls w111 be transmltted through a.

h5?610<mm (24 1n) dlameter steel plpellne-, k .A‘ fh' i

It 1s proposed by Alberta Power that the coollng

»pond water'system w1ll be des1gned to ensure thab the pond

water,_and therefore 1ts dlscharge, w1ll exhlblt chemlcal

fﬁcharacterlstlcs between those of the Red Deer Rlver and :
:“twlce the concentratlons exhlblted by that same rlver. The

'predlcted maximum concentratlons of the coollng pond dlS—

.f~charge are 51mply doubllngs of the Red Deer Rlver concen—

'J“*;trellons (Table 2: 9) Thls results 1n several parameterSTii

) ‘;fexceedlng the Alberta Surface‘Water Quallty Crlterla. The
@ - . : : : N :

RE

u«’r

1;_\;

'm«f-
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-ratlonale employed by Alberta Power for allow1ng these con—'“.

_centratlons to be returned to the Red Deer Rlver is that the

' ~r1ver 1tself exceeds many of these parameters

"In addltlon to the condenser clrculatlng water,
J-
L

effluent from a sewageslagoon will be dlscharged 1nto the

v

J.coollng pond._ Inplant sources of thls effluent 1nclude

o b01ler blowdown b01ler cleanlng, domesticfsewage,”boftom

ash slu1ce water dlscharge, water treatmenf plant statlon

serv1ces, yard and planfjflscharge, coal\storage dralnage

and spent lubrlcants The estlmated flow from the lagOOn ,?‘kb

l

to the coollng pond w1ll be about 23 680 OOO lltres per day

(5 209 067 IGPD) The lagoon butflow w1ll be monltored to

‘ ensure that dlscharges from the lagoon Wlll not 1mpa1r t%F

water quallty of the coollng pond d;scharge. :tﬁ N\ .

Environmental-COncerns

There are . several env1ronmental concerns assqo}ated
W1th the Sheerness Power Development proposal The potent1a1
effects -of the coollng pond dlschargq‘bn Coleman Laké and

Bullpound Creek are not speC1f1cally known It is proposed

. that thls water be elther temporarlly stored in the lake orr

releaseﬂ to cause an 1ncreased flow 1n Bullpound Cre }ﬁﬁl

" The hydrologlcal effects on- Coleman Lake remaln to'be }\*g //e

quantltatlvely evaluated The 1ake xsrdontrolled by a’ \\“_:

98 -
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-spillway, therefore one major hydrologlcal effect ant1c1-‘“_‘
tpated 1s ‘an’. 1ncrease in" the flushlng rate of the lake,:and :
an 1ncreased perlod of actlve flow in. BUllpound Creek w1114.4

\

almost certalnly 1ncrease er051on of the streanfbed and

By

”banks This is dlfflcult to quantlfy bu@ Alberta Power'pif

nd

"feels the potentlal stream eros1on\i: Bullpound Creeek would

be. mlnlmal because natural flows as 1gh as 14 2. m /s (500
- g : N\
' cfs, dally means) are not uncommon 1n the . creek. They "'

ant1c1pate the lower-blowdown flows of O 61 m /s (21 5 cfs)

' w1ll have an even smaller effect A contlnuous flow of even~'~'

O 61 m /s (21 5 cfs) may 1ncrease stream er051on overﬁpif:jnt

:'values durlng perlods of near zero and zero flows but thi
would be mlnlmal 1n comparlson to that whlch occurs durlng

;-'perlods of peak natural flows

The water quallty of- the coollng pond blowdowq 1s.t
also a potentlal problem area The water quallty of Bull—-

) pound Creek (Table 2:10) 1s 51mlkar to - that ant1c1pated for

' Z.
‘tHe pond dlscharge but w1th several notable exceptlons.

‘Nltrogen, suspended«re31due, turbldlty, 1ron manga;ese,"
nlckel arsenlc copper and 21nc w1ll %ll be hlgher 1q\the
coollng pond dlscharde than 1n Bullpound Creek : The in-
) creased sprlng flushlng of Coleman Lake could also result

1n 1ncreased levels of varlous parameters, espec1ally metals

Hwhlch had prev1ously settled on the bottom of the 1ake

"-"{J .




\\‘-“‘dlfferences between the water quallty of the aqulfer and

;Furthermore ﬂnatural and forced eVaporatlon 1n Coleman Lake j’;;%f/

X - R

o - . R P vf;/">‘ '
'LWlll cause some constltuents to become more concentrated ' j

.»vthan in the make—up water f*om’the Red Deer Rlver.p Addltlonal“"

. “ .
¢ e v o

';concentratlons may arlse from hlgher flush1n§ rates of the

. '}' . . ) », i . . B l . .
lake L e T SRR SR

A further env1ronmenta1 concern 1s the potentlal for_

:;seepage of water from the coollng pond or blowdowh 1n Bull—

‘pound Creek 1nto local groundwater aqulfers. A .major aqulfer

channel has been 1dent1f1ed 1n the area whlch traverses 1n {,
the dlrectlon of Bullpound Creek pa551ng under Oakland and”"”

Coleman Lakes. It generally appears that the quallty of

”the coollng pond water w1ll be better than that of the

”groundwater, therefore, no: adverse effects are antlclpated

L‘In addltlon,,lt appears that therebls 11ttle 1nterplay 4}_\4:.jr;r
s .vv,'v‘.o

¢
Ibetween the 1akes and the aqu1fer ch nnel based on test

: . _ o ‘ '
-results whlch have 1nd1cated that there are substantlal

.‘_the ]_akes_ ‘, . | _1} : e . | E e . ; \ . r

Cooa T

tw The aquatlc_blota could be-adversely affected by f? L

.

'two sources--lncreased water temperatures and re—lntroductlon’”“
'“of metals from 1ncreased flushlng of Coleman anngakland

. Lakes Increased temperatures and nltrogen 1evels w111

B V, - . c . KR
% pa) f
W

'probably result in 1ncreased product1v1ty I‘However,.Bull-'




s

‘1\'—,“ e

lfpound Creek Coleman Lake and Oakland Lake have very 11ttle

;,fvalue for recreatlonal flshlng due to poor habltat condltrons}hi
»(hlgh total dlssolved SOlldS and low dlssolved oxygen levels)jf»‘

.'and exten51ve dammlng on the upper reaches of Bullpound

»e

'T5Creek for agrlcultural purposes produces 1nterm1ttent flowsp

.whlch effectlvely elimlnate flsh from these areas.‘_Lowdi

: flowsfof_neaquerogandVZero-for much‘ofﬁthe,time;infthe,,}”
(:driérhyears‘must;blso inhibit fish presence. =& .. . oot

;One“seCOndaryebenefit that‘oould'ariseﬂfroﬁzthe'

bSheerness Power Development is the supplementatlon of the'ww:’l-ifi '
3Hanna water sé?ply Wlth development of the Sheerness power DR

’fplant reS1dent1al and commerc1al expan51on 1n Hanna could

.o‘nece551tate the acqulsltlon of & new water supply ThIS'ﬂ“*efhw

. could poss1bly b::met by'pumplng water from the power plant'.:v

‘lcoollng pond
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-vand 0perated by Edmonton Power at a total capltaI cost ofkﬁ’”

"f.GeneralJPlant-Description S A T

T;'nomlnal 750 MW, mlne-mouth coal flred plant Supplled by the:

B - .
. R [
DS J
B .
Loy

GENESEE

The Genesee thermal generatlng statlon 1s to_be a :

‘;_‘Genesee coal fleld The power plant is’ to be cpnstructed

v

° "'f$4oo mllllbn (1977 dollars) 1nc1ud1ng lnterest accrued ﬂt'

S

durlng constructlon (Edmonton Power, l977a) The mlnlng?F"

h?equlpment ls,expected to cost ag addltlonal $43 5 mllllon;

"’»'qn’ ‘,

:;yet to approve the‘appllcatlon Therefore, these dates:

"1{A breakdown of the capltal cbsts is presented in- Table 2 12

The Genesee power plant w111 1n1t1a11y con51st of

‘f;rtwo 375 MW unlts (Edmonton Power, 1977a) -LThe comm;551on1ng

;vﬂ37dateS/for the two unlts were orlglnally scheduled/for 1985

;and 1986‘but the Energy ResourCes Conservatlon Board has
| : e

v'w1ll prdbably be deferred by at least one year each eASPAI'

'upw1th the Keephllls and Sheerness poWer plants,lprOV1s1onfj'

‘ o Lk

6. .,,

'1s to be 1ncluded 1n the'Genesee plant de31gn for an




S Water Supply Systems:
. ..Boiler Plant., Equipment
" .'Turbine Generator
;]”}Accessory Electrlcal

“Table 2712 - -

e T

' GENESEE PRELIMINARY PLANT COST. ESTIMATE

"DESCRIPTION

B
~»-3757Mw-v

e

(1877 Dollars)

ooNrT 2
1'375~Mw2‘“

V'TOTAL

“l_Land ’b ': f =2
- Structures & '
' »Improvements'

' Equlpment _
Mlscellaneous Plant

'Undlstrlbuted Overhead

+ 1,520,000 -
19,250, ooo‘
7:865,000
60,465,000
- 35, ooo ,000-.

' 6 010 ooo
F02, 180-000
55 460 ooo

lO 980 OOO .

.45 800, oodl
27,720,000

5 750, OOO
+380,000
33 140 OOO

l 520 OOO‘

30,230, 000"

7,865,000
106,265,000
62,720,000 ¢

v11,76a,000"
2,560,000
88; 600,000

v~f*ﬁTOtal

- Total: 7*-ﬂi'ff’ﬂ7[

| . 187,750,000 123,770,000 311,520,000
S Per Net KW :

340 7 428

5{6 R el T

. ASSOCIATED SUBSTATIONS SR

- ' BRELIMINARY COST ESTIMATE S N

F1977 Dollars) .%H

e - ‘\g UNIT 1  UNIT 2. L
'.fDESCRIPTION 375 MW © 375 MW 33L;~& TOTAL -

cL 490 000
. 390,000
1,880, 000

uSubstatlon L

_ : 900 000 590 000
,Undlstrlbuteq Overhead

235,000, . . “155,000"
SR 135 000;: iju 745,000

'-VSource- Edmahtgn Powera Appllcatlon to the Energy Resources-;;‘y,f;f
- - Consérvation Board: for Approval to Construct, Connect
and. Qperate the Genésee Thermal' Power .Plant and: Mine, 7
. Yel1. 111, Power Plant. Evaluation. Edmonton- December"”
';'1977 “p. 8-3 ‘3;_:. AT PR 1'-,',. R




additional 750 MW of capacity} The annual;eoal requifements"

of the plant when operatlng at 80 percent of capac1ty w111 B

- be approx1mately 2. 7 mllllon tonnes (3 O mllllon tons, Edmon—_

ton Power, 1977b). Edmonton Power eStimates that there is
a recoverable coal reserve of about lBO'miflion tonnes .(200
: 0 . .o

.million tons) .in the area which is sufficient to supply

1500 MW for thirty years.

.

&

Data relating to the pIant.energy.balancevwith the

_two'units in operation are presented in Table 2:13. These

flgures are. almost 1dent1cal to the expected plant energy

balances for the Keephllls (Table 2:5) and the Sheerness

(Table 2:7) plants. At Genesee, thefexpected boiler‘ef—v
: v . : :
>ficiencies.are 85 percent but the total plant nét thermal -

efficiency will be only about 37 percent LEdmonton Power,
% o

©1977a). Of ‘the in-plant energy losses, the“heat rejected

_to the condensers fepresents the largegt proportion, 46

percent 0of the, input energy.

Physical Description of the Plant Site - o l"}ﬁ;fw"”u

'The Genesee power project will be located approxi-

- mately 50 km (31 mi)'W.S.W;Aof Edmontonvand south of the

A,

" North- Saskatchewan Rlver near the town of Warburg (Flgure

T < N "

L s ] ;; 3 o

E

i 2:32).' The total area affected by’the progect w;ll be

Ay - »

about 1200 hectares (3000 ‘adrés, 9Edmdhton>Power, 1977a)

sz
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‘Table 2:13 B
‘GENESEE PLANT ENERGY o ' S
BALANCE TWO 375 MW.UNITS ‘
- 10%8BTU s/hr b %
A. Heat in Fuel Burnt g o 7,161 100.0
B. Steam Generator Losses S I 1,072 - "15.0
C.  Heat to Turbo-Generator and . : '7;_ o
* Auxiliaries -~ - ' ' © 6,087 85.0
_.Dz Heat Rejected to Condersers - 3,302 . 46.1
" E. Heat Equivalent of Electr1c1ty - ' : L
©  Generated - - . 2,645 . 36.94.
'F.vAux111ary Power (1nclud1ng C.W. o I _ o
Make-up and Blowdown Pumplng) - ‘ -f162 B 12,26
G.,Heat ‘Equivalent of Net - . - L o ‘ :
Electricity Generated o B 2}483Lj.“"“34r68”"”’
- ' S B R R x;a;w-,ﬁ_nbuwm Y et o
.( . - Tl e e e D

>SOurce Edmonton Power Appllcatlon £o theaEnergy Resources 4
e e ~Gonserwat&on«Boand for<ApQ;oval$to.Construct ‘Connect
o . ”‘; and Operate the Genhesee Thermal Power PTant and’ Mlne,
R ' fo ) o l, Appllcatlon. Edmonton December»l977. p. 1-6~*~

> . ' I}
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B rellef in the prOJect area ranges from 45 7 to- 61 0 m (150

- 107.. .
> o ’ [ Seh

“i

The topography of thls area 1n the prov1nce varles from; o

gently rolllng~to flat (Edmonton Power, l977e) The max1mum

-

to. 200 ft, Canada Department of Energy, Mlnes and Natural

vReSoUrces, NTS Map-83'G/8; 1900).

v

_ The_surfiCial_materials in.the area coneist of clay

and till with lesser amounts of sand and gravel outwash

'(Edmonton Power, 1977e) ' These'deposits overiie the sand-

KR

:stones and shales of the Edmonton Bedrock Formatlon The

.vSOllS are predomlnantly Orthlc Dark Grey Wooded and Ortth>

) -

_ Grey Wooded from the POdZOllC 5011 group (Llndsay et al

1968) Some Solonet21c and Organlc 50115 are also found 1n

. the prOJect area. In'general, these sbmls are rated from.'

’7?ﬁfa1r to_good'for agriculture by LlndSay et a1 (1968)

,“A«-‘“ -

The relatlve amounts gf forested and cultlvated

'p*land in, the plant S1te area are preSented 1n Table 2:14.

- \.:4./ : v.ﬂ' LS
e

L'ﬁifThese flgures reveal that a con51derab1e portlon of the area S

o

B e o opee

?to;be developed’is“under bultlvatlon,‘-Forested,land repre-

i

'Sentsavery little'of.the totalvarea.j_The SOiivratings for

the area, plus the 1arge amount of land under cultlvatlon,,

b

1hd1cate that the Genesee poweroplant w111 be dlsruptlng an

B e e - e e e Y@ of W e e L ERREE .. . “

area that 1s good for agrlculture.'

The major water resource in the region is ‘the-North

3



"i,fCover'

Table 2:14

RELATIVE AMOUNTS OF FORESTED AND CULTIVATED

LAND AT THE PROPOoED GENESEE PLANT SITE

Vegetatlon

" Cooling Pond -

West.

Mining Area’

East

fMlnlng Area

\.\ T

'.Cultivated/¢'

Cleared

Poplar Wood
JBogrBirchw
willow

' TOTAL

ha ' . S

%541 776
;Mlxed Wood: j'"
':Black:Spruce-

21 - .3

- 715

ha %

613 81 .
2 o122
. ..62 8 s

91 ... 13 . 127 16

758

. ha L - %
658 | 88

ee 12

747

- Source: Edmonton Power. Appllcatlon to the Energy

.fResources Conservation Board for Approval to- Construct

Connect and . Operate the Genesee Thermal Power Plant

Mine," Vol.. IV (Part 2), Env1ronmenta1 Impact

" Assessment Draft Report Edmonton December 1977
pP. 3—69. R :

1o -
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'Saskatchewan Rlver whlch bounds the plant 51te on the eaSt;f
“}north and west. The mean monthly dlscharge of the rlver at

T‘fthe two closest recordlng statlons for whlch long term data

”'-depre551ons 1n the plant 51te area.'ﬂ'

:of Alberta (1970) 1s.51m11ar to that found 1n'&he Sundance
'.and Keephllls plant ares.“'That 1s;vcarhonate and blcarbonate
-lconstltute.the major proportlon‘of total anlonsbwhrle-sodlum‘uLQ:
-'5& pota551um constltute the major‘prOportlon’of total

-catlons.. The total dlssolved sollds are 1n the order of

Vgthe surface, nd the probable well ylelds are only in the

® "

-~

o

B S 7 RS

”are avallable were presented earller in Flgures 2 26 and

B}

y 2 22r_ There are also some natural sloughs and marshy ;gj”

\_{'.,

The groundwater, accordlng to the Research Counc11

J

'1500 mg/l whlle some sulphates and calc1um are also found #

_:VjThe water table 1s qulte shallow, about 30 5 ‘m. (lOO ft) belowkddl};ti'

R

",order of 4 5 to 22 7 lltres per mlnute (1 to 5 IGPM)
.5f;Investlgatlons of the groundwater in the area by Edmonton

"Power (l977e) revealed that there 1s very poor recharge of

groundwater resources because oﬁ,low permeablllty

5Condenser-¢oo1ing"; R ,fihj*fffz;¢~:f;3;igﬁgfw
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o

::fThe dec131 n*to construct a 600 hectare pond rather than ali**“

4:ﬁallow for a mlnlmum.of dyilng "Ag6OOEhectare pond“would be .lfﬂffdﬁ
¥ : el ; : : B A

only marglnally more expen51ve and would prOV1de suff1c1ent

surface area‘for two more unlts;at ne addl

*~»~-r~o~»wo 'y mma- -:r'-,'f Ve e
5 - . g

Ty lCOSt (E S YOS - .""..‘:.L-.~

- -z;_,r'gonﬁtoni ';Powe“r«

A cQollng pond is. con51dered by Edmonton Power to:;xwr,
 pﬁbe the most practlcal method for condenser coollng at the

N

'd:Genesee‘thermallpower plant.; Dry'coollng terrs would cost
bd'i:$é9 to‘$31 mllllon more to constrnct than“a coolrng pond
;f‘and wonld.also result.ln a”sllghtly,lower‘plant net thermel
'defflcrency (Edmonton'Power;.l977c) r Wet“coollng.tomers are
.also ver? caprtalmlnten51ve, about $9 ll mllllon more.than
,*T‘a‘coollng pond. ‘The annual operatlng‘costs.of wet coollng e

d;‘towers are also very hlgh- estlmated to be upwards of 10

percent per year of the 1nsta11ed cost (Edmonton Power, p.f

Ad1977c) { There are several other problems 1nherent 1n wet




g

oo primarily:zinc and:chromiumﬁ A further problem assoc1ated
w1th wet coollng towers 1s that make—up cannot be used at
tlmes of hlgh rlver turbldlty and an emergency reserv01r of

some 150 hectares (375 acres) would have to be constructed

a7

These factors, ‘in addltlon to the favourable land topography

PN

T;Qif? at the 51te, result 1n a coollng pond belng the only practlcal

'Tgsolutlon for condenSer coollng at the Genesee power plant “,". o

e .,g-c‘u RS

I Ve ow e, - t e e s I .. L .
A S SR A R AR

:HThe bulldup of excessrve eoncentratlons 1n the cdollng ooRRE

.

from the North Saskatchewan Rlver, some 4 km (2 4 ml) to the S
northwest. An average rate of O 62 m- /s (21 9 cfs) w11l beh'“ '
d conveyed V1a a 762 mm (30 1n) plpellne for make up water '

requlrements (Edmonton Power, l977c) Slmultaneously, blow—jd' C
N / . - . ' - ,\' .
L down from the pond Wlll average 0 23 m /s (O 2 cfs) and be S

conveyed v1a a plpellne 51zed at 610 mm (24 1n) Make—up fp fb]u. ‘q;
L and blowdown pump1ng‘w111 be halted dprlng perlods when rlver
'water suspended SOlldS become excess vely hlgh ThlS perlod

may be as long as elght weeks. The/coollng water flows for - . j i
each generatlng unlt w1ll be approx1mately 14 5 m /s (5l3

T

.:cfs),and the des1gn temperature rlse across the condensers N

-ix};l.

}tuwes of the pond wateriare 28C (82?) and 5C (41F) at full




Sl a2

In addltlon to the condenser coollng water, several o
SN T

D

.fﬁ plantbwaetekeffluents; after treatment w1ll be dlscharged

':vito the coollng pond and represent a con51derab1e volume,‘b
- approxmately 1 931 m /day (68 193 ft /day, Edmonton Power,:-,?'.::“ o
iﬂil977d) The estlmated water quallty of the cooling pond |

1lf{:blowdown, 11ke that for the Keephllls and Sheerness coollng S

..gvc.

XS -

T""'_";'A'V“fff;.ponds, 1s s1mply a doubling of the river concentratlons, Lnjf’

.,j:thls case, the North Saskatchewan Rlver at Devon (Tablef?f?).”

o
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' Several 1nterest1ng, but dlsturblng, facgs are.- ev1—
“{qudent ln the fore901ng descrlptlon of the flve thermal“power“e[
RS B Al o ,/ L

_plants operatlng Ln the provlnce and the three statlons"-

el K - - e

'tui Pr0posed for development The.amount€9/6§/;nergy rejected .”ffﬁ~;:ﬁ'A

[ Y R

by these plants pn an annual h//}s/;srof a con51derable f'

magnitudeu Durlng 1978 the total heat rejected by these

flve power plants amouﬁted toomore than 85 x 1012-BTU s.
: .'/ . R N )

'Con51der1ng that‘lt takes approx1mately 10 000 BTU s to

produce one kWh of electr1c1ty in Alberta (A Pettlcan,;.

o

w'”Edmonton Power, personal communlcatlon, June 1979),,thls

e .‘.,_.~ '-,A- '-*v . P "‘_,", = ————

-~
-

"}ftotal 1s equlvalent to the energy requlred to produce 8 5 -
. “ _,:- Ch ;‘t f. .(lr. g " ) . "
,g»mllllon MWH When the Keephllls, Sheerness and Genesee

"plants are ﬂlnally constructed and operatlng at near capa— .f?p;;

| c1ty, thlS flgure w111 approx1mately double.

' Another dlsturblng fact revealed in thlS descrlptlon

of the elght power plants 1s fhe unusually large requlre—‘f

‘ﬂrment for coollng water. Fortunately, thls 1s not a con—x‘lxdiaf.i 5,¥$

iy

'.sumptlve use of water but problems are common nevertheless.~v
: _ 8 ;

L The=environmental~¢oncerns experlenced_at Lake Wahamun_are\_ﬁ SIS
A R Voo L L T oA

113
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. [IRRERE S PSS
—d a, prlme example of thls,. Thls‘has resulted 1n con31derable
. g'.”" '5‘ . e \ - E vt u ‘ . vc\:‘_‘_'; . _1; ‘1,: e ‘/_ .“ - .
" expense fdr Calgary Power. The ong01ng study at Lake
~;}~_Wabamun by Beak_Consultants Ltd has cosy the \tllltydgbogt_;_ ,;g{g;:Q;j

$2 mllllon t date (CrOSby—Dlewold & Rallton;”1_78).w Ifx;?ff#jl“ff'ﬁrqia

the results-o? thlS study are not acceptable to the‘Energy

Resources Conservatlon Board Calgary Power could be faced ) il

"f e : .;« ) t -

R e T
e Y oea e

\ i w1th seeklng alternatlve coollng systems whlch mlght costfvh}f:»“:“riiff
P ’; Ce e D T

upwards of $4O mllllon for a plant that 1s belng operated

P O R

. PR S
o PRI

“ias a peak load fa01lity.

i
4

As 1s ev1dent from the proposa&s for the construc-

. L e

tion of the Keephllls, Sheerness and Genesee power plants,_

the utllltles are movlng to coollng pond systems as the only

. PP R

ylable method for condenser coollng 1n thls provxnce;“ ThE fﬁff.p"'n

I
o~

maln problem assoc1ated w1th.thls method 1s the quallty of :,573}514;?
RSP . o h.._. o ”.u o e AT
T A“_"‘> o P.:— - - . .,v T . . l-v-_':v"’ ‘._ ‘\.".,,.a_..f-'- -

i

the pond dlscharge., It 1s proposed by the three utllltles

. v . ..v« L
Y \._,. e : .

that the quallty of thls dlscharge Wlll not exceed twlce the

~ concentratlons of the pond make—up water source. A dls—fV*i'“*y”“"'""

S turblng consequence of thls is the potentlal effects on thei-m

' recelv1nl water bodyy At the Sheerness power development
the Red Deer Rlver quallty already exceeds several of the

Prov;nc1al Water Quallty Crlterla parameters and a con51der—ﬁ'

."” ¢

able volume ‘of water, at tw1ce the rlver concentratlons,j. o

-

Wwill be dlscharged 1nto the rlver.i A“Very“seriouS¢prob1em rffl

could arlse w1th the North Saskatchewan R1Ver.,‘In thlS case,affﬁf;

T
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there w1ll be three large thermal power plants dlscharglng ST
L . 3 , T . G

coollng pond blowdQWn to the rlver w1th1n a very short o

7. stretch dE the rrver.i Furthermore, the Keephllls and ‘
Genesee plants w111 probably be doubllng thelr capac1t1es

”j;m byuthe“mid?l990ﬁs whreh means that a 1arge quantlty of...t"

e ek
R

ﬁ;coollng pond dlscharge, exhlbltlng tw1ce the concentratlons

.of the rlver water, w111 be released on almost a contlnuous .
.Aba31s to the North Saskatchewan Rlver.; The accumulated

-totals of thlS dlscharge w1ll result 1n some decllne 1n

/-;quallty but 1t is: dlfflcult to determlne whether thlS w1ll -gt :

'};Vhave any:detrlmental effects on downstream,gsers,,lf Andeed }r;,gQQy;
.:.""4’ . Ry me s . s .‘v..,. }; L A NS .“ nv_e,‘..,"',;.,‘-.,. TelEad Ty

-there W111 be any effects.,ff "ffff‘jii};/wﬁ ¥y4?-;,.6-741@5>V5-“~l*”*"

Ll

Another{problem’aSSOCaated Wlth condenser

oW

'”igat thermal power plants is the quantlty of electr1C1ty

)

;frequlred to pump water through thevcondensersaf The’pre—ifv”

- BRI
_,_-,,- s v/' - ‘, "'ac.\ = "

vf_gdlcted energy balances for the'Keephllls (Table 2 5), Sheer—7 o

,sfjness (Table 21 7) and Genesee (Table 2 13) plants lndlcate ”hf'fﬁhali"
_evthat approx1mately 2 percent of the 1nput energy W1ll be

-Tvif'devoted to c1rculat1ng water for the condensers.- Thls

"represents a 31gn1f1cant amount of " electrlclty over an

Although thls grossly 1neff1c1ent use of energy 1s

i

i

S c .i
-} serlous problem, solutlons are not ea51ly attalnable. It'{ I 1

e s ?
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;fjls hlghly unllkely that a technolOglcal solutlon can be 'f‘ BN 'j“

7,Qdeveloped to substantlally 1ncrease the plant net thermal '_'75“ i

» U A ) . ,
,_efflclencles;'1Nuclear power,ls,not a-solutron asithese

Lhdplantgi- Nuclear power plants requlre much larger 01rculat1ng

~plants are even less ‘-efficientf‘"than fossil fueléd power . -

nrwater;flows;as.well Hydro electrlc power is not llkely to

""contlnue meetlng 1ncreased demands for electr1c1ty as the

majority,of favourable‘sites aré already developed;g’A

‘ _reductlon 1n the demand for electr1c1ty is unllkely to. occur

ibsﬁfor several decades and constant stress wrll be placed Qnys ;',35?5?'*'”

-ﬁ;ﬁisoclety approach mlght complement plant development and slow
LA - a R . . .

’“ffidown the rate of growth but thls 1s not llkely to occur 1n

ffthe utllltles to . contlnue 1ncrea51ng the supply of electrl—w-“

: cal power. More eff1c1ent uses of power and a conserver

7Alberta for'some tlme because of the abundant supply of coal

xS

. ,t::.'—u...-»#'."‘*““‘ '"“
™
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ﬂ;{,Ba51cally, the onlywshort term solutlon to the prdblem would

-

"'ﬂappear to be some concerted efforts&to-benef1c1ally utlllze f

A - |

'-_thls reject heat ' Some of the appllcatlons whlch have the .

o potentlal to partlally achreve thls solutlon are dlscussed ,

'1n the folloW1ng’chapters.fa.pﬁ<'rd:

Y .

- v\ .




P ST  CHAPTER III.
"@?J" o TR T A il
- GREENHOUSE HEATING

 Introduction .

: 1”' : Heatlng greenhouses w1th waste heat from thermal

power plants has been conceptuallzed for a number of years

f':Utlllzlng power plant reject heat in thls manner was con~

'“:‘51dered as one potentlal method ‘of thermal pollutlon rd.l

I, .

-ductlon.g
z : y .

ThlS has 51nce been rejected as a v1able technlque

z7» of dlSSlpatlng reject heat from power plant condensers for

,'two reasons.

Flrstly, vast acreages of greenhouses would be .
ulred to»utlllze all the waste heat from a 51ngle plant..?’”z
Secondly, greenhouses would not utlllze the reject heat h

' durlng the summer months.p Furthermore, in two‘separate

- ‘ ° .

. o N
L e

_greenhouse heatlng demonstratlon progects (Shaw et al "1977?
w‘g‘_

'Ashley, 1978), 1t was dbserved that the temperature of the ' =

LT ‘ thermal effluent after passlng through the greenhouse heat

"exchange system, had’been reduced by only approx1mately 4 SC

N ‘.

'(7 to 8F)

1pAlthoughlthe concept of utiliZing greenhouses. as

w -
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‘heat sinks for the reject heat from thermal power plaht% has
_been rejected hs‘a'Viable}altérnative to conventional heat ..
'dissipation'methods, the recent rapid escalation in energy

costs has created a renewed interest in heating greenhouses$
I Lt - )

»gawith waste heat. The Canadian greenhouse industry has ex-

]

perienced soaring energy costs in‘the past five or six years.

Tﬁis’%as'occurred despite,effér;s to ihprove the efficiency
of greenhouse"oéérationé‘yi#h respect fo energy use. The
currgnt situétioﬁ in the Canadian greenhoﬁse industfy is
that the balance beﬁween Viability and survival is precar-
iously small because of a ;apid increég@ ip fuel costs par;"
tiCulafly; bﬁt also labour and éapitalliﬁVQStmen% costs.
Agriculture Cagada (1978) reporté thatiédel,-the major cdgé‘
item for the industfy,'ihcreased 21 percent in 1976. Dﬁring
the same period, the éosfs of materiais»and labour rose by
16 percént and 11 pefcent respectiveiy.»‘Alberta ;geenhouse

growers are expdkiencing similar cost escalations, especially

fuel costs, although in some parts of the province they’re-
° : : .

main the lowést.in'North America (Alberta_Agriculture,_l978)u' 

turé, 1978) . In Canada*; @the t’a’prea devoted to gx@erb

. ] ‘ o . . ’ v S
S . -

. : c oy e

" -
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Q&

9 5 percent from 1974 to. 1977 (Agriculture Canada, 1978)

This growth indicates a continuing Vlablllty in the industry

but,the rapid escalation of costs is increaSingly eroding

v

this Viability and is b nd Eb hé@“ a detrimental efféct on’

the industry s growth in: thg near. future

e

Canada's, and Alberta's deficit balance of trade in

.horticultural and floricultural'crOps, eSpecially those that

i

cern in the Canadian greenhouse industry With an ever in—

3 s
house industry must continue to expand to prevent/the’defiCit

from increaSing _Phis trade balance Will be analyzed in

7

detail in Chapter VII but if the greenhouse production'ofh
fresh vegetables and floral‘crops is to‘be increased sub-
stantially in Canada, thé industry will have to maintain a’
distinct competitive advantage over ihports. Without direct
subsidization of_the'industhy, or the imposition of addie
tional CUStoms'and excise taxes and/or quotas on imports,

this can only be accompliShediif'costs‘associated’with'the

'industry can be stabilized. 'Utilizing waste heat from steam

i jelectric generating stations as an energy source is. poten—

‘tially one method of- stabilizing, or even marginally de—

creasing, fuel costs in greenhouse operations.

<

_are commonly ‘grown in greenhouses, is another cause for con-

creaSing demand for fresh vegetables by consumers, the green—_
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Based upon "an increasing concern for more efficient

' ‘uses of energy, numerous‘feasibility studies have been under-

_taken:in Canadé and the U.S. tO»inVestigate the'potential

i.‘for‘heating greenhouses With thermal power plant waste heat

% » - e o ®

nSeveral demonstration progects have also been attempted but
two‘of,these,'the Lake Wabamun Thermal_Water Use Eroject
(éhaw'ethal, lé?ii and the:ShercovGreenhonse‘Project (Ashleyz#
.l§7é), deserme-particular attention. The,Sherco project inf
Becker, Minnesota is probahly the most successful greenhouse
heating project-of its kind in-North America,l The Lake '
'Wabamun progect onpthe other«hand, was a’similar but lessA
‘successfnl effort for reasons that will he discussed later

in this chapter;' Additional attemptslat demonstrating the
”economic and technical feasibility of heating greenhouses
with waste\heat have heen,in_regions experiencing moderate
climates in compafiSon to Alberta's. For-example,'greenhouse
heating projects have been established in.Mekico, Tennessee,
New York, Oregon, and Abu Dhabi (Beall.& Yarosh,gl973).
This‘chapter, therefore, will be a reView of the Sherco and
" Lake Wabamun prOJects only and based‘upon the knowledge
:gained from these efforts, as. well as information availahle

- in theﬁliterature, some basic conceptual deSigns for af-lQl

:anture!prototype greenhouse in Alberta will be presented.

.



~

e -

THE SHERCO GREENHOUSE PROJECT

Project Origin'

- The éherco Greenhouse ProjeCt waS‘lnitially conceived
in the early 1970' s *by- the Northern States Pouer Company and
evolved into a cooperatlve effort of the utlllty, the u.s.
Envlronmental Protectlon Agency, and the Unlver51ty of Minne—
- 'sota (Northern States Power Eo ‘ 1977) Prlor to constructlon
.of'the greenhouse on whlch thls.prOJect.ls based Northern

i

States Power tested the concept of greenhouse heatlng w1th

waste ‘heat .in a small 180 m2 (2, OOO ft ) commerc1al green—_

4

Ehouse in 1974 and 1975 (Boyd et al 1977) Thlsvresearch
effort proved very successful and led to an award of $ZSO 000
-from thevU.S. Environmental\Protection Agency.to demonstrate
the technical»and econonicyfeasihility'of utilizlngipower
plantluaste heatzin'a 0.2 hectare.(o;f acre)'greenhouse:
vThlS ‘grant was later 1ncreased to $340 OOO (J Hletala,
Northern States Power Co ’ personal communlcatlon, August

1978).

The greenhouse,,constructed in 1975 1s located ad—.wﬂf

'jacent to the coal- flred Sherburne County power plant in

¢

121 e



,Becker, Mlnnesota 72 4 km (45 m1) northwest of Mlnneapolls.~

/

,Durlng the w1nter of 1975/76 the greenhouse was heated w1th

':51mulated waste heat because the power plant

ey mrte o Oo)
R . .

'b constructlon but since that tlme has been heated solely w1th

»

S reject heat/from the generatlng statlon.'f T ,':'137;-’v

- Greenhouse Structure

B V_Thefgreenhouse5is-a-@onventional‘gutter connectedf'

style orlented on a north—south ax1s, w1th a double layer

w-wof alr—lnflated polyethylene roof and s1dewalls (Flgure 3 l)

v

,.A north—south orlentatlon was selected because it was felt‘
,7to_be'superlor to*an east—west'orientation atjthe;latitude;d‘
of.the area.'“A gutter:connegted,design Wasnselected_over.z

P = T T PR

~seVeral'structures,including quonset,eairfinflated; and L
‘Eully,air4supp0rted‘Styles;7 The‘quonset deslgn was reﬁected"“

: because of 1ts 1ncreased surface area per coverage area and

-“ . c . -_«'
D.

a fully alr-supported structure was not cons1dered because.muﬁva
: ux _ . _ :

"of potentlal collapse under. heavy show condltlons (3. Hletala,f
'Northern States Power Co., personal communlcatlon “August |
il978) Double.layer polyethylene was chosen as a coverlng
material over conventlonaL‘glass .or, flberglass because 1t
' has a greater re31stance to heat transfer and‘a lowericapltal

: cost (Boyd et al 1977) Furthermore, double layer poly is

Mlibecomlng very popular w1th growers and the prOJect coordl—z

s

ema;ned‘under.

. -u){ I « [PPRES
a,o.i,p o-'hc"..-"ki' _bwt,‘&/.’ﬁ *00'“"’0 IR A *



_Figure 3:1
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L . R : A .
-The ShercO'greenhbtse ;n'Becker, Minnesota.
Exhaust fans are evident ig the ends of each

“bay while ‘some of the power plant cooling

towers can;be:SeenmjustVbeyond»the~greenhouse
under the transmission. lineg. 3 S

e

5



f communlcatlon, August 1978)

'l,~ flberglass, 15 bhan 1t“feqplres replacement eVery one ‘or - two

. ffrom 1t (J Hletala, Northern States Power Co., personal

‘At the Sherco pro;ect the coverlng materlal has been re—A,g,g,wl

- .
\

j_even though 1t rs’cons1derably less eXpen51ve than glass or 'gij‘-?&-

M e -
e > 3% i m . » LR
»4..1). . . RN

e L PRI 3 i e
R ARSI, "-":.,-‘;o e “.’o_ >,

years.” Conventlonal coverlng materlals cost upwards of 51x o

"f?to elght tlmes as much as polyethylene (McCullagh, 1978)

e .
RPN o roma -

| : TR
. P .

placed eveny yea; to av01d an embarass1ng fallure desplte c

RORE N o

A

3‘the fact that most growers in the area get two- years of usefff7}hf,;>“

'

fvcommunlcatlon, August 1978)

R ,,':‘
3 . : it

The greenhouse con51sts of fourteen gutter connected

: bays,beach 5 .2 m w1de by 29 3m 1ong (l7 £t b 96 ft Ashley,v

'hl978, p. 3). Thls prov1des a total enclosed ground area of

N

2

°.2 123 w2 (22 848 ft ). The helght from the ground 6 the

*fgutters is 2 4 m (8 ft) : A headhouse—has been prov1ded at -

~(40 ft x 60 ft) This contalns a productlon area,‘b01ler

' he north end of the greenhouse and measures 12 2 m by”l8g3,mx”

/

i‘room, data'acqulsltlon and control room, and two offlces and
ey T ) .

i . K
= . . . . gt PN -
, ! . ;5.,- . ¢ S " .
i . d o . . . Lot AN

:1afrestroom; Lo s R O s

Heating and Cooling Systems L ey .l, R

~HeatinggrequirementS-for the facility were based'



o V5W2 2 million" BTU's per hour To meet thls heatlng requﬂre— ;j;'

. a -

=l:( 30F), and a de31gn 1n51de air: temperature of lOC (SOF

._ment each bay ‘in the greenhouse is supplled by warm a1r

"f[upon a mlnlmum w1ntér condenser water temperature of 29 5C

';A(85F) a mlnlmum out31de de51gn alr temperature of —34 5C.

1
Sy o

- :ﬁAshley,‘l978. p 3) These des1gn crlterla resulted in the

=

:['calculatlon of a des1gn heat loss from the structure oﬁ _?”:rﬁ“

'-4"«---‘.;,.,, ) i \ A'.}'
.,-.--, '

N RN -,A, e o i T I

P

.“from a commerc1ally avallable packaged fan—c011 air handllng

N e

’uplt The air handlers have an‘tdbe heat exchangers estl— S
}mated to transfer 145 OOO BTU's per hour from 29 5C (85r)

renterlng water to lOC (SOF) enterlng alr (Boyd et al 1977

e 9

: tp 4).‘ The alr handlers are powered by 3 horsepower electrlc'
: motors des1gned to dellver 3 3 m’ /s (7000 cfm) of alr :iThe*'7
o de51gn water flow rate for each unlt is. 0. 0018 m3/s (29 -

USGPM) for a total flow of O 0256 m /s (406 USGPM)

€

Warm a1r from the heat exchange unlts is dlstrlbuted

lthe~length of each bay through a- 0 76 m (30 1n) dlameter d
'perforated polyethylene duct (Flgure 3 2 Boyd et al 1977
‘p;~4),ﬂ Thls heatlng system is completely closed wmth all
zsupply alr belng rec1rculated through the heat exohange'

- system. The system has prov151ons for draw1ng in out51de

alr but thls 1s used only perlod;cally durlng the day as a

,:‘hortlcultural tool (J Hletala,_Northern States Power Co.,‘

‘l-' U S . .
K P - N

,personal communlcatlon, August 1978) A SChematic diagram

ST _12,5..



vFigure 3:2

T PR R R T TS

R I >
~

B IR P, .- BT ) e e

]
» IS G ARE

| ——

|
-

One of the perforated Polyethylene air dlStrl—
bution ducts that run the full length of each
‘bay in the Sherco greenhouse. The supply air

fan and mixing chamber are enclosed at the end -

of the dudt.

1%



i

" of the,air‘hegting%systémfisfprouidedlln‘Flgure 3{3.

- RN . PRS-

In additionuto the air'heating’SyStemyharsoll heating_
<system was.also 1nstalled in the greenhouse. Thls con51sts
U of 2.54 cm . (1- in) dlameter polyethylene plpe spaced. 0. 61 m

- {24 in) on’ centres and burled 30 S cm (12 ln) below the 3011

3

'“surface (Boyd et . al 1977 p 4) | Warm effluent is circu-

lated through these pipes at a rate of about O 0071 m /s‘

(112 USGPM) Wlth a de51gn temperature drop of 5 6C (1OF)

‘Thls was based upon a lOC (SOF) 3011 temperature and a de-~ -
. . {

51red root zone temperature of 15.6C (GOF) The s01l heatlng'

system was lnstalled prlmarlly as a hortlcultural tocl to
. \
_1ncrease crop ylelds but there is some evidence to-indiéate

that it may be contrlbutlng up to 5 percent of the green—

%

tihouse heatlng requlrements (J Hletala, Northern States

;Power Co., personal communlcatlon, August 1978)

Thermal effluent for the greenhouse air and 5011
heatlng systems is taken from two coollng tower riser plpes p

prior to: enterlng the power plant mechanlcal draft coollng

towers. The dlstance frOm the rlser plpes to the greenhouse

is approx1mately 1070 m (3500 ft) and the water is trans—'_

) o

’mltted v1a an underground unlnsulated plpe that 1s burled

to a depth of 152 m (5 ftm Ashley & Hletala, 1977 p. 4)

The water flow capae;ty of thlS plpellne is 0. 10 m</s (1600

7

L1
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'r'in'Figure:3:4.

' USGPM) eturn flows from the greenhouse are transmltted

back to the coollng towers by another 1070 m (3500 ft) plpe—

‘ N T
A schematlc llluStrathn of the system is presented

“A‘COOIing System designed~tov9ffsetgsolar influk-d

e galns durlng the summer months haS alSO been 1nsta11ed 1n
fﬂthe~greenhouse,~ It isg. a standard evaPoratlve coollng system.

. comprlsed of 0. 91 i (36 ln) hlgh eVaporat1Ve pads that run

Lo

'along the entlre north wall of the greenhouse (Flgure 3: 5)

:i‘allowed to drlp oVer and through the Pads at a rate of

Supply water for thls system is dbtalned from ‘a well and is,

.’?.-

'
e

'o 0076 m /s (120 USGPM, Boyd et al 1977 P );” Exhaust_*"

©

fans located 1n each bay draw Qooled alr through the wetted

pads at a de51gn alrflow rate Of 84 5 m3/s (179 &00 cfm).

. r £ ; ) ’ ’ o
' In add1t10n to these SYstems, the greenhouse is o

| equlped w1th emergencY standby heaters and a standby electrlc

: generator.- The backuP heatlng source conS1sts of two 390 KW

.electrlc hot water bollers. If a. power outage occurs,>51x

e

‘lzéfﬁﬂfgg

'102 575 watt propane—flred forced aLr heaters are avallable - k

. whlle a lO kW prOpane-flred electrlc generator prov1des L

-electr1c1ty for the heaters and llghts for the fac111ty

-«

" (Boyd ét al, 1977.-p..6).
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" Figure 3:55

7employed a

e -

Y
Part of the evigoratlve pad coollng system
erco greenhouse for summexr
{tem’ uses cool well water

coollng.tﬁ_

and rung & fﬁ'j_f_ entire north wall of the

greenhouse.3; @Biited air distribution ducts
can be seen 1n tR%rupper middle portion. of

‘the photo.': : 7 @

"1'31.
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' successful to date. The 1976/77 heating“seasbn;'when the

L

O@eration E:geri'ence _

@

1

The operation of the Sherco greenhouse has béénaﬁery

R »

greeﬂhouse“was fiyst heated solely with wasté heat, was the
: - .o, . _ ~ . :

-

second coldest winter on record® in the Becker area. The
\ . o M

coldest dqy of that winter was Janbary 9 when the outside

air temperature dropped to —91.4C (-42.6F). The inside air
. - l . . , - -
tempe:ature'at:this time was maintained at 14.4C (58F) or

lgreater (Boyd et al, 1977, p. 7). The performance ofvfbe-

‘ , _ N , :
greenhouse and heating system on this date is_illustrated in

Figure 3:6. As iﬁdicated in the:graph, the average ambient
air temperature for that day was —31.0C‘(—23;8F) while the
average inside air temperature was 15.3C (59.5F, Ashley,

1978, p. 6).

a
.t
o

'» The primary reason for fhé maintena%ce of a favours
able gre?gbquse inside air temperature was ﬁhe relatively
ﬁig@ supply water temﬁeratﬁres’that were ayai}ablé. When
thé outside air tempegat;ré‘drppped.to —41.4é 6n‘January 9?

1977, the temperature'of the supply water was 32.7C (90.9F).

To théir advantage, it has been found’thatAthe éupply.water

temperatures are highest (32.2C to 37.8C) during th: most

severe weather. There are two reasons for this. Fjirst,

during extremely cold weather, the demand for electricity
1 - g o
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is very hlgh requiring high output from the generators.

Second when ambient air temperatures drop to -28. 9cC ( 20F):
to.-34.4C ( 30F), the power plant operators-lncrease the '_. el
condenser discharge water temperature to preuent iocalized.

ice formation in the cooling towers (J._Hietala, ﬁorthern.

Stgtes Power Co., personal communication, August 1978).

Crop Production

A wide variety‘of.vegetable andbfloricultural crops
have_been produced"in the greenhouSe. During the first
heatingvseason, started in January 1976, ‘roses, tomatoes,
andipeppers were planted. The roses produced well but the
tomatoes and peppers were dlsapp01nt1ngpin terms‘of yield
.and also because of local,wholesale price leveis'in'term%.‘;
or‘economic returnsl(Ashley, 1978 P. 8). These crops were
replaced w1th 1ettuce and snapdragons from August l9zp
through January!l977. 'The’lettuce.showed little promise
because of high labour4input compared to returns but the
'snapdragons achieved fairly promising yields in terms of
economicfreturnﬂwith.limited-labour input; ) - ]

S .ﬁb
'The~l977 season began in February with tomatoes
once again being planted. This time better Yields were

achieved because of the previous year's experience and the

addition of a carbon dioxide enrichment system. After the



. | . - Lo : _\_hvl
tomatoes were harvested snapdragons, frees1a, c1nerar1a
and‘geranlums were planted so- that the whole g;eenhouse was
devoted to floral productlon It was felt that the overall
fvegetable crop productlon experlence did not 1nd1cate that
| tomatoes, or others, were unacceptable, but market condltlons

;prevalllng were such that the floral productlon was much

| Wmore valuable (Ashley, 1978)

w

‘Problemstncountered

. . » :
Two problems were encountered durlng the flrst years

'of operation at the greenhouse The most troublesome prob—

lem was the foullng of heat exchangers and assoc1ated plplng

with organlc and s11t materlals : Dep051tlon thlcknesses of

up to 3 2 mm (1/8 in) were noted .On sections of a 15.2 em -

(6 1n) plpellne The main 30. 5 cm (12 1n) supply plpellne s |
“capac1ty was reduced from 0. lO m /s (1600 USGPM) to 0. 0631

:;7m /s (1000 USGPM) To overcome thls problem, a chlorlne

1njectlon system was 1ntroduced 1n‘the supply plpellne

(J. Hietala, Northesn States Power Co., personal communif

catlon August 1978)

A less serious problem encountered was plume shadlng.
Coollng tower vapour plumes have caused a shadlng effect
over the greenhouse It 1s felt, howéver' that this w1ll

not cause any serlous llghtlng problems with the partlcular

e S s e e e
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lﬁlocation‘of the'greenhouse site.

}ﬁdoEtion

.

; P
N . . e
o .

Due to the success of thlS demonstratlon prOJect éﬂj
/Northern States Power was approached by commerc1a1 green—‘
.house operators 1n the Sprlng ‘of 1977 and asked to prov1de

-~

. a site and warm water. service to a 0. 4 hectareikl acre) bf fsfh ~{~E?"
‘_ commerclal floral operatlon and to a 0.08 hectare (O 2 acre)l

commerclal vegetable operatlon.' These requests were granted

and constructlon of both fac111t1es began in the summer of

1977. Warm water was flrst dellvered to the floral operatlon

in November of that year whlle the vegetable operatlon did

not requlre warm water- serv1ce uhtll February 1978 Thed

floral operator”has deyoted his whole fac111ty to rose

‘productlon/after 1n1t1ally.grow1ng chrysanthemums and roses.ln

Lettuce and splnach were the flrst crops grown an ‘the other o

fac111ty (Ashley, 1978) l ) o - " . \

The floral operator's greenhouse is identical in o .
design. and coverlng materlal to the ‘Sherco greenhouse but,-
v:lt has seventeen gutter connected bays measurlng 5 25 m'h
wide by 43. 2 m long (17 2 ft x 141 7 ft) for a. total en-. .
closed area of 3855 5 m2 (41 SOO-ft ). | The heatlng system

for this fac111ty lncludes both air and soil warmlng, ‘simi-

lar to that used in the Sherco greenhouse. The yegetable




Ly

,grower s fac111ty con51sts of two quonset style greenhouses -

_that are covered w1th a double layer of polyethylene Eachf'

* <

;v.structure measures 9 m w1de by 45 m Iong (29 & ft x;14716 T
'ft)./ The heatlng system 1s ba31cally the same,as‘that em- -

,ployed at the two other greenhouses except the air.distrif

butlon system is. under the grow1ng beds This operator'is

,gu51ng.a hydroponicvCulturejmethod.

N

_In order to allow for future expanSLOh of greenhouse‘ A

operatlons at the power plant as well as. prov1d1ng a’ more
.rellable warm water serV1ce,,Northern States Pow@r made an

1nterconnectlon beﬁween the two generatlng unlts SO that‘

v7waste heat could be prov1ded from elther of the unlts.' Thls'

was accompllshed by tylng 1nto the second unlt rlser plpe

at ‘the coollng tower and ‘a cast iron plpellne was constructed

to 1nterconnect w1th the prev1ously ex1st1ng plpellne Thls

_unlnsulated plpellne 1s 51zed at 45 cm (18 1n) in dlameter

'and burled to a depth of about l 5m (5 ft) This addltlonal

plpellne prov1des the utlllty W1th the capablllty of de- -
llverlng suff1c1ent warm water to heat up to fourteen acres
of greenhouses at the 51te

The reliability:of the~warm'water seryice has been .

Ay

.

Very good. Durlng the first heatlng season that warm water'

serv1ce became commerc1ally avallable (November 2, 1977 to

P

R
NS S SNSRI i hie
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.the ena of May 1978), the overall avallablllty of the warmv
‘fwater was 96 6 percent (Ashley, 1978 P. 7) Durlng thlS
thlrty week perlod there were only four weeks when warm
*'wateriwas unavarlable:for part'ofvthe time-‘ This_was causedpw
ﬁrimarily byﬁpifelineitailureg;.;eductions ln,electrlcal

7195q over nlght,tand to some‘e#tent, frozen coal plle prob-
Llems-ekoerienced’at the powerbplant. Although warm water

t‘serv1ce ‘was avallable 96. 6 percent of the time durlng the

3,

heatlng season, it was- not always avallable at temperatures’
. N . . .

:hlgh enough for malntalnlng a greenhouse env1ronment des1red
N by the operators.“ Warm water over 29 4C (85F) was avallable

f73 percent of the tlme durlng the flrst heatlng season.

Aat for the remaining 27 percent of'the time .
“‘v ‘A \ | ///

' y the propane—flred backup heatlng systems 1n

Py

':Supplemental
. Vs
‘QwaS»provide

"”the comme c1al greenhouses.' The overall rellablllty of

v

Economics:

.Basedronhoperating experiefice at the Sherco Green-

house Project, it has been found that conditions are such
: ‘ > _ ‘ e
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that the concept appears

COnomically feasible.t‘There are
four basﬁUécosts asdﬁtrated w1th‘thls fac111ty-
l) capltal cost.of the equlpment

2y electrrclty costs,
3)~warm'water dellvery costs, and

e ".&P

9140

/ Ashley (1978) reports that f0r th% Mlnnesota clx—lfg‘

B

. . . . , Y °
matic condltlons,;the‘estxmated 1nstalled cost of a complete<

0. 4 hectare (l acre) warm water heatlng system 1nclud1ng

ru’

-~

controls, electrical work, .and a backup heating é;gtem is

- for materlals and $25 000 for unlon craft labour. ThlS

i 2 oL , .
compares to conventlonal greenhouse heating systems that,

PR

on the same basis, mlght cost anywhere from $25 000 to.

_$50,000 per acre in Mlnnesotay ‘It is felt that an 1nd1v1d—

ual operator could 1nstall the heating system himself for

-

con51derably less than $85 000.

The electricity. costs associated with a project of

R

this nature are guite high because\a significant amount of
electrical energyfis required by the fans and pumps to
produce the desired heat transfer rate. For example, the

total electric poﬁer consumption for circulating water

g pumps and heat eXchanger fans in the Sherco greenhouse was

73, 786 kWH for the perlod October 1, 1976 to March 1, 1977

(Ashley & Hletala, 1977, p. 13). The estimated operating

Y

R

about $85 .000 01978 U S. dollars) Thls con51sts of $60 000

1




Sy '
‘ ,,and the overall operatlon and malntenance of the plpellne

. {_..J.\{ N

cost_forielectricity'dh-a per*éCre year baSisfat the Sherco

site is $8,000 (Ashley, 1978, p-. 9).

.4 <

NBg%hern States Power has maintained the»positioﬁ
that there is. no energy value placed on the waste heat but

a charge for'the boets'associated with pumpinglthe Water.

hhas been flxed at roughly one cent per 3785 lltres (1000

USG) of . water dellvered At thlS rate, a typlcal one.aere_
greenhouse operatlon would reallze an operatlng cost of -
about $1 500 per year (Ashley, 1978 p.»9). "This is in

Qddltlon to an approxrmate cap1ta1 cost of $6 500 per acre

'xforpinstallatlon pf_the'plpellner Thls 1i relatlvelyAex— T

pensive but Northern States Power has adOpted a policy of

offering the‘commercial growers long-term, fixed—price

cdntracts“tbfﬁay for costs. 1In this manner, the commercial
operators are assessed their portion of ‘the cost of the

pipeline. network and are then/allowed to‘payﬁfer it over a

period of twenty years (Ashley, 1978).

The - fourth basiclcost assoeiated.with“a greenhbﬁse
of this natﬁre is the cost fer‘stanéby.propane. This has
been estimated to be approximately‘$2,000 per acre year.
This results in a total operating‘cbet.on a per acre year

basis of $18,000.' A comparison of the operating'costs of

141



a waste heat system versus a)conventlonal system 1s pre—

J$8«OOO per acre year by utlllzlng a waste heat system._‘s
%f'Extrapolated to the year 1998 thls sav1ngs increases to

'$42,000 per acre year. To date,_operating expéfienée'Of

the commefcial'gfowefs at thevSherco site has indiCated“i
that the warm water system fell short of the pr03ected

annual sav1ngs but there is optlmlsm these progected values

Wlll be achleved in the forthcomlng 'years (Ashley, 1978)

’sented 1n Table 3 1 Thls 1ndicates'an apparent savings/ef'

o
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THE LAKE WABAMUN_,‘THE_RMA'L‘ WATER USE PROJECT

"Background}information

As prev1ously mentloned the Sherco Greenhouse .
PrOJect is prpbably the most successful of ltS klnd 1n

V> . . 8
North Amerlca In" contrast however, the Lake Wabamun

9
Thermal Water Use PrOJect was probably one of the least N
successful of its klnd on thlS contlnent Thls poorly
planned effort was .a cooperatlve venture of Alberta Agrl-.

culture, Calgary Power Ltd., Alberta Government Serv1ces,"

Alberta’ Bu51ness Develop ént and Tourlsm, and Alberta En—.;

’v1ronment. It con51sted 51 f3b148 m by 9;75 m (lOO;ft %

32 ft) fiberglass'covered,iaréhﬂtype greenhouse_located

adjacent to the Wabamum

L‘ower plant dlscharge canal . The
/ , : ﬁg .

o

-

objectlves of . this pY 03§%t were "to determlne the operatlonal

ﬁy& (

parameters of a spec1f%c system to: utlllze benef1c1ally

otherw1se waste hea$ tn a v1ab1e agrlcultural enterprlse“:

o ~.\:'~. .

(Shaw et al 1977 p. 2) In oth{r'words, 1t was an attempt '

"~:.-‘

B to heat a greenhouse w1th reject heat from the Wabamun power e

plant

144




1Heatinqvéystem R TR

> e . o , ‘ '
The heat exchange system used in thlS greenhousea .
_ , N : - b

con51sted of a stack of preC1se1y spaced polypropylene

-

'4monof11ament, wound on. a redwood frame. Warm water from
:.the dlsdharge canal was pumped 1nto the greenhouSeiand
ailowed'to cascade down‘through the monofllament medlum
< Whlle tWO fans drew out51de air through the stack. :Twoi
_exhaust fans were lnstalled in the oppos1te end of the
greenhouse to balance the air’ 1ntake system. The average
“supply water flow was 27. 66 iltres per mlpute (365 IGPM)

- during the pIOJect perlod Return flows were, dlscharged.

back 1nto the canal. Soll heatlng was attempted in metal

and wooden boxes and beneath a small area of the greenhouse.

Operation_Experience - o o //if”
. R

The env1ronment created by the heat exchange unit

¥

was evaluated for its sultablllty to crop productlon.' For{$~

"145;5 e

FEENTERCNPTEY ')*dei’&"":"“““"—"'""~"‘ e
. . i 0

i e e SRV

this purpose, a varlety .of vegetable and ornamental crops.f'?””

were’ grown 1nclud1ng tomatoes, cucumbers, radlshes, broc—'ﬁ“ L

-

: coli, geraniums, and hardwood cuttlngs of several tree

~ $pecies.

 Phe pro;ect Was beset w1th problems from the start

;*The?heat exchange system'created*yery.hlgh relatrve humldlty

aQ




level§ in fhe éreenhoﬁse.v'This éaused-séVeral prdﬁlems as
the inéide air wés éffectiVeiy satﬁrated at all timeé; Free
'yater'on plan?s,vconducive té fungus growth,.QCCur;ed’whené
evefithe dew point was'reached. The.drigping of condén—
”“Sation from the struéfuré onto‘the plants fostéred rot‘aﬁéﬂ\
tissue breakdown. This dripping élso saturated the soil
‘and délayed soil preparation’ahd planting:.

3

Th? highlhumidity levels and céld winter air led to
several'mgéhanical‘fa%lﬁrég,,,;cing of fans and freezingvof
the‘heataéﬁchange medium Wefé fwé yefy serious probie@s
encountered. Ice‘aécumulation on tﬂe blades of the:supply
air fén caused both a decrease in fén output and overloaded .
the fan.motor; fﬁié éituation also occurred on the exhaust
fans and'requiréd frequent éuéervision»during cold weather.
On'tﬁe lowe? surface of ‘the heat e%chénge unit, where coid
oﬁ£side air was in direct contact with the heat exchéngea
medium, many of the filéﬁenté were broken as was the wooden
frame on éhe occasion; ‘Tﬁis alsb required closébsupervision

&

and frequent stoppages offthe fans to remove thé ice.

“ . . .
Algae accumulation in the heat exchange unit re- -
sulted in the total clogging of several spray nozzles. This ~

problem'occurred even though all waterISupplied to the

system was passed through a self-cleaning mechanical strainer.

N

146

Ty

I Ry W

o Db e N N 1 sh8 e m m s

AR ey P g e i



147
Mitiéative measures intended to control this problem“in—
: . - ERES ] - -
cluded shutting ‘down the unit to disassemble and.cleanfthei
nozzles. Algaecide was not employed because.df‘the“pdten—'
tial damage to the plants and the hazard of dlscharglng the

'materlal to the lake in the return water

4

A further problem assoclated with theAhigh relative
humldlty levels was the bulldup of- heavy frost on the inside
'of the flberglass. Thls frost formatlon reached up to 35 mm
(1. 4 1n) in thickness and reduced llght levels w1th1n theA
- greenhouse to about 25 percent of outdoor 1llum1nat1cn.
Normall?, 85 to 90 percent light transmission would be ex{

" pected through the fiberglass‘of the:type used igithis p

-

project'(Shaw et al, 1977, p. 232).

Although these falllngs caused innumerable diffi-
cultles, by far the greatest problem experlenced 1n’thls
projedt wasvlow inside ai .temperatures This was caused
1arge1y by low supply water temperatures. Furthermore, tﬁ%
long~term effluent temperatures are.dlrectly proportlonal
to the lohg—term'outside air temperatures so that'the colder °
the ambient.air,'the colder the supply Qater.:lFigure 3:87
‘illustrates the low air and'water'temperature prohlems en-
countered, especially When compared to a‘similar graph for

the Sherco greenhouse (Figure 3:6). Over a nineteen week




148

o

o
Us]

1, ANLVIIdWIL

D, INLVIIIWAL

!
. -
- ’ - : ‘[L "D /261 '|O 1@ mDYS 182108 ‘
. (W) AVQ 4O IWIL : )
e w ° o ~ i ©
o o o) o (=
o o S S S
bia A P Sl R SO It ....,......«-\,....f_u...‘« Y i
: ¢
2
T
o
P s Lok il Pl et e? SR PP Saehs clni hutiing Ieundgl wie o LR RN T NSNS AR SIS
. halod aiaa® ED N S adad L 0N FO2P
L4
S
l/)]llll(i
ainjoradwa | iy apising -
. 2inj0Iadwa | Ny ASNOYUIRIO) —mimmmenl
mS_‘oEQEmH 13j0pA A|ddng
. s "

‘ (9461 '€ >m<3~_mm“:
ZO:.<~En_O 4<<§QZ OZEDQ ISNOHNINO ZD<<<m<>> mI_. 40 IDNVYWIOH¥3d

m € m:.m_m

- . -



~

period beglnnlng November 24, 1975 and endlng Apr11 4, 1976
the dlfference between the greenhouse air temperature and
the supply water temperatures averaged only 5. 6C (10F).

The resultlng inside air temperatures durlng this perlod
ranged from only 7.1C (44 BFY to 16.5C (61. 7F) Conse—'
gquently, the greenhouse air temperatures-were relatively'
low in comps rlson to the grow1ng requlrements of most crops__

S

durlng this lperiod of the year.. Thls was reflected 1n the
. "'

crop produ tion as poor plant growth‘was observed beglnnlng
in the fall and continued throughout the w1nter. Late
planted crops-dld not develop and. rooting trlals w1th most
spec1es gave little success. . | /fdv

The low supply water temperatures Were;the‘primary

b

cause of the cool 1n51de air temperatures and the resultant‘
poor crop productlon as the heat exchange system proved to

be very eff1C1ent w1th1n the constralnﬁs ‘'of the water temp—

eratures available. The authors indicate that a minimumn

. supply water temperature of 27C (80,6F) is.necessary“for

the maintéenance of’optimal'greenhouse temperatures, employing‘

a‘Similar system to that used in this project. Although
27C.mould have been the desired water temperature, minimum
monthly average effluent temperatures at the point of with:
drawal‘were frequently'in the l3¢‘to14C (55;4F‘to.57.2F)

range during the winter.

149
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The main”concluSi0n<draanfromlthe'resﬁlts of
operation of this pilot project was‘that'the enerngcosts
_Of_the experimental system were 300 to 800 percent that of

-

operating costs. Therefore, the anthors state that, on the

basis of the experimental resnlts; the energy recoveryf
eysten testedcennotrbe reeommendeé ee‘a methodﬁof commercial -
‘.greenhouee heatiné.'vft‘iewaiso.suggested hOwever; that
7méaiflcetions to the-test syStem‘end futnrevchanges in ‘ /

energy costs-may alter the economics of the system. Three

'reeommendatidns are proposed. to improve the system's ef- - ;g&*

ficiency and économid*viability:, ¢
- .

l):us1ng water dlrectly from the plant dlscharge

'~ rather than from the canal to prov1de higher
} temperature supply water,- _
v 2);reduc1ng the 1lift distance of this water, and:

T ‘3) sealing. the greenhouse to prevent excessive

air loss. - : '

¢

Project Analysds

In comparlsgn to the Sherco Greenhouse PrOJect the
hake Wabaﬁun Thermal Water Use Pro;ect was a dismal fallnre,'
-even'though the ebjectives of bothtprojects were basically
similar. ;The reaeensbfor this can oh;y be-in the initial
. planning and design of the'wahaﬁun preject‘énd a thorOugh'

‘analysis of the effort reveals this to be the case.

a conventional greenhouse in té_rihs.af heating capital and .

rsin s s
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' .Therfirst oVersight was the\g:eenhouSe structure and
the fiberglass covering materialq There is considerab1e

debate over the proper orientation for'gfeénhouses but_;t'\'

2

ig,now_éonééaedltﬁaﬁ gréénhousgs locéted'aﬁ_latitudes gbove.
v'BS'N shoﬁld‘bé.6riehtea on an.éaéé;weét'axis‘t§ optimizév
' sola%»gaihéu(Méstalerz,l1977;.p.-70);  Th¢ustructpre was
.construqted with a‘hiéﬁ aréh,'ﬁo_prg&ent sﬁow.accuﬁulatigﬁ,
but this{ﬁecessitated’tﬁe'use bf‘addiﬁional wooden_strugg
foxr support,whiéh intergépteduséla: radiation and provided
a surface for the f6éﬁation:of-éondenééﬁioﬁ;w‘fhesize of .
@Fhé~greenhouse-aiéb‘éonfributed ﬁo:thé pod% resulﬁq; Ac-
cofding tQ Shéw (G:eenhéﬁée”épeéiélisﬁ, Brooks Hortigulture
ffResearéh Statioh;‘personal communicatiény july'1978),'only
 a{Véry Small.greenhéuse cou1d be:conéﬁructédfbecause of
bddgetnrestrictiohs. A larger structure would héye bene-

‘fited from improved efficiencies and éeconomies of scale.

Thé sglectién:of'ffberéi;ss was a poor'choice of a -
covefing maﬁe?iél fqr‘th154particular‘applicatipn. it Qasi
‘veryipoorinsealed ahd.éllowéd for exceééive infiitration.
This is evident in fhemfacﬁ that heat loss and temperature‘
dfop in»fhe'éﬁgeanuse were asfmuch as 40 percent éreater 

than predicted,(shaw et a1,‘l977, p._24), A covering

et e SN e

material:of doublé‘layer'polyethylene would have been more -

practical as this material provides a véry,tight seal (Blom
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dltlon, double layer poly as a

rd

et 51 1978, . 4). th';
‘coverlng materlal can ingtrease heat savings by up to 40
percent over ccnventlon 1 materlals such as glass and fiber-
glass (D Shaw, Greenh use SéeC1allst Brooks Hortlculture

Research Station, perspnal communication, July 1978). ‘The

use of polyethylene

a

uld also have eliminated *the problem

of ice accumulation
/ .
ously, the designers/ of the greenhouse had'a very pcor

n the inside of the greenhouse. Obvi-

knowledge'of\optim greenhouse de51gns for areas experl—

enc1ng cold cllmat S.
_éf,an'ingirect heat exchange system, such

& 4“5§ X

or the Sherco greenhouse, would have. o '+

The choic

as that seletted

»

eliminated the humidity related problems. For numerous AR

reasons, there s absolutely no_justification‘ior choosing = AJi

/
.

ardirect ccntact, evaporative:type heatingKSYStemL First,
an 1dent1cal heat exchange system had been prev1ously tested
at the Brccks ﬁortlculture Research Statlon and found to

':crea;e.exceéeave humidity levels( eséecially during-cooier
éefiéas (D. éhaw, Greenhcuse‘SpeciaiiEt, Brooks Horticul-
#ure Research Station, personal comﬁunication( July L9785.
Seccnd,vﬁhere is dccumenfed_eﬁidence,-predating;the project
(e;g;) Boersna & Rkaost,'1973;.Beall, 1973), that direcr
ccntact'evaporative.pad‘heat exchangere create high'humidicy,

1eveis, especially during ‘colder weather, Einally,‘ae




'-outlined in their listvof alternative techniques‘that were
consmdered for the purpose of thls prOJect the PIOjeCt
coordlnators recognlzed beforehand the potentlal humidity

problems that could‘be expected. One of theSe,alternative’

teehniques is listed: "mass transfervsystem - either"a"pad

“and fan system or a Filacell device would require,large air

~, flows through the house and, unless reheat fac111t1es were

\included excessive humldlty ‘would result“ (Shaw et al,

o4 .
DU _ Y
1977, p.”2).»-Furthermore,'on page three of: that report,
~ the Filacell heat exchange system is described as being
unique in that it'".;.'cannot function as a heat exchange

meaium-without the flow of water; hehqe; air handled by this
system is essentially seturated.f ‘This cIearly,indicates

that high relative'humidity levels were expected in the

P

5

greenhouse but. dry contact systeéms were not éven considered
.as an alternative.teohnique;;\Therefore,'the,only'logicalk,

explanation for having'selected]this,heating,system is that
it was the least expensive.

\
Another apparent serious ommission in the initial

design of the Wabamun project was'the decision to neglect

soil heating thrOughout the'gteenhouse. This.deEision_yms'

,also apparently!a‘result of budgetar¥y restrictions (D. Sshaw,

Greenhouse Specialist, Brooks Horticuiture Research Station,

7

personal communication, July 1978). This is unfortunate

153
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because s011 heatlng probably would have supplemented the

air heatlng requlrements as well as prov1d1ng a hortlcultural
tool. Soil heatlng at the Sherco greenhouse was thought to
contribute up- to 5 percent of that‘greenhOuse's make up heat
requirements. Conestoga—Rovers and ASSoc1ates (l977/ P. Il—'
47)<report 1n thelr study on waste heat utilization at the

Bruce Nuclear Power Development in Ontarlo, that s01l.heat1ng
would contrlbute approx1matelyw5 percent to the heat requ1re—
:ments'of a greenhouse. Boersma & Rykbost (1975 P- 29) -

found that 5011 heating in a double layer polyethylene o E
i'covered greenhouse resulted in 1n51de air temperatures 3. 5C ’T
-(6F) above the amblent nlght temperatures ' The results of
'e;perlments w1th 5011 heating in Oregon (Berry & Mlller,
1974 p. 149)'1nd1cated that greenhouse minimum air tempera—
tures averaged 4.8C (8 2F) hlgher than amhlent mlnlmums for

~

the March 1972 through March 1973 perlod

Wlth respect to the low supply water temperatures

_belng the prlmary cause of the low 1n51de air temperatures

h

at the wWabamun pro;ect there is once agaln absolutely .no

justlflcatlon for not having® recognlzed this problem before— o

LY

hand. The outlet water temperatures at the Wabamun plant

are recorded and ‘a simple review of previous years records
would have clearly 1nd1cated the water temperatures that

could be expected. 1In addltlon, the p01nt of supply water

a

RTINS



withdrawal was totally inadequate because it was mid—way
down the dlscharge canal. By theﬁtime the effluent reaches
this p01nt it has’ already cooled somewhat ' The optimum

”

w1thdrawal‘p01nt would have been at ‘the condenser outletg
‘where the water temperatures are much hlgher. Another
methogl for prov1d1ng warmer inside alr temperatures would
have been to rec1rculate the air w1th1n the greenhouse, |
rather than heatlng out51de air that often dropped to —25&
(—13F), with 15C (59F) supply water.

The conclusion that the greenhouse energ{;costs

were 300 percent to 800'percent that of a conventionai

greenhousedis not open to debate. The operatlng costs of

‘

this project were eXorbitant however, and-a rev1ew of thesef

expenditu}es reveals considerable room for improvement.

The major factor contributing to the energy costs"”‘

at the Wabamun greenhouse was an extremely high consumptlon
‘ -/

of electr1c1ty. ‘The net power consumptlon of ‘the pr03ect
averaged about 840 kWwH per day whlch qbrresponded to an
- electricity cost of $25.20 per day. Thas was 1. 7 tlmes as

l} \ .
much electr1c1ty consumed as that at the Sherco greenhouse

which has 7 times the enclosed area. The'authbrs have,also'

prOJected this cost to that whlch could;be expected for a

one aéfe\greenhOuse by,estlmatlng that a“ten—fold increase

155 -
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)

in area would increase the operatlng costs by a factor of
elght. On this basis, the powsr costs for a one acre green-
house would be $6,048 per month Thls.ls con51derably more :
than the estlmated ‘cost. of $8, OOO per year for electr1c1ty
and $l 500 for waste heat dellvery for a one acre greenhouse

at the Sherco 51te. ) . S o ) : | ’

The extremely_high.powerfconsumption ratesgat-the:
Wabamun project are attrihuted to'two factors. First, the
largest consumers of electr1c1ty in the greenhouse were the
two supply‘alr fans and the two ~exhaust fans These fans:
represented approx1mately 43. 5 percent and 18.8 percent
respectlyely, of. the total greenhouse electr1c1ty load o N

~ - - o

n' Thls corresponds to about 21.5 kW of the total 35 kW of

~

- lnput power 1n the greenhouse operation. The reason for
:{thls was a unlque characterlstlc of the heat exchange systernt
That 1s,‘the demand for power is nearly constant;throughout
the year,‘regardless of outdoor condltlons Therefore, the
consumptlon of electr1c1ty remalns the same, winter or

summer . The power costs could'have'been reduced if anlair
reolrculatlon systemwhad been employed in the greenhouse.

This. would have ellmlnated the need to ‘operate exhaust fahs

on a continuous basis." : | : .

The second factor that contributed to the high power

J

” .
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consumptlon was the pumprng of supply water to the heat
exchange unlt This- requlred aéproxlmately 36 percent or;
712 6 kw of the total greenhouse electr1C1ty load The;
prlmary reason SO much electr1c1ty was uSed for pumolng‘
water is that the llft ~distance was’ approx1mately 10. 2 m
. (30 ft D. Shaw, Greenhouse ?pec1allst, Brooks Hortlculture
Research Station;vpersonal communicationy July 1978). A
lerect connectlon of the suppiy Water plpellne to the con—

.denser outlet would have subs a?ly reduced thlS llft

dlstance and correspondlngly, the power consumptlon

The methods emplg;ed by the authors of thls/prOJect

“for estimatlng the capltal cost of a one acre greenhouse

with an identical heatlng system are alSO‘suspect.’ They
reportrthat the capital cost‘forjthe mechanical sYstem used
~at the Wabamun greenhouse ya§-$40;060. The authors hauet>$3
once again”taken.the simplisticfapproach‘of9predictingythat

a ten4f61d’increaselin‘area to one;acrefwould increase the
capital- cost by a factor.of‘eight. This would resuIt in a -
capltaL-cost of $320, OOO for @ one acre facrllty. This‘is'

'con51derably more than the estimated capltal cost for a one

B T L

ﬂacre greenhouse heatlng system at the Sherco site. Further-

»-more, the $320 000 does not 1nclude standby heatlng and

-

soil heatlng.

b i ot m ' o
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This fore901ng dlscuss1on of the Lake Wabamun
‘ Thermal Water Use Progect demonstrates the poor plannlng

and mlsmanagement aSSOC1ated w1th the operatlon. ‘The pro-

f

'ject was obv1ously a cla551c "whlte elephant ~ The effort
suffered from poor quallty englneerlng and . poor teamwork
In addltlon, there was apparently very poor communlcatlon

between the varlous people 1nvolved 1n the progect and e

L
- P . .

llttle support from the upper management (D Shaw,_Green-

house Spec1allst Brooks Hortlculture Research Statlon,

personal communlcatlon, July 1978) The budget restrlctlons o

did not allow for any recommendatlons to be taken 1nto Lor

account,fsuch as alterlng the supply water w1thdrawal pdint.

c

The accumulateddeffects of thlS progect have been
more detrlmental than beneficial, especially”since the
ev1dence ~seems. to 1ndlcate that the prOJect was destlned to
fail from the start The poor results attalned have 51mply
prov1ded ammunltlon for those opposed to attemptlng the d
utlllzatlon of waste heat from thermal power plants in
Alberta. Because of this, - thevhtrdles to overcome in

‘ - , : S

establlshlng a future prototype study of this nature in nd s‘ﬂé
Alberta have become even greater and will make the taskv ’ .}k:f3‘ L

even more dlfflcult that 1t already is. ,ObviOusly, the

Lake Wabamun progqpt should never have been‘allowgd‘to

e t

proceed in the manher in'which it was designed. -

1
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< : .
Optimum Locatlon:

iThehSundanoe_pOWer plant, of'the'eXisting power

‘“plants in this. prov1nce, is the optlmum 51te for developlng

a future prototype greenhouse heated w1th waste heat _9The
remalnlng plants, for various reasons, would not be suitable

a

locatlons for thls‘purpose The Wabamun plant is now belng
operatea”on a peak 1oad basis which results 1n"a totally
“unrellable source of”warm water.ﬁ‘Ih~addition, there is.a
7_1ack of‘avallable land in the v1c1n1ty of thls plant> fTo
‘the east of the statlon is the hamlet of Wabamgh to ‘the
south is the lake; and ash lagoons and .coal StOCkplleS are

-

-s;tuated on the west and north 51des of the statlon Simi;_

*

h larly, the Forestburg power plant has very little land near_
" the plant on’ which to develop greenhouse heatlng Sn a large
scale w1thout pumplng the water a lift dlstance of about

)

53.3 m (175 ft) ‘up out of the rlver valley. The Rossdale

,statlon would not be a. practlcal site because of 1ts urban.

A\ 2 : '
location while the flats north of the Clover Bar plant have

only marglnal potenigal for thls appllcatlon.- "

159
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The Sundance élant 1s the largest thermal power .
plant 1n Alberta and is operated on . a base load bas1s. There
will be slx generatlng units- when the stationdis,comgletedu
which will ensure that_thermal efflnent is readily available

cat a reasonable temperature. Accordlng to Way (Calgary

Power Ltd., personal communlcatlon March l979), there 1su

1

:_only about'a‘2 percent chance,of.two.units at the SundanCe

plant being shut down at any one»timeﬁfor unsoheduled main—'
S N B - : ' - .
atenance.' The value for .three units{is less than 1 percent.
: . . % . . : .

There is also'amplegland available‘immediately to

the west of the>plant_in the reclaimed mine area. The'slopé
" . v : . l l
'of the land here is relatively flat thus minimizing water

pumpiﬁg_requirements. Furthermbre, with the'prevailing

winds generally from the north and;northwest,‘this site is
7 . 5 . ' : B ' )

on the windward side of the plant which will minimize the

potential for plume shading from tre,plant_stacks. The
o : ‘ , : ,
generating station is also close to a major market, about

80 km (SO“mi) from Edmonton, with good'transportation‘
,facilitiesitomthe‘city.
%« ) e o L

' Greenhduserheating'should be seriously considered

““for development at the Keephlllf, Sheerness and Genesee
' - {
power plants. The pPrimary reason for thls is that pro—

4

. v1sions can be made now, in the initial plant'designs;.for'



Y

+/“ |

the necessary plpework and other modlflcatlons that would
be requlred to establlsh tHis applloatlon. Thls/would sub-
’.,stantially reduoe tHe capital costs of'the project, a'sav1ng
, that‘isvnot available When~having to.retrofit.an eXistlng
vplant. Ofithese.three'power plants, the Sheerness station
will have the best location for'greenhouSe heatlng. The
more southerly looationﬁof this plant'will mean_a somewhat
milder winter.but,‘morenimportantly, considerably more‘sun;

shine hours during the winter months.

Supply Water Températures

In order to avoid a repeat of the Lake- Wabamun'

prOJect results, a future greenhouse heatlng study W111 have,

to be very carefully planned and’ de31gned Thls Wlll re-‘

r

that have recently been developed in the. greenhouse indus-

try, because of the low supply water temperatures avallable

L)
Y

,and the cold w1nter cllmate in Alberta. For example, Flgure’

3 9 1s a graph of the dally average outlet water tempera—

<

3 : e
tures at the Sundance plant for February 1979. February

had the 1owest mean monthly temperature of the 1978/79
% . M . ~

”w1nter in Alberta.. Thls graph reveals, on the one hand

o N ’ o -

‘that the aVerage outlet water temperature recorded for the

month was about 1§b (27F) less than the mlnlmum de31red

qulre a marrlage of various energy conservatlon technlques,”

161
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water temperature of“29 4C (85?) at the ‘Sherco greenhouse,
dn the other hand the maximum dally average outlet water .
temperature recorded durlng the month was, only about lOC
(19F) below this value. The large dally fluctuatlons in
the outlet water tempe\atures are also very apparent in

thls dlagram.‘

The supply water temperatures are'obviously not -
sufficient_to prov1de the sole energy source for'a green-

L

T‘house heating system. ' Nor are there any practlcal methods

avallable for upgradlng thlS heat source One potential

method would{be to@decr\ ‘ﬁthe conﬁenser crrculatlng water

hfloms; This'Wbuld inc.taseltheioutlet»Qater_temperatUresf.

but would also‘reduce the.statlonvnet thermal eff1c1ency;ﬁ;jr
Accordlng todForest (Department of Mechanlcal Englneerlng,

' ﬁnlver51ty of Alberta, personal communlcatlon,June 1979)

1n|order to'lncrease the- w1nter outlet water temperaturesbd.

bY éappro::umately le in this manner, the resultant loss-lnf

statlon net thermal efflc1ency would be about 1/2 percent"

Thls corresponds to a loss of approx1mately lO MW in elec—h

tr1c1ty productlon at the Sundance plant w1th 1ts current

'capac1ty.f Therefore, to compensate for the low supply’water yf_;t: Qa

temperatures, extens1ve energy conservatlon technlques,

1ncorporated in the greenhouse, w1ll deflnltely be reqdired

4 .




.shouse de51gned to optlmlze the use of.solar energy has beeng

'Q'sity in Montreal (Lawand et‘al;’l975). The greenhouSe5':
;on an east—west ax1s W1th the north wall 1nsulated w1th
masonite. The just;flcatlon belng that llttle radlatlon ‘_. . )

“hfgaln comes from the north and 1n'add1tlon, it reduces'heat'

".'loss from-this_Surface, Theuinnerfsurfacevof the”north

'computer optlmlzed to. permlt the maxlmum penetratlon of

164

Greenhouse Designs

'The'greenhouse*structure:is-a'very'crucial factor

‘and would have to be de51gned wuth the greatest thermal

w e

eff1c1ency that ‘is technlcaigy fea51ble._ There are several .

tdlfferent approaches documented ln the literature: that could

‘be applled in the 1n1t1al des1gn of the. structure. A green—,

€

developed,at the Brace,Research Instltute of McGilljUniver—

e e

h‘conflguratlon they have de51gned and tested 1s somewhat

dlfferent than conventlonal de51gns in that it 1s orlented
: . : :

o]

o !

‘-wall is also COvered"withva reflective.coating which réf
-'lerects 1nC1dent solar radlatlon onto the plant canopy
'Insulatlng the north wall has the further advantage of

."hactlng as an effectlve w1ndbreak.

9 "A; S 1 R o ’v‘h,*w.
A cross—sectlonal sketch of thlS greenhouse.;s f'

B

‘ig.lllustrated in. Flgure 3z lO The slopes of the south fac1ng

|
|
r,ﬂ”wall (double 1ayer poly) and the north fac1ng wall were{m4 "T, : -%f
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incident'solarvradiationhinto thejgreenhouse‘as well as’
"alIOWing.for an‘eVen digtributionfof reflected radiation on
ﬂﬂ'the plant canopy. The'range»of Values wefe calculated as

60 to. 75 degrees to the horlzontal for the north wall and

[

40 to 70 degrees to the,horlzontal for the south wall._'The'

'angles selec;ed were 65 degrees for the north wall and 35 .

'<

.‘gh degrees for the south roof. Thlrty~flve degrees was selected
for ;z; south roof in'order to meet standard slze construct;on

El
’i

'mate 'als.' The few degrees off the’ optlmum range were not.

. expected to s1gn1f1canhly affect the transm1551on oﬁ radlant

energy 1nto the greenhouse. For an Alberta context McCullaghh

‘(1978, P 17) regorts that a 51mple rule of thumb for deter—

mining-the_optlmum south roof'angle at varlous'latltudes is
f to add 20'degrees to the latitude'at the proposed greenhouse
" # location. This would result ih‘a'23 degree angle for the

sundance area. a— o

4 S e
VPrelimlnary results ffom”operation of'this g;eenev
"d_nhousé'have'indicated'that;a;reduction?ln heatihgrequirenentsdi
of between .30 and”4dfpercentjcanlbevekpected.over‘conVentlonal'
' greenhouse de51gns (Lawand et al 1975 p‘ éll);'VCIEarly, "
: the'actual reductlon in the heatlng requlremenﬂs Aas dlrectly
proportlonal“to the number of sunshlne hours durlng‘the_
w_“ w1nter.: There are addltlonal llmltatlons assoc1ated w1th A

thlS de51gn. First,*the farther north the greenhouse‘51te,'

4
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the greater the optlmum angle for the south roof Thisv

'.results in an 1ncreas1ng roof helght unlé%s the helght of 7

-the vertlcal support for the south wall is 1ncreased or the
. . . S -y
angle for the north wall 1s reduced Second. expansion of '

a greenhouse with thlS design can only be llnear as- w1den1ng

the structure would result 1n an unreallstlcally hlgh arch

: pand substantlally lncrease the surface area.

If thls de81gn 1s con51dered 1mpract1cal for these

or other reasons, a. gutter connected air 1nflated double

!

g layer polyethylene conflguratlon is a proven de51gn This

.des1gn has been adopted by at least -two w ste heat progects-

o

the Sherco greenhouse and the" Prlncess Greeqhouse Project

: -
. iIn Prlncess, Alberta (Dunn & Hesge, 1978) ‘he Sherco green-
.‘house has proven to be very eff1c1ent with the Lctual “heat
loss belng w1th1n lO percent of the de51gn heat loss (J.
Hletala, Northern States Power Co.,. personal communlcatlon; ;
August 1978). The Prlncess greenhouse is. the same des1gn
as that at the Sherco slte and is’ heated with exhaust.gases
from a gas compressor statlon.. Thls waste heat is of a
'ycon51derably hlgher quallty than condenser coollng water,
ldbelng 1nrthe range of 37OC (700F Dunn & Hes;e, 1978 p 4)

\ ,
’The greenhouse con51sts of elghteen gutter connected bays

B

:w1th a. total enclosed area of 3, 864 m (O 95 acre) The.

b

"*;roof of thls greenhouse is: covered w1th a double layer of



<

:transluoent fiberglass.

" are effective for optimizing thermal efficiencies.. These

168

V' ; o S .h_\”' . ‘ o i
polyethylene.whlle the walls are a single layer. of ribbed

There are severairother greenhouse designs that

a .
¥

include spherical dome, hyperbqliC~paraboloid, gothic,arch,

“and gable eVen‘span shapes. ' These will hOt'be'described

here but Mastalerz (1977) provides an adequate discussioh

of solar greenhouse designs. .\

) ment‘every one to tw0'years. " The space between the two

B layers of poly can be 1nflated to prov1de an 1nsu1at1ng

horsepower fans maintain a certain inflation pressure befh

Covering Materials = IR \\'

The optimum coverind material, in terms of_energy
_conservation, for a greenhouse located in_Alberta,‘would‘

appear to be air-inflated, aoﬁble\layer polyethylene. Amongﬁ d

_the\advaﬁtages of plastic oyerACOnvehtional’glass and'fiberé

glass are: lower capital and installation costs (qinestoga—‘

a more

B

Roversﬁ&.Assoc1ates, 1977, Appe dix'C); it provide

tlghtly sealed house, and it has a greater resgstance to -

heat transfer (Boyd et al, 1977 . .The’mainvdisadvantage

' assoc1ated w1th th;s materlal 1s that lt requlres replace— B '

layer of Stagnantxa;r. _At the Sherco.greenhouse, seven 1/16

VtWeen,the"two~layers;'yTheseffans cdnSumega;triVia;'amount”
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of electriCity_and'are therefore a valuable asset.

‘DesignﬂHeat'Loss,Calculations[

Once a greenhouse design and COvering material

v

have‘been selected, the antlclpated heat loss rate from the -
greenhouse can be calculated There are several methods of‘
accompllshlng thls but a formula descrlbed n the"ASHRAE
Handbook of Fundamentals"-(l977 p 379) appears to be the ' | 5\\_

most w1dely accepted procedure The formula 1s as follows-

5-"

! L " . \ ) ’
where:.VHt = heat loss transmltted through the
e . greenhouse structure, BTU's/hr .
A = total exposed ,surfaces, f£2 o
U = coeff1c1ent of transm1ss1on,'a1r—

. to-air, BTU's/hr/ft/OF temperature -
t; = desired indoor temperature , :
tQ_=bm1nrmumHOutdqor temperaturevexpected
i.-.t.‘;l‘*.. The coefflClent of transm1s51on (U)‘varles tor'
1nd1v1dual coverlng materlals and lsyusuallyvllsted w1th the
’materlal spec1f1catlons.;.A wind factor, de51gned to take )
into- account the anerage preualllng w1nds at ‘the greenhouse
51te, can also be 1ncorporated in the equatlon.p Similarl§,‘:'
.ﬂ a. constructlon factor, de51gned to account for the con—

-

structlon and type of greenhouse, ‘can also be employed

.Thermalécurtainsfh-‘feﬁj _ S I

*"GreenthSe:thérmal efficiencies can be drdstically. .

.



v
z

>

improved with the addition of thermal curtains on the in-
teriorlroof and/or'walls ofﬂthe.structure, Sixty percent

of the heat loss in a greenhouse is through the roof andr

'30 percent through the 51dewalls (Blom et al 1918). lFurtherg'

_60 to 80 percent of‘thls heat loss oCcurs at night. There- |
fore,;itvwould.seem'logicalito consider the‘uselof thermal
blankets,that can be opened oerlosed when desired. Rebuck

et al (l97771report‘that a'55'percent’reduction in energy’

use is poSsible through the use of a curtain material.of
- porous -five ounce‘polyeSter; 2luminum foil thrid fabric in-
a glaSS'covered'greenhouse}‘“These curtains-have the further

advantage in that they can be drawn durlng the day to con-

_trol the photoperlods of the plants.

< . . ~ | Ry
There are certain disadvantages assdciated with
P . _ > K g

”thermal.curtains. BecauSe:they arefusuallyvdrawn'across

the roof of the greenhouse,vthe curtainsfmay~impede the

i

?_héatgdelivery system. A seqpnd problem is one -of storage

Qj@pring-the:daytime.l Thls is espec1ally true of small

. .
ST 4

%ﬁstructures‘where'the:curtalns may cause*shading of the

plant canopy and 1nterfere with the dally operatlon of the
-k - .

1”ﬂgreenhouse. Thermal curta;ns are also’ relatlvely expens1ve.

ﬁdom et §ln(1978) estlmate that the cost of 1nstallat10n

n

'ranges from $0 50 to $2 00 per square foot but the energy ;i

saVLngs that égﬁ ﬁ_.achleved w1th the use of lnterlor

170
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‘blanketslmore than offsets this‘high cost in the lohg term.

Two - other technlques for 1mprov1ng greenhouse‘ ;:4,7
thermal efflclenc1es‘are p0551b1e, utlllzlng solar reflectors_?
‘on the roof and’ prov1d1ng some form of heat storage 1n51de
'the greenhouse. Solar reflectorsvwould 51mply cons1st of
panels covered ulth a reflectlve mater1a1 that would re—'.
dlrect solar radiation!intd*the greenhouse;‘ These panels

. can also be useduto.provide nighttime inSu‘atio. | Heat

<

storage ln the greenhouse 1s poss1b1e through th ‘use of _'i'v‘

»

water.flllad plastic bOttles or metaludrums. ‘Th se-bould o

'.be placed along the north wall. Theseptechni es are'des—

crlbed by McCullagh (1978)

<4

K e . . R : )\

Heating;Systemsﬂ o "';_ i . d‘g 5 o o

The choice'of an air heating sYstem is_equally'as

~1mportant as. the selectlon of a proper greenhouse de51gn

and coverlng materlal Iverson et al. (1976), in a fea51—
S8 _

”*;blllty study on waste heat utlllzatlon have con51dered

'x’ﬁour,types of heat exchange sYstems£4

‘1) dry heat exchange employlng forced alr R
c1rculatlon over a fnnned tube heat
exchanger, SR '

;52)'dry heat exchange employlng natural con-j

_ . .. vection air ‘heaters, - S

4.’ Jr;-;T ‘3)'contact heat - exchange between the green-
. - 7 house air and warm. water ;n an evaporatlve

N pad w1th forced air c1rcu1atlon, and ‘

\

Tt : ’ . . . . =

.-i~¢

et i LB e e
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3

4

4). heat pumps in conjunctlon w1th dry ‘heat
"exchange. : : '

0

Of these systems,vcontact heat exchange would

"fappear to be the least practlcal, even though 1t 1s the

r

'facceptabie (Olszewski et'ai,h1977,

eleast expen51ve (Iverson et al, 1976) ' The.problems:enf o
v;countered with the_eontaot heatexchange;unit;at-the Lake
Wabamun'projeCt}are_fnrther justrfiCationdﬁor not;eonsdd—,
heriqg thrslsystem}rnithe:fature. |
Aveontact heattexehangevSyStem.that'reporfeai§//%i
tdOéS_nOt oreate e#oeSsivefhumidity lewelsdhas.beenutestedf=
'infwaste}heat utiliaation éroﬂects by‘theEOak.ﬁidge ﬁational
Laboratory'in‘OakRidge,Tennessez?zgdlronnd to'bedQGitef.
Ls: Olszewskig-i977;.furlong
'

¢=ﬁ‘et al, 1973;;Béa11; 1973), Thls unlt consists of an evap—

oratlve pad and fan system w1th flnned&tube c01ls down—v

stream of the pad. In this sYstem;'warm water drips down
~ 7 * '
through a flbrous materlal 1n the pad whlle a1r flows
s 3 ,

Jhorlzontally through it. ‘Because thls'method,causesvrapid-

saturation,of.the air, theobank of finned-tﬁbefco;lsgis‘
‘employed as a dehuﬁidificatiOnvdeviCef .Warm water is also -

I

i

pumped. through these ooils and the addition cf senéible»

heat from the flna'heats and drles the air comlng from the

Y

4

N

‘; pads., Thls system is de51gned to 1ower the relatlve humldlty'x’t

.

'1from 100~percent to 80 percent (Bond et al, 1975); A_further
~ f"'x' ‘.. B .- © . . L . . ) . “
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— >

beneflt of thls system is. that 1t can be used for summer : ,'\:
coollng. h' L ""_?f
" There are disadvantages‘associated with this

system7ashwell, Boersma et al- (1975) report thatgthe Oak

a

T
Rldge system stlllﬁsuffers from hlgh humldlty as well as

.

requlrlng 1arge he&t exchangers and a contlnual exposure of

““,-.;.,

3

the warm water to greenhouse or outs1de alr In addltion,

LS

there are 1ncreased capltal costs for the flnned—tube c01ls
fand 1ncreased pumplng costs ass%c1ated w1th supplylng water

'to the flnned—tubes. For these reasons, a dlrect contact

-,

'heat exchange system, w1th or>W1thout

greheat'facilities.
g g cE

-3

’TlubecaUSe of very hlgh capltal costs.f FurthermPre _f T
. . \. . '
Ashley (1978) reports that the heatlng system selected for

A\

:'i;the Sherco greenhouse was more than three tlmes as etﬁlclent {‘,

uelectrrc;ty.‘

as a heat pump system because it used one—thlrd as mﬁch

. R Loe . \"r . Vo
. . ‘ . - :

-

; N ' c S . i

-

. Of ‘the remalnlng two systems, Iversdn et al (1976)

AR

contend that the forced air c1rculat10n system is the best

- N

“"of the two dry cdhtact systems _F;rst?ﬁa ﬁorcedpairisystem



can be designed to meet the greenhousé heating and cooling

A , = -

_réquirements. Th;s'combination of fan,dﬁties,reSQIté in a -
feduged capital expenditure_but it is not possible in a o
natural convection hedting system. Second, even heat digtri-

. L. 3 ' C . .
bution, constant air movement, for carbon dioxide dispersion,

-~
N

~good control of humiaity;;and freedom from pipes infthev‘
growing area are horticultural advantages offered by the

. . " . s . ) B M . 3 ‘ .
forced air system. The forced air circulation, dry contact

system: is recommended by Boersma (1975)'and Conestoga-Rovers

& Associates;(l977). It has also been a proven.System for

o L ’
Aheagwexchange'in'ﬁhe.shérco greenhouqe;v‘The:efqre, a;prqto_
:ﬁype gfeenhouSé ih A1ﬁerta'sh§uld employ a forced air circu-
llation{ dry Sontact heét exéhange'system as the method fof
air heating.

1 The most practical methed fo; distribﬁting the
warm air throughout the‘greenhouée i§ pr§bably;£hat émployed'
“at the éﬁeréb éréenhouée. 'This system Qf perforated éoiy
’thges rdnningAthevléngfh'bfkthé greehhouéevis also employed

at the Princess greenhouse and therefore appears to be an

acééptéd technique. This method is also recommended by

ConestbgaiRovers & Associates (1977) and Iverson et al (1976).

SN - '
- , ‘ _ | . |
Subsurface'séil he;ﬁing should be* seriously con-

sidered as a technique for increasing plant growth and as

. .
“ .-
w»ll.
£F,

ik b il




a supplement to the’ alf heatlng.- Numerous:studies,have»
« R a .
documented the potentlal for increasrng ylelds w1th 5011‘

'_.,A_. ‘.

"heatian.‘Boersma (1970) Observed~ at plants grown on

heated 5011 plots exhlblted much faster growth and doubllng

Jomn

"of total’ dry matter prgductlon in some ;nstances 1n com- 4

parfgon to 1dent1cal plants grown, ‘on unheated plots. Berry

e
& Mlller (1975 p- xx1v) note that ”.;, warm water'use for

_underground soal heatlng, in: open flelds and under green—
houses, “shows 31gn1f1tant potentlal for profltable use w1th

selected crops which demonstrated 1ncreased ylelds. -Ormrod

(1975) estlmates that open fleld ‘soil heatlng in Ontarlo

using condenser coollng water could advance the tlme of

. . < . - . ’ . . R .‘ . ‘ .

‘maturity Of some CrOPS'by-One'to'two weeks and result in
' & . ’ . a

yleld increases of 30 to 40 percent or more. Boersma‘ettal‘

(1975) are of ‘the oplnlon that. the value of 1nstalllng a-

oo S

5011 heatlng system is doubtful when only heatlng requ1re—s

‘a

ments are considered, however, fleld trlals 1nd1cate 1arge

yield increases resulting from such an installatlon.

ConestogarRovers & Associates (1977) also support this

conclusion.. -
Therefore, soil heating would appear to be justi-
s [} . i

fied on the basis of the increased yields that can be ex-

pected. This_ system does notjseem'to;be'juStifiable solely



;assa Supplement to.the'air heating fequirements,‘because,'

= the addltlonal costs 1nvolved but the 5 percent It can

e . . '.uyv_

' cllmatic areasfsuch as "Alberta.

"

. ? . .1
5 .

“

N

contrfbute to the air- heatlng could be essentlal in cold

, '

L AT
\

|

. " ; : .
are standby heatlng and electr1c1ty generatlon, summer

“greenhouse resultinglfrom'so%ar~radiation. ’Howeyex, a,

‘Miscellaneaus Subsystems"J”id' R o - : -

AP

coollng, and hé‘tlcultural systems such as 1rr1gatlon and

.

B . C e e

fertlllzatlon.. Standby heatlng and electr1c1ty generatlon

'would be absolutely essentﬁal for a. successfui prototype
. “‘::‘ \ »

study;‘ COOl}ng i's generally requlred durlng the summer o

’

‘ months becaﬁse of the rapld accumulatlon of heat within the

a4 N ol .ox £
. . : %

cooling system.might,not be reqdired»ln regions. of northern,

1at1tudes if suff1c1ent air movement thrOugh_the'greenhouSe

'can be prov1ded by exhaust fans It"shou}d.be‘noted that.

it was deemed necessary.toilnclude a.summer%coolinggsystem'

in the PrinCess’greenhouse. ThlS partlcular system is

1dent1cal to the one used at the Sherc ‘greenhouse. This
TN

requires'a‘source>ofhcool water“which could'be{a problem_

: : .- ‘ S L e
at some of the power plant sites 'in Alberta. For example,

the watef'flow rate, for the cooling system’at the Sherco

-

gréénhOuse‘is approximatelya454.2 litres per minute (120

L ‘ ! ' | - ’ - . - . . : . ‘ A{'-\.-\ " . '
,The’temalning systems that reguire cons1derat15n‘n

.




T : St B . .‘/3 >> }\ oL e \
per mlnute (232 USGPM). “As dascussed.ln the/pr§V1ous chapter, i
R ' v y ." ... -

the groundwater ylelds 1n the major1q¥ of areas whege power
. ; - L

e : . B . ‘

plants are located in Alberta are generally 1n the rang% ofw"

4. 5 td 113 6 lltres per minute (1 to 25 IGPM) L &(
”'/’,' . ' P U , /‘: L %

~

SR R -3_ e = -‘p o ﬂ ,“-f»'_' o }@;‘h{supj'rjg

N

"The. 1rr1gatlon systems 1n a demonstratlon gre%n—~ o @g -

house would also requ1re~a separate source of water as thea y

\ Y Ce T, : A Lo AL e

chemlcal constltuents of”’ the condenser coollng water pre—-‘f"?7 ¥

clude 1ts use.l It was found at‘the Sherco pro]ect vf’r ?“dm ';'}%i

S

lllch together would be detrlmbntal to

the*plants.u ThlS aspect would have to %e 1nvest1gated at

&

:each power plant 1nd1v1dually.‘;5jf,.‘ vn E :,<?%lcff-"x 'l*;;hif“
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In summary, the recent escalatlon of fuel costs B /-‘;

‘._- . o - . +

‘pplln’the greenhouse lndustry has sparked 1nterest in seeklng Lo
: S -»." . " '- % . . 1'\. .‘.,,.I.‘)

B

';alternatlve energy sources for heatlng One of the alterna—::

-rw . " . R
5 o : \

' i'tlves consi\ered 1s the utlllzatlon Gf reject heat ffom

\f'v ,}: . .- T K

;'-'*:ﬂthermal power plants. ThlS appllcatlon of waste heat utf—f4

".,r: C

Ll

ltf‘fh-llzatlon has been successfully demonstrated at the Sherco,ﬁ '

: R R o . o T )
,Greenhouse Progett 1n BeQﬁer, Mlnnesota. It was also at+ .. *'J,f
: . . . .-.m B .

'.tempted but w1th conslderably less success, at thé Wabamun

"L'powef plant Unfortunately, due to the mannér 1n whlch ﬁt

LI ’ . Ww- ,’u

o

V C B :

. ) / P B ",V,

?,’was planned and de51gned the Wabamun efﬁort dld more harm«__a
-V‘than good for future attempts in thls provrnce to utlllﬁe G

s ' '~\¢ ‘-- H . . e i .II, ‘

: s - i . ) .

The knowledge galned f}om the Sherco progect in AR

, S
I 5 - B /RN .u
W U . R

?Vconjunctlon w1th recent dey lopments 1n energy conservatlon{,»

e ,’I..q“"l . ).Q. . u"};ﬂ

?j“technlques 1nzthe green&ouse 1ndustry,1would seem to 1nd1—‘

5 . J \. W

v
R

:H;acate that a s;mllar prototype study could be equally sucﬁ
‘ 'fgcessful at the Sundance power plant., The outlet wat@r

e

‘éﬁgtemperatures at the Sundance glant are about 15C (27F) lower

'mthan the desrred mlgs(;mli'fn supplY “

LTSS

e s . - . )
- . P PO 4
AN o Py .o

Tfer temperatures at the
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s

”ftechnlques 1n the greenhouse, such 'as alterlng the structural

?_leSS, mudh research‘remalns to be undertaken 1n order tou gile

Sherco greenhouse. However, utlllzlng several solar heatlnd&

-~

ﬂ,w'. Ny A

‘. S . a

e,.- | i A

~ o «\,

fjsystems, could offset the low water temperatures. Neverthe—'

'”;determlne whether thls appllcatlon is techn1Ca11y and 3 ET;~

.

co g

'5uon the roof and utlllZlnﬁ thermal cu;ﬁalns and heat storage“x?;“ﬁ"

cal AT
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- CHAPTER IV

= SRR e T

‘”Q-Q The utlllzatlon of condenser coollng water*as a -

e

';medlum 1n whlch to ralse commerc1ally acceptable specmes of

; iflsh 1s galnlng W1de regognltlon 1n the U S,_and Canada as_

IR o
+

°gfthe @Ost practlcal appllcatlon for the heat rejected from

- 0 'l: oA

-steam electrlc generatlng statlons.k Consequ%ntly, aquacul—

. . A i

ture faéllltles are belng developed\?nd tested at numerous.-x

s

ﬁllthermal power plants throughout the ﬁXS.* There has been

,fcon51derable research‘bonducted in . Canada on thermal aqua—‘

» oy - i

~culture, in the form of fea51b111ty studles, but thlS .

'”?idbunt'§ﬁhbs lagged behlnd the U‘é in the development of

ﬁ;ﬂqulturetoperatiOné Outside'of-North America'is scarCe and -

' fac1l;t1ese‘ Nevertheless, there is eV1dence that thlS

-

uappllcatlon 1s rece191ng 1ncreased attentlon in Canada as

Y

}dand New Brunsw1ck. The llterature concernlng thermal aqua—

«

‘a common ahd accepted practice in Great Britain, Eastern -

i

W

'*Vthere are currently thermal aquaculture prOJects 1n Alberta ,

ffdutdatedkbutfftfappearsithatpthis waste heat use has become .



Europe, Ru551a, and Japan (e 3= see Bowers, 1970 Guthrle'

et‘ei 1975 Nash l970a & b ﬂhe Commerc1al Flsh Farmer &
AAquaculture News, September 1974 Yee,‘l9721 &'Yee, 1974)-.

.

water-is based'on.the~fact that water temperaturehis'one'0£f

- L e K

the most 1mportant flsh'growth parameters (SylVester, 1975

* <

1 ) 5

The concept of raising fish in cOndenser‘coolingl‘

.l

p.,l).' Water temperature 1s extremely 1mportant becausehv

c v
s -

the_metabolic activity, hence gro h rate)“is directly_

-

s
} .

’,related to the water temperatures. Furthermore, the optl—‘

. . g SN s
. . -

Cmum’ water temperatures for most commerc1ally acceptable-
N ] I3 . .

]

species of"fish are usually in thej;ange exhlblted by con—

ddenser coollng water durlng the wﬁnter months.h Therefore,'

'1;
\

by culturlng flsh during the w1nter 1n thermal effluents,‘

_(

growth rates can be 1ncreased 51gn1f1cantly over those ex—'

B

perlenced 1g amblent watem condltlons. Thls has the furthe

advantage of shortenlng the tlme requlred tb produce a

be expected:isddependent onxa numher othariabies.'tSome
sources, such as Henderson (1975) in a, feas1blllty study 1n
New Brunsw1ch, report that for most spec1es, winter crowth
can be malntalned at flve tlmes or ‘more the rate w1thout

artificial heat. Flgure 4: 1 for example, 111ustrates ‘the

o

r .

'}_
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growth rates of ralnbow trout at dlfferentlrmter tempera—jbn

——

»r-tures w1th all other condltlons belng equal These optlmum

?"condltlons tend to be llmlted 1n reallty however, as water

»'flowrates, water quallty, method of culture, dlseases, and ”:f R
';ipara51tes are also 1mportant parameters : These w1ll‘be . l\-

: elaborated upon later in thls chapter.\

.

© . ThHe ‘Uaculture 1s also attraetlve because T

:hextensfve heat extractron systems, as requlred 1n.other'l
l”waste heat appllcatlons,~are not’ necessary.i’éages,vfor:"
:~‘conta1n1ng.the flsh canibe plaoed dlrectly 1n the dlsehargei;
7dcanal‘of a power plant or. . small.portlon of the effluent

K]

,can be redlrected through raceways, tanks, or: ponds 1n whlch

'the flSh can- be grown f Thls also ellmlnates the need for

» , o
- expen51ve retroflttlng,.as would be requlred w1th greenhouse'”

'heatlng, for example. L j'f‘“7_7{ o .3;.¢,' - b“d" T

The foreg01ng d1scuss1on prov1des an 1nd1catlon _fg‘m-“.-

'”1s a. brlef rev1ew of the state of the art 1n Canada and the _~:f_lf'fhk
o 7 . . - Lol e . e . . e L .
7U;S.f Partlcular attentlon w1ll be}focussed on a thermal

I3 R

'aquaculture prOJect in Trenton, New Jersey where flSh are .

<;I"




< : Tm

¥

»ﬂﬁThls state of the art revxew w111 be followed by a)dlscu551on

?eof the env1ronmental and technlcal constralnts that Wlll :

‘eaquaculture progect in Alberta.

'.

1the fea51b111ty of thls waste heat appllcatlon,_espec1ally ;tj'

-

.for future development 1n Alberta.,“v

A

.

PR

ST

“Tgplay a major role In the success or fallure of a prototype

'r

Thls should clearly 1ndlcate

T,

R

T

Feiags el



"vq*ﬁmost w1de1y cultur;

'!ffthe v, S ' Thls 1s.

UNITEDSTAkI.ES S

. Miscellanebus Facilities w Dn T L e ST e e

: There are a large number of fac111t1es in the U Si
“’V;whlch are actlvely utlllzang thermal effluents for aqua—'ﬁ
ffcultural purposes.- Some of these are commerc1al enter—i” :

vgprlses,whlle the rest are pllOt prOJects w1th the 1ntentlon

"f'tfof becomlng commerc1allzed 1n the near future.u The dlffer-f7t”n'

f ‘Q_
l

3ent varletles of flsh that are belng ralsed are almost as

. et .. L.
[ .o W .o “

'5ffnumerous as. the fac111t1es but catflsh appears to be the ‘_Lf”t

.u.

¢ spedles 1n'condenser coollng water 1n R

.hé“ﬁofagéonsiﬁé&%bié'a@pgnéﬁpf_gxistingﬁjQ;.'
'g~'knowledge on the ra1s1ng of catflsh under hatchery COndltlons,f:

oA 1arge demand for thls flsh on the consumer market (es—;;?“"”

"f,;peCLally 1n the southern states), and the hlgh optlmum s

h[dtemperature of the spec1es, about 27C to 290 (80 6F to 84 2F

» *Plckerlng, 1970) In addltlon to catflsh-iralnbow trout

.( \" .

o :f}»shrlmp,vfreshwater prawns, lobsters, oysters, strlped bass,

: fﬂeels, pompano, strlped mullet and mosqultoflsh are some of R
*‘the other spec1es grown 1n thermal effluents 1n the U S
fThere'arefatFleast,fivejthermaihpowerfplantsﬁinﬁf‘Jf

I O

ass
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"sthé;ﬁ;s; where catflsh are ralsed° * *hd’;;”f,f_';zm_ﬁﬁtf,y Uh“?éfdﬂ
e ’3“:l)hTVA's Gallatln Steam Electrlc Plant at-
o ”'¢>jGa11at1n, Tennessee, 4“. ,.yﬁf 1,"24ﬂ

..~.““.Nl. . :.‘. -.'.

'ffjfiyfthe Trlnldad Steam Electrlc Statlon near
e e Atheﬁs, Texas,"“ Lo >

‘”f;}3).the Texas Electrlc Serv1ce3Company at Lake
\ ’ '“Colorado,_Texas,by"' :

e RN .“,_t'. Wi S . , SRR
TR L, 4) the MlSSlSSlppl Power and nght Company at SR
R - - {zJackson, MlSSlSSlel, and el ;a-,,f“

t_g5yfthe Freemont Mun1c1pal Generatlng Statloni;’d“
~b-_1n Freemont Nebraska.'_,u ' o

v -

The Gallatln thermal aquaculture prOject was.'
Vﬁjldeveloped by the Tennessee Valley Authorlty (TVA) 1n con—'"d

"junctlon w1th the Cal—MalnfCompany on the Cumber&and Rlver bfj

"Q-

“dln Tennessee (H;cks, 1975) The fac;llty was flrst bullt

‘-.

t,ln 1970 and con51sts of ten,vlS 24 m- long,:l 22 m w1de and

Jlg'l 22 m deep (50 ft x 4 ft X 4 ft) concrete troughs (Beall & ym

LR

:5 Yarosh 1973) Condenser coollng water is drawn from fbﬁ

' ndlscharge canal at the rate of approxlmately 7 570 7 lltres

'”5f!per mlnute (2 OOO USGPM) and.allowed to flow through the

raceways (757 1 lltres per mlnute per raceway)
.v’. ' ;. \

The flrst crqp of catflsh was harvested 1n 1971

s

d:'and was the ba51s for pro:ected ylelds of several hundred
'dthousand krlograms of flsh per hectare year (Beall & Yarosh
"?f1973) ‘ However, 1n June of the follow1ng year, an 1nter—-”lt.f

‘ﬁgruptlon of electrlcal power caused by a storm resulted in-



the kiiling of‘the'entire‘stockjof‘30,844 kg (éé,hoo lbs)i
x“of.fish. " The électrical'outage Was‘only'a.fractiohal inter-
rd;tioﬁ but the circulatingimater‘odmps lostftheir.prime
and it was several hours,before they.could be restarted.

One month later, 105,000 fish Were stocked invthe_chahnels
 bgt these mere discovered to be diseasédrand 40 percent of‘
the stock werehlost In March 1973 5443 kg (lé 000 lbs)

' of catflsh flngerllngs were stocked and 36,287 kg (80,000

albs) were,harvested in DeCember of that year (Hidks,fL975)r

. : ) “ -
'ThlS :was a productlon equlvalent to that normally achleved &

in 16 to 24 hectares (40 to 60 acres) of farm ponds ( The

’

Commer¥cial Fish Farmer & Aquaculture News, September 1974); !

Based‘upon these optimistic results, the Cal Maln Company
'was plannlng to expand'the fac111ty to 230 channels whlchv
would have a capac1ty for 27 215 kg (60 000 lbs) of dressed

catfish per week (Yee, lé74 . Thevcurrent~statu5'of thls

errterprise is unknown.

. Near Athens, Texas, the Texas'Power and Light,
Comoany'hasVbeen'workiﬁg;in COnjunction‘with.scientists.
from Texas A &'M.University’to develop:techniddes”for thed
most efficient methods of raising catfish-(Murrell 1973).
A ‘total of 149 cages have been placed in a 3716 m? (40, ooo
ft ) area of the Trlnldad generatlng statlon s dlscharge

ﬂcanal. Results have 1nd1cated that marketable catflsh (about

T o187

st 8

XXV RV RIR o Sed it



700 gm) can be grown.from egg in only ten months compared

to eighteen months”in waters with cooler average tempera-

C tures (The Amerlcan Fish Farmer & Aquaculture News, March

'1972) Furthermore,’when beginning with 12.7 cm (5 in) " v

. * ) C “)" d " ’
fingerlings, only four months of growth are required.

The Lake Colorado Clty prOJect in Texas is a very’

[

successful commerc1al enterprlse. Catflsh are cultured in
v . ) 4 e L .

iiOS‘CageS‘which are placed in the discharée canal'of the -

power plant Annual productlon has been in the range of

-',22 680 to 27 215 kg (so 000 to 60, ooo 1bs, The Commercial

/

Flsh Farmer & Aquaculture News, September, 1974) - Eventual

capaC1ty of this fac111ty is progected to be’ 453 590 kg
(l mllllon lbs) of’ flsh per year (Beall &‘Yarosh 1973).
. _ .~

C e

The Jackson, Mississippi project has been largely

experimental and haS’involved.the cage culture of catfish
fln a 152 hectare (380 acre) coollng pond (Plckerlng, 1970)

'In Freemont Nebraska, a prlvate firm 1s ralslng catflsh in

R

365.8'm’$lr200~f%) long racewaysvwhlch receive_37,853 litresl

per minute (10,000 USGPM) ofldischargebwater from'the‘munic—*'

ipallceneratlng‘plant'(Beall & Yarosh,rl973); They plan on
raising between four and ten million fish im the present
discharge canals ‘which occupy approximately 3.2 hectares

(8 acres) of land.
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. L '1.89,
Elsewhere in the U.S.; shrimp.are being ralsed at
power plants'in'Floridauby<Ralston Purlna, Armour, and |
:United Fruit éompanles (Yee, 1974) ; Internatlonal Shellflsh
~;;Industr1es has been grow1ng oysters andlclams in thermal
leffluents near Sangg,Cruz, California (Beall & Yarosh‘ l973l;
San Dlego State Unlverslty has been‘experlmentlng with
lobster culture at two power plants in California?(olséeWSki?
1977); and Texas A & MaUniversity has been:experlmentlno
with_seueral species:‘includlng striped mullet and pompano,
in the tuermal effluent of a power plant near Baytown' Texas
(Luebke, 1973) There rs also con51derablé’doCumentation
about the ra1s1ng of oysters by Ege Long Island Oyster Farms
Companv in Long Island New York. ﬂ’However, problems>W1th |
;fluctuatlng water temperatures have no longer made the
venture feasible (R. Pitman, Long Island Oyster Farms TInc.
personal oommunicatlon, August 1978). A thermalaguaoulture”ﬂ
e.gperation at Wiscasset, Maine has alsobgalneajsome.popularitf
because coho salmon were beingiraised in the‘di5charge.canal_
jor,a.local power plant (Meth, 1976) This venture hasvalso”
ceased operatlng however because orusevere problems with
gas bubble disease and a genmeral lack of’managément éxper-

tise in aquacultural techniques (E. Sawyer, Sea Run Inc.,.

Kennebunkport Malne, personal communlcatlon August 1978)

.~

b



'Trehton, New Jersey.

The last project to. bé discussed in‘this.section
is probably,the'most innovative of all thermal,aquaculture

'operatiOns-in the U.s. The proyect is a jOlnt research

‘ effort of ‘the Publlc Serv1ce Electrlc and Gas Company,

Rutgers Unlver51ty, and Thenton State College Guerﬂa et al
.1977) and was v151ted by the author in August 1978. _It_is

located at the Mercer generatlng statlon on'the Delaware
River:.in Trenton, New Jersey' ‘The study was 1n1t1ated in
P

—"'

1973 by the utlllty with the prlmary objectlve of evaluatlngv

-
’

the blologlcal fea51b111ty of rearlng the freshwater shrlmp

(Macrobrachlum rosenbergll) and ralnbow trout,in the thermal
effluentvof aAfOSSLl—fueled geherating‘Station;y The ration—j
‘ale for attemptinc:to culture'tWOadrffereﬁt species is‘baSeé:
on.the large anhual Variations‘in the therﬁal effluent |
temperatures. Raihbow trouthiSQa cold.water species whi'le
the freshwater‘shrimp haye a high.optimup‘temperaturef 'These
two'species;'therefore, are being rarsea;on a.semianﬁﬁal

basis, the trout dyring the winter and the prawns during the:/

«

summer.

-A general layout'of-the_facility_is,presented\iﬁ

Figure 4:2. This diagram illustrates the extent of the

- project as there are five separate raceways and-one pond -
L - ,

o ’ . H o8



Figure 4:2

TRENTON, N.J. AQUACULTURE FACILITY LAYOUT

o - ;i

" KEY ON FOLLOWING PAGE

Source: Guetia et ol, 1978, P 153
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;o

Llnes from Wells 1 and 2 to- laboratorles and raceways

1
24 Llne from DelawarelRlver to aquaculture systém . .
3. Lineé from Mercer statlon dlscharge canal to- temperature-

i

‘f;j, moderatlon pond : . . :
'4 Llne from"- rec1rculatlon chamber to raceways éhd’labs _ ST
"5, ' Line -from raceways to recirculation chamberp ”HQL" e ,ﬁiyi‘
6. 'Line from raceways to waste settllng pond S
7. Raceway #I. T . o B S S

8. Pond #I o T g 'f‘ C V‘I‘f{&_:_.

S 9. Enclosed raceways A & B R SU e e T

10, Raceway #II I S ;T‘;”:J - ff:-ﬁ~f]?f

R e 'Raceway HITT R B T R

12 Rec1rculat10n chamber

C13y Temperature moderatlon pond
14, Well #1 - v :

15, Well #2 3 : '
18 Pumps for: Mercer statlon dlscharge canal to aquaculture et
.system AT L ,- T . R ‘lxjﬁ;‘
e ~1‘-j a - 5, 700xlltres per: mlnute (l 500 USGPM) ; T
\/\ s b - 3,000 litres per minute (800 USGPM)

e —'3,OQ0;11tres per’ mlnute (800 USGPM)
17 Delaware River.pump statlon -
~a - 1,900 litres. per mlnute (500 USGPM)
_ . b —,l 9OOW11tres per mlnute (500 USGPM)
' 18. Malntenance bulldlng - also houses alarm system
- "19. Laboratory #1- T : :

- '20:; Laboratory #2 : S e ,
21. Line from’ laboratory #1 to m1x1ng chamber for enclosed
S raceways ‘ : S
22. Office - laboratory traller L
23. Office trailer T o L E :

. 24. Food.storage shed =~ -~ = 7 T

- 25, 'Compressed air blowers S ' ‘

© 26. Air-lines for. compressed alr e
27 Greenhouse = : o

. 28. Mercer station transformer
29. Mercer statlon d1¥charge canal

- 30. Mercer station fire house’ :
3L, Dralnagefllne from rec1rcu1atlon chamber to Mercer

station dlscharge canal L - '
32;‘L1ne from waste’ settllng pond to dlscharge canal
33;_M1x1ng ‘chamber for enclosed . raceways\ - :
34. Waste: settllng pond R -



(Figurés.4i3 4 4, & 4 5) as well .as seyeral bulldlngs for .

;

: | A : .
tlaboratory and offlce space.‘ The,method\of operatlon 1s

vhqulte;slmple. Process water can be obta ned from three'
. N . . : ‘

'”;fdlfferent sources- wells, r1Ver water,,an' heated dlscharge_f”h‘

iwater (Guerré et al 1978) Because these'dlffer substan—-:'»u/F‘?
: L .’\ : : . R
f tlally 1n quallty, temperature, andﬂquantlty, and because "-d B

S g o s . v = K "
o the capablllty to blend thEse—gources %n Varylng ratlos 1s ‘

*f.de51red, a temperlng pond was constructed 1nto whlch these

- waters flow.- From tth pond an overflow structure carrles
’,the water by grav1ty to’ the varlous components of the fac1l—

‘;lty.” Return flows from the raceways are collected and
v’fgprouted through underground plplng to the plant dlscharge R ‘“:'D

frcanal and then to the Delaware Rlver.

~ -

L To avord tox1c levels of chlorlne 1n the process
:bwater, caused by perlodlc batch chlorlnatlon of the coollng
-;water by the power plant a unlque rec1rcu1atlon dev1ce was

desxgned for the fac111ty.’ It was felt that the only method

-

o §<of av01d1ng the chlorlne problem was. to cease pumplng of the Q
»‘.“;\ b . . 2

dlscharge water altogether when chlorlnatlon was taklng

place (Guerra et al 1978) However, the suspen51on of'lgffffip*
'0' 'Q\ '

pumplng was feared mlght create tox1c levels of dlssolved

fwgﬁ_oxygen depletlon and ammonra accumulatlon therefore rec1r—%g
. o L nes m o c~mw R \ .- S
: . . *%” R tﬁﬁ.a S : i . 1r" v Wa‘ r:&c. i, - e .«\f’ g
culatlon was con51dered a des1red feature. .Furth'rmore, to SRS
- ~“ ”“f Sl _‘_: SR W S e o N%“ '7 ‘.'—':3’."-‘"'?'.;/‘ : 5 . . | . ) A". .
'n"lncrease the rellablllty of the unlt agalnst p "1biétbre§ﬁ— e
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Figure 4:3 The two enclOsedfconcréte_réceways at the

' . Trenton, Néw Jersey aguaculture facility.
These are number 9 in Figure 4:2. At the -
time of this photo (August 1978) American Lo
eels were being raised in these raceways.



Figure 4:4

o
}

One of: ‘the three exterlor concrete raceways
(# 11 in Figure 4:2) at Trenton, N.J. Catfish

- were belng ralsed in thls raceway when this,

photo was taken 1n August 1978.
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Figure 4:5 The small'culture'pond (#ﬁéiinvFigure 4{%) at o
= ‘ Treﬁton,'N.J. It'is simply a dugout with a ;
plastic liner. It is used for. freshwater
‘prawns: o oo



"downs elsewhere 1n the pumplng system, no mechanlcal or

:-electrlcal dev1ces and no 1nterlock1ng or 1nterconnect1ng

o

'.-deViCes~betweenHWell”and1discharge.canalfpumps were desiredi; PRI

e oy,

gAKSChematiC”diagramTOf:the'reCircnlation-unit,iShvh.‘

“_presented in Flgure 4 6. Under normal condltlons, twb"pumpsm .

-

ﬁdlln the dlscharge canal supply heated effluent to the temperlnd
lpond i Overflow from the pond passes over a welr.lnto a‘ui
’jpumplng chamber.r The pumplhg chamber 1s separated 1nto twobl
iparts by a concrete wall whlch contalns ‘a check valve '-Water
from-the’pond'isrdistribnted from onetSectlon;of‘the'chamberi '
7to the raceways; Retnrn water from‘the‘raceways flOWS‘lDtO
;pthe other sectlon of the chamber and. then 1nto the drschﬂrge

Y

Theﬁtwo’water“snpplyfpumps'in‘the discharge.canal
. are electrlcally connected to the plant chlorlnatlon mechan—xA

1sm so that when chlorlnatlon beglns the pumps W1ll stop

" In this manner, water from the temperlng pond W111 ceasev

'.overflow1ng 1nto the pumplng chamber and the level of the

'._water in’ that chamber W1Pl gradually drop Before the level

Y
<

7jof thls water reaches the same elevatlon of the water in the rf:;,l

'fraceways, a sw1tch 1s actlvated whlch starts up two submer—«

LN
T

'i’51ble pumps an the chamber These pumps-rapldly reduce the-‘l"

‘ 1eve1 of the water 1n the chaMber cau51ng the check valve

, 197 .
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'water from the raceways to flow 1nto the supply chamber

'rather than returnlng to the dlscharge canal., In thls

- '.v‘ B

jlfashlon,,the water 1s contlnuously rec1rculated untll chlor4"

‘ _g‘lnatlon is c\wpleted Dlssolved oxygen levels of the water

r\ .

a water supply pumps are started up and the process returns to,

_normal operatlng cond1t10ns¢

‘f& 3 The flSh wastes and*uneaten food partlcles are

"lfdent that flows over the welrs at the end of the raceways Ls,

.\~

Jof sultable quallty for dlscharge to the Delaware Rlver o

'haccordlng to State of New Jersey regulatlons (M Evans,

;'Trenton State College,_personal communlcatlon August 1978)

Z;The suspended solrds (metabollc wastes and fpod partlcles)

)

3hfthat are flushed off the bottom of the raceways have to be

_H‘wsettled in- a pond for twenty—four hours,- Thls is conducted
. * B ‘ y B . . B . j 5 .‘; -
by means of bottom flushlng dralns that are located on the

Jdownstream s1de of each raceway ’ The suspended SOlldS are

-'1.

collected 1n a 1arge settllng pond 1ocate@ at the fac111ty
I :

'g and the water from thlS pond 1s returned to the Delaware

© e
-

1

Co1ee

B between the two chambers to open Thls causes the waste e s

fuwthe chamber.x Upon completlon of chlorlnaﬁlon, the dlschargef;gwg

1f'treatedbseparately from the process water flows The efflu—-»d:




:*jiRlver.é Accordlng to Evans‘(Trenton State College, personal

”communlcatlon August 1978), the state regulatlons are qulte

flenlent because~the prOJect 1s operated under the utlllty s
.f;llcence to operate. The amount of wastes that are produced

'wd‘are not quantlflable but Evans reports that they are con—f e L
' 51derable in’ relatlve terms ]:_'jff.';{fig
The research progect has been very suCcessful in

= _ 6. . o
“-culturlng both the ralnbow trout and the freshwater shrlmp.

vable (1977 p l) reports.'"lt has been unequlvocally dem—

‘ilonstrated that all 11fe—cycle stages of the troplcal fresh—
e

: water-prawn (Macrobrachlum rosenbergll) can be successfully ‘

' cultured usxng waste heat effluents L..f Further, ralnbow

trout (Salmo qalrdnerl) cu&ture has also‘been successfully

igdemonstrated utlllzlng the waste heat dlscharges ..{,‘anlmals‘.
e can be reared at the same den51t1es (1 7 kg/lltre/mlnute)
'f?_presently used in commercmal systems. 1ndeed ev1dence'

%

+

wvsuggests that even thls den51ty may be successfully exceeded
_ ‘ - -
‘due to hlgh volumes of water flow p0551b1e w1th generatlng iffd

';tstatlons

, The flrst trout grow1ng season durlng the w1nter of

€$_1974/75 saw a very hlgh mortallty of 75 to 80 percent of

'the crop due to lethal levels of chlorlnef(Eble, 1977) The

.'remalnlng flSh grew from 65 gm to 190 gm (2 3 oz to 6. 7 oz)



[

]

[

E

- low~as;2f%g/i'(Farﬁéﬁfarmiané'léjj):a}HQyévg;, a major

vuadifiiculty‘withgfhe»prawnrculture;hésbbéeh“énﬁountered'in

(average wéiéht§) an§ éxhibited an.avefage growth of,7(6lcm
'(3.0'in)'in length o;er a four mqnth periqd. The food C§n—.
versionaraﬁib achieved~wa$:i.4:and the'waﬁéf flowrate'ﬁh:ough
tﬁe faceway Qaé adﬁuste&uétvl,SOQ Lifréévper miéﬁte (356.3

USGPM) .

The -following winter the flowrate was adjusted at
between 1,500 é.pd 1,900 litres per minute (396.5 to 501.9
USGPM) in the raceways (Eble; 1977). . By this tiﬁe, the
water fecifcﬁlétion system had been inétalléd and;no chlorine
felated problems éére encoun#exed. The troﬁﬁiexperienced
'slow growth from January to March when the watéf temperaﬁures
were below 15C (59F) but growth iﬁgreaéed répidly in eafly
April when the waterwﬁemperatpres increased ﬁFigufe'4:7),
The fobd éonversion ratio.was slightiy highgr than the
previous vyear, 1.91. Daﬁa for the last two growing seasons

are not completely available but e@ually_high.success rates,

two previous years, were achieved (M. Evans,

<r

as 1n the

e ey

Trenton State-College, personal communication, August 1978),
, - : : RN

1

The prawns have proven to be very ha:dy and vir-

tually disease free. They can survive in water at tempera-—

- tures up to 37.5C (99.5F) and dissolved oxygen levels as

o oy |
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Figure 4.7

RAINBOW TROUT GROWTH RATE ‘AT TRENTON, N.J,(NOV. 13/75 TO JUNE 1/76)
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L AT o o S 03
the stocking densities.‘ They.tend to exhlblt stress and
i cannlballsm under crowded condltlons. For example, 2 gm
(;O7 oz) animals stocked'at 243/m of water suffered a 69'
percentumortallty in two momths (Guerra et al, 19775. ‘When
 the den51ty was reduced to ll/m , the mortality rate dropped‘

drastically to .only 9.8-percent A further experlment ‘with-
a stocklng den51ty of between 35 and 54/m was attempted

hY

w1th the use. of a vertical substrate (Flgure 4: 8) to prov1de
an lncreased surface area on which the shrlmp could malntaln'
a position. This resultedwln a mortallty rate of 41 percent.'
"An experlment to overcome thlS problem tested the fea51blllﬁ§
of grow1ng prawns in: closed cells. The cells ‘were ba51cally
rectangular shaped compartments that measured lO cm x 10 cm B
b’ 15 cm (3 9 in x 3. 9 in x 5 9 1n, Flgure 4: 9 Guerra.et al

g 1977) " The” results from this exper;ment indicated that the

o e s >

production per unit area'can be’ 1ncreased by a factor df’51x

w ..

However, although~surv1val has been good w1th thlS system,;dl

growth has been poor

e e - L. R - D e e e

o

ThlS problem w1th stocklng den51t1es has led to

the»search for alternatlve warm water species .for culture

<

" at the facility. Three spec1es have been cultured for thlS'”'

O TR [

purpose, cﬁannel catflsh (;gtalurus pﬁ"nctatus)U Amerlcan eel -

e - N
s -

(Anquilla rostrata); and Strlped‘baSS"(MorOne saxatilis).

' This sStage of the research is notfyetfcompletéd"butfprelim;l

o .
-

. P S L
vy o~ . H



" Figufe- 4:8° 1

 SCHEMATIC DIAGRAM OF ARRANGEMENT OF DRAPED NETTING

~ USED'IN PONDS FOR PRAWN CULTURE AT TRENTON, N.J.

NETS
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. Eble. 1977, p. 43.
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~ SCHEMATIC OF PRAWN GROW OUT
- CAPACITY (TRENTON, N.J. FACILITY) =

1.SHRIMP PER oo ,
© MAXIMUM

~10.3m 12 sHRIMP

~ COMPARTMENT MP
S PER 0.03 m™ - -

j
N

L~

R

19200 SHRIMP PER

6 SHRIMP PER 0.03 m*OF
30.5mxZT4amx12m -

o RACEWAY CONSIDERING - '
© EMPTY SPACES . B RACEWAY = -

T 2m

™
N
N

)

L7777

AR,
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Source: Guerra et al, 1977, p. 21..
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;1nary results have 1nd1cated a: hlgh degree of success 1n .
?h;'ralslng the eels (M Evans,‘Trenton State College, personalﬁ'
n_gcommunlcatlon August 19789 Unfortunately, the Orlent 1s‘%'*
the only market that eX1sts for thls product The catflsh‘,h
'”and strlped bass have not proven to be amenable to 1nten51ve _

_“, o . -.,,'ﬂ,

A»culture as yet

+

Two aspects of thlS research progect are very L
' - A :
.encouraglng One is the success that has been achleved to
date w1th the culture of aquatlc spec1es 1n the thermal
-‘effluents of a power plant The second 1s the- degree of

1nvolvement on the part of the Publlc Servmce Electrlc and

AGas Company. "This‘has’demonStratéd that cOoperationjfrOm;"’



'ff510W ln recognlzlng the potentlaliof thls waste‘heat‘appllewdlu

'rcatlon.i The concept has,been thoroughly 1nvest1gated as

‘"'ev1dent in the large number of fea51b111ty stud;es whlch

N

: haVe been‘undertaken in’ thls countryl, but the development
‘?ggacommerC1al operatlons,porﬂeven pllot progects, has'been
=‘vlrtually nonex1stent Currently; there are only two thermal
'.aquaculture projecte 1n.Canada, both ‘of mhlch are‘nery small
xscale.' One of theee has been developed by-the New Brunsw1ch.
uDepartment of Natural Resources at Grand Lake,.New Brunsw1ck fﬁ
mhlle the other is a prlvatel? operated venture at the Sun— |

',dance power plant 1n Alberta
, For example, see Conestoga—Rovers & ASSOClateS, "Fea51b111ty , .
‘fAnaly51s of Moderator Heat for- Agrlculturaluand‘Aquacultural BT
.. .Purposes. Bruce Niuclear, Powet: Development - R
"'ffpared for the. Government.of ‘Ontario, Dec. : ,
' ‘Agsessment of NuclearvPowerfPlant Waste Heat,Utii
e v llzatlon;foerreshwatér ‘Fish Earmlng Pi it
boemh R ”‘Atom,e E«nergy'of Canad'  Tad, 2
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Elsewhere 1n thls country, plans to develop aqua—

. ﬂ

' culture fac111t1es have been undertaken at the Holyrood
generatlng statlon 1n Newfoundland and the Lennox p0wer plant.

Hnear Kingston,.Ontarlo but these progects were never. con—

structed (Meth 1976) At the Holyrood statlon, 1t waspf'

P

found that the progected rate . of 1ncrease in electrlcal

load demand d1d not materlallze and the power plant was. belng

operated on an lntermlttent ba51s only A lack of fundlng
.. R I ' ERR e _;, TR
L has been clted as the reason for not proceedlng w1th the B

aquaculture fa‘nllty at the Lennox plant (Meth 1976) RN )

E— '.‘,,

r'major 1nvest1gatlon on the feasmblllty of developlng a ?uyfr;;g-'qfﬁsgﬁﬁg
thermal aquaculture fac1llty‘at a coal—flred power plant in'’.

Lornev1lle, New Brunsw1bk was conducted ‘for the New Bruns—;

-

| chk Departmen+ of Flsherles and Envrronment (MacLaren At—' p[71' RO
‘_ lantlc,,l974) Thls was followed up w1th the formatlon of '

"‘a steerlng commlttee and the publlcatlon of a prospectus by

-

the New Brunsw1ck Department of Flsherles (1976) to encourage
"the development of a prlvate aquaculture enterprlse at the
e plant site. Unfortunately, the steerlng commlttee falled

to generate 1nterest among entrepreneurs and a.general lack

O
o v

xcapltal funds 1n the areﬁihas been blamed for, thls (K A.

“

Presently, 1nd1v1duals

.“.~

rest lniestabilshlng small scale operatlons

ey




fyg;waste heat from power plants ‘in thls fashlon - ThlS fac1llty

-fflsh are transferred to the numerous -surface coal mrne ponds'

',to bevvery ac1d1c but hydrated llme is applled'to allev1ate [

‘LGrandZLake, NéWfBrunswlck ‘, o

tiee s

g

The thermal aquaculture progect at Grand Lake, New

QhﬁBrunswuck was the f1rst attempt in Canada to utlllze the j”_-.wfiﬂ"

R ,-w..'., <~ e

< e ‘- tcea

iwas also v1s1ted by the author 1n August 1978 The progect

T

L Q'was ;nxtlated'ln 1975 as part of a program to develop thel,

,7._‘,.‘.,-4“-‘ ,“'-"

‘ sport flshlng 1ndustry in the Grand Lake area Flngerllng
1251zed brook*trout ‘are- ralsed durlng the w1nter Ans the thermal

o effluent of the New BrunSW1ck Electrlc and Power Comm1331on s

coal—flred generatlng statlon on Grand Lake approx1mately

s

: 56‘km (35 ml) northeast of Fredrlcton In the sprlng, the

!

. ” .

R

whlch dot the area‘_ The-quallty of thls pond water tends ' =€ﬁd'{]f

this problem o . .\\,jr'

>
-7

S ) “The broOkvtrout are cultured in a ¢ mplex of ten

»wooden cages whlch are lowered in the ice fred area of the

‘power plant dlscharge canal (Flgure 4 lO) The_cages‘are

.' are covered w1th plastlc Vexlar mesh (Flgure 4:11, Stocek h

. 3. 7 m x 3 7 m x 2 3 m (12 ft x 12 fr x.7. 5 ft) in;size and

3

')

8) A box netr conformrng to the general dLmens1ons of‘

/-

:‘»I;l.".au-:.‘-

:fsthébcages,‘1svsuspended in eadh cage to‘prOtGCt agaJnSt

o E SRR e

"“._.'-" S e i iy

L7209 -

. » .
PEICTOR PR ELY S R R



" .
. - v - - - ~ -
) "
» e a v - N .
W
N . -
. . ?
~ " . - . o £l B
. “~ - .
R ? . . : o
) R : AP ° N I - - o
N QD . [ .
e ~f - 4 - -
e ™ .
- ~ R K K
N 4 -
P N N . &~ =
. - - - . - )
-
M - o~
PR . Lol - v
- ’ - - . - .
, . - D S < R i *y
. - - -
B - '
N -
P - i
-
-
IS
-
"
‘
Ty
- Nl &
»

The dlscharge canal of the small coal flred

_power plant at. Grand Lake, New Brunswick.

Several cages used for ralslng brook trout
are ‘seen suspended in the water.. The fish

are only placed in these cages durlng the
W1nter. '
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Flgure4ll Two of the caqes used focr flsh culture at ey el
.. .. .- Grand- LaKe, N.B. They are covered w1th a”
U - _ ‘non- abrasrve plastlc Vexlar mesh L .
. . . \ ) ‘ . Lo ‘ . R . ' .
' »
P e
] . s - Y
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{v aquatmcwpredators and flSh escapement«and to. faC1lltate flSh

BT PR

Ef;rFQ;remoyal Z,Plastlc-mesh\llds.are locked on all cages to pre—l’t

S SR 7_.‘. . o . : 2, . . I~ JEEN

*'avent blrd predatlon and theft.

s V‘

-t et .
e by . ) . ;
R R AL I e .

were encountered and 1t was: found that thls spec1es was not TF'“”v

;pl_ a. good candldate for 1nten81ve culture (Hooper et al 1977)
Three major problems have also been encountered at the fac1l—

‘»ity;u These*were gasvsupersaturation, low pH levels, and;

- Total gas saturatlon levels

Efforts to allev1ate thlS problem were restrlcted to the _:
: e e . = . : '

Iy - ome

-~ N o .l.,,

4fconstructlon of

»..v'

PPN

(;_g" ' attempt to dlSSlpate some of the dlssolved gas 1n the water

RN

pprsonal communlcatlon August 1978)

{

Large flsh mortalitaes~w/re attrlbuted to 1ow pHd“
v‘levels'as well In late October 1977, the dlscharge wateri
'was found to have a pH readlng of 4 7 (Stocek 1978) | heo

;{lsource of thlS problem was dlscovered to be Eurface runoff
1nto the lake from an adjacent coal plle.b The fluctatlng

s

water temperature problem was a result of” the statlon.oper—-

Orlglnally)qlake trout were also cultured but hlgh mortalltres'

- o212

The operatlon has enjoyed varylng degrees of success;::f

(W HoQPer,.New~Brunsw1ck Department of Natural Resources"rﬁtuiff“'




LR I B

';j_w }ation. The power plant has a- capac1ty of only 100 MW and
:”;w, '1‘ varlous unlts ‘in the plant are frequently shut down and T

oo

']started up.,

o *\,T'van_ﬂ . . ,
' 1ty of about 30 percent for the entlre brook trout stock 1n
the w1nter of 1977/78 (Stocek 1978) This was very hlgh

~'in comparlson to the prev1ous year when the natural mortallty

N rate was about l percent (Hooper et al 1977) ' The growth

' rates,_on the other hand have been qulte spectacular.:iin .

-
p-""l

the w1nter of l977/78,~the flshwrndréased 1n welght by 175
te o av‘—""“a’ RS
_ months 1n 1976/77 was about 100~percent The body length

N

growth rate has been about 1 3 cm (1/2 1n) per month The,_'

e')'

- S - :'..*
i <4 ‘

5

seasons were»2 Ol and 2 9 respectlvely._f,

-

S . ,5 ~ ,
As well as demonstraflng the blologlcal fea51b111ty

t;.of ra1s1ng brook trout 1n thermal effluents, the'project has‘
also proven to be economlcally v1able ' The" cost of ralslng
b' 37 OOO flsh for a seven and one—half month perlod Ln the o

w1nter ofl&;77/78 amounted to $ll 927 (Stocek 1978 p 10)

'1' ;v. Thls 1ncludes both operatlonal and capltal expendltures.

-
—

:5//‘ These problems resulted ln a total natural mortal-\

percent 1n four months whereas the we1ght lncrease over four

food conver51on rates for the 1976/77 and 1977/78 grOW1ng 1?“;,QWR

T

The operatlng cost amounted to $5 738 and 1ncluded the wages .

| of -one part tlme labourer. The total expendlture resulted
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2

'”hlln a’ cost per pound of $4 83 to. raise the trout in, the

.w1nter of 1977/78.- The flsh were 51zed at approx1mately

four per 1/2 kg (l Ib) jol

'

These‘ _.costis“ have 'beenknﬁ"&red" to "the economic -

.returns generated by the 1ncreased sport flshlng and found

-

L that substantlal benefits are belng reallzed fThe New'

Brunsw1ckonepartment of Natural‘Resourcesghas»determinedf“

that each'fiSh'producedﬁgenerates‘O.2B:angler'days recreation7
¢ . - E

whlch 1n turn generates an angler gross expendlture of $l2 OO
. per day (Hooper ét al 1977) . Secondary net beneflts to

f;local communltles have been calculated to be approx1mately

-

‘,;$l 20 per angler day These flgures greatly overbalaglg

‘a

;ithe cost of rearlng the flsh in the thermal effluents.

_ka‘a(sundance,AguaculturetProjectﬂ

[N

In contrast the.thermal aquaculture prOjeCt at‘
‘.the Sundance power plant in Alberta.has been c0n51derably
less successful 1n 1ts operatlons to date; Thls venture 1s"
‘:prlvately owned and was establlshed in- the summer of 1978
L:by Mr D. Bllowus.‘ Hls prlmary goalbwas to ralse flngerllng
size ralnbow trout durlng the w1ntervln warm'water from the
-power plant coollng pond (D Bllowus, Sundance Aquafarms

L thd., personal communlcatlon, October 1978) : Mr' Bllowus

"ant1c1pated marketlng the flsh in the sprlng to the numerous

°

"
R .

k. B i ¢ . " . R . d
PR . S KR s



private fish farmers in the prOVince but problems with ex-
tremely low water tenoeratures in early &anuary 1979 caused
high mortalities and the remaining'fish'had to be releaSed .
intoithe cooling pond.

The prinCipal cause of this problem was the poor
.choice of a.location for the project as the deSign of the

facility is basically sound. A building containing ten

circular tanks was constructed immediately below the cooling

¢ : .
pond dyke.on the southeast side of the pond. Water from themy

reservoir was fed to the building'by gravity flow through a
plastic, uninsulated pipeline at the- rate of apprOXimately
2,273 litres per minute (500 IGPM, Figure 4:12, D, Bilowus,
Sundance Aquafarms Ltd., personal;communication, October J
l978). Upon reaching the faCility, the water was directed-
to the tanks (Figure 4 13) where it entered through the side,
creating a ciﬁ'ular flow in the tanks, and draining in the
middle. The return waterifrom each tank was directedpto a
trough in the floor‘of the building which in turn drained
into a settling‘pond'adjacent_to'the strUCture. From there,

‘the water was pumped back into the cooling pond.

N ) 7’
. e 'y *

‘ Lowe

,215
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Figure 4:12 This photo was taken from the top of the
Sundance cooling pond dyke in October 1978
and shows the pipeline installed by Bilowus

to supply his aguaculture facility (central
building). ' s



Figure 4:13

Interior view of Bilowus' main building.
Water from the cooling pond flowed into:'the
tank plaéed on stilts.l From there it was
directed to the circular tanks where the fish
were placed. The return flows from these
circular tanks entered the trough in the
middle of the floor which drained into a
small settling basin outside the building.

217



1

. (D. Bilowus, Sundance Aquafarms Ltd.,'perSonalfcommUnication,

“_ .-

QCtober.l978); The fish weére fed EWOS fish food and mortal—
ities,eaithough not recorded, were guite high. In the first
'tweek“of=ﬂanuary/ Severe.coldaweather}‘qoupled;yith_strong:jm;
westeriy_wiﬁds ahd-the unscheduled Shutdodn-of three'gener;
3atihgnunits}»causedithe'cooldhg'pohd water temperatures at
the:point.of withdrawal to drop to.freezing;\ Siush andsice
formation.in the system resulted_ahd, rather than‘alhowing
all thepﬁish tovdie,bBilowus was forced to let approximately
ZOO;OdO freedin-the coolindlpond.

'~Siﬁce thatptime,'the fish have been observed on a
few occas1ons but there are fears that they w1ll not. be
" able to survive in the pond. Only" twb ralnon trout have
been discovered Qh the trash screens over the power plant.
rntakes andhno dead.fish have been observed on the .shore of
the cooling pond. However, recent sampling with a net
caught s1xty suckers and six perch in ohly two hours (A,
Chamberlaln, Alberta Flsh and wildlife, personal communi~- .
cation, June 1979). Perch are natural predators of ralnbow
trout and thereforetmay have substantially reduced the troutd
populatioh ih the.pond;» An attempt to harvest the remaining
.trout Wlll be conducted in mid July but the size 'of the

N

cooling pond is expected to hinder this operatlon.'

e -
. . B \ - s

0 oe ar &



- The solutlon to the low water temperature problem

1s clearly the selectlon ©of an alternatlve s1te that 1s

'4closer‘4b the coollng watér”outlet The water temperature

: - ~ - wd e g
. gu,wu-é' “'."1.“,.,_ u-u.o @
‘-\\' ."I e -
. b .-&/v) IS T I BRI B T

S e dn &has%afea wouId neverrapproach freezing unless all the

D LA .a_".’-o' Ve ety Y

unlts rn the power plant were to shut down whlch is hlghly

unllkely to occur Hav1ng recognlzed thLS obv1ous solutlon,

Bllowus has now arranged to lease a small portlon of land

from Calgary Power that is located adjacent to the 1ntake

ring canal Water w1ll be. obtalned by grav1ty flow, from

n ‘~'

the dlscharge canal v1a ‘an 1nsulated plpellne to- a ‘Hew’

. - ¢
faC1llty he plans to construct Return flows w1ll be dlrected
1nto the rlng canal by grav1ty flow as well ‘ Currently,

Mr. Bllowus is awaltlng the acceptance of an appllcatlon he

submltted for flnanc1a1 ass1stance before he proceeds further.

_The chanCes\of‘success with thls new locatlon are
~much 1mproved ’”Furthermore, tha Alberta Fish and Wlldllfe ‘5'217'
D1v1s1on has been actrvely a551st1ng Mr Bilowus in plannlng

hls new: fac111t1es and fully 1ntend to contlnue thlS a551s—~

-
-

N B :
tanoe throughout the forthcoming winter” Hopefully, no
serlous problems w1ll arise that mlght cause a repeat of
/“ﬁ" ’
the prev1ous year's . experlence. ‘If the progect falls once

agaln, many people will be\\eft w1th a false 1mpre851on

about the feas1b111ty of a pro;ect ‘of thls nature and 1t
: N

would probably be some tlme, 1f ever, beforejagpther attempt

7



:”;was made at thls appllcatlen..:Thls would be unfortunate as

jthermal aquaculture can deflnltely be feas1ble,

-at Trenton New Jersey and Grand Lake,

~* DU

-as: proven

.y'l’

New Brunsw1ck
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The culturlng of flSh in thermal effluents is
much more compllcated than-srmply dropping a cage ;n the,ﬁ; :ﬁl‘“'

‘ldlscharge canal of a power plant or dlvertlng some of the

e s"' e . w

,effluent through a tank or raceway system Aquaculture by

By

) 1tself is.a- very complex process becauSe the sllghtest dlS;
4 ruptron can result‘ln a total loss of the stock The’use
Eof“thermal effluents only further.compllcates the process
.Thus,\prlor to the establlshment of a thermal aquaculture
V/enterprlse, a great deal of 51te spec1f1c research 1s ?T

requlred before the des1gn and constructlon of the operatlon

can. proceed

.
s

EL B

The flrst factor that has to be dec1ded upon 1s '

v

the spec1es of fish ‘that is ‘to- be ralsed A number of

g,

parameters Qlll affect the flnal dec151on in thls case,i

| 1nclud1ng marketablilty of the‘;roduct, supply of finger;-y
hi~11ngs, and’ acceptablllty for culture.v In ‘Alberta, - thé"ﬂ '(ff:l 1‘ ?%;f

oPtlmunlspec1es for culture 1s>ra1nbow trout. jTheretafe R lf?ﬁ%;

.several reasons forvthls; .Qne,jrainbow trout is‘one,of‘the‘

o3

221
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¢

‘e

‘:of the flsh 1s understood 1n con51derable detall (Guthrle

et al 1975) The ralnbow trout has also been cultured for

' some'tlme and.gas a result seml domestlcated stralns have.f

been developed (Waldrop, l976) Thls makes the speC1es ﬂ_,

[ -4 . . "' B HB PR

-

partlcularly amenable for 1nten51ve culture. " Evans’ (Trenton

. L . |
s Fa

. State College, personal communlcatlon, Auéust 1978% reports'izr'

L that the stocklng den81t1es whlch can be achleved W1thlra1n—

APT oy e g
R W‘z;‘v T e .
i - o hath

pes

bow trout ‘are v1rtually unllmlted prov1ded sufflcient oxygen

"is-availablex There are very few speC1es of flSh that can

.. - .survive under'intensive_culture systems'of this nature.

~r.

Secondly, ralnbow trout is a hlghlv de51rable flSh

for humani consumptlon and sport flshlng and there appears

-. to be'a.yerylsubstantial market for it in Alberta. ‘This

" ‘will be discussed in more detail in Chapter VII. Thirdly,

rainbow.trout'would be an excellent_candidate forfCulture

S 1n power plant effluents in Alberta because the range of

temperatures exhlblted by these dlscharges durlng the w1nter
is about the optlmum temperature for that spec1es (15C, see
Flgure 3 8) ’ Finally; several other feasrblllty studres on
thermal aquaculture (e g Guthrle et al 1975. Waldrop,

1976 Conestoga—Rovers & Assoc1ates, 1977) ‘have all reached

the same conclu51on that ralnbOW'trout is the most de31rab1e o

._species for Gulture. 7 7Tee L

.
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‘quallty of the groundwater “in- the area of the power plants'

tTherefEre,«if year round use of the warm water:is desired
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'The%selection'of-ralnhowﬂtrout*as*the*6§£lnuﬁﬁp.”

e

the water'temperatures'areitOO Warm‘unless arreliable source
of cold water 1s avallable for blendlng w1th the thermal o

effluent The only potentlal source of cold water for thlS

,ﬂ,purpose would be groundwater but/both the quantlty and’

» A .

in Alberta, as discussed in_Chapter II, rules out its use.

N . . . - < S L G
s . a0 P o . PR g »

for this application, a dual species‘approach, similar to
that employed in Trenton, New Jersey, will have to'be;con—.

sidered.

Summer culture of fish in thermal éffluents will
recuire.the.?election.ofaa warm water specles but this could"
prove to be an irksome"task.i'Freshwater prawns would appear:
fto be an acceptable spec1es for‘thrs purpose becausevlt has

\
a hlgh optlmum temperature of- about 3OC (86F The Commerc1al

I

Flsh.Farmer & Aquaculture News, January l977),and it is
hlghly desrrable for human consumptlon._ The prawn is not
partlcularly amenable to 1nten51ve culture but research, as

that being‘conducted in Trenton, New Jersey, is.continuing:

on methods'of raising'this.species’under intensive conditions.

If they cannot be raised intensively, there is considerable

land around the Sundance power'plant where the prawns could

°

species'preClndes"its culture'during_the summervmonths_when

LN

- H
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-g_the spec1es 1s not -indigenous . to-Alberta waters. Thus, in

fhéicultured'extensively-in“a5larée*pond; There mlght even -

be poteptlal for ra1s1ng thls spec1es in -the coollng pond

1tself prov1ded 1t does not 1nterfere w1th the operatlon of

the,power plant.

A major problem‘that would beﬁassociated with

atteﬁpting to gulture freshwater prawns i Al erta is that
‘ , _ , ?\ o v e

w

order to introduce an exotic species¢of.this nature into

" the prov1nce, a detalled proposal 1s,requ1red by the govern-

'they would be cultured under controlled condltlons and if

- B
PR —

ment’ (A Chamberlaln, Alberta FlSh and Wlldllfe, personal

'communlcatlon, June 1979) Thls should 1nclude all aspects
- of the speCies“ life cycle as wellgas rtsipotentialrdiseases

and host parasites. ' It iS‘not"anticlpated'that‘prawns would

pose any problems to native species because they are very

Lo

;hardy andgvirtually disease free,(M. Evans,fTrenton_State

College, personal communlcatlon, August 1978) Furthermore,

B3
v

any escaped to  the natural enVironment it is highly unlikely -

£

they could survive the colder waters. Even so, if prawns .

meet all ‘the conditions for introduction into Alberta, there

o is still'no guaranteevthe government would approve such an.

\introductlonﬁ

LEw A - ' ¢ -
a
:

Another potentlal warm water speC1es that could

¥, B R ) .
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be cultured 1s largemouth bass (Mlcropterus salmonldes)
. L

i ThlS spec1es has a hlgh optlmum tempergture leVel about

366 (86F Coutant l977), and it has been cultured in the k
.past in Ontarlo (MacCrlmmon et al 1974) : It is doubtful
, however, whether a retapl market ex1sts 1n Alberta for thrs
product Bﬁt it would probably be’ very acceptable as- a- sport
flsh The other problem w1th largemouth baSS'lS that they |
also are nonlndlgenousvto Alberta waters They have beenf
; 1ntroduced 1nto'Lake Wabamun in the past but there is no'fy .
.ev1dence.that reproductlon or . surv1val occurred (Paeta'&f o

Nelson, 1970) jk.;
’ The remalnlng p0351ble ch01ces of warm: water flsh

for culture in Alberta are llmlted Carp is one fish that

is cultured in many areas of Europe and Asia and is & very

“a

s

.

des1rable spec1es for human consumptlon in that part of the

world However, North Amerlcan soclety has vet . to acﬁept

thlS flsh.as a food 1tem and there is v1rtually no market

for it in- Alberta.4 Eels, 51m11ar.to those currently being .
cultured 1n Trenton, New Jersey, do not enjoy a very large

‘ demand in Alberta but they apparently command a very hlgh/
prlce 1n the Orlent (M Evans, Trenton State College, per—
sonal communlcatlon August 1978) It is not known whether

1t would be economlcally fea51ble to Culture thls spec1es

in Alberta for sale in Japan :The marketability of.catfish R

saewkon



oods also suspect and thus are not con51dered a- llkely candl—

-date for culture 1n Alberta.v" R wlcf.', R

T

tWater'Quality_,'if" e r'V S

a second cruc1al factor to be con51dered prlor to'
‘the establlshment of a thermal aquaculture enterprlse 1s

'the quallty of the water source.' This 1ncludes the dally

fluctuatlons in. the temperature of that ‘water.. In general

_1ethal llmlts for most spec1es are a functlon of accllmatlon_’

;temperatures and exposure tlmes, and usually 1ncrease Wlth
‘temperatures and exposure tlmes up to a spec1es spec1f1c L

‘1evel (Sylvester, 1975) u‘In other words,.flsh can: usually

'w1thstand a. falrly large varlatlon in water temperatures so’

v

.» lono as the varlatlons do not.occur over a very short.perlod
of. tlme; fhls is an 1mportant con51dera‘fon for 1nten51ve'-
fculture tac1llt1es because of the fluctuatlng nature 1n"
jwhlch most pPower plants are operated andkbecause the flSh

:wlll have llttle.scope for movement W1th1n the thermal

'gradlents due. to conflnement in enclosures ndvhence willup

‘»have llttle opportunrii::o~engage'intempiijkure seleptlon

behav1our.

The other major water quallty parameters that W1ll

determlne the fea51b111ty of a thermal aquaculture progect

R -

: ' 1 , . .
are,chlorlne, oxygen, ‘and n;trOgen'levels, Most power»plants

1
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";perlodlcally chlorlnate thelr coollng water to prevent
_‘corrOS1on and to“lnhlblt the growth of algae and fungl in
"'the condensers and assoc1ated plplng Chlorlne is a very et

~tox1c substance for flsh For example, the 1ethal llmlt of ;4t;5w3"

_'r.

' chlorlne for ralnbow trout is from 0. Ol mg/l to 0. 08 mg/l

;(Waldrop,_l976) For thls reason,.chlorlne concentratlons B

¥
’ . )

’would have to be Very carefully monltored or a system would
w :
'ﬂhave t% be developed where pumplng 1s halted durlng perlods

.. of chlorlnatlon, such as that employed at Trenton, New Co :'u -
qJersey < This would ellmlnate the feas1b111ty of cage cul—

' /
"'ture 1n the dlscharge canal

The oxygen and nltrogen level 'roblems that can
'be ant1c1pated are related to the fact that an 1ncrease 1n
"water temperatureAresults in less gas (both oxygen and. nltro—:-“ RN
f gen) that can be dlssolved rn the water.. For example,v

.xx‘

'»lOC (18F) rlse 1n temperature W1ll 1ncrease the saturatlon

e

-of oxygen and nltrogen from lOO percent to 125 percent :°
(Holmberg,.l976) If the solutlon 1s not equlllbrated w1th
the’ atmosphere there will be gas’ supersaturatlon.; Nltrogen
:rsupersaturatlon w1ll cause."gas-bubble" dlsease, or embollsms;
in the. blood vessels of flsh whlch can have: lethal effects.
tThlS problem;tas~prev1ouslyimentloned has been encountered ;

at the. Grand Lé&e, New Brunsw1ck and Wlscasset Malne thermal

- -

.
k
.
4

aquaculture projects.. At Wiscasset,uit was one'of'the‘prin-.v

s




Cipalfréégons for;#haﬁ Oéefétlonﬁtolfold, .Inrgeneral,'this ?ﬁ
.lproblem,shouid‘not-aifse.ithheiwater has SuffiéiéhtTtime
to.eouilibnate“ﬁith_the atmospheré:d'fhis<can:be:doneflfwl
tbe'culture‘system:lsblocated anvadequate.distance from the‘;

outlet. -

An 1ncrease in water temperature also reduces thef>
concentratlon of dlssolved oxygen and 1ncreases the resplr—
"atlon rate,of flsh.i The deSIred dlssolved oxygen level for.

\rarnbow trout is 7 to 8 md/l (Guthrle et. al 1975), and thei
-'oxygen content should not be allowed to drop below thlS

' level for any 1ength of tlme Aeratlon would probably be
a des1red feature in the culture of . ralnbow trout in any . uu‘ g
o

.event because the stocklng den51ty of thls flsh can be_
' Rl

1ncreased tremendously 1f suff1c1ent oxygen is prov1ded

FOr exampleg at Trenton, New Jersey, the present stocklng
Y

den51t1es belnq achlevegewrth ralnbow trout are approx1mately )
A W ?t ' .

LY

1ncrease this dens1ty, theyware purchgglng anboxygen 1n—i
'jectlon system that w1ll 1ntroduce water,‘W1th dlssolvedv
oxygen levels of up to’75 mg/l lntO'thelraceways. With.
" this system,-the stocklng’denSItieslcan‘be‘increased to

5,4.kg/ m3 (12 lbs/ft ) of water.} Therefbre, if the crop %5"

‘can be 1ncreased by as much as a factor of three, a system

By
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of artificially aerating the water would be a good invest-

«

ment. ) 1

Fiéh Wastes

Another factor to*be- considered in an aquaculture
.‘ﬂ I . . . R

project,.and particularly an operation utilizing thermal

“ 2,

effluents, is the metabolic‘waétes generéted by the fiéh}
?hese-waStes, Principally?ammonié.ané urea, will‘havé)lethal-'
éffecﬁs if.allowedvto accﬁmulate in the system. Water . -
flowing through the syétem_woui&,reméve this probl?m EUt

the effluent'woﬁld4probab1y require treatment prior to re-

lease to the environment.

The degree of treatment that Qill bé required for
metabolic fish wastes will be depenaent uﬁbn government
rggulatioﬁéhand,vin‘the casé of géheratingvstations with
closéd cyclg cooling systems, restrictiéns’imposed by thg
utility. There are no spécific regulatiéhs in Alberta
governing the discharge‘of fish wastes (Waldrop, 1976) but
BilgwﬁS'was required to install é éettlihg pond foflthe
retgrm flows from‘his fécility. Initially, he hopéd to
allow the petérn flow to enter a creek adjacent t~ his
facility which d?ains into Lake Wabamun but the 1lberﬁa

Department of Environment would not allow him to do this

(D. Bilowus, Sundance Aquagfarms Ltd.,JpersonaI communication,
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October 1978). He had to construct a settling basin and

pump the water from this back-into the éooling pond. Caigary
Power did ndt.express any cdﬁéerhs about theidUality of this.

water but this could be a factor if the size of the operation

-~

were to be substantially increased.

Culture. Systems and Water Flowrates

The remaining important féctors that would be‘
specific to a thermal aquaculture enterprise aré’the;type
of culture system to be used and thé water flowrates that
will be requi?ed, The type of cuituré system is basically
'a choice bétween extensive and intensive methéds where an
examplé of an e%tensive methoé would be a pond or augout
_while intensivé methods include caggé, récewaYS; and tanks.
' Extensive methods are only practical for faisihg.fish that
exhébit ;tresS and cannibalism under crowded conditibns.
Otherwisg, this method ﬁsually requires a significant amount
of land and does po£ lend it#elf to ease of harvesting.
Ihtéhsive methods, on the other hand, requife considerably
less space, allow fof thevcontrol &f environmen£al factors,
and faciIitéte h;rvesting. ?he‘flowrates are important
becaﬁse they4must flush wastes and remove nuisance growths
of algae and fungi, they @uét be sufficient to maintain

dissolved oxygen levels, and the flowrates have to be high
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-

_enough to maintain temperature control of the water stream.

-

‘The least eXpensive of the Various intensive
methods is cage culture in the discharge canal. This method

L4

also allows relatively high stocking d@nSltleS but artificial
aerdtion, if desired, 1is difficult. Furthermore, no control
over the water flowrate can be maintained. This aspect is’
very important because the flowrate must not be so great
that the fish expend Significant food energy swimming to ’
retain their positions. Of the remaining two intensive .
'methods, circular tanks would appear to be favoured because
a circular flowican be maintained which does not allow for
the accumulation of fish and food wastes in corners as,may.
occur.in raceways. The optimum flowrate to be used in these
systems will depend on the species being cultured~and the

‘deSired stocking denSities. At Trenton, New JerSey;drainbow

trout stocked at about 1.8 kg/0.028 m (4 1bs/ ft ) of water

.

require approximately 1,500 litres per minute (396 3 USGPM)

of water flow (Eble, 1977).

Miscellaneous Factors

There are several other considerations that have
to be investigated prior to the establishment of an agua-
culture project but they are not necessarily- specific to an

.operation utilizing thermal effluents."Some of these include
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feed and nutrltlon, dlseases and parasltes, and predath:
control (both anlmal and human). A rellable source of feed
is essentlal as is knowledge of the various controls for
outbreaks of diseases. This is espec1ally true for-in:ene
sive systems where the fish'are-closely spaced and’diseases
can spread.very rapidly. -One unique problem that has been
l‘encountered at some thermal aquaculture prOJects is termed

Yy

"cold water disease." This occurs when,the fish surface to
yfeed and the dorsal fin becomes eXposed to the‘air. ‘lf the
- facility is not heated, these fins will freeze and fall off
'andgthe bases will eventually become infected causingvdeath~
(M. Evans, Trenton State College, Personal communication,
August l9l8). The use of 51nk1ng feed removes thls prob-

lemv//Predator control usually 1mp11es the 1nstallatlon of

locked covers over the culture systems



L CONCLUSION

In summary,'the process of raiSing fish in power
‘plant thermal effluents has been demonstrated to be- tech—
nically feasible.and is gaining yidespread popularity in the
:U.S; A number of aquaculture faCilities have been established
at power plants in that country, on both a commerclal'and
: research oriented basis. An equally:large number‘of,species‘.
of fish are also being raised at these faCilities in the
U.s. The most innovative of these enterprises is prdbably
the ongoing research project at Trenton, New Jersey This
effort- was initiated by the Public SerVice Electric ‘and Gas
yCompany and has successfully demonstrated the feaSibility
of raising rainbow trout in thermal effluents during the i
xIWinter months._.Research at this projectlis now being con-
'centratedhon determining the optimum'species‘for culture
during’the summer months ‘when the water temperatures are
much warmer., Tovthis end, two spec1es, freshwater prawns
" and American eels, have been successfully cultured in the
summer, Unfortunately, the prdwns have been found to re;'

‘quire low stocking densities to survive and this has e~

sulted in the cost of raising them to exceed the revenue.

233
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'Eels are amenable to lntensrve culture but there 1s a very

dllmlted market for thls product in North Amerlca.

In Canada, thlS appllcatlon of pdber plant waste

heat has been very slow 1n gettlng off the draw1ng boards as

'there is only One successful thermal aquaculture operation

in place at the present time. | Even so, that effort is" only

'de51gned for the culture of flSh destlned for the sport

flshlng 1ndustry ~ The only other known attempt at ra1s1ng
fish in thermal effluents in this country ‘has: been dis-.

app01nt1ng to- date, largely because of factors beyond control

-and - development :and the future of thlS pro;ect 1s subject

to optimism.

It ispdifficult to underStand why more attempts

‘have not been made at utilizing thermal effluents in this"
‘manner in Canada There has been some promotion, of this-

application, conducted by the public utilities in Ontarlo

and New BrunSW1ck but they have not made any flnanc1al
commitments to establish any ventures. In Alberta, the
private utilities have adopted the position of considering

an application of waste heat to be a nuisance to their

- operations. The extent of their supportiis usually in the

form of moral support'only. Clearly, if this‘SOrthof venture

234

" of the operator but subject to correctlon w1th better plannlngf'
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, 1s to succeed 1n Alberta, better cooperatlon from the
utllltles w1ll be requlred The degree of cooperatlon from
o the utllltles w1ll essentlally dlctate the fea51b111ty of

‘a thermal aquaculture progect

The other p0381b1e reason why more thermal aqua—
culture projects have not been establlshed in Canada may be
. an unwillingneSS'onzthe part of individuals~to assumedthe
rmsk‘of 1nvest1ng capltal in'a venture of this nature ThlS‘

'

may be due to a lack of demonstrated economlc fea51b111ty

and this should be thoroughly 1nvest1gated Unfortunately;;
1t-appears that a prototype study~w1ll.have to establish“

the techniv'l'and economic feasibility of this waste heat 9

'applicatio’ before individuals,will‘seriously consider it as
a viabl£ commercial enterprise.

vahprototype thermaliaquaculture-study,in_Alberta

s AT
could take_seVeralﬂdifferent approaches; Assuming that |
'“gralnbow troutvls the des1red spec1es for w1nter propagatlon
and that the preV1ously dlscussed water quallty parameters-
can be met, a varlety of systems could be establlshed at a-
poWér Pla#tfln this provlnce,.'Anbrnexpensivefsystem of R
.}cage culture in a discharqe;canallcould'be eStablished or

'a more 1nten51ve culture system 1nvolv1ng tanks or raceways

‘could be cons1dered The,market that is,being catered to
: * | .

SISO CPPE RS
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w1ll dlctate ‘the 51ze of the flsh that has to be ralsed If

\

»'flsh for. the sport flshlng 1ndustry or the local prlvate
flsh farmers 1s deslred a,project could begln 1nLt;e‘late
fall with small flngerllngs and grow them out to 7.6 cm to
lO 2 cm - (3 to 4 1n) during the w1nter ' This‘would reduce
. the cost of ‘the flngerllngs If a table market is the.
desired final destlnatlon for the product larger fingerf‘
ulrngs will have‘to.be used to start the~ groulng se;sonv
The cost of flngerllngs in this case would be hlgher but
the returns from sales bf the product to a retail or rest—
aurant‘market,would also behgreater. The operating costs’

of such an operatlon and the revenues that coulw expected

shghld be carefully 1nvestlgated beforehand

Inuthe future, after sOme experlence has beenb
gained in the propagation of the fish, it wOuld be in the '\f
best 1nterests to. establlsh a hatchery fac111ty. Thls would
.;greatly reduce the cost of purchas1ng flngerllngs;‘ Two
’iproblems are env1saged w1thithisihowever; First,~growing o -
',out theafish,from-eggs would.inCEEase/the length of time
required to produce a marketable product; >SeCOndly,_extreme
:'igcaution, invthe form of environmental controls, would be
required'wlth the.hatchery process. This includes water
temperature whlch would probably requlre control by means

-0

of blendlng cool water Wlth the effluent to achleve the
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exact de51red water temperature.” This will alsofincrease
- the opq@@tlng CO%QE z;l“ T

cd

3

.

If year round use'of the thermal effluent is

desired, . and there 1sqnqmﬁaason why it should‘not be, an’

- | 2
alternatlve, warm water speC1es«W111 have to be the candlda
~ . . ‘g\;;‘ - ".,"?‘ ""

..

for culture. Unfortunately, no spec1e§&ﬂhat meet the thermal 3
i - , ‘ b

market, and culture requlrements for such a venture exist in

K]
4

Alberta. Therefore, an exotic species would hawe to be

introduced into the province. .Freshwater"prawns could be .
- : t I . . o
the ideal species for this purpose. They are very- hardy

.and virtually disease free, popular on the consumer market,

n“

)

and command a high price on the retail market. The only
problem with culturing prawns is their_resistanceito inten-

. sive culture techniques. However, research is ongoing in

‘

Ethe hopes of solving this problem and a breakthrough can_be

-

eipected eventually. If they are'grown extensively, a large.

tract of land would be required for a pond in which the
e \

prawns could‘be.placed. Another alternative might be en-

7:blosing an area of the Sundance cooling pond with netting

)

or some other means for this purpose. This could be the

- most practical solution and should be investigated.

»

The other warm water species that might have

2

potential for culture in Alberta is largemouth bass. A



4

substantlal table market does not ex1st for thls product in

I

the. prov1nce but 1t should,be_acceptable for sport flshlng.

If stocking thlS flSh 1n local. streams is not de51rdble,
0

after gﬁow out in the ‘thermal-: effluent the bass mlght be

allowed to remain in the‘Coollng pond of the Sundance plantH

i
, N

or those of the Sheerness and Keephills plants in the future.
Sport fishing could then be encouraged at the ponds. The

remaining species that can be cultured during the summer

do not enjoy any portion of the market in Alberta and it is

not considered feasible, for this reason, to raise them in
| R .

thermal effluents in this province. ,These species include

~

catfish, striped bass, and eels. . v ‘ o
. : - “ %; :
Finally, the concept of_culturing fish in power
pIaht,thermal effluents is aicomplicated,ﬂbut technically

feasible process.- It enjoys an advantage over other waste

heat aéplications in that the warm water can normally be

DTN

‘utilized as is and no heat extraction systems are required.

238

Whether the process couldvbe ecoﬁomically-feasible_in Alberta »

remains to be demonstrated. Bilowus apparently considered,
this waste heat application economically viable before he’
invested a great deal of mohey in it. It is this author's

opinion that a prototype study should be established in this

_ province to prove that thedconceﬁt“is technically and eco-~

nomically feasible. This would hopefully lead to a large

C oA
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scale operation to effectiv 1y utilize p'owez; planﬁ reject
heat. “q,":,« L )

- :
-~ . N

N \a
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CHAPTER;-}VH
DISTRZFCT HE;ATING ‘. b |
Igtrodquion h T _ .
.  The héatiné of large ufban aréas Wdtﬂfwaste bEat.. | :‘f

P

from thermal pdwerfplantsfcaﬁfbe accomplished by two.éeparate

‘methods. The first is utilizing condenser cooling water as’

with the criteria that have been established

a heat source for®heat pumps that are located in individﬁél-

builaings %nd hoﬁses. Thé,seéoﬁd'meﬁhod.is_often térmedﬂcor;’

.genération where -both eléctricity.énd heaf'ére pr%duced by

the generating station. This method does not involve the "

direct utilization.of:heat'rejécted from a power plaht but’

3

it does increase the station thermal efficiency and thus

reduces the amount of energy that is wasted..

S

"The objective of the author in thihﬁbhapter is to

discuss the basicfﬁ}inciples.of both of‘theéé}digtriCt

!

t

K - .
240

ewhat beyond the sCOpe-ofxthis'thesié,*

‘heating methods. Heat pﬁmp operation,Wiii béﬁo@ﬁLiﬁed:aldng»

to evaluatie its

feasibility. Co-generation, although considered to -*.

is gaining °




2ar

Hincreasedfattention‘in-NorthﬂAmerica as thelmost'practiCalﬁv';:.

'-method for 1mprov1ng energy utlllzatlon 1n steam electrlc

)

' generatlng statlons.,.Therefore, the varlous methods that

;l'can be employed for co—generatlon w1ll be" dlscussed and some“v

of the proposed studles whlch have been conducted on thls'

subject ln the U S. and Canada w1ll be rev1ewed



. HEAT .PUMPS -

The most common examplegof,a heat pump-is-the
household refrigeratOr except in feverSe;' As ‘with this-

'famlllar appllance, a heat pump is . a mechanlcal dev1ce that

extracts*heat from onegmedium at‘a lower:temeprature, such.'

as air or ‘water, and transfers this'heat to ahother medium

3

for,delivery”at a higherbtemperature. _An efficient heat

pump Wlll provide three ‘or four unlts of heat energy output

& .
for each unlt of energy 1nput (Sector. 1977) A heat pump

«

i_has the further advantage 1n that iths cycle can be reversed

to provide cepl;ng (air Condltloning). )/f,

v
-

There are fbur ba51c heat pumps for space heatlng

and coollng (Ambrose, 1966) These employ:

1)»a1r as the heatQSOurce/sink and air as the@lﬂf

, heating and coeoling medium,'_

2) air as the heat: source/51nk and water aefthe,j.k

~wheat1ng and cooling medium, - :
3) water as the heat source/sink and alr as the
heatlng and coollng medlum, and

.4).water as the heat source/51nk and water as
the heating and coollng medium.

};getause this study is dealing wi#h,thermal effluents, only

242 . . !
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" the heat pump desidns employing water as the heat source/sink

¢

will be considered here.

The principal components of a water source heat
pump are illustrated in Fiéure 5:1. This diagram demonstrates
% the cycle for a water sink heat pump but an air sink system

would simply involve the substitution of a fan driven coil
- . {] : .
for the radiators.” The operation of this heat pump is very

basic. Duriné the heating cycle, the refrigerant (e.g. Freon)

exﬁractssheat from the waterﬁ in,this‘c e thermal effluent,

_aé the ¢§aporator (Sﬁep_4;1, Figure 5:1). This heét is

delivered by the condenser (Step 2;3, Figure 5:1):tébthe heat

sink, in this case a building. Dﬁ;;ng the cooling cycle, ' . .

'the refrigerant flow is simply reversed.

v

; - The efficiency of a heat pump, and also the key
.8 ’ ‘ .
for determining its economic feasibility, is measured as the

@
i

coefficient of performangg (CP) where: . ' p

CP= useful heat output
energy input -for compressor work

This equétioh applies to the heating mode and the value is

dimensionless (Aamot, 1977a).

<

The energy input in a heat pump:is usually in the
form of electricity. In the U.S., the Corps of Engineers

has calculated that 11,600 BTU's are required to produce and
A

[
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ﬁransmit éiectricity per kWh (Aemot, 1977a). This is equai
to 3.4 in coherent unitsy and means that 3.4 units of fuel
energy produce one unit of dellvered electrlcvenergy.v_In
other words, en electrlcally powered heat pump is energy

. . A :
eff1c1ent if it produces 3.4 units of thermal energy for
every unit of electric,energy osed; i.e., CP= 3.4. 1In Canada,

'Bradley (1976) reports that the CP of an .electrically powered

heat pump should be 3.7 in order to break even.

' Theré are a number of factors that will affeg:—;
heat pumpfs performance. Ambrose (1966, P- 7) states that:

"in an actual heat pump system the CP varies

.dlrectly as the compresser suctitn pressure :

~and inversely as the conden31ng pressure.
The suction pressure, - in turn, is determined
by the temperature of the heat source, so
that the lower the heat source temperature
the lower the compressor suction pressure.
‘Similarly, the head pressure or condensing
pressure is determined by the heat sink
temperature or the temperature of the medium
being circulated to the conditioned space."

In other words, the greater the teﬁperature difference be-
tween the heat source and the heat delivery, the lower the
CP, For rhis reasoﬁ,;it is‘desirable to useythe highest
temperature heat source possible and to uéé the lowest prac-
tical delivery temperature (Aamot, i977a). Besed on this
fact, power plan,t’: thermal effluent, at 10 to 20C (50 to 68F),

is an ideal heat source for heat pumps.

.
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-to the load requirements, not significantly oversized.

-

The other factors that 1nf1uence the CP are 1nherent ¥

in the heat pump itself. These include the effectlveness of .’
the heat exchangers (the evaporators and the condensers), the

efficiency of.the compressor and motor, and the choice of the

‘ refrigerant (Aamot, 1977a). The question of partial loadv

operation also concerns the overall efficiency. Performance
‘ . v
LY 2 a
measurements are usually made unden,steady state operatlng
conditions dHut frequent on-off cycllng will reduce the overall

efficiency. The eff1c1ency is also lower during the starting

period. Therefore, the heat pump should be closely matched

o
Possibly the most cruclal factor affectingvthe

overall‘feasibility Qf utilizing»heat pumps for distriét
heatlng with thermal effluents is the cost of dlstrlbutlng
the warm water to the individual buildings. For this reaSOn,v
only those generating stations located‘ln close prox1m1ty to
urban areas can be con51dered for this appllcatlon. This
rules out the'majorlty'of power plants in Alberta with the
exception of the Rossdale and’ Clover Bar plants in the City-
of Edmonton. The remalnlng generating stations in Alberta
are located at sufficient distances from urban areas to
éreatly reduce the overall efficiency of a heat pump system.

Of course, the power plant satellite communities hou31ng

plant employees could be heated in this fashion.
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With these facts in ﬁinq;‘AamQt.(1977a; has ééicuév

lated the expected CP of a heét pump Qith a supbly water

temperature of 57:2C (135F) to bé.3.4; Tﬁis assumes a_réla_

 ti§e cY;le efficienéy of 85 perciyt and. a %fmp:essor/EOtor \‘

zéfficiéncy'of 65 perCent; The CP values fo:'different water |

source and déliieryvtemperatﬁres have also’%een‘calculétéd

and are presented-in Figure S:é. This_diaéram‘simpiy indi-

cates'that which was previously méntioned; i.e., the greater

:thévtemperature difference between the supply water and the

<4

delivery water, the lower. the CP.

v

From the .available literature there does not‘appear e

’
3 - TN

to be an§ uryﬁn area_ih:NortP Amgfiga heated by heat pﬁmps
using power plant thérmal_effluents as the heat source; | I
Fﬁfthermore,'ﬁhe féasibiiity dfrimplementing'éuéh a system
has'not.béénvwidely in#estigatéd}f;;he’one group.that appears
to be the most intensively invﬁiyéaﬁlgfresearch of this
nature is t%e U.S. Corps of Egéiheers éoid Reéipns Research
and Eﬂéineeriﬁg Laboratory (CRREL) in Hanover, New Hampshire.
This group has sponsored a feasibility study on‘district |
heating in Fairbanks, Alaska (Aamot, 1974). They.have.also
been heating a building at their 1abora£§ry compqu in

Hanover with a heat pump using waste heat ‘from a large

refrigeration unit (Aamot, 1977b{ Aamot & Sector, 1977;

o

- , -

Sector, 1977).



DELIVERY WATER TEMPERATURE (OC)

: 'Figure 5:2-

COEFFICIENT OF PERFORMANCE VALUES
THAT CAN BE EXPECTED FOR GIVEN. WATER
SUPPLY-AND DELIVERY TEMPERATURES FOR

A 'WATER SOURCE/SINK HEAT PUMP
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48.9°
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4 . 15.6 ' 26.7 37.8
SOURCE WATER TEMPERATURE (C)

Source: Aamiot, 1977a, p.28. '
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: Electr1c1ty for the City of Falrbanks is supplied
by the muniCipal coal- fired power plant that is centrally |
located on the bank of the Chena River which flows through ’
the'city.’ Operation of this geﬁerating station has resulted

in air pollution and winter fogging problems for the city
o-) - :

and, for these reasons, it was decided to irvestigate the

feasibility of installing.heat pumps in the homes of Fairbanks -

to utilize the  thermal effluents from the’ plant (Aamot 1974).
It was felt this would have the furthEr advantage of reduCing
home heating costs as wellias reduce the air pollution from

individual home furnaces.

b :
. -
Y

The proposed system is basically a closed loop

cooling water system cohnectiné,the power plaét;Withvall'the
homesiin one part of the-city. it hasc;een dbtermined that
the waste heat available is sufficient to heat about 1,500
homes at -45.6C (-SOF, Aamot,.l974; j 104). in other.WOrds,’
all the water from the'cohdensers\would-he used. ‘The electric
power required to drive the‘heat pumps would be ll 2 to 14 Mw,
assuming a CP of 3.0 to 3. 5. The cooliné ;ater-would be

f supplied at lSC (59F) and returned at approx1mately 3C. (37 4F),
representing a temperature drop of 12C (2l 6F) through the
system. | |

The economic feasibility of this system has been

o

~
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determlned by comparlng the. annual operatlng and flnan01ng

costs of a heat pump to 011 flred furnaces, electric resis-

tance, and’ distrlct heatlng.‘ The?results of thlsrevaluatlon

are presented in‘TableVS:l. ln'order to deternlne the annual;_ A
,financing costs,ian interest rate of 9 percent over a twenty.
year amortlzatlon perlod was calculated on the estlmated

total capltal cost of $4, OOO (l974 u.s. dollars) for a heat

pump. This represents $7, 500 for the heat pump and $l'500

for connectlon to the dlstrlbutlon system.

-

a .

As evident in Table 5:l,,heat pumps, With the
' exception of district;steam, show aedefinite advantage, in
terms of annual costs;-overvthe conventional home heating
N systems.' ‘The heat pump has several other advantages. For
‘example, the - ‘conversion of 1,500 homes to heat pump systems
would result in a 31gn1f1cant reductlon in furnace oil ¢on-
sumption. Aamot (1974) has calculated that a reduction of
20 8 percent would occur in the amount of waste heat dlS—
charged’to the rlver»from the power plant. Finally, there
would be the further benefit of reduc;ng air pollutlon by
remov1ng 1, 500 chimneys from service. Unfortunately, des—
. .
pite these apparent advantages, the proposed system has yet
to be 1mp1emented and its current status is unknown (G

~ ,
Phetteplace, CRREL, personal communication, August 1978).



TablevS;lf} o - ./

SUMMARY OF THE ANNUAL OPERATING AND ANNUAL FINANCING
COSTS OF FOUR DIFFERENT HEATING METHODS IN FAIRBANKS

2

(1974 U.S. Dollars)

N
, I-'Operating Financing . ~ Total
Heat'thp SYstem : ' $819 $440  $1259
0il Fired Boiler 1285 176 1571
District Steam 1119 . L3 1122
. ’ v ) : ) e ‘ .
Electric Resistance 2458 : - , 2458
Y
N .

Source: Aamot, 1974, p. 117.
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- At thg_CRREL iaboratééy in Hanover, a large_ice
,engineering facility was recently»¢onstrﬁ;ted for cbnductihg
‘feéearch on sucH problems as ice jams o%‘r;vérs; nayigation
in sea ice, and_sea iCé_forcés.oh éfféshoré platforﬁs (Agﬁot,
i977b). + Part of this facilitylinciQAes a large.refrigeration
“unit that rejects.l.Z million BTU's éef hou;.ofbwaspe heat in
condenser cooling water at the‘raté of O.O3Em3/sv(450”t§h500
USGPM) and at a nearly cqnstant temperaturelof 12.8C (Ssﬁ,
Sector,*l977?. In an effort to ﬁtilige this resourée,Ait'
was.decided‘to‘heat a large equipment storage ahéjfabfication.
building with a heat pump usiﬁg the cooling waté}'géia heét'
_source. The heat pump selected for this purpose is a'can
ventionaihinaustrial package chiiler Similat té.those which

provide air ¢onditioning for small{office buildings. The

unit is rated at 52,800 BTU's per hour of heat removal ‘(cooling)

for 5.7 kW of electrical powéer consumption. The heating,VZ

 capacity of this unit is therefore.72,249 BTU's per hour where

) .

.there are 3,412 BTU's/kWh and 5.7 kW of electriCal'input.
The heat pump extracts heat.from;the 12.8C (SSFY-entering
.water and transfers it to air which is blown into the building

N -+

at about 30C (86F).

To date tests only hatve been performed on the
system/;n\op%ration. The results of five of these tests

indicated an éverage CP of 3.8 (Sector, 1977). The minimum

s
F

(
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_acceptable CP for this 'situation is 2 8. whlch represents a

.25 percent reductlon in cost compared to heatlngAw1th oil

(Sector, 1977) However, as. prev1ously mentloned the U.S.

Army Corps of Englneers has calculated that the practlcal

‘_ minimum CP for a heat pump to be energy conservative is 3.4.

" This reduces the sayings‘that can be achieved with this "
particular heat pumpisYstem althouéhtltﬂstill.remains less

costly to operate. The system is apparently 1n full operatlon

at the present time’ (G Phetteplace, CRREL personal communl—

catlon, August 1978)

There‘has been one feasibility study_condugted in
‘ Canada on the potentlal of utlllzlng thermal effluents for 5
‘heat puhps ln a dlstrlct heating scheme (McLoughlln & Relnbergs;
1977) ' Thls study has proposed taklng condenser cooling water
from the ‘Pickering nuclear statlon z;st of Toronto and up—

'gradlng the water temperature to about 29.3C (84 7F) by

'bl dlng it with moderator coollng water from that power

ant. This water would then be distributed to Toronto
‘homes thrduéh the municipal water system. Return flows would

e directed into the storm sewer system in this proposal.

'The rationale for using the municipal water system,
as a transmission network is based on the high cost of in-

‘stalling a new distribution nétwork. Furthermore, winter %
~ o
e .
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{//demand for'potable‘uater in:Totonto is'about-halfthat for
//// lthersummet period.‘ Thus,:theteﬁeXists excess uatet;capacity‘
in the system dufing theduinteﬁiﬁonthsfthat can be used‘With_
out incutfiné additional capital costs. |
The excess capaCity that eXlStS ‘has been calculated
to'be suffic1ent to supply 20 percent of Toronto's population
(approx1mately 500 000 people) with warm water‘from the powerv‘
plant , The authors have also developed a scenario where‘/
'”condenser cooling watet at only 18 3C (64.9F) would be used
in the’same distribution system; ln this case, only 10’ per—i
cent ot the population could be served because of the addi—

J

tional heat rgguirepents that would result.

The economics”of this system'arevquite favourable.
Thexheating systen would be marginally leSS'expensive than
conventional systems and_thetpaYback period would éun"anyef'
where from three to thirteen»years.’ This excludes the sav1ngsr?
that:would accrue from the reduction in furnace Oil‘and
natural gas consumption. The homes with electric resistance
heatipg would also realize a £Eduction in their electficity"'

40

consumption. - .

Although the system appea:s’to~bejtechnically and

economically viable, there is one major problem that could -°

prevent its implementation. That is the proposal to distribute

- ‘ ) | 4" .
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cooling water from a hucléaivpower station through a municipal

- water 'system. - The authors»redognize this as a problem in

that there would be psychological and/or aesthetic reluctance ~ *
* on the’part of'thé population to use thiS water even though

it woulg'be.perfégtly safe to do 'so. For this reason, -it is ~ _ ~
exfrémelyvdoubtful that this‘proposed scheme will ever be

implemepted;
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} CO-GENERATION -

Co—éenerationzilmplylng the productlon of both

electrlc1ty and heat for practlcal purposes, can be,achleved

S in . Steam electrlc generatlng statlons by elther of two methods-

o
ps

l) employlng an extractlon turblne from whlch
-~ portion of the steam’ that enters. is removed
- after it has produced con51derable elec—,
,tr1c1ty, or :
2)femploy1ng a. back~pressure turblne to remove
- - all the steam after it reaches a temperature ¢
. such as 121¢C (250F) . . e "

S

)
Mlller (1972) "has calculated that the first of‘
these two methods would reduce the heat rejected to the
. condensers from 60 percent to 30 percent The corréspbndlng
, reductlon in electr1c1ty generatlng efflclency in thls case
vwould be - 5 bPercent, to about‘35 percent for an 1mproved
: statlon net thermal efflclency of approx1mately 70 percent
The second method although resultlng in a reduction in the
eff1cmency of electr1c1ty productlon from about 40 percent
to 30 percent would increase the total energy uge to about

- 1lo0 percent of that supplled to the turblne 1f all of the
\

back—pressure heat were used. .
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0f these two "'methods, backpressﬁring is the. most
. \ |
desirable for several reasons. The first is the greater

improvement in station efficiency. Secondly, by increasing

the back-pressure to about one atmosphere the steam condenses

at 100C (212F) which is sufficiently hot for economical trans- -

port and for use in both space anddwater heating applications

o

'(Karkheck & Powell, 1977). Extracting steam, although pro-

-

viding additional heat, is more than twice as expensive at -

. _ £, .
the volume density of heat in hot water at 100C (212F) is

',greater,'by more than a factor of ten, than in steam‘available
. . . . . -~ e
from extraction. TlHis means that much greater volumes of
\\steag.must be transported to satisfy a given demand. This

is‘particularly uneconomical for transﬁgrt over extended

distances.
/

Sweden is one of the leading countries in ‘the world-
{ A

in co-genération and district heating. The firstfplans for

. Co—generation-of heat and electricity‘in SWeden began. shortly
C . e . .\ ) . i ) ) . B ) ‘
after World War II and there are now some thirty-five towns
° P . )

+

\Qn that eountry withédistrict heating (Acres Shawinigan, 1976).
L A ‘

i‘ Currently, the total 1nstalled co—generatlon capac1ty in
Sweden is: about 10, OOO MW heht w1th l 600 MW electr1c1ty (

produced (Hambraeus & Stillesid, 1977). Present plans for °

;hat country env1sage a thermal power ratlng of 18, OOO MW in

Aits~source¥then hot water (Karkheck & Powell, 1977). Finally,,
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the 1980's for a simultaneous production of 3,000 MW elec-

tricity.

In the U.S., district heating from co—genefation
has been in use for a number of years. Substantial segments
of the downtown aréas.of‘ﬁew York, Boston, Philadelbhia, and'

N . -+ . - \q N (
Detroit are heated with steam extracted from condensing steam

.turbines (Acres Shawinigan, 1976). The downtown areas of

several other American cities are also centrally heated but

they are relatively small and employ boiler plants only. -

\
Escélating fuel.COSté ahd,the development of
numerous nuclear power plants in the U.S. has'led’to the
procreation of several studies on go—generation aﬁd disﬁfict'
heating'in that country‘(e.g., Beall & Milief, 1972; Ilefi
;et al,ll9Z§¢~Karkheck‘& Powell, 1977;'Lu3by»& ngers{'i972;
Miller et 31, 1971). These studieg, rather than’inveétigéting
t?e potential of retrofitting,an.existing EoWer plént for
cd—gene;atioﬁ, héve.ali assuﬁéd the téchnical feasibility of

this process and have attempted to apply‘it to" hypothetical

.4 ‘

" model cities. -Thiswhas iqvolﬁed'the‘calCulation}of antici-

) ~ ) ] ) .

pated total heat'requirements for the modélland outlining
| . o ' - ; .

the distribution network that would be reguired. In two

studies, Karkheck & Powell (1977) and Milleriet al (1971),

attempfs have Been made to estimate the total cgst_df'seré‘

”

® .
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viciné»a largp urban area with district heat and the‘savings'
that could béyrealized by implementing such a system. 1In
dboth caSes,;it has been found that co—generation3for'district
heatlng would be: competltlve with conventlonal home heating
systems and current dlstrlct heatlng systems in place in the

U.S. 'There would also be the annual savings of millions of

barrels of oil.

The current situation in Canada with respect to
hdlstrlct heatlng is very s1mllar to that in the U.S. Portions

of Wlnnlpeg, Vancouver, London, Toronto, and Ottawa are ser-

ved by dlstrlct heatlng systems (Acres Shaw1nlgan, 19W6)

In each case however, the heat is dlstributed as’ steam dlrectly

from central boilers without any power,generatlon.'fThe\v
potentlal for 1mplementlng dlstrlct heatlng from co~generatlon
in Canada has been studled for the Plckerlng nuclear statlon
(Acres ShaW1nlgan, 1976) and a small thermal plant in Hallfax -
(Shawinigan Engineerlng, 1977), “In addltlon to these studies,
Edmonton Pdwer is currently lnvestlgatlng the fea51b111ty of"

, retroflttlng thelr ‘Rossdale power plant for co—generatlon and
dlstrlct heatrﬁg of a large portlon of downtown Edmonton

(R Johnston,vEdmonton Power, personal COmmunlcatlon, March

1979).

The Plckerlng study dlverges somewhat from con—‘

'ventionalico—generatlon schemes 1n that rather than extractlng
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steam or hot water; it'proposesfsupplying hot°water from the;

‘Plckerlng B nuclear station (under constructlon) for up to
elght hours a nlght during the electrlcal off—peak perlod
.Only hot water and no electr1c1ty would be produced durlng
‘this period. The water would be supplied to a large under—.
groundhstorage tank that will haVe surficient.capaclty-to

dsupply the model town of NorthiPichering‘for tWenty;four
hoursu When electricalldemand‘begig; to increase in the

early morning‘hours,.the'station will revert to'thebproduction
‘of»electricity.only;i A‘schematic‘representation of the pro-

posed system is presented in Figure 5:3.

o s . - .

The SCheme h‘ ‘.aﬂttactlons, partlcularly

las -a means of keeplng the nuclear reactors in contlnuous
.operatlon;- The sav1ngs 1n’fuel oil'would belan.estimatedij
million:barrels per year_ouer conventional‘home,heating
systems. ’The'resultant reduction in air'pollution is also
cited as.a benefit.‘AThe efficiency'of the nuclear station
-would only be increased from 30 percent to 33 percent w1th’
thlS scheme howerer | | |

Two problems are 1nherent in the de51gn as-well.
h‘dflrst the technology for a large storage tank of‘the nature.
-‘env1saged for thls scheme is- not readlly avallable at a .

-

‘ reasonable cost _Secondly, because of the hlgh costs of

&
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reached much-more positive conclusions. The objectlve of

262

this heat:storage system and the.transmission'pipeline:from
the power plant‘to the newftomn,hthe_sCheme wonld not show
an:overall price a%?antagefoVer.conventionalfheating systems
£or apprOximately:four;Een'to eightéen jy'fs.aars.'.qFor.these'C

: oy L N .
reasons, the“proposal has been indefinitely‘sheived.

N

. ) . B ‘;,-“ N ) . .
In contrast, the Halifax districtvheating‘study

A4

this study was to 1nvestlgate the fea51b111ty of convertlng

T

ithevcentrally located Wall Street generating plant to co-

!
i

R S
generatlon for heatlng bulldlngs in the Hallfax downtown area-.

| -
Two alternat1Ve methods are con51dered for this purpose.l The '

~

flfst alternatlve is to equlp an ex1st1ng 20 MW unit with a
backepressure turbine for extracting low pressure steam. The

second -alternative would inVolvefbonverting this same 20 MW
unit to a . pure back-pressure unit. Thls_wou%d-prov1devhot. .

‘water at approiimately,llocv(23OF). | e

¢ . . : ‘, A}

Theofeasibiiity of'theﬁproposed,system fromhan

‘.,economic-standpoint'is very favourable. Both thesteam

-gallons that would result from 1mplementatlon of the scheme

sysgem and the hot-Water,system‘wou1d~be-competitive with - ) -

v

'individualrbuilqang heating. This does not include the-

annual fuelhsavings ofmbet;een 2.8 and 3.6 millionJIméera

1
S, :

v o i
| : LY

Furthermore, the - steam system would break .even ' after only EEEERR ‘i

™~

[ 2 } - R S
P
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four years of operatlon whlle the water SYStem would require

six years before a return on 1nvestment would occur. Thls

is desplte the fact that pipeline 1nsta11atlon costs would '!

be’ Very hlgh because of the need for extensive excavation in
bedrock. In any event, this study also appearsxdestined‘for

a lOng,shs}f life as the Nova Scotia Power Corporation has
S ' . LR

'refused to 1nvest any new capltal in the generatlng statlon

citing the old age of the plant as the primary reason for
-thzz dec151on (R. Johnston, Edmonton Power, personal communi—

cation, March 1979).' " : - e

~

i «The Edmonton dlStrlCt heatlng study 1s only par-
tlally completéa at thls tlme. +As conceived, the Plan WOuld
1nvolve the removal of some bladlng from the low pressure
sectlon of the turb1nes~1n the hlgh pressure sectlon of the
Rossdale power p;ant (R. Johnstony Edmonton Power, personal.
'communioation,.March l§79). 1ﬁew.oondensers for the turbines

' ' 4
h;wouid‘be installed to allow for'back—pressuring.-{This'would_

4

nprov1de hot water at approx1mately lOOC (212F) Thls water

would be dlstrlbuted to a large portlon of the downtown core.

g . 1

No water storage would be requlred because the plpellne net—

’ . 4
work would be suff1c1ently long to prov;de a twelve hour

‘ysupply: _ | ‘rt”"oh:'. , .*
To date\only the marketineresearoh has been com-.

2
.

N

e e - T
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pleted to determine the potential clients. The results from
this research‘havebbeen very'positive'withA{he majority‘of
building managers‘ccntacted'expressing a keen interest in.
~the proposed system. - There has been no problem selling the }

concept to.potential users (R. Johpston, EdmontOanower,
perSonal communication, March 19772, The remaining research
that is required relates to the expected costs of retrofitting

~ the plant“and the installation of the transﬁission and return.

pipelines.

. Hopefully, the findings of this study will indicateb
o a | . - ~ . IR N
a significant reduction in building heating, costs will occur
'if'the system is installed. A‘major benefit\yould be the
'1ncreased eff1c1ency of the Rossdale power pla\b to. about

‘85 percent The one major obstacle, if the scheﬁe proves to

-
i

be economically viable, could be raiSing_the necessary capital
funds as the‘project would mostvcertainly cost millions of
dollars. The proper authorities;would“also_have to be con-

 vinced cf'the need and viability_offsuch a scheme;



CONCLUSION /V\r\\ﬂ

Of the two dlstrlct heatlng alternatlves outlined

in thls chapter, co-generatlon is obv1ously the most practl—

’

cal prlmarily because of the 1aq€e increases in statlon net
T

efficiency that result from this technlque =\;eat Pumps are

attractlve frdm the v1ewp01nt that no major alterations to

e

the power plant are requlred_as;the thermal effluents can be

utilized at their existing temperatures. _ On the other hand

the economic feas1b111ty of a heat pump system rests solelyk -

1 . . ’ o
on the somewhat precarlous coefficient of performance It :
’appears that a heat pump@can operate w1th1n an effectlve CP

only if the condltlons are ideal. For this reagon, any addi~

-3
tional electrical costs, such las those for transmlttlng the

supply water through an exten: 1ve dlstrlbutlon network would

probably play havoc with the CP Even - so, the secondary

&

beneflts to be incurred w1th the conver51on of &n urban area

to a heat pump system mlght outwelgh a Ccp that 1s sllghtly i hﬂ. »ﬂ

lower than the accepted mlnlmum

" The technlcal -and economlc fea51b111ty of co-gen-

'___,.

~eratlon for dlstrlct heatlng 1s a Very appeallng alternatlve
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n“and it is difficﬁlt to understand.why this application.has
not‘been in use for several years ih Canada. The answer,_of
course,ils that in. previous years this comntry has been
"blessed" with cheap‘energy sources.’ The only obstacles

"blocking the‘developmentaof cofgeneratioh for dlstrict heatiﬁg
in_Cahada.and:Alberta are administrative andhthedistantv ' ?
locations of most thermal poWer plants:from urban areas.

Thls formervstumbllng block w1ll eventually be overcome as \\\.

energy'becomes more expensive. It is dlfflcult to predlct

.

when this threshold w1ll occur however T

' The‘problem'of'remotely loeatéd power plants is
'curreﬁtlyhhelng inveStlgated.in}Sweden.f in.that cogntry,
_ Se T TR T, T ) .
'researoh.iSfohgoing on.the:development of new pipe teohnolo¥
: giés for transporting.hot water over lohg.aistances.without
a sﬁbseQueht'major heat loss.(Margen, l9761;f In thistregard;

inner protective layers and new'pipe materials,” such as.

bsted. Their results

-

glassfibre armoured plastic, are being
‘ have indicated.that'transmissioh dis ces of up to 100 km-
(62 ml) can be justlfled if the heat rates transmltted are

7

_suff1c1ently large. ThlS means that very 1arge areas 1n a

y.c1ty have to be. heated‘by the system. I SRR TP
-ilj_ :~If this i‘r 0551ble, the two power plants at Lake
Wabamun, 1n addltlon to the Rossdale ahd Clover Bar plants
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, : N
in Edmonton, mlght‘be considered for prov1d1ng dlstrlct heat

to Edmonton,' It iSvunlikely however, that thls p0551b111ty
would be less ekpensive than conventional home-heating sys- ?

tems. In the meantime, there is a strong possibility that.

R A,

the ongomng district heatlng study in Edmonton w1ll flnd thlS
alternatlve to ‘be very attractlve economlcally and will bef4

Canada's first demonstration of this application.‘

The final consideration is that co-generation does

not necessarily need to be designed for~district;heating.

. There are a variety of industrial processes that. require hot
water or steam and these'conld_benefit from heat supplied by

‘ co?generation. For the isolated power plants, co-generation
could provide sufficient heat for vast acreages of green-
& houses.f In'factﬂ'in Romania, approximately 1,200 hectares~
Lo S : . . - "\\ . -
L (3 000 acres) of greenhouses are heated in thlS ‘manner (D.
,Haycock Conestoga—Rovers & ASSOC1ates, personal communlcatlon,

agf' gAugust 1978) - The optlons for utlllzlng heat from co-gener-—

,P',,l

wﬂw;,atlon are much greater than those for utlllzlng condenser
s , ’ : . .

bgg‘cooling.water._ . . | S 4'f :

,-.,V(" -



CHAPTER VI

i

MISCELLANEOUS APPLICATIONS ~

*Introduction v

. _ N :
The appllcatlons rev1ewed in the three prev1ous

chapters are often heralded as hav1ng the. greatest potentlal

for utlllzlng thermal power plant réject heat . The two prl—;
» . ,._ . .

mary reasons ﬁor thlS are the apparent .ease of adaptatlon of%

E)

these well establrshed 1ndustr1es to a: waste heat energy

: i e C L
: |
source and greenhouse heatlng, thermal aquaculture, and |

K - . \
dlstrlct heatlng can all generate economlc returns that are.

1

ea51ly measured In fact the fea51b111ty of these appll—
catlons is usually based solely on the amount of these
returns as the technology is’ readlly avallable for employ—

ment of‘a waste heat energy source by these three 1ndustr1es

\ | :?

I

‘ There are however, several other potentlal appll—
;'catlons that do not necessarlly prov1de dlrect beneflts in
B the gorm of economlc returns bpt do, nevertheless, generatef

J‘beneflts that cannot be eas1ly quantlfled ‘in: monetary terms.

For the most part these appllcatlons, whlch include mun1c1s

(14
[
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I and open fleld soil wgrmlng, Wlll 1ncrease product1v1ty

.effluent

+

pal water heatlng, wastewater heatlng, “warm water irrigatibn'

vthrough 1mproved eff1c1enc1es.‘ . One- appllcatlon waterfoWl
habltat enhancement has been more acc1dental 1n.1ts occur—
rence than the result of any efforts to pre-plan thls waste'
heat use, even though there could be dellberate sanctuary
development in- areas rece1v1ng thermal dlscharges Therev
are’ also.potentlal recreatlonal uses w1th respectbto con—v“

denSer coollng water and coollng ponds

'cities;o;HEdmonton;and,Saskatoonehave”been employlng thermal
in thls manner. for some tlme and thus only a ‘cur- "

hsory descrlptlon of thelr use of waste- heat wull be pro—

| ¥

“v1ded There is: very lé§tle documentatlon avallable -on

waterfowl habltat enhancement through the use of waste heat
‘and therefore the d1scuss1on of this appllcatlon wull also

be qulte brlef Some suggestlons on how to expand thls use
, ¥ ‘

E ofﬂthermal effluents w1ll be presented as’ well

ra : o~



MUNICIPAL WATER HEATING

N -
’

The,use:of waste'heat¢for municipal water heating

: has a good potentlal for power plants that are centrally

locaﬂed in c1t1es andrtowns experlenc1ng cold w1nter cllmatesL

With the'onset of-winter-and.below~free21ng temperatures,
‘.condenser coollng water can be mlxed w1th pretreated potable

water to prevent frost damage and water main breaks in mun1c1—'

A

.

;vpal dlstrrbutlon systems. Increased chem1ca1 eff1c1enc1es in

e

. ] > B
-the treatment process are also accruad when the water ls

There 1s a further
sumers do not . requlre as much enefgy to

;-{ed\water as they would require for water
‘%’s‘* : »@ o

. .
4 S . : B N ,/

o

_ . .
?wo Canadlan c1t1es are currently employlng/thls
‘technlque- Saskatoon and Edmontpn‘,ﬂln Saskatoon, Fndenser

‘coollng water from a central power plant 1s pumped to the

. : /
mun1c1pa1 water treatment plant There,xlt is mxxed.w1th

_,_ L.

raw rlver water, treated for consumptlon, and dlstrlbuted

' <

nat a. temperature of approx1mately 14C (57 3F; D Kelly, Sasﬁa—

' toon Water and Pollutlon Control Department personal communl--

N

370 - o .

T Lo . :

L.
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cation, June léiB);43Apperlﬁately 68 million 1itres“§er o

day . (}5 million IGPD) of condénser cooling water are used '

in_thie mannertfrom'Novémber.to:April{'dependihépupon the

weather conditions. ' 6;
) . §

In Edﬁbnton, cendenser,cooling.water from the

‘ -L

-

Rossdale power plant 1s pumped to the adjacent mun1c1pal
LI

'water treatment plant (Flgure 2: 19)
carefully blended with river water (source oﬂjpotable water

Ifor the c1ty) to achleve a’ mlx at exactly 11. 1cC (52F L.

Gyurek, Edmonton Department of Water and Sapitation, personakt-

-

.lcommunieatidn,‘April 1979). After sevé@ral years of operating
experienceL it-is felt that theumaximum benefits from this
applicatibn are accrued when the water temperature is 11.1C

(52F). Because of the widely varying. winter tehperatﬁres

4

" ’and demand for potable water, the water flows from the power ™
plant to the treatment facility vary sub

~daily basis. No accurate “records of thes

‘tained.

.Qﬁe interesting aspect of-the.Edmoptonlsystem is

~

that the water treatment plant fé'asseseed a user .fee fdr”

2 CN

...the waste heat. The reason for this is that the Rossdale
‘plant has to generate sufficient electricity to prdduce'the

required amounts of warm water.

-

/

Vd

s

—

R 1 N .

ahtially on a

a

This cooIing water is

flows are main-

This has resulted in the |

271 ©
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Rossdale station assuming'ad portion of the base 1dad demand
thatrWould~normaily'be-generated at %He_CloverwBar plant,
~which is more_effioient,in:termsfoffelectricity production.

The calbrific value"of7tnisflost‘efficiency fsschargEd‘to

-

.the water treatment faoillty and amounts to apprOX1mately N
) $4004POO for flve months (L Gyurek Edmonton Department of'

Water and Sanltatlon, personal communlcatlon Aprll 1979)

»>

' However, the benefits; which are difficultﬁtovquantify, are

obviously in- excess of this. fee for them, to continue oper-

ating in this fashion.
2 . , e

'“'gUnfortunately, the'cityds new water treatment plant,
- which'is'gurrently;under construction upstream inisoutnwest
Edmonton, will not be htilizing condenser cooling'water‘in

: 4

,thls manner Thls new fac111ty is de51gned to supply future
L)

demands for potable water 1n soumh Edmonton and- thus will

Anot.replace the existing water,treatment plantVWhich will;

:continue to utilize the Rossdale oooling.waterrl

‘Northern communities especially could benefit from

this use ofﬂpower plant'waste heat. In some areas, such as

Al

aYellowknlfe, the water‘fauoets are allowed to continue

running in cold perlods in order to avoid the free21ng of . .

el

lines. This applioation?should'be integrated into the : .

ﬁoriginai design. of power plantsithat are. located near toWns

©

e a2t

M~
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e T e
ool aow’ WASTEWATER TREATMENT » o oo @0y = o5

; The use of addltlonal heat iny wastewater treatment"&
/ THLws . I ; 5

' ' Ty
1nvolves the utlllzatlon of thermal power plant condenser L’;'

¥
treatment fac111t1es.; The eff1c1ency of these systemslcan }“-w;"#

4 e o

be 1mproved by srmply 1ncrea51ngvthe temperature of the Wast$—n~d}&.'

Y

: : . Lo L% ‘J R
water, eSpec1ally durlng colder wlnter perlods.; Thls useéoﬁ v;,f

P ¢
T ' ' S BT R N A
_ waste heat’has been 1nvest1gatedaby numerous sources (g%g o (f S
- . N R ,,’ L .1 Sl
Agardy et a1 1973 Fazzolare & Slerka, 1974 Oswald 1973Lk X
;. 1 e if
Slerka & Fazzolare, l973 Tobln & Trax, 19Z§) and found to be

R both technlcally feas1b1e and economlcally attractlve. ‘Forﬁy'lﬁ :pf}
L example, Table 6: l is, a summary of f}ndlngs documented by g’ﬁ;?n%fj

o . ‘\C»

' Tobln & Trax (1974) These results 1ndicate that wastewater SRR T

treatment eff1c1enc1es can be 1mproved 51gn1f1cantly by only ”’_ z;;*

s ’f’é

- a lOC (18F) 1ncrease (from 20C to 3OC 68F to 86F) 1n the Vj[>>“'a_

‘water temperature., Thls 1ncrease 1n eff1c1ency has the , _
S : : ST : '~m'jm~

further advantage of reduc1ng the 51ze of*the unlt requlred -_ﬁ?

o i " ’ G u"‘ R o . n / .‘ S . . i '.-‘. @ b_ :

'1n treatlng the wastewater.‘,f_f . T u';j"",:g'~'”

Increa31ng the water temperature has a 51gn1f1cant‘ a .’%35’

. effect upon both the phy51cal and chemlcal processes cgm—

- . X

- i ‘-
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e ,"”QQ a decrease’in eff1c1ency.p No sign indicates a ':%,W

[ N, decrease in unit size, ot an; 1n¢rease in- effic1ency
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‘7Source: Compilied by Tobifi & Trgx, 1974, p. 1120 i o=
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g T I R
e e
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_whlch 1nclude grlt removal clarlflcatlon,'thlckenlng, sludge

'hp_dewaterlng,:and flotatlon, 1nvolve aiseparatlon of SOlld R ,
~.mater1al from water. The eff*clency of thls process 1s ~-v{

n B
Ber S

e R S g

-;hfmonly employed rn waste treatment The PhYSlcal processes,.f o

1 . . . . N e b

- e

o .
2 .

RN g e
. v B RS T
) : : A . L

:xchlefly a fpnctlon of the fluld v1scdS1ty.j TherefOre,a el

7

'e‘decreasing the vlscOsrty»of the~flu1d_byi1ndreasing{its EEANE

Tr_ax, 1974)

‘.,nitrificationQ{-The“dhemiCalureaction7ratesrinithesé'prOE-7u;

";cesses can be enhanced by elevatlng the water temperatures.

'(;sYstems; Blologlcal treatment 1s a process whereln actlve_gp

-processesTWill”improye with:elevated”temperatures_up t% am_”fm.h .
threshold of about 50C. (122F, Tdbin?&‘Trax, 1974) ... ' ” ST

‘solved oxygen 1s,ava11able, the bacterla reduce the waste

1to a more stable form through BOD removal. The speed a;;

.. .3.‘{1) .o

"Qtemperature w1ll 1mprove the eff1c1ency of separatlon (To “n“&;

T SN . '~,-',>~

NE “ . . P 8 R .

: LT I S PRSP .
. In the chemical processes, various chemicals are '
for disinfection, phosphorous removal, and-biological de=

b .- . E : . . . . . @
v Lo .o . o B R : S N P
, .

‘b e

'In general the eff1c1enc1es of“ihe phys1ca1 and themlcal = t;@’,

",

. Qér

Increased water temperatures can also 1mprove the 4

” :.- ) N . k o &EJ : ' f‘i) S

employed as an aid in the separation processes as well as " > *- .

eff1¢1enc1es of blologlcal processes used in waste treatment”;ﬂ-:;

‘5 B (‘ N

bacterla are mlxed w1th a waste. Prov1ded suff1c1ent dlS—
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m.g_,.* : caoe T - A P : ‘ _
temperature and the amounteof dlssolvedxoxygen present - By
- QZ : e . -
, = . -\'v‘«. e ' 4

[

L
.8

Tp

ey
~|

provement wath lncreased temperature 13xlllustra'

1ncFea51ng both these parameters, the process becomes %uch
)

Y ' & " )
more ;¥f1c1ent 1n terms oﬁ BOD revaal The,degreewof;imh'

_ 1n Table

R u‘ R ., L 7, . B ) _W,, H.\‘

A6;2: These flgures 1nd1cate that the amount of Boﬂ removal ,
SR 5 oS PR o

'ﬁv 1ncreasesfrom 35 percent at lOC (SOF) to 55 percent at 2@:;

: ?

rh R .
of e

(68F)'\ The.bptlmum temperature for brologlcal reactlgns

ﬁtdepends upon the type‘of process and ranges from 3OC tor 52C'

(86F to 125 6F Tobln & Trax 1974)' r§4'¢‘

R

> o 3 T
. N . Lo N
2 N * N “

h-contact systems. Wrth dlrect contact systems; the coollng

]

';g>ft? | Oswald‘(l973) proposed the establlshment of a waste

‘water is mlxed dlrectly w1th the wastewater to be treated

; system. o

s - i

The magor;prdblem$assoc1ated W1th thls waSte heat : \;»
. \, . ~ _ oL A « .
appllcatlon is transferrlng the,heat from the coolrng water

, : . 4

to the wastewater There have been several alternatlves_ -\\If )
proposed fol deallng w1th thls roblem Agardy et al (1973)

dlscuss the pOSS1bll;ty of utlllzlng dlrect and 1nd1rect

o 0

- \A

.-
*

-,
v A;l I)'

Indlngct epntact would lnvolve separatlon of the two flulds'.hhf,

by a phyS1cal barrler such as a shell and tube-heat exchanger - 3
L s - .

' : >
The advantage of these systems 1s that the water could be

oo

4-returned to the condensers for coollng 1n a closed loop

-

" -
/

treatment pond:ng system 1ocated adjacent to a power plant \{.~,‘ o
N T . S , ‘ ’

WA e b

o Ty
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EFFECT OF TEMPERATURQ‘CHANGES.. i
"~ ON- BOD REMOVA&

= P

o ’A," , ' : e

o SRS g ' 7/4"' S R
Temperature o Suspended Solig o ‘BOD.
( C) o R removed) 7. 0 (% removed)
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Seurge;fCompiled by Agardy et'ali 1973, Table‘;jngiag.



Ny B ST a9

All mun1c1pal wastes would be d&fggted to the ponds whlch

v.'

.‘would alsd‘!%rve as coollng¥re ef%01rs for the power plant B h'/

" A byproduct of thls system, accordlng to OswaId vwould be< =i

"the productlon of methane gas and usable algae ) A”Similarfg

proposdl is- advocated by Zahradnlk et al (1976)

-
- : . 4

e . . . . I . i B
s : = ' PR : S

Slerka & Fazzolare (1973) propose that raw sewage{_f}ff‘{“
after prlmary settllng to remove large partlcles,‘be passed‘

through a spec1al condenser in the power plant 1n Qrder to .

o

heat the water . to 43C (109 4F) The back—pressure of the

turblne in thls case would be adjusted to allow for thls

hlgher temperature and would result 1n only a mlnor loss of

~

thermal eff1c1ency in the power plant

P .
d a

';’h "': hi Tobln & Trax‘kl974) propose the constructlon of. ani:};-
. elaborate, 1ntegrated power, water and wastewater utllrty

complex on Long Island New York, The process wrll 1nvolve:'

'the utll;zatlon,of’processvsteam from a‘lOOO MW nuclear

power plant for a water dlstlllatlon plant Spent steam

from the flnal stage of the dlstlllatlon processdls'to.be—

used to elevate the temperature of wastewater from;alocal

munrc1pa11ty;. Thls will enhance the'prlmary and secondary

.

treatment,processes; 'The secondary.treated water‘will'then "“a‘i'_.di

DI RTAPIE WNERPDY

act as a feed for the dlstlllatlon process | The dlstllled f]fv"" é

water w111 be dlrected lnto the mun1c1pal potable water system.



' 1s=usedrfor:condenser.coolrng, T.e Croydon power station hh\f@f:r

(“5

: has beenvemploylng thls system for twenty years and has tv{';?glnf-ffn"f

<280\

e 'jo
I

e . ..o .-\ '...,"

reduced costs and 1mprovedweff1c1enc1es 1h the sewage treat— ’zl;igﬁfﬁ}ﬂf

~ | B Coe X *
,\g": . 9: “ v\ . e,
P

tatlon has the advantage of belng

m@ntg(Wo&di 59;6)

1ocatéa oh op of\g f_ge works and th&s a c1rculat1ng-.
S 'Q\l", u" . ; B .

‘vwater systemrdld not 1nvolve a&y except10nal plpework '?'=g_'}:f*;

o ReCent constructlon of another unlt at the power plant

. resulted in heavy foullng of the condenser tubes but thls

Even so, the Rossdale statlon would have to be ruled out as”“firf: o

':.f the mun1c1pa1 water treatment

¢

the source of coollng water \Q_egause of 1ts comm:.tments to

'1«@

was allev1ated by chlorlnatlon.' o vvf‘ 'iift*ﬂl} Co

Any such system in Albertaﬁwould only be practicalij_
| SR
in Edmonton w1th 1ts t%o centrally located power plants

-/,

N

Wastewater treatment facrlltles for the c1ty are located onb‘

the southbank of the NOrth Saskatchewan Rlver about mldway h’j fﬁ_ﬁ , Ug

between the Rossdale and CS:;er Bar statlons (Flgure 2 19)

lant and also

j ecause of the],-

'—(

p0551billty of conver51on of the power\plaﬁt for dlStrlCt

heatlng.: ?t also prOV1des open water in the rlver durlng ;Jv;T:‘tfy““w

thguwinter“months,d Thls allows for oxyg pfbe dlssolved

in the water thus 1mprov1ng the natural aerdblc processes in

'
i
H
i

the riVer.‘ Pumplng water from the Clover Bar plant would be ’

~




ﬁVégpénsi&e;, Thls;generatlng statldh also provndes for some

,/‘ R

\v~"free area durlng the w1nter months. 

A - L ’
. - I . . . . B " § :
. . T

PN

natural sewage treatment ln the rlver by malntalnlng an Lce B ;"



¢ OPEN FIELD SOIL WARMING' .

o RN
ERT AR I

_;Ajlni,uffkﬁv The beneflts of sofl'warmlng w1th condenser coollng_;}jf}'u:‘

ﬁwater 1n greenhouses WEre dlscussed 1n Chapter III 'in‘f f'”
general thls appllcatlon has been found to have 51gn1f1cant

'“w::effects on the maturlty and yleld of séveral Crops in- green—-;esﬁf“‘gi

"*housefcondltrons. Slmllar results are; also reported for:r'“r S
tests conducted on open fleld 5011 warmlng w1th condenser IR

In a report on the effect of o temperature on ff?*~-ﬂ

plant growth Yang (1970) states that'the~m1n1mum 5011

temperature for germlnatlon of cucumber,_snap beans, sweet

- ..:' . l
'corn, and tomato 1s between llC and 180 (51 8F to 64 4F)

'lfBelow 11C (51 8F);‘no productlon of seed were observed

Whlle the optlmum temperatures are 18C to 25C (64 4F to 77F

53p95}ﬁ for tomato and 25C to 30C (77F to 86F) for cucumber snap

I .

”";jbeans, and sweet corn., The actual growthfof'tomatoes,“Cué+%"‘ i

cumbers, snap beans, and SWeet corn can be lncreased 51g— fif'”h
. ° \-.-”. 2 . . L
‘iwnlflcantly through the use of 5011 heatlng accordlng to

. PR - ! . -
\Yang- S L
B Lo T/,/
.l '1
BN . 8
SN : 2.




P T

;fported”‘y:the TenneSSEe Valley Authorlty (TVA Mays, 1975»:

vl'hthe Unlver51ty of Mlnnesota (Allred et al 1975), and Oregon

"7orator1es in Muscle Shoalsl’

'h_:beans, and sweet corn were planted on: heated and unheated*g5;“j

'amumfof 29‘40 GSSF) Wlth all_crops, emergence was hastened.

“;glncreased vegetable ylelds (Table 6 3) both w1th’and w1thout5"

: grow1ng seasons.

ST

“Experlments on 5011 warmlng Wlth heatlng deV1ces

"f\ IR
B N

':}hdes1gned to 51mulate[condensericoollng;water have been re—”ﬁ?f BRTRa

"{~:;State Unlver51ty (Rykbost et al 1974). At the TVA s labési&;fﬁfff

:Alabama; summer squash strlngfftf?j}:ys-

rfﬂL3011 plots 1n early sprlng of 1971 and 1972.; The 5011

R ftemperature of the heated plot was malntalned at‘9c;to lOC

o

4

;Hy three to four days, early growth was greater, and the ;ff!tﬂfﬁg;

L B
, \..

"7iacr6p matured a few days earller on heated than on" unheated

AR
,.,, A

15755011. When averagei over two years,‘5011 warmlng markedly

N

L Jj
'u;‘nlrrlgatlon., Follow up crops planted 1n mldsummer showed

.,-"

A

'“kfllttle response to»sozl warmlng although thlS mlght depend ;f<} ff-f

‘he amblent summer t\hperatures.gﬂif -

f N

8011 temperatures w1th1n the heated plotm
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Table 6:3

' VEGETABLE YIELDS AS AFFECTED BY SOIL
HEATING AND IRRIGATION AT THE TVA, 1971-1972 .

. . “ B A T
Total-Yieldé, tonnes/hectaé%(tohs/acre)°Q

o , .
, L Sweet . Striﬁg~ . Summer
Treatment Corn ~___Beans. " Squash .

~
‘

v

. R o , 1
ﬁHeat + Irrigation. ° 19.9 (8.7) . 18.6 (8:3) - 68.5 (30;6)")
. y . . Ve

‘

Irfigation only 11.2 (5.0) . - 12.5 (5.6): " .49;52(22.1)

‘Heat only ' . - 11.6.(5.2) ° 12.8 (5.7) 412 (18.4)
No Treatment ©5.4.(2.4) 6.7 (3.0). 29.8 (13.3)

N

[+ : " < ‘- ‘ . - "t

'

L S
. SBource: Mays, 1975, Table 1, p. 88.

o
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growing season are presented 1n Figure 6:1. ThlS graph
ht)deplcts the potato.ylelds on the heated and unheated s01l

plots for five dlfferent harvesting dates and 1nd1cates that u_’
.Yields on heated plots.Were muqh,hlgher on the earlier'

harvesting;datest After July 5, Atheiyields’on the two. plots

were‘similart No conclusrve results ‘were obtalned for the

1974 grow1ng season because of adverse cllmatlc condltlons.:

. R S :

This experlment also demonstrated tbat 5011 warmlng pro—

: v1ded frost protectlon for plants 1ess than 7.6 cm (3 1n)
: °

'~above the SOll surface but only untll air temperatures

dropped to. —2 8C fﬁ%ﬁ , wh1ch~1s very.significant._.

é

In Oregon, Rykbost et al (1974) describe an experl—'
ment Wlth open fleld s01l warming that was conductedvfrom
.1969 to 1972 In this experlment electrlcal cables were
buried to a depth of 92 cm_(3 ft) w1th 183 cm (6'ft) laterali
5pacing. Several crops, 1nc1ud1ng strawberrles hush beans,

.brOCCOll, peppers, and tomatoes in addition to afnumger-of

forage cropsh_were‘planted.. o § : .

ide range'in'yield”r;sponse to ‘soil heating was
observed for different crops and for some crops in differen
.years. Intgeneral the bush beans (except for soybeans),

tomatoes, broccoll, and peppers all demonstrated marked

-\$Encreases in yield due to soil warming, by.as;mUCh'as a

3
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L gy
‘factorﬁof,two in the case of'broccoli. The forage crops l»;f.«

growth rates were substantlally 1ncreased durlng the W1nter 4

R 4

Iy

.fbut suffered from s01l heatlhg in the summer. The-authors

i conclude that, -in general 501l warmlng w1ll not be eco—
nomlcally fea51ble for low yalue.crops but hlgh value crops,_f
*such as vegetables, may be profltably grown w1th 5011 w?rmlng
‘methods even if the.producer is. assessed a'user fee for the 5
warm water." _ ’ . : : S ; »‘%A S Y

'S L)

Perhaps the most extensive research effbrt on open ’

-

_ffleld.301l warmlng is reported by Berry & Mlller (1974)

iThls research was part of a flve year study 1n Oregon to 'fff
»determlne the feas1b111ty of utlllzlng thermal effluents.ln
agrlcultural applications. The source‘of the warm water in
.-thls case was effluent fron a pulp and paper mlll : Tenpera—,
tures of’thls water were about 37 8C (lOOF) Approx1mately
,fO 8 hectares (2 acres) of land ‘was heated by 6.3 cm (2 5 1nf t'
dlameter polyv1nylchlor1de (PVC) pipe burled about 66 cm

(2 ft) deep and 152 cm (5 ft) off center. Tomato, sweet 7

corn, asparagus, and squash were the crops tested

The results from this experlnent are 51m11ar to-
"those reported by Mays (1975), Allred et al (1975) and
"Rykbost et al (1974) Wlth the exceptlon that soil heatlng
‘,;dld not 1nfluence tomato ylelds The remalnlng crops demon—

_strated early - emergence and maturlty on heated 3011 and



v T, e

' 51gn1f1cantly hlgher ylelds than those crops grown on

>

control plots.; On a number ba51s~ ungraded graded and

. immature ears ‘of corn werevlncreased by 36 23" and 129 per—_'

,vcent respectlvely by heated 5011 whlle the welght of aspara—

gus ferns and stalks from 5011 heated plots averaged 95 g'*"

t

percent more. than those from unheated plots. The 5011 heated."

block of squash produced 24‘percent more. frult by number and

13 percent more frult by welght than the nonheated block.

LT ; . . o P . o ) o
The findings reported from the forementioned. ex-

perimentsfwould”appear,to”indiCate that this particu}ar .

.application~of>Waste heat could.prove‘to.ge!very beneficial
to Alberta farmers,'espec1ally those produc1ng vegetable'

.. crops. Thls use of waste heat 1s partlcularly attractlve

Speci', : "‘eratlon should p0551bly be glven to the

potentlal of establlshlng a prototype study ut11121ng thermal

effluents in this manner. N

ral locatlons:of most thermal.power plants."'



«u"?ﬂ, - | | ﬂ?
| WARM WATER IRRIGATION . . .
' _F' Coe : L 7.,VRxw.*,vf,;_.‘
%;\0\ '
o The only reported study of thlS appllcatlon zs
4

fthat by Berry & Mlller (1974) 1n Oregon The prlmary objec—_

-t1ve ‘in thelr study of thls appllcatlon was to determlne 1f

e
AR

'protectlon agalnst frost in orchards is- p0551b1e through .
. L ST ‘

sprlnkler 1rr1gatlon of thermally enrlched water Some

'v,frost protectlon was achreved on frult trees and other plants;ﬁ

"although 1t was not demonstrated that us1ng warm water rathervf
than normal temperature water gave addltlonal frost pro—

' tectlon.w Some crops gave greater protectlon and earller

v
! N . B K . . .l' et . ) : [

',Yieids-' n _~‘_' .
' : -2 S ' S
Although the flndlngs of thls partlcular study SR
" were not very p051t1ve, there mlght be potentlal for devel—

°

oplng some aspect of thls appllcatlon 1n Albert . There .

L] . v

are very few orchards 1n the provlnce but warm w ter 1rr1—~ﬁ
gatlon could prov1de an: a1d for sugar'beet productlon.’ Cold

'v;1rr1gatlon water in the Touthern portlon of Alberta is a .

, factor 1n slow1?g the growth of several other crops as_ well

289



- WATERFOWL HABITAT ENHANGEMENT

'p There 1s very llttle publlshed materlal on thls BN

4‘f;aspect of waste heat utlllzatlon. Nevertheless, it appears.u

'fpersonal communlcatlon, June 1978)

A e

that many waterfowl and other mlgratory blrds are over—

l . - -

' w1nter1ng in the 1ce free areas of lakes and rlvers where
"thermal dlscharges are released ThlS has been reported at ‘

"the Wascana Park 1n Reglna, Saskatchewan (R Prach Canadlan

Wlldllfe Serv1ce, personal communlcatlon Aprll 1979), Lake

-3Wabamun (Prach & Surrendl, 1978) and the Battle Rlver at

"‘

‘H'the Forestburg power plant (W Peel Alberta Power Ltd

.’d

< it
By

. L . N oy sy

R . . iy

At the Wascana Park 1n Reglna, a small thermal

generatlng statlon has been dlscharglng coollng water 1nto,-"

Wascaﬁa Lake for a number of, years. Large numbers of water—.

e been overw1nter1ng in the 1ce free area created

’

by the thermal dlscharge and there has even been some en?"c

o

,-couragement 1n thekform of art1f1c1al feedlng, for them to

g%

3do~so. However, the power plant was scheduled to close

! - @

down 1n 1978 d”thé%e was sﬁme concern expréssed*aboutrilgyamm

pllght of“%he Eird%” @mrsﬁproved unnecessary,as ‘many, blrds

Swin R

T v P

290 o
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4 - v

"“}f remalned durlng the w1nter W1thout the beneflt of open water

e although feed was prov1ded by park authorltles.
B ‘At'Lake.Wabamun,_Prach & Surrendl (1978) have under—' :
taken a’ study to determlne the ecology of waterfowl over=’ o S

.

.

w1nter1ng on open water created by the release of thermal

~

~

Ji_effluents from the Wabamun.generatlngistatlon;: The' study
is’ not yet completed but prellmlnary results 1nd1cate that'

. durlng ‘the W1nter of 1976/77 and 1977/78 more than 4, 600
{.and 2, 800 blrds respectlvely overw1ntered at Lake Wabamun.u

Forty—two dlfferent spec;es were»observed durlng these two-_;;

~ PR

winters; Wlnter mortalltykof “the blrds at Lake Wabamun is
about 25 percent. A 51m11ar 51tuatlon is reported to be . L ‘ e
o occurrlng at the Forestburg pOWer élant but no studles have ' REREE

’hfbeenfundertaken'1n-thls regard. o h*?ﬁ'h

| Attempts to develop and manage this resource could
be met, Wlth several problems. One, the:birds‘present-

potentlal hazards to alrcraft However, with the exception
; 3 '
of the two Edmodton power plants, there aregno major air- o

, : . . '
ports 1n the v1c1n1ty of the generatlng statloné under study.

Vo . . *

inhthis thesis, Secondly, the blrds ‘can cause. severe damage ’ b

. L e :
LA to c%keal graln.[ There are’ management technlques to control_" , l
o ey : ‘

natine ot _ e - e 8

'h thls problem however,‘such.a lUre'feedlng and scarlng fﬁb"fﬁaff

e

!the number and condltlon of: waterfowl

STARRENTE SN 22 PRy S

et

.“J'

“”programs«- F;nally;




i,

= establlshed more waterfowl w1ll be attracted to tHe area

of - waterfowl prov1des an excellenb‘bgportunlty for bird - '

292

EY

‘,overW1nter1ng on an open body of water is dlrectly affected

by the avallable food supply If feedlng programs are '7

creatlng‘ﬁlfflcultles fh controlllng the large populatlons
. ;

o The two major opportunltles that exist for manage—
e '

"ment of thlS resource are- huntlng and v1ew1ng of the blrds

s

The only waterfowl huntlng avallable after freezeup in

Alberta is in these areas oﬁ.bpen water whlle the varlety

watchlng. Thermal dlscharge 1nto a lake or river prov1des

a rlch and productlve w1nter habltat for mlgratory blrds ' ‘f“
\and should be explorted for this purpose 1n the future 1nJ,'.

T thlS provlnce. A program of this nature would be much ea51er

to control 1f planned and managed than one that 1s nelther.

L~



- RECREATIONAL USES

¥
As w1th warm water 1rr1gatlon and waterfowl habltat .h.d»'fiﬁfi
' enhancementA-there is v1rtually no avallable llterature”on
‘the potential of utlllzrngvcondenser oooling‘water tbr
brecreatlonai purposes hNeVertheless,.several possibilities
',may be developed Certalnly waterfowl huntlng and v1ew1ng

~are recreatlonal act1V1t1es. Apparently a number of people . S

- ‘take advantage of the open water at Lake. Wabamun for 1ce

flShlng., Coollng ponds could be partlcularly”attractive

’features for: recreatlonal act1v1t1es.; These 1nclude sport .
”jflshlng, boatlng, sw1mm1ng, and perhaps even water skllng..
'xThe p0551b111t1es would seem 11m1tless but many would re—

qulre a great deal of cooperatlon and encouragement from
' \ . . .

the utilities..

®

A I A T




. .CONCLUSION

'.~ -

Although greenhouse heatlng,lthermal aquaculture

- .

1and dlstrlct heatlng command theJmost attentlon in- the %}ter—
ature aéﬁmethods of ut111z1ng thermal power plant waste heat

_ there are several cheﬁ potentlal appllcatlons of thlS re-vnf

source. Some of these have been outllned in thlS chapter o
o | & . . v

~and all w1th poss;bly the exceptlon of warm water 1rr1gat10n,_

'a v

,would appear practlcal for development 1n Alberta.' Munlclpal

Water heatlng has been 1n use 1n Edmonton forla number of
N . i ,4.' . .- .
*years whlch further exempllfles the forward thlnklng of

. . \

,Edmonton Power 1n thelr attltudes towards 1mprov1ng generatlng

statlon thermal eff1c1enc1es.

5 -

There are potentlally several other Fppllcatlons of

condenser)coollng*water in. addltlon to those discussed 1n

3

th1s~thesis. The 1ntegrated food complex, 1n varlous forms,

'_has been proposed by several authors (e g | Beall 1973-

' 'Boersma & RykbOSt 1973 Boersma et al, 1974 .lest 1933)

L~{;Thls system would 1nvolve a complex of greenhouse heatlng,.

_._,,._"_’ . . Q . L *

“;3011 warmlng, anxmal,shelter heatlng, a food proce551ng plant

.".>) '3{

;and treatment of the anlmal and proces51ng wastes from>the ;‘

294"

‘t‘l

i Lo g
FTCRIES PSPPI L

i L L



‘1..5295%li

ot

7complex w1th the ald of condenser coollng water Jaske et al

(1970) propose the development of a canal lake system to ‘1Wfi“_;ﬁ'“
1‘supplement 1nter—reglonal water supply.‘ It has also been -

-h sugge%ted that thermaI effluents be utlllzed to 1ncrease the ._f“'

_shlpplng seasons 1n major waterways such as the St Lawrence ':f;i?jf

Seaway< by delaylng freezeup (Blggs, 1968).

. -, '- T
BN

There are clearly numerous methods of-utlllzlng

power plant waste heat dependlng upon ;he needs and de51resﬁ"

 of those wushlng to take advantage of thls resou ce. All it

Y

would requlre to develop some aspect of power plan}df»éte,- o
jheat utlllzatlon in Alberta is. a llttle 1n1t1at1ve on the'..‘;téf"

~part of 1pd1v1duals or the utllltles Perhaps the publlc co
«1s not fully aware of thls resource andf:hus do not compre—-
J \ A A_')".'f" . X LN v .

lflhend the apparent potentlal of utlllzlng thlS waste energy o
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‘ECHAPTER;VIIf_pf-t

r
2

“p;”"f'§,¢;¢ FLORICULTURAL CROPS AND FISH IN ALBERTA

V¢ Introduction oo a0

. RSO
N Lo S RS e

"i'kgff R In'an effort to partlally determlne the economlc

. feasiblllty of greenhouse heatlng and thermal aquaculture,
R 2 P R A - .

;ha market analys1s wasrattempted for the products that would

N

"}ibe produted 1n theseftwo 1ndustr1es. 'These“include‘the vege~r

’hfltables that ane commonly grown 1n greenhouses such as tomatoes,

h'cucumbers, and lettuce as well as. cut flowers, beddlng plants,gvfffﬂ

S ,.'~1 e

.vafand potted plants&ﬂ For thermal aquaculture, only ralnbow

i,ﬁtrout and shrlmp were con51dered §’

- _.\.i.
: A o
R

Lo
e

The method orlglnally env1saged for conductlng
"Vithls analys1s was that of comparmng the tothl 1mports of

.'thesé products 1nto Alberta versus the prov1nc1al productlon

of these same products. 'ThlS would prov1de an 1nd1catlon of

‘h-the total supply that is produced Iocally an&\afd.ln deter--

h.mlnlng 1f there 1s lndeed a\bubstantlal market for mone

."".'I. . | o - L - .’ Co

-%jfi domestlcally produced fresh vegetables, loral crops, and

,?Q-}‘flsh. Unfortunately, tPe 1nformatlon requlred to follow

N

296 ..
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"hf?thls routlne was elther very fragmented or s;mply not avall-fgw

| ,dble and only the analys;s of fresh vegetables follows the-]'

*ﬁabove mentloned methodology. The general pauC1ty of lltera?;‘f“xh

Ed

J;Fture on the subject necess1tated a large number of:1nter—~

'h'v1ews w1th 1nd1v1duéls throughout the prov1nce who are D

&1rectly 1nvolved 1n the productlon and/or-importatlon of

'7; these products. ThlS ylelded some 1nformatlon but the flnal“

'ibjresults ln most cases are elther 1ncomplete or 1nconclu51ve.

7@fThls w111 be dlscussed in-more . deta11 1n the follOW1ng
7“analy51s.'-:_h_i%f'

‘v..- L R S i ) B PR
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FRESH VEGETABLES

The fresn vegetables,oonsiﬁered for this'sectionf
are beans, broccoli, brussel sprouts, carrotsrrcauliflower,
oelery;'cuoumbersﬁilettuce; peppers, spinaoh,‘and tomatoes.
Cucumbers and tomatoes are_tne two crops most commonly
associated with greenhouse produotloh'but‘the’other crops

~listed above can‘also be.grown in'greenhOuses. anaddition[

the majority of these crops were grown in the Lake Wabamun

&

greenhouse project.

Data_on imports for,these crops were obtained from -

the 1977 annual unload report of fresh vegetables that is
publlshed by Agrlculture Canada (l978a). This report only
lists those unloads at the ?algary_and Edmonton ﬁarkets o
while data on shipments.made directlv’to other markets in

the prOvince are’not available. NeVertheless, these flgures

represent about 90 percent of the total 1mports into the

St a

. province (s. Bryant, Agriculture Canada, personal-communi-

cation,_January 1979). The{monetary values assigned to the

)
- . . b -
e . - 4 .
I I i '| ’ ¢

‘forelgn 1mports are average prlces derlved;from the total ‘

o

valuer'bytcommodlty, of 1mports intovthe.four_westerh'“'

N L < t R T

R “ - 4

A
.

wnes e g
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s o | | | L X
provinc¢es  in l977v(A1berta'Treasury? 1979). - The monetary <;x

values assigned to imports of Canadian origin are the 1977.

average Canadian farm pricéS'as listed by Agriculture Canaaa

erE). . L

The only domestic, commercial field'pfoduction of

note is with carrots and cucumbers. The remaining vege-

tabies-are not grown on a,commercial sqéle in“Alberta.- Somé

prodetioh of these vegetables takes placéwin markét and \
"private home gardens and can be substantial but this is
difficult to quantify. ' The figures for carrots #nd cucumbers

were obtained from the Statistics Branch of Alberta Agri-

culture and are simply the total number of acres in the ,\

province devoted to thésé.gropslmultiplied‘by the average P

" Yo o

yields per acre. The monetary values o0f the carxots and

cucumbers are the 1977 aVerage.Canadian farm prices similar

Yoyt e e e . .

‘to those ?entioned above. . .

‘ 1°fg¢yI£~ép§§afsfiﬁéfiaﬁlyfqucumherswaqgfsteutgmétggq"

4 - 04

"é%é.bfddgéédfinfgﬁeénhqusesﬁinvthislproyincew. Although - . .

“témdtééS“W@re_dnce‘ajp?edom;nant»greenhouseﬂvege;ableAcrop,

in’Alberta, gfoweré’aiethOW'Switéhingvtoxcucumbers and fldral:-w‘

crops because of the higher returns available with these
' . n ‘ . . - . -
products and the much greater labour requirements for toma-

*?.ﬁdég"(B.“Céﬁtih,“AIberta Agniculture, personal -communication,
R e '

e S s o T ' RS
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January 1979). No Alberta government agency collects data

Y

‘ voluntary ba51s ‘and - Statlstlcs Canada does not report on

’1n this report and was used to calculate the Value of th

' ,on the greenhouse productlon of fresh vegetables in the

the report The number of respondents from Alberta is not

prov1nce but Statlstlcs Canada publlshes ‘an’ annual report
on the Canadlan greenhouse 1ndustry whlch llsts the indi-

v1dual vegetable productlon by prov1nce (Statlstlcs Canada,

u

1978) Thls report is based on the results of a questlon~

nalre distributed to all known greenhouse growers in the :
. . , 4

country.- Response to thlS questlonnalre was performed on a.

N

300

the percentage'of nonresp0ndents However, they do state@',‘ﬂ..,."

that it is belleved almost all the 1ndustry 1s covered in

e . o

llsted for confldentlal purposes and is only 1ncluded “in t e

Canadlan total The average value of the crops is provlded

-~ N

- ~ ol el

o e o e

: greenhouse productlon. ) o Hﬁz.‘;.“ 'af Cee ol

o

-

The summary data are presented in Tables 7 l to‘_?'
7Ell,ﬂ Several 1nterest1ng dlsclosures are revealed in these

la e . g

results. The most dlsconcertlng feature is the large def1c1t

, balance of .trade for these eleven fresh vegetables in 1977.

w‘i-,...p,..,

e

The total def1c1t amounts to more thanﬁ$l3 Qjmllllon ‘ The;f-

o

data for 1978 are not yet avallable bur 1t 1s reasonably
.safe to. assume that the def1c1t 1n that year was probably

s1m11ar to that of 1977 or perhaps even larger._ The deval-

=

-~



fg o : 7" S ’(’Tabie 7:;-;

THE 1977 COMMERCIAL SUPPLY ,AND

'VALUE. OF BEANS IN ALBERTA

kg.

dollars‘

Imports (foreign origln) . 142,427
Imports (Canadlan orlgln) 24,251
Total Imports - = : o 166,678
ﬁDomestlc Fleld Productlon - _—
Domestlc Greenhouse Productlon -
- Total Supply - o 166,678 . .
. Exports I U :
' Net Trade ‘ ' © 7 (166,678) - (

84 174 (. .591/kg)
10,598 (. 437/kg)

94,772

94,772

94,772) -

o
o L

R ﬁi”,Q?;.a ilaﬁi;:f-~~"mijl;;ﬁ~1:: j@é§5lé 7:2 o <f~_} iﬂ'ﬁ'“u

eIt R 1977 CoMMERCIAL SUPPLY. AND. .

],; S VALUE OF BROCCOLI IN. ALBERTA

dollars

Imports (forelgn orlgln) o 1,650,617.‘

Imports (Canadlan orlgln) S e T . :
- Total" Imports o 1,650,617

/ . - Domestic Field Productlon : -

Domestlc Greenhouse Productlon‘ -
Total Supply S - 1,650, 617

' Exports. . S T
,Net Trade. . . .. . ‘17;:11“.Ji(lf650 617) .

T . P T T T

v>683 355 ( 414/kg)

683,355

683,355

= e
F U T
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Table 7:3

THE 1977 COMMERCIAL SUPPLY AND

VALUE OF BRUSSEL SPROUTS IN. ALBERTA

-

4k§. -‘ $1 dbllars

imports (foreign origin) ‘ 208;651 A 132, 493 (-« 635/kg o
Imports (Canadlan orlgln) -~ 10,886 6,913 (. 635/kg )
Total Imports. s -~ 219,537 N 139 406
Domestic ‘Field Production @ . oE :' : -

_ Domestic Greenhouse Production ==

"Total Supply ” 219 537' 139 406 ..

. E_}{po'rt's lvll .':- L - . _

'Net Trade (219 537) (139 406)

Table 7:4
THE 1977 COMMERCIAL SUPPLY AND
VALUE-OF CARROTS: IN ALBERTA
kg;: ' aollars

' Imports (forelgn orlgln) R 2,616,307 664,542 (.254/kg.).
Imports (Canadlan origin) .,‘446,333u 42,848 (.096/kg.)
Total Imports . 3,062,640 707,390 .
Domestlc Field. Productlon 5,096,000 . 489'216 (. 096/kg )
Domestic Greenhouse Productlon . = -
Total Supply - . : R 8, 158 640 1 196 606
Exports B B
Net. Trade (3 062 640) (707,390)

et PR e -



Table 7:5

E-2

. " THE 1977 COMMERCIAL SUPPLY AND
A VALUE' OF CAULIFLOWER IN ALBERTA

 kg. L dollars

TImports (forelgn orlgln) - vlg592;555' 801,055 . ( 503/kg )
,’,_Imports (Canadlan origin) - T 297;101. 78 7?2 (. 265/k9v) S

":pDomestlc Field: Productlon Co e e

Domestic ‘Greenhouse Productlon :  g-f_ - 'uf#-i _
Total . Supply . . 1,889,656 879,787
' Net_Trade»- R ‘ '.“_"(1,889,656)(879;787),"

. Table 7: 6 f’

’: THE 1977 COMMERCTAL SUPPLY AND
" VALUE. OF CELERY IN ALBERTA

. Imports. (foreign origin) .. 6,029,583 1,989, 762 (.33/kg.)
”7Imports (Canadian origin) .. 206,837 32,473 {(. 157/kg )
Total Impbrts = S 6, 236 420 2,022, 235 B
. Domestic Field. Productlon-f. ‘ : e‘_, S -
‘Domestic Greenhouse Production - L . e
. Total Supply T 6 236 4205 2, 022 235 ‘,M::TK'Q:;L;*'
" . Exports o AR o - X --'«-a :
Net Trade




;:gﬁImports (Canad1an‘or1g1n)»
. Total: Imports & v

.iff:' THE “is77 COMMERCIAL SUPPLY AND ST
e VALUE'OF CUCUMBERS IN ALBERTA tpl;;+fgﬂ,:;:,¢a;a,

5 e

:kq;f"i"n”jif aollaré’
B 959 013 (31 /kd ) o

geer2 . 191/k9 )
188 683 __*} 36 040 ( 191/ g )

L mam @ v-a*v o &

uo».‘h‘

'Imports (forelgn-orlglni““

Domestlc Flefd Productlon
Domestlc Greenhousei, S R
. Production . . 232,280 dozl 825,774 (3. 56,doz) g
.Total Supply " - '1;]5”; 5,944 1, ,842, 499 . . SREE
,'Exports - R “gﬁ“ : ”" : o o
'LNethrade-'”<»A,‘ L (3 247 251) f(980,685) R S

;’1Thisjiszapproximate1y 1,800,000mk -

g Table 7 8

‘ THE 1977 COMMERCIAL SUPPLY AND
' VALUE OF LETTUCE IN ALBERTA

‘. .

'kg. | "L - dollars

’Imports (forelgn orlglq) 17;030;944--,4 3, 406 189 ( 20/kg )
Imports (Canadian orlgln)" . 936,210 .. .. 184,433 (. 197/kg )

. Total Imports . 017,967,154 o 3 590, 622

- Domestic Field Productlon R A o
Domestic Greenhouse - e R e

'“L; Productlon "WH,,, R N R
QTotal quply}T:--'
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"Tabiér5{§ -

o o »;THE 1977 COMMERCIAL SUPPLY AND T : e
.‘%fﬁ.ga;;L;:;;j;” VALUE OF PEPPERS~IN ALBERTA P

PR - P -

S e g P R SRS e C e

el S e . LI I R P
. . Loen et . -

TR L kg S dollars s
7" <_1".."':"“7-’._.""~ ; -7- N

o

o Imports (forelgn Orlgln) 1, 880, 13oh“;* 1, 165 681 (. 62/kg )
~Imports (Canadlan orlgln) ) 47 L73; E Jf 29 247 (. 62/kg )
r 'Total Imports o 1,927,303 A'l,l94,928

Domestlc Fleld Productlon L= =

'eromestlc Greenhouse _ } , . S
Productlon R S s S =l

Total Supply 1,927,303 1,194,928
Exports L - : - -

‘Net Trade -~ (1,927,303) ©(1,194,928)

o 1There 1s no average farm prlce for peppers that is readlly
' avallable, therefore the 1mport value rates have been .used.

RPN -
.t b .
) - '
a e on . . _
. - ~ LT
Ce S



”ﬁ:Total Supply .
CExports.. -
-Net Trade - &1 -

Table 7 10

. - 306;7.

IHE 1977 COMMERCIAL SUPPLY AND

B VALUE OF . SPINACH IN ALBERTA

‘ dollars;r.ﬁ;' '

Imporﬁs'(fofeigh ofiéiﬁ)

;;?gImports (Canadlan ergln)
) fjﬂTotal.Importsf - Qz_‘_
Domestic ‘Fiel Productlon i

o Domestlc Greei@ouse

Productlon .

125 644

125 644

L {125,648 7

125,644 .

o ',',',. PN

39 075 ( 311/kg )

3' 39 075

[

139,075

(39,075)

205,

Tdble 7:1% -

_'.."‘"u ‘

THE 1977 COMMERCIAL SUEPLY AND

. kqg.

| ‘ddllars

'Importé~(foreigneorigin)

Imports (Canadian origin)
Total Imports

-2

- Domestic Field Production
_Domestlc Greenhouse '

Production

i-Total Supply
~,&;EXPOItS. B
. Nét Trade .-

6,344,363
6,442,338

103,006 -
6,545,344

(6,442,338)

. 3,362,512 (.53/kg.)

35,663 (.364/kg. )
3,398,175

101 048" ( 99/kg )
3,500,123 = =

(3)3985175)

VALUE OF TOMATOES IN ALBERTA *w“f[§5f9°ﬁff4”*“*



uatlon of the Canadlan dollar over the past year may also e e

. . . A . IR . AR e e N P . R
) Lo . . - . .

-
.

A second dlsturblng fact 'as7previously%mentioﬁéd{;“

:JlS the almost total absence of domestlcally produced ‘com-
: , B

J B . -

. merc1al fresh vegetables, both in fleld and greenhousa pro—

4 duction. Of the eleven vegetables analyzed Onlyfcarrots jf:-fA }_

l./..n-"
-

(Table 7 4) aﬁﬂ cucumbers (Table 7 7) are produced locally
2

in open flelds whlle cucumbers and tomatoes (Table 7 ll) are’ o

the only vegetables grown in’ greenhouses in® thlS prov1nce

More carrots are produced 1n Alberta than are 1mported but
o _ _ o .
the values of forelgn 1mports are’ greater becaus

of the
hlgher prlces thus resultlng in a def1c1t The'do'estic o - }‘
greenhouse and fleld productlon of cucumbers re resents only

4f abOut‘?B‘percent of the total supply of thrs ve__table 1n .{’g; RIS

-t . . P

Alberta. The domestlc productlon of tomatoesirepresents 5fj;

less than 2 percent ofwthe total prov1nc1a1 supply

w
P '

A further.'*d'istressi"ng-fa'c'et of this analys‘is is
.the large proportlon of forelgn 1mports to those 1mports off
Canadian orlgln.' In terms of quantlty, the proportlon of

forelgn 1mports represented about 94 5 percent of the total

lmports 1nto Alberta._ The majorlty of these 1mports of

forelgn orlgln ‘come from the states of Callfornla;“Arlzona,fh"_t' T ﬁ‘

f and Texas while-a“substantlal-portlon aISO'comes from»Mexrco;f

-, -

RRTERE s S



.

T

Vlrtgﬁlly all the fresh veget&ble 1mports Into Alberéa frém :;i;{:i i;

";;'Canadlan prov1nces orlglnate in Brlt

T

a

1sh Columbla w1th some

.' z ..u Lea vy -—r,‘.' L T ".L:‘A . - ‘ - _'"‘ ’ s ‘ r . "
g comlng from Ontarlo and Manltdba.'whr'“sz; LT j;w;; ey TS
S . _ LT I T L e e § T

L e e e N N

'Ihﬁéﬁmﬁéry;:theééﬁdafé*éhpfiésh‘Qedetébleﬁ_arewnoﬁ‘:
T e s B I T M PO ,
_quite. complete but. they.are as accurate as possible with -the

. B TN P LT R f o e N - e - A' ‘ i e e -":"'Ai‘;:ih-‘
... - exis€ing information: ‘Despite” thf%étheg imformationpre~iil - o T

PR

5é§ht§diaﬁbve'ié conclusive and partiaily‘quahiifieéithe‘
Hia:ge(deficitfbé}ap§§¢Qj;tradeithat'ékistS“in Alberta with
re$péc£ to most fresh vegetables.
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.. . I
-
- - .
" e T
- - @ .
X . .= . -
. . L e ot L - X . 2
Al TS PR - PO} -
P - : PO -
el m e .
o



a .

. C - - R . . s . e :
. o ‘FLORICULTURAL CROPS - y
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7_ofrclearance,.not the-frnal destlnatloh and are therefore

a heaningless. Agrlculture Canada has only recently begun

Canada (1978) The varletles of flowers and plants that

+

vaIue of ornamental and plant sales for the Alberta green—'

'» The only 1nformatlon avallable on“floral crops ‘is

T B

house 1ndustry was $8 116 388 (Statlstlcs Canada,nl978 p,Zl)

Thls total 1s derlved from slxty—two respondents of the' o
S questlonnalre that 1s the bas1s for thls report Of the cut

flowert carnatlons, chrysanthemums,,and roses represented by

o A
d .‘_b W e ~ .q» e

*farﬂthe largest proportlon of the total flowers produced in ;;1r'”~f

R Ed

prov1nce durlng 1977 Beddlng plants and vegetable plants |

were. the most commonly produced rooted cuttlngs.

The only avallable 1nformatlonlon the quantlty of

A

Treasury (1979) However, these data are: only for the port
AT P

floral crop 1mports 1nto AIberta 1s prov1ded by Alberta 4133'

Ay
iy

Alberta 1n 1977~g~Geraniums, troplcal follage.»and green e

plants were the predomlnant potted plants grown 1n the ' .

"

on domestlc greenhouse productlon as. reported by Statlstlcswil“'

,_‘\\

.-

were produced 1n l977 are too numerous to llSt but the total DI

gt T

1. - .
. B LR L OV e - . -
. . . nl . . . - . - ‘
D 309 ... - : e s
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‘<.:’6'1'11e,'c1,':ing"’aéita'ilcsn ‘the unlo'jads‘of”'floricultﬁra-lﬂ..‘c"r‘op's win.the S

fmajor Canadlan markets and no 1nformatlon is avallable for :
ol . av_. . <. . . . i

”Alberta p01nts at. thls tlme (S. Bryant Agrlculture Canada,

h.personal.communrcatlon;_January‘l979).7 The Statlsthgt

"'“Branch of Alberta Agrlculture»malntalns no records whatsoeverf

.jfof these 1mports preferrrng.to rely-on-Agr1Culture Canada -
f:for this'information.(C;'Sterling;'Alberta"Agriculture,‘h.:'j
fpersonal communicatiOn,.Januaryfl979).'2Therefore,la market

-analysis follow1ng the prescrlbed procedure could not be

_conducted and only generalltles may‘be concluded ,A'h'lv.t*7

e
. o ’w.,” -.-1,'.'1. K wesn ut o e ,,,'...m-,.. e et e T
: N A-):s- e BT .‘v‘ ) . - B . LD

BN pt . :

\In the past of all the florlcultural crops,.cut

.‘ X ) - .

2

. o3lo

fh flowers were the prlmary crop produced by greenhouse growers_“i;yf;.{i

1n the prov1nce{ Now,,forelgn suppllers of cut flowers are.

.1»-..-—»---\«"“"" - T
B, e .

gradually capturlng the market~ (E Toop, Department of

<'M-<,'

Plan‘.Sc1ence,-Un1ver51ty of Alberta, personal communlcatlon,,f_

Febf‘ary 1979) Agrlbulture Caaada (l978b) reports that the .

ﬁ‘lmports of cut flowers lnto Canada fér the perlod emdlng ‘

August 31 1978 had 1ncreased by 16 5 percent over a smmllarl_»
perlod rp the prev1ous year. These‘lmports orlglnated,prl_:;. E

: marlly in the U S., Colombla,"and the Netherlands._'buring’;”":

the same perlod the Canadlan productlon of tullps,‘carnaa'

.f tlons, and gladloll decreased by 5 9,,and 48 percent res—'

“

pectlvely accordlng to Agrlculture Canada (1978b) These'

decllnes were partlally offset by galns 1n the productlon
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of roses.. T oo o

.o, :
° Lol

» '..;,/ .

L To make up for the market losses in cut flowers;
:'local growers are changlng over to beddlng and potted plant
-productlon (E Toop, Department of Plant Sc1ence, Unlvers1ty :
t'of Alberta personal communlcatlon, February 1979) LInuf_;
”.“Alberta,-lncreased marketlng of beddlng plants and potted
4plants are reported for 1977 and the progected 1ncrease for

\ 1978 was l4 7 percent for these products (Alberta Agrlculture,'

:1978 P. 21).' it is unknown whether or not thls prOJectlonA'

- .’,‘)
T

“was achreved Accordlng to Toop (personal communlcatlon,

I'»l.;f'February 1979) however,:there 1s speculatlon that the rec‘

? 1ncreased popularlty 1n house plants wull level off and the o

?'market for these products may experlence a.perlod of slow

growth in the future.;rf'

- In summary, the total lack of 1nformatlon on the
-flmports of florlcultural crops 1nto Alberta makes a proper u

"market analy51s 1mp0551ble.- There is ev1dence however, whlch

L -
.9 L.

_;“lndlcates that forelgn competltlon 1n cut flowers 1s cap—..
“turlng the 1ocal market To thls end Alberta growers are"' .

'3‘produc1ng more beddlng and potted plants to satlsfy an"

.1ncreaS1ng demand for these crops but thls 1ncrea51ng demand

d

may only last for a short perlod 1n the. near future. o v



.FISH.

LY

For a market analysis of fish, only two species
were -considered; raianw‘trout and shrimp, or freshwater
© prawns. 'The‘shrimp and freShwater_prawns are considered

similar products and sold as such on the retail and insti-
pas s . -

tutional.markéts.llohly rainbow trout and shrimp were con- ;ik

sidered'for this market analysis because thej'are the most’

e

likely candidates for a thermal aquaculturé‘operation in

Alberta. This is espécially true of rainbow trout.

Three différent marketS'exist in Alberta for rain-
bow trout; They'are the‘rétail, institutional, and fish
farming markets. 'The retail market includes the local
groqeries, the méjor.supermarkets, butcher shops, etc. while
the institutionai mapkets'are speéialfy ﬁarkets, particuiarly
restéurants. The.fish farming markets are i;cal_private énd

commercial game fish farmers who grow rainbow trout in

N
. &

™

T Lz - ) LT
sloughs and dugouts on their property. OﬁIy“the retail agg%& .

‘ -
. . o . .
institutional markets exist for freshwater prawns in this -

. : > &
province. K e 8 ew

'

o~
4




5

imported into the prOVince " The Fish and Wildlife DlVlSlonc_“i

As With floricultural crops, there are Virtually

no, data available on the quantities of - these two products

g8 7 L

R

Lo »‘-“; 11% RGN, . 'A\‘,_‘ m o s 23k ) g ° e

Jpﬂof Alberta Recreation, Parks and Wildlife does not collect

i

this information and it relies upOn thevFiSheries Department
of the federal goVernment for these data (A. Chamberlain,i
Alberta Fish and wildlife, personal commuﬁication, January

1979). The federal Fisheries Department has data omly on

-the foreign imports that come directly into Alberta destined

for Alberta markets In 1978 there were apprOXimately .

- I5, OOO kg (33 069 1bs) of rainbow trout imported directly

into Alberta from the U.S. (G. Parrot, Fisheries andrEQ—

"Vironment‘Canada, personal communication, March 1979).

According to Parrot however, this represents on1Y'about 10
percent of the total supply. The balance apparently is
imported from Japan into British Columbia from where it -is
distributed by‘a large number of suppliers. The exact
quantities of rainbom trout that are distributed‘to Alberta
markets.in‘this manner are'unknown,'

In an effort to determine these import quantities,

-“

| »one large British Columbia distributor, B. C Packers Ltd.

in addition to~several local retail and wholesale suppliers

of rainbow trout, including_Safeway and Woodwards, were

PPN
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contacted. It is generally conceded that B.C. Packers Ltdf,
who distribute their product under the Prince Rupert brand

name, maintain the largest share of the retail market (G.

Jtam e S Lt e e M e s :‘:_. ,,,'.,u . "A"’. e w S e
Parrot, Fisheries ‘and Envirdnment Canada, -personal communi-

carion,.March'1979). The prpportien:of rhe'market that is
supplied'by the Prince Rupert brand is unknown however'(J.
Ferrenci; B.C. Packers Ltd., Edmonton,'pereonai communicetion,
March'l9§9);“KNeither'Woodwerde, nor any of the small'loeal
“retail outiets,'wduld releésebenyxinfOrmation‘on=their annual

selee'of rainbow trout. Several of fhe‘small retail suppliers
R R e : A v

'did volunteer information to the effect that there is a fairly
'IArge demand for rainbow trout in Alberta but this product
is frequently unavailable.

i

According to:Green (B.C; Packers Ltd., Vancouver,
personal commuhicatien, Mareh 1979), B.C. Packers-supplied.
Alberta with approx1mately 11, 500 kg (25, 353 lbs) of ralnbow
trout for the retail market in 1978 _Hunter (MacDonald ]
"Consolidated Ltd.,.Safeway DistribUtioh-Warehouse, personal
“communlcatlon, March 1979) claims ther Safeway sells approx1-
'mately 8, 000 kg (17 637 lbs) of ralnbow trout a year, at

g Q

most, on the Edmonton reta11 market Thus, by taklng these

LA B s T e

¢

figurés, in addition Grr%he quantity\imported.directly into

-

Albérta»from the U.S., it may be inferred that the total

supply of rainbow trout for the-Alberta retail market ap—




‘proaches 45 000 kg (99 208 lbs) a year. It must be emphaa.

3

sized however, that thls is a very rough estlmate at best

The total supply of: ralnbow trout for the 1nst1tu—

uuuu
o s P L

e, W e - - L - ey L v‘,,-r,-.-.,_ poovLe e T,

tlonal market appears to be at least tw1ce ‘as large as that
' for the. retall market This is based on_information pPro-
”vided‘by'Coral Keys'Seafoods'Ltd (personal communication, |

March 1979) that approx1mately 225,000 kg (496,042 1bs) of

ralnbow trout are sold for the restaurant market trade- only '

over an annual'period in Alberta. .Green (B.C. Packers Ltd.

i . .‘,I;:
Vancouver, personal communlcatlon, March 1979) also reports

" that B.C.’ Packers supplled Alberta with approx1mately 28 OOO

kg (61; 730 lbs) of ralnbow trout for the 1nst1tutlonal market

: .
in 1978. This flgure 1s,almostgthree times asllarge as the

quantity supplied»by,B,CQ Packers for the retail market in’

11978;-'This»discrepancylin'the total,suppliesvfor the two

markets is’ dlfflcult to understand as. the product is 1dent1—

‘cal. That is, there are about 4 4 flSh per kllogram (2/lb)

and they are 1mported from Japan packaged and frozen

Information on the total}supply of rainbow trout
for‘theleCal»fish farmers was obtained from'a,report pub-~
llshed by Alberta Recreatlon, Parks and’ Wlldllfe (Wood 1978)
Thls report is based -on the results of a questlonnalre dis-

-

tributed to all licenced private:and commercial‘game fish

N

‘ C . . )
v .
c : - ’ .

-

. .315.



‘ 1ssued 807 were returned for a response rateégg 51.4" per—

- farmers in Alberta in 1977.. of the'1;569'queStionnaires'.‘v

B T P N
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N The ;esults 1nd1cate that an estlmated 411 044

ralnbow trout %lngerllngs were. stocked in 1977 1n Alberta

) Although only twenty—one commerc1al game flSh farmers res—?m

ponded to the questlonnalre, they accounted for 87 750 (21 3

percent) of the total flSh stocked in 1977., The remalnlng
—% ’

78 7 percent were planted by prlvate game - flSh farmers Theg91

Y

"'majorlty of ‘the flngerllngs stocked orlglnated from hatch—

.-.aq

erles in the U S whlle a small number of flsh were supplled

by two commercral operators in Albertaﬂﬁ The average cost

‘ per flngerllng was '$0.58.°

The: estlmatw\ total number of flsh harvested ‘was

151,709 or only 36 9 percent of those stocked Mortalities

gere attrlbuted to summerklll resultlng from the presence '
o i 5; . s

of abundant algae and to predatlon. The most popular method

~of harvesting,was angling followedpby ‘the use of'gill nets.

AThe questionnaire did not contain information on marketing

procedures, therefore it is unknown what proportlon of the :

total number of flSh harvested were supplled to the consumer

markets although 1t is suspected to be qulte small

Two interesting facts are revealed ln"thisﬁreport,g

/' :*: . | 7t” '/r\\
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‘ the total return However, a’ s1m11ar report produced for»

; (Barton, 1976),4 Thls 1nd1cates that.there is a large turn— N
- over in the people who ralse game flSh espec1a11y the prl—'

if”vvate flsh farmers , . R

:(

Flrstly, the total number of flrst t1me flsh farmers who,fﬁ

responded to the questlonnalre represented 43 2 perCent of;f"’”

\
-~ L

- - . L R e ER T SRR 4'_.,= «-'. . c—‘- B *» . G
3 v . . < . .

......

ﬁhé 1975 grow1ng %eason clalms that 51 percent of the res—

pondents for that year were also flrst tlme flsh farmers

.‘4

" “‘.tt R R e s '._~~‘n “ kS -~ N
: . EAC o RO L R - Aoud
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' Secondly, ll 5 percent of the respondents en-..

mo

countered dlfflcultles 1n obtalnlng flngerllngs.,'This're;

Thls problem is. also described by Chamberlaln JAlbert\‘?lsh

v

. L .. T ST YL

- Aﬂ'
PR

I

'”Sfﬁt'SBIted malnly?from the demand exceedlng'the avallabie supply. S

S

and Wlldlmfe,,persgnal communlcatlon, Marchvl979) who reportszaﬂj

’

that flsh farmers 1n Alberta have to piace thelr orders for

flngerllngs as early as December for dellverles Ain the fol— 3

IOW1ng sprlng. Two reasons are offered 1n explanatlon of

‘thls short supgly One, there are very few suppllers of

, ralnbow trout

1nger11ngs in: Canada, espec1ally Alberta
Secondly, the U. S. suppllers have to be certlfled by the
Canadlan government to ensure that - dlsease free flSh only

‘are transported acrdbs the border. The regulatlgns lmposed

‘ by the federal government are becomlng very strlngent and

costlng the U S. hatcherles up to $5 000 to 1mplement (F

Kehoe,vAlberta Agrlculture, personal communibatibn, June



e L,

1979) ThlS has resulted 1n many U S hatcherles not taklng

the trouble to apply for approval to Shlp ralnbow trout

- - e n.

' flngerllngs to Canadlan buyers.‘ Therefore, there currently

C e,

e oo
by “ g

LIS

Bllowus.

f“fﬂ_yln Alberta 1s also very dlfflcult to determlne. The federal

hae i 0
g oo ,
a | noe -~ -~

Flsherles Department does not collect data on the total

quantlty of 1mports but Parrot (Flsherles and Env1ronment

£
”

Canada, personal communlcatlon, June 1979) reports that about
" 413, 398 kg (1/4 mllllon lbs) were 1mported dlrectly 1nto_;
Alberta in, 1978 However,ia s1m11ar 51tuatlon occurs w1th

shrlmp as that for ralnbow trout in that a- large portlon of
\ ' .

T @the total supply enters the country through ports in other

e gl

prov1hces from Where 1t ‘is dlstrlbuted 'Parrot further
clalms that the demand for this_product'is fairly healthy.

FE

trout flngerlingSak)Thas¢should‘be Z deflnlfe asset fon.' ’~f;7ﬁ

' The. total supply of shrlmp and freshwater prawns L

h'eXlStS a relatlvely healthy market in- Alberta for rainbow-f4?5?fflxﬁﬁ



CONCLUSION ST
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e The 1nformatlon employed to determlne Lhe market .jfri’;g;;'"

g - v,

‘potentlal in Alberta for eleven fresh vegetables was obtalned

IS

& T

'from'apvariety'of'sources. Thus, the results presented in

-

1

':Tables 7:17 t 7;11 areJSOmewhat incomplete. ‘However, indi-
'catlons are that v1rtuall§ all the’ fresh\vegetahles consumed
'in“Alherta‘orlginate from outsrde‘the,prov1nce,.partlcularly
therﬁrs.hiThese imports.resultediinga deficlthalance of:

trade of at least $13 million in 1977.

iTQo‘reaSOns'are’offered for_causing this.deficit.

Firstly,-thebclimatic,cOnditiOns in‘Alberta’preclude‘exten:n\
‘sive fleld productlon of fresh vegetables. _Secondly, the

'greenhouse growers are produc1ng the crops whlch generate L
"the hlghest returns. Unfortunately, these crops, except for

e ucumbers, do not 1nclude fresh vegetables. ﬁHowever, recent

'”problems 1n obtalnlng produce from the U.S.. because of trans— e
'port problems relatlng to ‘0il shortages and the devaluatlon B ‘ | ,i'
Aof the Canadlan dollar are’ ant1c1pated to 1ncrease the re— ;

L

turns that can be expected from fresh vegetable productlon

P O L

in Alberta. It is not(known if growers w;ll’take-advantage
of this situation however. - - . - i . |
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,only the domestlc productlon 1s avallable.-

Letal e e S o T e o

o There is 1nsuff1c1ent 1nformat10n avallable to/

P L R A

~,conduct a proper market analys1s for florlcultural crops as

The 1mports are -

-unknown but Agrlculture Canada 1s now reallzlng the 1mpor—“' '

tance of these data and has begun recordlng thls 1nformatlon.‘
JNevertheless,-lt would appear that the market for domestlcally

‘produced cut flowers is decllnlng because of forelgn com— -

)

e

-

I

petltlon. It is unknown what effect the devalued dollar is

a

haV1ng oﬁ thlS market however There is a falrly healthy

- & o4 a *

P .-

v

market for beddlng plants and potted plants in thlS province

rand progectlons Indlcate an 1ncreased demand for these pro~

ducts w1ll contlnue 1n the near future.

4

4

’There'is a large'demand for rainbow\trout:and

freshwater prawns in Alberta as well

The ‘retail and ins®i-

tutlonal markets account for approx1mately 270, 000. kg (595 250

lbs) of ralnbow trout and probably at least that much of

shrlmp being 1mported 1nto the prov1nce annually. Imports

1
-

are requlred because of the almost total absence of a

~domestic supply.

‘demand 1n Alberta by the numerous game flsh farmers.

Rainbow trout flngerllngs are in very hlgh

further antlcipated that the total number of these flSh

It is

farmers w1ll substantlally 1ncrease 1f there is an adequate

supply of flngerllngs.
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in conclu51on, almost all of the total supply of

PRI

'from foreign suppllers. Thls is largely due to a lack of
'domestically‘produced commodltles. The CODClUSlon that may
be derlved therefore, ds that there is a. substant1a% market

:ufor the products thad would be produced from greenhouse -

£

‘_heatlng and thermal aquaculture.

-the productS‘conS1dered for the fore901ng analy51s orlglnate
. [ : i

)
/
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CHAPTER VIII

L _‘é“} ’ . CONCLUSION A oo

[ Caa mt - ,

Thermal power plants in Alberta are rejectlng tre—'

. : &
quantities of energy to the env1ronment

mendous . ‘fs[n rela_ . »-"

tion“to theltotal input[enérgy~u5ed to producelelectrioity.
in steam electrlc generatlng statlons, approx1mately 50 per—

I3

cent'is rejedted in condenser cooling'water. In 1978 the

' Wabamun,fSundance, Forestburg, Rossdale and Clover Bar plants
released_more-than.BS x'10%% BTU s of heat energy to the

,envirOnment in condenser cooling water.' Considering,that

»llt takes approx1mately "10,000 BTU's to produce one kWh of
nelectr1c1ty 1n Alberta power plants,:thls total is the equlva—
lent of the energy required to produce 8.5 mllllon MWH,of
eleétrioity. iWhen the Keephills,Asneernessdand‘Genesee
powerv plants are com‘missioned in the 1980's, this figure
‘can belexpected to double.
This“inefficient use of energy by thermalbpower

| A

° 0.

: ‘plants is not expected to 1mprove in the foreseeable future

RS a4 T -

‘_because they are operatlng W1th1n the constralnts of thermo—'

: 3
dynamic principles given ex1st1ng technology.v The only

_.\\*

sy 23, ‘“'é it (.i;:.tf,.;-«.‘ P
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‘_ concelvable method of 1mprov1ng the 1nplant thermal effl—j{r

c1enc1es is to operate at hlgher steam temperatures and

[

o pressures but the materlals requlred to handle and transport

steam under these condltlons are not readlly avallable at a

8
o o - . .

greasonable cost.. Even if. these materlals were avallable,ﬁ

the statlon net thermal eff1c1ency would show only a- mar-

I

glnal 1mprovement

s Almore_practical methodvof improVing,power-plant e

net thermal eff1c1enc1es 1s to utlllze the waste heat for--
'benef1c1a1 purposes : Thls can take varlous tgrms, 1nc1ud1ng
fgreenhouse heatlng, thermal aquaculture..dlstrlct heatlng,'j

‘wastewater treatment open fleld s01l warmlng, and. water—.

. . B
S A

fowl habltat enhancement all of whlch have been dlscussedd

-

in this thesis. There are several other appllcatlons of
, :

‘power plant‘waste heat proposed in the llterature but they'j”
: are not con51dered fea51b1e for development 'in Alberta.
thhese 1nclude fog dlsper51on, alrport runway de—1c1ng,.and:
lenghtenlng the shlpplng season ‘in sea7ax)transportation.

’

Heatlng d%tanhouses w1th condenser coollng water

has been successfully demonstrated at the Sherco Greenhouse,z

'Progect 1n Becker, Mlnnesota. Heatlng a‘greenhouse“with'

power plant reject heat was also attempted at. the Wabamun'

»»,1.

&plant but with con51derably less success than in the- Sherco

L
- .

~

-y
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'vlavallable water temperatures are s1gn1f1cantly hlgher at the

pro;ect.” The prlm?ry reason for thls,leXCIudlng the.éx—.: L ' k

’O

tremely poor plannlng of the Wabamun proyect is that the.r;

f:’l-

Sherco prOJect in the order of 29. 4c to 32.2¢. (85F to 90?)

u‘The max1mum temperature of the thermal effluent at the.

L

: ‘ N s . 7
.;Wabamunﬂplant'during the_coldest.weather wasnabout‘l6c (6lF).

A%kuture attempt to heat greenhOuses in Alberta

: ‘Wlth power plant reject heat could offset the lower avallable.

- Water temperatures by employlng several solar heatlng tech- :

;fwould/optlmlze the use of avallable solar radlatlon and oA '“:f

nlques. These lnclude a better greenhouse deSIgn, thermal

‘o

»blankets, solar reflectors, and hear

storage. 'Thesefmethods.: D

) e

,/,-. Vo

-

- - .,'
- mlnlmlze heat losses from the greenhOuse.

- N

Of the ex1st1ng power plants in Alberta, the Sun— o

-

.xdance and p0551bly the Clover Bar plants exhlblt the nec-

:essary prerequlsltes for greenhouse heatlng, for reasons

foutllned in Chapter III ThlS would requlre exten51ve rétro— ;ﬁ

| f1tt1ng to these plants whlch could be costly. Therefore,

f'1f 1t is con51dered des1rable to establlsh a prototype green- =

- ated 1nto the lnltlal plant desrgn of the Sheerness'power'”; L ,'A

house heatlng study 1n thls provlnce,'lt should be 1ncorpor—

_ o _
»plant preferablyu ﬁ%e Sheerness plant will be better sulted

for solar heatlng wlth 1ts more southerly locatlon.

+




A cons1derable research and technlcal effort par-.,'P

e RYT

-.tlcularly'un the U S., has been devoted to developlng the(

.ﬂfea31b111ty of thermal aquaculture.' A wide varlety of spec1es

of flsh is successfully belng cul-ured in power plant thermal

7effluents in the U. S . To date, the nly successful demon—A-

- 4stratlon of this appllcatlon 1n Canada at Grand Lake, New .

Brunswick where brook trout are raasedlln the dlscharge canal‘.
lof a small.power plant A small prlvately.operated aqua-r ;3
culture fac1llty has been developed at the SundanCe power.'
plant 1n the past year but several problems have to be workede

.out: before thls operatlon becomes profltable.

-
-

f

Thermal aquaculture appears to be the most practlcal.l

. . o} o
appllcatlon for ut111z1ng power plant reject heat in th1s

& .
-prov1nceJ There are many reasons for thls. Flrstly, aqua—ﬂ

culture can be eas1ly adapted to the use of thermal effluentsg
as a culture medlum, Secondﬂy,.extens1ve systems for ex~

tractlng heat from the‘ 'r'are not_required,< Thirdly, =

' this appllcatlon can be- déve;flt to varylng degreest Ar-
relatlvely 1nexpen51ve system of suspendlng cages in- the=

thermal effluent is p0551ble or a more 1nten51ve system
‘utlllzlng separate Eac1llt1es, such as raceways or tanks, 1s”
also p0551ble;' a s1zeable market also ex1sts 1n thlS prOVb-

I1nce for certaln spec1es of fish that can be ralsed in =~ s

thermal effluents.' Flnally, thermal aquaculture,,although




‘by necessity required to oéEraté'in close proximity to the
‘power piant, would be physiéaily remoyed‘ffomQEhé ngﬁ%?n )
and wpﬁid not pose a nuisance to“the no;mal operation ;f the
plant. ' This holds-trﬁe for greenhéuse.ﬁeatin§ és well. N
| |  .. aﬁik.‘ ;
Rainbow trout is clearlys'the most- desirable candi-'

date for culture in a thexmal aqugpuiture operation for

reasons that were described in Chapter IV. The only draw-.

" .

3

back“éééo¢iated withvculFﬁring rainbow troug is that_it i$

- a cold water speéies,and would be ameﬁébie,for culture in"-
the wintér months only. Tp’th;s end?_?t wbuld-be advisable
to conduct additionalirésearch into the_practicab%iity of”
raising altgrnative, warm water spé&ies ip the thérmal
effluent du;ing.the summer,mdnths. 'At‘thejpresent time,
only freshwater prawné have been succeséfully cuiture@ in
warmer thermailéffluents. There is a substantial mafket
for this product in Alberta but prbblems might arise in -

attempts to introduce prawns into this provinée for aquacul-~

" &
3

ﬁural purposes. Largemouth bass is another species that
could be cultured during the summer months but only for the
sport fishing industry. There is no substantial retail

.market for this fish in Alberta.

Thermal aquaculture could be debelbpea al both the

Sundance and Forestburg power plants. The Wabamun plant

~ v

E}

%

u

b 4
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‘would not be a suitable location bécaﬁse the héat ;upply is

' unreliable~whilé the Rossdale p;antQhas'to bé ruled out
béCéuse of its gfﬁan loéétion. -Aqﬁaéulturg facili£ies ¢buld
possib¥y be developed at the Clover Bar plant as wéll. Tﬁe
Sundance plant, With its_édqling pond, is'é-partiCulérly.'
attractive site for the aeveldpment of thérméi_aquacul%ﬁre.
A Wide variety of aquacultural methods might be developedv
fof,this large body of water. - The pond could eVen'be stqcked
with fishafor sport fishingtpurpqses. The Forestburg,piant'
. operated'ét ciose ﬁq qapaéity in 1978 and it thus offers a |
~very reliable source of warm water, a requirement that;is
essential for the suécesé of a therﬁal aquaculturé project.
'it does suffer fromt£he disadvant%ge of beihg located soﬁee"

what_distant from a major market.

The Keephills, Sheerness and éenesee power plants‘
will also have the prerequiéites for ther¢a1 aquaculture.
As with gfeénhouse heating, now %s thé time to plan for this
appli;ation at fhese ?ower plants in order to avoid costly
retrofitting. This point cannot be ovéremphasized. Evans
(frenton State College, persdnal communication, August 1978)
reports thatvthe‘oniy method of obtaining condenser cooling
water from the Mercer generating station in Trenton, New
Jersey was to pump iﬁ from the discharge canal, aylift dis-~

tance of about 6.1 m (20 ft). The pumping costs associated

¢



f

w1th this system are apparently the One item that could
»result in - the operation not being economic, according to
Evans;‘ Therefore, thermal aquaculture‘operations should be
‘included~in the 1n1t1al design of a power plant whenever

uch facilities are to be developed.

possible lf

The deVelopment of a m re advanced aquaculture
proiectQ{h‘Alberta, involving the,production of trout and
prawns for sale to the consumer arket, should.be postponed
for at least one year until'the outcome of Bilowus' second
growing season;is‘known. If he enjoys considerably more
success in the upcoming W1nter and is able to turn over a
profit this could be all the stimulus required to attract
other thermal aquaculture developments However, if the
pro;ect fails Once again this year lt is highly unlikely
Bilowus wull‘be able,, for financial reasons, to continue
his operation'for a third year. If this should occur gnd
no other individuals express an interest in establishing a
separate facility, a prototype study‘should“be developed to
demonstrate the economic and technical fea51b111ty of this
waste heat application. It is this author's opinion that

this demonstration is all that is required to attract private

entrepreneurs.

With district heating, the most plausible method is -

.,32é
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_the co—égnération'of héat ahd electriéity Although n £
difedt;ﬁﬁilizgtion of‘cohdehéer ¢o§lin§ wa er, it”is a véry.
effecti&g techniqﬁe for.im§fbviﬁg power pi' £ net pﬁérmal o
efficiencies.;,It-haslthe’further’édvantage of‘réducing
furnace oi}fékﬁggas consumptlon as well as reduc1ng theq:yr

polluﬁlon caused by 1nd1v1dual home and bulldlng heatlng

‘systems.

In Alberta, only tﬁe Rossdale:and Ciover Barbpowef
‘ plants are préC£ica1 soﬁrces of heat forvﬁeating:large‘urban
areas. The reﬁalnlng generatlﬂg stations could only prov1de"
'héat for’satelllte Eommunltles hou51ng plant employees. The
potential fér widespread space hegting in Edmonton has alfeady‘
- been récognizéd'bf?Edmonfdn Powérvas.is eyideﬁt by_theif‘onf~
_ going sfudy to convert thé RosSdalg Station‘intO”avcb—genera:
tion plaht for heating a large portion of ﬁhé city center.
HqWévér, the costs invdlved in having to retrdfit'tﬁe plant, . .
:ana construct a distribution network are factors that w;ll
determine the feasibility of this application. ﬂépefully,

‘a large enough*mérket exists for the heat to make- this usé’
_ééonémically attracfive.‘ If this proves té.bé an economical
veﬁture,:perhaps'a similérvétudy'coulélbe initia£ed to in-
vestigate converting'ﬁhe Clover Bar’staﬁibﬁ iﬁto a co-genera-
tion plant. There is potentlally a demand for heat in both

w -
the residential and industrial sectors in the area of the



" city where this4power plant is located."

Co—generatlon could prove to be an attractlve source

ot

of heat for heatlng greenhouses and. - for 1ndustr1al appllca—"

‘ tlons. The large demand for domestlcally produced fresh
SRz
vegetables in Alberta, coupled w1th recent problems in

assuring supplles of: produce from the U S., 011 prlce in-
creases by O P.E. C.y and the devaluation of:the‘Canadian'
dollar, demonstrate that local productlon of fresh vege-
tables should be drastically-incIeased. Because of un-—
favourable cllmatlc condltlons 1n most of: the prov1nce,
fresh vegetable produbtlon will have to be 1ncreased in

’

‘greenhouses if the demand is to be supplied from local
.sources.. The heat available from one power plant in Alberta
is sufficient:to_heat all the greenhouses required to make .

up for the deficit balance of trade currently experienced

in this province withvrespect to fresh vegetables:

.Wastewater treatment is another potential appli- .

cation that might benefit from the use of thermal effluents\

N .

originating from either the Rossdale or Clover Bar stations;\,

. Several studies.in the U.S. have indicated that by slightly

- ' .4 : ‘ v
warming the wastewater, the efficiencies of treatment can be

substantially improved. ‘This remains to be clearly demon-

strated in actual practice-in/North America however.

330



There is ample evidence to support the feasibility

of open,fiéld.soil-warming; This‘is“éspeéiaily true for

_tﬁe production of'fresh vegétablés Where.both‘maturity and

yid

byields can be increased by warming the édil.v'Ali‘gkperi—

4 L

mentation with this applicatioh hasvbeen,conductédvin the

U.Ss. unfortunately,-but thefe doés”not;appearvto-be any
{eaigs why the results Caﬁﬁdt'be extrapolated to an Alberta
context. This can be easily demonstrated in a simple proto-

type.study in this province and could prove toibe_even more
beneficial considering the_colder climate that prevails here.
It is obvious that several applications are avail-

R
]

.able for utilizingfthéfﬁéi_ﬁower plant fejectgheat. . Why,

therefore}'have the utilities in;this prévihce not made

greater efforts to utilize this resource? . Edmonton Power

.has'been bumping thermal éffluenté'from the RosSdaie'station

to fhe adjacent-munidipal water treatment plant‘fdf a:puﬁber
of yéars and is curreﬁtiystﬁdyiné the feasibility of dis-
trict heating with heat préduced at thé‘Rosédaievplan£.

This is largely due to conveniénce bééausevof éhe power
plant's central locétiqntin the‘ciﬁy éS'Edmonth Power has\

no plans to.develop any waste heat'appiications at either

the Clover Bar or Genesee power plants.

o

Clearly, the answer is lack of .incentives and
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 chtrast between the,U.S;'and Canadian utilities in their

332

_initiatiVe'on thg“part_of‘thé.utilities.‘ Mahy,times‘dufing

the-cdurse]Qf thisfstudy the author was, confronted with the

response "... we are in the,business of producing electricity

only .;.“ It is unfortunate that this sole corporate policy

'is not chaﬁged»to utilize energy in the most efficient man-

' ner possible.‘ The utilities consider reject heat an annoy-

ance that comes with thermal power production. Thus, any

other mgans of dealing with the ;hermél effluents, rather

than .the conventional methods:of reject heat dissipation,

are unjustifiabiy‘ansiaered)a nuisance to the operation of

a power plant in this province.

-

Another perplexing aspect of this situation is the

.attiﬁudésitOWards the utilization of waste heat. In the

!

P e | _, S _ B
U.S.; the majority of power plants where various applica-
. . . D | . . . e . . L

2 -

L DT oy o ' ’ et L
~tions of reject heat}arefbeing developed are privately owned. # .
~In Canada, the opposite'is true with the publicly owned

utilities takingithefinitiative in this field; e.g., Ontario

Hydro and the New Brunswick Power CommisSion. The primary .

reason most utilities are becoming invdlved;in:waSte heat

utilization is a concern- for their pﬁblic-images; Do the

. Alberta utilitiés'enjoytsuch goodbpublic images that they

do not require enhancement?



U333
O&r system for produc1ng and dlstrlbutlng electrlc

energy works on the basis of flnanc1al 1ncent1ves There T

are no s1gn1f1cant 1ncent1ves for. utlllty companles to .uti-
lize waste heat in Canada 1nclud1ng Alberta, even though

such actlon would generate economlc returns and secondary

beneflts from 1mproved publlc relatlon'. Obv1ously, sig-

e s

nlflcant efforts w1ll be requlred to‘ﬁg@tcome the institu-

-

tlonal constralnts which mitigate agalnst power plant waste

heat utlllzatlon.

‘There are several options available in Alberta for

e

the government and/or utllltles to make pos1t1ve move@
relating to the better ‘use of waste heat:

1) strong encouragement through promotlon or
leglslatlon changes, ’
2) trade-offs,'e -9., company actlon in return
for concessions in other areas, {
3) support the constructlon of, and operate,
’ prototype operatlons, (e.g., the Princess
Greenhouse), : ' ‘ ‘
‘4) support the construction of, and lease,
- prototype operations, and/or '
-5) 1nst1gate a pub11c1ty program to encourage
private entrepreneurs.
: s

X The last two optrons llsted are clearly the most
acceptable in thls province. Leglslatlon changes and trade-
offs would exceed present government practlce in dealing

-with private firms, Supportlng the consruction of a proto—

type operatlon and operatlng it may also be beyond the

>



_r”ableurange, a dlrect goverhment Sx contract pllot modei”

'study Program. The part1c1patlon of . .the ﬁdwer companles‘

¢

present perceptlons conaernlng the role of government ~ The

fourth oﬁﬁlon wouldsgnvolve a prlor canvas of flrms that

mlght be 1nterested 1n greenhouse,‘aquacultural, or other

e

operations. Thls optlon ,t»include, within\1t§ accept—

. Ty
- R » " Lemy ~
a2 . - #j’ [N J

_.'4.'\

would still be voluntary but the pub11c1ty plus government

'

1nvolvement would tend to- 1nv1te a higher degree- ;35 coopera—

tlon than at present

;
‘There is every reason to believe that waste heat

uSe development is a part of a long term trend and that -
Albertans have spe01al advantages in becomlng leaders in

this f;eld. These include good research. fundlng, a'rapidly

expandlng development of new. thermal power plants,’ and rela—

'tlve 1solatlon from alternatlve sources of supply thus as-

, surlng some competltlve advantage. -However, it appears that

\
the fea51b111ty (technlcal and economic) of waste heat uses
will have to be dembnstrated beforehand in well designed

and well developed prototype bPrograms. if private development

is to'be encouraged and initiated It is anticipated that

subsequent development Wlll then be rapid and little addi-

tlonal support will be needed

334 .
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